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Abstract

Human African trypanosomiasis (HAT), more commonly known as African sleeping sickness is caused by
the protozoan Trypanosoma brucei. There are two subspecies of the parasite that are responsible for human
infection; T.b. rhodesiense and T.b. gambiense. These parasites differ in that T.b. rhodesiense results in an
acute infection whilst T.b. gambiense results in a chronic infection. HAT was recently named by the World

Health Organisation in a list of 17 of the world’s neglected tropical diseases.

HAT affects approximately 10,000 people in the remotest parts of Africa with the disease ultimately
affecting the central nervous system, resulting in disrupted sleep patterns, brain damage and eventual death.
The current treatments for this disease often involve complex therapeutic regimens, lead to the development
of long term health issues, and even death in some patients. Reports of resistance developing to some of

these treatment options are also becoming more frequent and as a result new treatments are urgently needed.

A whole organism high-throughput screen of 87,296 compounds from the WEHI/Bio21 Stage 1 screening
library was conducted against T.b. brucei and led to the identification of a number of new compound series.

This thesis describes the synthesis and structure-activity relationships (SAR) around four of these series.

The first body of work presented centres around the oxazolopyridines and details the initial SAR studies that
were conducted. Whilst an increase in the potency of these analogues was achieved there were limiting
physicochemical properties that hindered the progression of the series, namely metabolic stability and
solubility. A number of analogues were designed and synthesised that particularly focused on improving the

metabolic stability of the series.

The pyrazine carboxamides are the next series of compounds to be presented in this thesis. Much of the
preliminary SAR had already been explored by previous researchers and a number of limitations were

uncovered. Notably the metabolism of the series was rapid and the solubility was limiting. In order to
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address the solubility issue a number of analogues were designed and synthesised with a greater percentage
of sp® carbons and these results are detailed. A number of analogues of the core pyrazine ring were also

envisioned and synthesised in order to further probe the SAR around this series.

The pyridyl benzamides were chosen for progression as a result of their highly optimisable structure, despite
their low micromolar activity against T.b. brucei. The work presented in this chapter demonstrates a
significant boost in the activity of the series, down to low nanomolar inhibition as well as the identification

of a related series, the thiazole benzamides.

Finally, a discussion around the phenyl thiazoles will be presented. A significant SAR exploration had
already been conducted by other researchers and potent inhibitors of T.b. brucei had been identified, though
the metabolism of the series was rapid and prevented progression of the series. As such a number changes to
the core thiazole were envisioned and synthesised as well as modifications to the ethyl linker. The synthesis

and results of this work has been detailed herein.

Vi
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1. Introduction

Human African trypanosomiasis (HAT) is one of 17 medical conditions that the World Health Organisation
(WHO) lists as a neglected tropical disease. HAT is caused by the protozoan parasite Trypanosoma brucei
and there are two subspecies responsible for human infection; Trypanosoma brucei gambiense and
Trypanosoma brucei rhodesiense. The drugs that are currently available for the treatment of HAT have
significant side effects, are part of complex treatment regimens, and the development of resistance has been
reported. As such, there is considerable need to find novel compounds which could be utilised to treat this
disease. This led to a high-throughput screen (HTS) of 87,296 compounds that formed the WEHI/Bio-21
Stage 1 screening library. The HTS was conducted against the whole parasite (specifically T.b. brucei) and
utilised an Alamar Blue assay. This led to the identification of a number of compound series which have
since entered a hit-to-lead medicinal chemistry optimisation program. This thesis will discuss the progress

that has been made thus far in the optimisation of a number of these classes.

Initially an in depth investigation of the literature surrounding the drug development efforts in this area is
presented in the form of a publication, followed by an updated literature surveillance. Finally, a summary of
the work to be covered is presented and a rationale for the structure-activity relationship (SAR) exploration

used throughout this thesis will be detailed.

Publication reproduced from Future Med. Chem. (2013) 5(15), 1801-1841 with permission of Future

Medicine Ltd.
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REviIEW

SpreciAL Focus: TRYPANOSOMATID DISEASES

For reprint orders, please contact reprints@future-science.com

Drug discovery and human African
trypanosomiasis: a disease less neglected?

Human African trypanosomiasis (HAT) has been neglected for a long time. The most recent drug to treat this
disease, eflornithine, was approved by the US FDA in 2000. Current treatments exhibit numerous problematic
side effects and are often ineffective against the debilitating CNS resident stage of the disease. Fortunately, several
partnerships and initiatives have been formed over the last 20 years in an effort to eradicate HAT, along with a
number of other neglected diseases. This has led to an increasing number of foundations and research institutions
that are currently working on the development of new drugs for HAT and tools with which to diagnose and treat
patients. New biochemical pathways as therapeutic targets are emerging, accompanied by increasing numbers of
new antitrypanosomal compound classes. The future looks promising that this collaborative approach will facilitate
eagerly awaited breakthroughs in the treatment of HAT.

Human African trypanosomiasis (HAT) is a
disease caused by infection with Trypanosoma
brucei, which is transmitted via the bite of the
tsetse fly (1]. There are two subspecies of the
parasite that can cause infection in humans:
Trypanosoma brucei rhodesiense, which is primar-
ily found within eastern and southern Africaand
which causes an acute infection that can run its
course in weeks to months; and 7rypanosoma
brucei gambiense, which causes a chronic infec-
tion that can last for years and is found in
central and western Africa (Ficure 1) [1,201,202].
There is a third subspecies, Trypanosoma brucei
brucei that infects domestic and wild animals
but not humans, although there have been some
reports of humans infected with this parasite
[2). There are approximately 30,000 cases of
HAT according to the WHO [203]. While this
may seem a relatively insignificant number on
a global scale, it is not possible to accurately
determine the number of people infected with
HAT, due to the remoteness of many popula-
tions, as well as the lack of effective monitoring
and field-adapted diagnostics and treatments
3. It has been estimated that less than 20% of
those who are infected with HAT are currently
being treated or are under surveillance [3].

The tsetse fly is responsible for the transmis-
sion of trypanosomes to humans. Humans them-
selves are the main reservoir for 7.b. gambiense,
although this parasite has been found in some
other mammals, while wild game are the main
reservoir for 7.b. rhodesiense [4.202]. During a
blood meal the tsetse fly injects metacyclic try-
panosomes into the skin tissue and from here

the trypanosomes enter the lymphatic and
blood systems of the mammalian host 5. The
trypanosomes multiply via binary fission to
form trypomastigotes with a doubling time of
approximately 6 h [s]. The transmission of the
trypanosomes is a cyclic process. Once a mam-
mal is infected, should an uninfected tsetse fly
have a blood meal, the fly will then become
infected with bloodstream trypomastigotes 3.
In the midgut of the tsetse fly the parasite trans-
forms into procyclic trypomastigotes, which
then leave the midgut, transforming into epi-
mastigotes. Once in the salivary gland, the epi-
mastigotes transform into infective metacyclic
trypomastigotes [5]. The cycle in the tsetse fly
takes approximately 3 weeks (FiGure 2) [204].
Trypanosomes have a surface coat containing
avariable surface glycoprotein which, in the case
of Tb. gambiense and T.b. rhodesiense, is respon-
sible for protecting the parasite against human
lytic factors found in blood plasma [15]. There
are approximately 2000 variant surface glycopro-
tein genes present in the genome of 7. bruceiand
because of the potential for antigenic variation,
development of a vaccine is not feasible [1].

Established chemotherapeutics

HAT is more commonly known as sleeping
sickness and gets its name from the symptoms
evident in the later stage of the disease process.
The first stage is known as the hemolymphatic
stage where the trypanosomes multiply within
the subcutaneous tissue, blood and lymph. This
is typically accompanied by intermittent fever,
headaches, joint pain and itching [1]. The second
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Figure 1. Distribution of human African trypanosomiasis worldwide as
seen in 2010. (A) This map depicts the spread of infections caused by the
subspecies T.b. gambiense, and (B) depicts cases caused by T.b. rhodesiense.
T.b. gambiense: Trypanosoma brucei gambiense; T.b. rhodesiense: Trypanosoma
brucei rhodesiense.
Reproduced from [201,202].

stage occurs in the CNS and is known as the
meningoencephalitic stage. The exact process
involving the transport of the parasite across
the blood-brain barrier (BBB) is still not fully
understood although, once there, sleep distur-
bances, confusion and poor coordination dom-
inate the clinical presentation (Ficure 3) [1]. If
left untreated, HAT is widely acknowledged as
100% fatal (1], although parasite clearance has
been reported in a small number of untreated
T.b. gambiense patients [6].

There are a number of drugs that are currently
available for the treatment of HAT. However,
there are significant side effects associated with
the use of a number of them, as well as difficult
and lengthy treatment regimens and increased
incidences of resistance (FiGure 4) [7].

m Treatment of first-stage HAT:
pentamidine (1) & suramin (2)

For the treatment of the hemolymphatic stage
of the disease, while melarsoprol (3) and eflor-
nithine (4) are effective (8], it is pentamidine (1)
and suramin (2) that are predominantly used.
Pentamidine (1) has been used in the treat-
ment of HAT caused by 7.6. gambiense for over
70 years [205]; it was originally developed after
the effects of a structurally similar diamidine,
synthalin, was observed to have antitrypano-
somal activity [9]. Initially, it was formulated as a
mesylate salt, although, in 1984 it was converted
to the isethionate used today [205]. Diamidines
are dicationic molecules that have slow diffu-
sion rates across biological membranes and as
such the drug is ineffective against stage two
HAT, being unable to accumulate in sufficient
concentrations in the cerebrospinal fluid [9].
Furthermore, patients treated with pentamidine
(1) have reported a range of adverse reactions
including nephrotoxicity, diabetes mellitus and
hypotension [9].

On the other hand, suramin (2) is prescribed
primarily to patients infected with 7.4. rhodesiense
and was first used to treat HAT in the 1920s
(10.11]. Itis a polysulfonated naphthylamine deriv-
ative of urea and was discovered after the anti-
trypanosomal activity of some symmetrical poly-
sulfonated naphthylamine dyes such as trypan
red and trypan blue was observed [10]. In addition
to the large molecular size of suramin (2), it is
also highly charged at physiological pH [9.10]. It
is these two factors that are often attributed to its
inability to cross the BBB rendering it ineffective
against the second stage of HAT [9,10]. Further-
more, suramin (2) forms strong complexes with
LDLs and many serum proteins, which results
in the body’s inability to absorb it from the GIT
[10] and so it must be administered intravenously
[205]. There are a number of observed adverse
reactions to treatment, including nephrotoxicity
and, in some cases, renal damage (10]. There have
been an increasing number of reports of resis-
tance developing to suramin (2) recently. It has
been proposed that this resistance may arise due
to changes in the drug target through mutation
or expression levels, development of a parasite
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a

Figure 2. Life-cycle of the trypanosome in the tsetse fly and human.

Reproduced from [204].

metabolizing mechanism or through the overex-
pression of parasite efflux pumps [11]. Recently, a
genome-wide RNA interference screen was con-
ducted in the hope of identifying the elements
responsible for suramin (2) resistance [12]. The
results of this screen suggest that suramin (2)
resistance may be due to reduced expression of
the major facilitator superfamily transporter [12],
which are capable of transporting small solutes
in response to chemiosmotic gradients [13]. The

authors propose that major facilitator super-
family transporters may deliver suramin (2) to
the cytosol [12].

m Treatment of second-stage HAT:
melarsoprol (3) & eflornithine (4)

Once the parasite has crossed the BBB, only two
treatments are available. Melarsoprol (3) was the
first drug to be used in the treatment of stage two
HAT and it is effective against both subspecies

Injected metacyclic
trypomastigotes transform

into bloodstream trypomastigotes,
which are carried to other sites

oo

Trypomastigotes multiply

by binary fission in various
body fluids, e.g., blood, lymph
and spinal fluid

7 \a

aTrypomastigotes in blood

Lymphatic
Progression Blood ysysptem CNS Death
+chancre Fever, Lymphadenopathy Anorexia  Sleep disturbances,  Convulsions, Months to years:
Symptoms headache deteriorating health apathy sever neurological coma Trypanosoma
lassitude symptoms brucei gambiense
Weeks to months:
Trypanosoma
brucei rhodesiense
Treatments I } + i

Suramin (2), pentamidine (1)

Melarsoprol (3), eflornitine (4), NECT

Figure 3. Progression of human African trypanosomiasis and the symptoms, as well as treatments associated with each

stage of the disease.
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of human infective trypanosomes [9,14]. The drug
was introduced in 1947 and is still the first-choice
therapy in patients with HAT [14]. The arsenoxide
moiety appears to be responsible for the activity
of melarsoprol (3); a number of analogs varying
the arsenoxide moiety have been synthesized,
which led to a significant decrease, or total loss
of antiparasitic activity [9]. In order to minimize
the clear potential for arsenic-related toxicity, the
treatment regimen for melarsoprol (3) was short-
ened from 26 to 40 days (consisting of a series of
three to four injections followed by a rest period
of 7-10 days) [15] to only 10 days of consecutive
treatment, resulting in a reduction of the drug
required by 30% [14]. While efficacy in patients
did not diminish neither did the observed side
effects. Some of the major side effects reported
include myocardial damage, hypotension and
reactive encephalitis [14]. Reactive encephalitis is
the most serious of these and occurs in 5-10%
of patients [14]. It is fatal in 50% of cases [14].
While melarsoprol (3) has largely been one of the
most successful treatments for HAT, there have
been increasing reports of resistance over the
last decade [14]. The precise reason behind this
increase in resistance in the field is unknown,
although plausible arguments can be formulated.
Melarsoprol (3) is taken up in to the trypanosomes
by the adenosine/adenine transport activity of P2

that is encoded by 76AT1, and subsequent loss

OO

NH

1
Pentamidine

CH,OH
'1)§N Asg ’
A AN
HN N
H

2

3
Melarsoprol

H,N NH,
NH

of this gene results in increased melarsoprol (3)
resistance [16). Melarsoprol (3) resistance has also
been observed after overexpression of the ABC
transporter 7bMPRA in vitro 17).

Eflornithine (4) was the first new treatment for
second stage HAT in over 30 years; however, it
is only active against 7.b. gambiense 14]. Further
to this, the drug has a high cost, difficult thera-
peutic regimen and a number of side effects [14]
including bone marrow toxicity and convulsions
(1. The treatment regimen for eflornithine (4)
consists of an intravenous infusion of 100 mg/kg
every 6 h over 14 days [14]. It is as a result of
the short half-life of eflornithine (4) that such
regular infusions are required in order to main-
tain a trypanosomastatic effect [18]. Eflornithine
(4) acts as a suicide inhibitor towards ornithine
decarboxylase. Inhibition of this enzyme disrupts
polyamine homeostasis, which is necessary for
cell survival (19]. There have been a number of
reported failures when treated with eflornithine
(4), although this has not yet been attributed to
resistance, as it could be a result of patient age,
disease progression at presentation to the clinic
or co-infection with HIV [20]. Introduction of
eflornithine (4) and nifurtimox (5) combina-
tion therapy (NECT) in recent years has led to
a simplified administration regimen whilst still
maintaining the efficacy observed with eflor-
nithine monotherapy [18]. The study by Priotto

oA
H
?NH
NH SO,Na NaO:5
OO SOsNaNa 0.8

H

Vgl

H

8

SO,Na SO,Na
2
Suramin
HN OH ON

s I /

N3
CHF, 0

4 5
Eflornithine Nifurtimox

Figure 4. Traditional treatments for human African trypanosomiasis.
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and co-workers in 2009 showed that eflornithine
(4) could be administered every 12 h in com-
bination with nifurtimox (5), making it more
practical in sub-Saharan Africa and with added
safety advantages (18]. The treatment regimen
trialed consisted of intravenous eflornithine (4;
400 mg/kg per day, every 12 h) for 7 days com-
bined with oral nifurtimox (5; 15 mg/kg per day,
every 8h) for 10 days [18].

m Current efforts towards
antitrypanosomal compounds

Over the last 10 years there has been a resur-
gence in the number of investigations into pos-
sible novel treatments for HAT from a variety
of sources. The first of these advances was seen
with the introduction of NECT in 2009, as
described previously. Novel inhibitors derived
from known trypanosome inhibitors, includ-
ing furamidine (6) and fexinidazole (18) have
been successful and the latter is about to enter
Phase II clinical trials 206]. There has also been
significant interest in identifying natural prod-
ucts that could be inhibitors of trypanosomes.
While there have been a large number of natural
products with reported antitrypanosomal activ-
ity, to date there are none being trialed. With the
advent of increasing access to high-throughput
screening (HTS) technology, it has become pos-
sible to screen large libraries of compounds for
potential antitrypanosomal activity. Two forms
of HTS have been employed by groups in the
search for inhibitors: target-based HTS and
whole-organism HTS. All of these approaches
to drug discovery are discussed.

Of the drugs currently in development, it is
important to note that most of them are trypano-
somacidal, that is, they kill the trypanosomes, as
opposed to being trypanosomastatic where para-
site growth is halted while treatment is occur-
ring. There has been some debate about the value
of one type of compound over the other but it
appears that trypanosomacidal compounds con-
stitute the vast majority of chemotherapeutics in

I\ Q NH

2 Furamidine

development to date. Whether a compound is
classed as being trypanosomacidal or trypano-
somastatic is primarily determined by perform-
ing time-to-kill assays, although a recent report
described how real-time polymerase chain reac-
tion was employed in order to assess this [21]. In
this review we use the term antitrypanosomal to
describe compounds that may be trypanosoma-
cidal or trypanosomastatic. We have structured
the review such that prominent advances in par-
ticular compound classes are described within
their own section, immediately below, whereas
other compounds are described by their method
of discovery.

= Diamidines

There are a number of recently developed
diamidines, based on pentamidine (1), that
have either entered or been assessed for entry
into clinical trials. Furamidine (6) was initially
identified in the 1980s as part of a screening
campaign by the US government although, dur-
ing initial tests it showed little clinical benefit
over pentamidine (1) and so it was not taken
through to clinical trials (7). It was not until the
methoxy prodrug, pafuramidine (7), became
available that the benefit over pentamidine (1)
was recognized and the drug entered clinical tri-
als (Ficure 5) [7]. This compound advanced to
Phase III clinical trials against early-stage HAT
and Phase II trials against malaria [22). However,
7 displayed nephrotoxicity and hepatotoxicity in
arecent expanded Phase I trial (7] and this led to
suspension of the Phase III trials [23].

There were a number of aza analogs of
pafuramidine (7) identified that have also
been assessed for their activity against stage
two HAT, these are DB829 (8), DB868 (9),
DB1058 (10) and DB1284 (11; Ficure 6) [24].
Compounds 9-11 showed similar CNS activity
in a GVR35 mouse model, which mimics the
CNS resident stage of HAT, and are considered
candidates for oral treatment [24]. Given that
DB829 (8) is also CNS-active but has poor oral

(2,
AL |

Pafuramidine

—OMe

Figure 5. Recently developed diamidine compounds for potential treatment of human

African trypanosomiasis.
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Figure 6. Aza analogs of pafuramidine (7) for the treatment of human African
trypanosomiasis.

bioavailability its prodrug, DB868 (9) has been  data reported for these aza analogs are favor-
favored for progression into clinical trials [24]; able when compared with both pentamidine (1)
although it appears that this has been delayed and pafuramidine (7) [26]. In a vervet monkey
temporarily until the renal toxicity issues can  model DB844 (12) was administered orally at
be explained. In a vervet monkey model of 5 mg/kg over 10 days and 6 mg/kg over 14 days
first stage 7.b. rhodesiense, infected monkeys  [26). These treatment regimens resulted in cure
were cured when treatment began 7 days post-  rates of 37.5 and 42.9%, respectively, during the
infection [25]. Even at the lowest orally admin- 300 days of post-monitoring [26].
istered dose of 3 mg/ kg once daily for 7 days, Most recently, the Tidwell group has reported
cure of the trypanosome infection was achieved ~ on next-generation amidines, such as 14 and its
25]. DB844 (12), the prodrug of DB820 (13), has  prodrug 15 (Ficure 7). In a stringent animal
also been identified as a potential therapeutic model for the acute stage of sleeping sickness,
treatment for stage two HAT [26]. The efficacy  with an oral dose of 25 mg/kg daily for 4 days,
15 resulted in a 100% cure rate, with 4/4 mice

v ; surviving 60 days after infection [27. Many
fo) NH NOMe of these next-generation amidines were also
found to be highly potent against Plasmodium
HN. NH, MeO NH,
NH, 14 NH, 15

falciparum and Leishmania donovani. The exact
mechanisms responsible for kinetoplastid toxic-
T.b. rhodesiense IC.; 0.005 M T.b. rhodesiense IC;: 79 yM ieyrand undesired mammalian toxicity semain
L6 rat myoblast IC,,: 16 uM L6 rat myoblast IC,,: 99 pM ill-defined, and side effects such as hyploglyce-
mia [28,29] and nephrotoxicity [24] may be unpre-
dictable and cause for concern. Nevertheless,
with careful monitoring, these next generation
amidines may be usefully progressed.

Figure 7. Next-generation diamidines reported by the Tidwell group.
T.b. rhodesiense: Trypanosoma brucei rhodesiense.
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m Nitroaryls

A number of nitroheterocycles have been iden-
tified as potential inhibitors of trypanosomes
although in all cases they have had significant
issues with toxicity preventing their progression
through the drug-development pipeline. Mid-
last century nitrofurazone (16) demonstrated
activity against trypanosome infections, and
in the 1990s, megazol (17), which has activity
against Trypanosoma cruzi, showed genotoxicity
issues (7). Drugs for Neglected Diseases initia-
tive (DNDi) screened over 700 nitroheterocycles
for antitrypanosomal activity and they identi-
fied fexinidazole (18) as a potential treatment
for both stages of HAT [3]. Fexinidazole (18) is
orally bioavailable and is quickly metabolized
into two oxidized sulfur metabolites with equiv-
alent activity, the sulfoxide (19) and the sulfone
(20; Ficure 8) [3]. Furthermore, fexinidazole (18)
has shown no genotoxicity issues in mammals
and overall has an excellent safety profile [3]. It
has so far successfully completed Phase I clinical
trials in healthy members of the African popu-
lation with no significant problems identified
3. According to DNDI, fexinidazole (18) will
be entering a Phase II/III clinical trial this year
(207). There is evidence to suggest that fexinida-
zole (18) is activated by nitroreductases (NTRs)
130]. These same enzymes are known to activate
nifurtimox (5) [31). It is thought that down-
regulation of these NTRs is responsible for the
resistance that has been observed for nifurtimox
(5) and could potentially translate into resistance
being observed for fexinidazole (18) even before
the drug has been used 31.

The development of nifurtimox (5) as a drug
for the treatment of HAT and the excellent
results obtained with fexinidazole (18) as a nitro-
heterocycle with antitrypanosomal activity, has
enhanced the interest of researchers in this field
in investigating these compounds as inhibitors of
1. brucei. Several studies in this sense have been
published recently as well as some reviews on
the topic. It has been demonstrated that nifur-
timox (5) and benznidazole (26), an approved
drug for the treatment of Chagas disease, could
be reduced by type I or II NTRs. In the case
of type I NTRs, the nitro group of nifurtimox
(5) is reduced to an hydroxylamine product (22)
through a nitroso intermediate, which can then
promote DNA breakage by formation of a nitre-
nium ion (23), or it can generate a DNA-linked
adduct, or it can open the heterocycle and form
toxic nitriles (24 & 25). Alternatively, type II
NTRs can reduce the nitro group leading to
the formation of unstable nitro radicals, which
can form superoxide anions in the presence of
oxygen and may lead to the regeneration of the
nitrofuran prodrug, although this does not nec-
essarily result in a toxic mechanism. In the case
of benznidazole (26), type I NTRs, reduce the
nitroimidazole to dihydro-dihydroxylimidazole
(28), which can then decompose to form glyoxal
(29) and a guanidinoacetamide (30; Ficure 9).
Either 28 or 29 can then form adducts with a
range of biomolecules, including DNA [32].

Modifications of nitrofurazone (16) have
been studied and they have shown that the
activity can be improved by making minor
changes to its structure, such as introducing

H i ~N
OZNW }ﬂm2 OENE"?_{J\NHZ o NJE:»JO—Q‘S\
16 17 = 18

Nitrofurazone
T. brucei IC,;: 230 + 80 nM SI: 157

\ O—Q—SOMe
o
19

Sulfoxide metabolite
T.b. rhodesiense IC;: 1.33-1.65 yM
T.b. gambiense IC,: 0.61-1.22 uM
L6 rat myoblast IC,: >90 yM

Megazol Fexinidazole

T.b. rhodesiense IC,: 1.71-2.93 yM
T.b. gambiense IC,: 0.58-1.29 uyM
L6 rat myoblast IC,: >90 pM
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Sulfone metabolite
T.b. rhodesiense IC,: 1.14-1.30 uM
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Figure 8. Nitroheterocycles identified as inhibitors of trypanosomes.
T. brucei: Trypanosoma brucei; T.b. gambiense: Trypanosoma brucei gambiense;

T.b. rhodesiense: Trypanosoma brucei rhodesiense.
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a thiosemicarbazone (31) or a carbazate (32;
Ficure 10) [30]. These compounds were tested
in a bloodstream form of 7. brucei, which was
overexpressing 76NTR [30]. It was observed that
the cells were between four- and 15-fold more
sensitive to the nitrofurans. The antiparasitic
activity of these compounds was demonstrated to
be 7HNTR-dependent, as parasites with reduced
levels of 7HN'TR to nitrofurans showed resistance
to the compounds [30].

In this context, benznidazoles have been
studied further. Changing the amide moiety of
benznidazole (26) to an ether demonstrated that
further improvement in the growth-inhibition of

N CH,0

2 8 17
>=S ON >=o
O,N. . 2 N—N
2 o] / ” | O, A
| ) /
31 32
T. brucei IC;: 180 + 10 nM T. brucei IC,;: 170 + 11 nM

SI: 133 Sl: 264

HO,

Figure 10. Modification of the hydrazone moiety of nitrofurazone (16)
leading to improved activity against Trypanosoma brucei.
T. brucei: Trypanosoma brucei.

— oJ

28 29

Dihydro-dihydroxylimidazole Glyoxal
i‘ \/@
H
N
HN ”
(e]
30

7. brucei could be made (Ficure 11) [33]. From this
study, it is clear that the nitro group is required
at the 5-position of the heterocycle such as in 33,
since moving it to the 4-position (34) resulted in
a total loss of activity. While keeping the nitro
in the 5-position, the addition of substituents at
the 4-position was observed to be beneficial in
some cases. In particular, the introduction of a
sulfonate moiety (35) increased the solubility of
these compounds but this was accompanied by
a massive drop in selectivity. The mechanism of
action of these compounds is not described, but
their structures strongly suggest that they are
likely to act similarly to benznidazole (26) being
reduced by type I NTRs [33].

Alternative nitroimidazoles have been syn-
thesized and tested. Here, the 2-position of the
heterocycles has been left unsubstituted and
the I-position substituted by an aromatic ring
instead of a methyl group (Ficure 12) [34]. Inter-
estingly, in an acute mouse model of infection 36
and 37 were administered once daily for 4 days
with an oral dose of 50 mg/kg, the mean survival
was over 60 days with a 100% cure rate for both
compounds, demonstrating that 36 and 37 were
orally bioavailable and active against the first
stage of HAT [34]. Furthermore, in a chronic

1808 Future Med. Chem. (2013) 5(15)
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Figure 11. Nitroimidazoles as Trypanosoma brucei inhibitors demonstrating the
requirement for the nitro group to be in the 5-position.

T.b. rhodesiense: Trypanosoma brucei rhodesiense.

CNS mouse model 36 was shown to be 100%
curative when 100 mg/kg was administered
twice daily for 5 days (34], while 37 was 100%
curative in a chronic mouse model when admin-
istered twice daily for 5 days with an oral dose of
50 mg/kg (34]. These results are comparable with
fexinidazole (18), which requires administration
twice daily with a dose of 100 mg/kg over 5 days
to be curative in the chronic model for HAT
$34]. The two compounds all tested negative in
the human peripheral lymphocyte micronucleus
test, a measure of genotoxicity [34].
Nitrobenzamides have also been reported
to have good growth inhibition against
1. brucei (35). The initial phenotypic screening
hit (38) of this study had good inhibition but
poor selectivity against mammalian cells and
the malaria parasite, 2. falciparum [35). Modi-
fications around both aromatic rings (39 & 40)
improved the selectivity of the compounds for
1. brucei over P. falciparum and mammalian cells

ozN\E\:?

Cl

36

T.b. rhodesiense IC,;: 0.10 uM
L6 rat myoblast IC,: >90 uM

whilst maintaining the inhibition of 7.4. brucei
(Ficure 13). Although these compounds possess
a nitroaromatic moiety, it is unclear if they are
substrates for NTRs and are acting in the same
way as nifurtimox (5) or whether some other
mechanism is involved [35]. Certainly, there
could be some concern about the potential
reactivity of the relatively activated aryl halide.

Finally, nitronaphthoquinones have been
studied [36]. Such compounds have shown good
growth inhibition of 7. brucei, associated with
good selectivity for the trypanosome over mam-
malian cells (41-43; Ficure 14). Here, the nitro
is important but not crucial for the activity of
these compounds since 44 and 45 are still active
36]. It is worth noting that the activity is almost
unchanged whether the product is mono- or
di-substituted with the trifluoromethylaniline,
even the position of the monosubstituent does
not seem to play a great role. Despite the com-
pelling selectivity profile, these highly activated

ozN\E:?

CF.

3
37

T.b. rhodesiense IC,;: 0.16 uM
L6 rat myoblast IC,;: >90 uM

Figure 12. Nitroimidazoles with aromatic substituents active against Trypanosoma brucei
rhodesiense and selective for trypanosome over mammalian cells.

T.b. rhodesiense: Trypanosoma brucei rhodesiense.
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Figure 13. Halonitrobenzamides as inhibitors of Trypanosoma brucei showing improved
selectivity for the trypanosome with varying aryl substituents.
P. falciparum: Plasmodium falciparum; T.b brucei: Trypanosoma brucei brucei.

naphthoquinones would be potent electrophiles  inhibition assay in collaboration with DNDi [39].
or redox-active and are unattractive compounds ~ AlamarBlue is a solution of resazurin, which is
for further progression, especially considering the a2 REDOX-sensitive dye that changes fluores-
flat structure—activity relationship (SAR) [3738].  cence properties upon reduction in living cells.
It is quite possible that poor solubility registers ~ Only living cells are capable of producing fluo-
as a false negative in the L6 rat myoblast assays.  rescence as they are metabolically active [40]. As

In part, derived from the successful discovery  a result, five main compounds with IC_ value
of fexinidazole (18), a group in Spain recently of <10 uM against 7.b. rhodesiense and selective
screened its library of 76 nitroheterocycles over mammalian L6 cells were identified along
and related compounds for activity against with some important features that are neces-

T.b. rhodesiense using the AlamarBlue™ growth  sary for 7. brucei activity (Ficure 15). A number
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Figure 14. Nitronaphthoquinones as Trypanosoma brucei rhodesiense inhibitors
demonstrating the importance of the nitro group for T.b. rhodesiense activity. Whether
the compound is mono- or di-substituted does not seem to impinge upon activity.

T.b. rhodesiense: Trypanosoma brucei rhodesiense.
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Figure 15. Hit compounds active against Trypanosoma brucei rhodesiense and some of the important features necessary
for T. brucei activity, derived from whole-cell screening a library of 76 nitroheterocycles.

T.b. rhodesiense: Trypanosoma brucei rhodesiense.

of analogs of the quinoxalin-2-1 scaffold gave
low- to mid-micromolar activity against 7.4.
rhodesiense, such as 46 and 47 [39]. The best result
in this series was obtained with 47, which has a
fused pyrrolidine ring (39]. Further bulk around
this nitrogen resulted in a loss of activity [39].
Of a small number of dimers in the nitrohetero-
cycle library, only the urea-linked 48 displayed
low micromolar inhibition of 7.b. rhodesiense
(39]. While 3-hydroxy-5-nitroindazolole com-
pounds were inactive, combining methylation
of the 3-hydroxy with an alkyl sidechain in the
1-position that contained a basic nitrogen gave
49a and 49b as low- to mid-micromolar inhibi-
tors [39]. Finally, the indazolinone (50) deriva-
tives tended to be less active with only mid-
micromolar activity against 7.b. rhodesiense in
most cases and poor selectivity (39].

This same group has previously tested two of
these compounds in mouse models, confirming
their oral bioavailability. Here, 49a was evaluated
(as the hydrochloride salt) iz vivo in a murine
model of acute Chagas disease with a dosage of
30 mg/kg/day where none of the treated ani-
mals died compared with a 60% survival frac-
tion in the untreated group [41.. Compound 46b
was evaluated in a separate study using female
NMRI mice infected with 7. cruzi using a dose

of 50 mg/kg/day [42]. This resulted in a drop in
parasite levels compared with the control group
of 60.7% [42]. These compounds have been
shown to be orally bioavailable. However, they
would require significant medicinal chemistry
optimization and in depth SAR studies in order
to turn them into viable drug candidates, due to
their low micromolar IC, values and their poor
selectivity over mammalian L6 cells. Indeed, it
is somewhat odd that such weak compounds can
be orally efficacious.

m Benzoxaborole benzanilides

There have been reports of a number of benzoxa-
borole benzanilides that are active against the
second stage of HAT (Ficure 16). This marks the
first novel class of compound to show activity
against the second stage of the disease in a num-
ber of years [208]. It has recently been announced
that DNDi will also be taking SCYX-7158 (51)
through to Phase I clinical trials in France [208].
Prior to entering Phase I clinical trial, SCYX-
7158 (51), showed favorable ADMET proper-
ties indicating it was metabolically stable, orally
available and CNS-permeable [43]. The ben-
zoxaborole was sufficiently active to cure stage
two HAT in a mouse model after treatment at
25 mg/kg for 7 days (43]. During this period the
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Figure 16. Selection of benzoxaboroles tested for activity against second-stage human

African trypanosomiasis.

required concentration for therapeutic activity
was maintained within the cerebrospinal fluid
and suggests that, if in Phase I trials it behaves
in the same way, it could potentially be admin-
istered once a day making it a practical drug
choice for treatment of HAT 43]. SCYX-7158
(51) was evaluated in an array of in vitro recep-
tor binding and enzyme inhibition assays; at the
testing concentration of 10 pM, SCYX-7158
(51) showed no inhibition of >100 biochemi-
cal targets (43]. AN3520 (52) and SCYX-6759
(53) were reported as inhibitors of 7.4. brucei
in mouse models at dosages between 2.5 and
10 mg/ kg over just 4 days for stage one HAT
and at 50 mg/kg twice daily for 7 days for stage
two HAT [44]. There was also no evidence of
toxicity commonly seen with the other drugs
currently on the market [44].

m Chemotherapeutics from target-based
assays

HTS

Target-based HTS involves the screening of
a library of compounds for activity against a
specific enzyme or protein. There have been a
number of target-based screening campaigns
aimed at discovering a new starting point for
medicinal chemistry optimization. Some of
the targets that have been screened against
include N-myristoyltransferase [45], ornithine
decarboxylase [46], pteridine reductase 1 [47],
the peroxidase cascade [48], inositol-3-phosphate
synthase [49], trypanothione reductase [50-52]
and trypanothione synthetase [53). A disadvan-
tage of this type of screening is that substan-
tial medicinal chemistry optimization may be
required before cell-based activity is observed.
This is because serum binding and membrane
penetration can limit effective intracellular
concentrations. Furthermore, substantial inhi-
bition of an intracellular target may be required
before a phenotypic readout (i.e., viability) is
obtained. Not only this, but competition with

high concentrations of an endogenous substrate
or ligand may be involved in the mechanism of
action. For all these reasons, cellular activity may
be hundreds of times weaker than target-based
activity [54]. In such cases, it is inappropriate to
triage a micromolar target-based screening hit
on the basis of the observation of micromolar
cellular activity. Such observations are generally
indicative of off-target effects yet many research
groups triage screening hits on this basis, nec-
essarily selecting for off-target compounds.
This can often mean that on-target compounds
can be overlooked if they are weakly active or
inactive against parasites, even though all they
require is optimization against the target first.
The recommended way to progress a target-
based screening hit is to therefore look for signs
of clear SAR against the biological target pro-
tein and to not be too concerned with a lack of
cellular activity. If clear SAR is obtained, aim
to collate data on serum binding and perme-
ability and to look for correlation of these with
target-based IC, and cellular readout as early as
possible during optimization. Of course, active
transport is a potential variable that could hinder
interpretation of SAR. With a reasonable com-
pound, significant target-based inhibition at 500
nM or lower might reasonably be expected to
start to give a cell-based readout through pas-
sive transport. However, it is also the case that
some biological targets simply do not validate.
That is, potent intracellular inhibition with a
small molecule does not inhibit parasite growth
as expected. This is clearly a risk in target-based
drug discovery after a lot of front-end investment
in medicinal chemistry optimization. Because of
this, strong prior target validation is highly rec-
ommended. To avoid waste of resource in such
a case, it is therefore recommended to collate
data on serum binding and permeability and to
look for correlation of these with target-based
IC, and cellular readout as early as possible in
any medicinal chemistry optimization program.
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To date, the most successful target-based HTS
was performed with the University of Dundee’s
general diverse screening library of 62,000 com-
mercially available drug-like small molecules
against N-myristoyltransferase [45]. From the ini-
tial hit, DDDG64558 (54), a series of compounds
was synthesized using crystal structures with
inhibitors bound to the enzyme to guide the syn-
thesis (Ficure 17) [45]. In an impressive hit-to-lead
medicinal chemistry effort, increasingly potent
leads were obtained until DDD85646 (55)
was synthesized and tested against 7.6. brucei
with an IC, of 2 nM (4s]. Further iz vivo test-
ing using female NMRI mice showed a 100%
cure rate in the 7'b. brucei acute mouse model
of the disease [45]. In order to achieve this, a
minimal oral dose of 12 mg/kg twice a day over
4 days was employed [45]. Similar results were
observed when a shorter oral dosing schedule
was implemented (100 mg/kg twice a day for
1 day and 25 mg/kg twice a day for 2 days)
[45]. The efficacy observed for DDD85646 (55)
in the 7'b. brucei model was comparable with
the response observed when pentamidine (1)
and melarsoprol (3) were used [45]. In the more
clinically relevant 7.b. rhodesiense model of the
disease, DDD85646 (55) also cured all animals
when a dosing schedule of 50 mg/kg twice daily
for 2 days was employed [45]. However, these
compounds still require further optimization
for CNS penetration and selectivity [45].

There have been a number of target-based
HTS campaigns conducted against 76TryR,
which is a validated enzyme involved in thiol
metabolism in the protozoa [50-52]. Thiol metab-
olism by 7/4TryR is unique to the parasite as
in humans the process is carried out by gluta-
thione and glutathione reductase, which should

i
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Figure 17. Potent inhibitor 55 derived
from DDD64558 (54). Initially identified via
targeted high-throughput screening against
N-myristoyltransferase.

allow selective targeting of the parasite [52]. In
2009 a screen against 76TryR was conducted
that tested the LOPAC1280 library; a library
of 1280 pharmacologically active compounds
that includes US FDA-approved drugs. As a
selectivity counterscreen, the resultant hits were
re-tested against human glutathione reductase,
to give three new classes of selective inhibitors
that might have potential for future develop-
ment (Ficure 18) [52]. BTCP (56), an analog of
phencyclidine, which is an anesthetic drug, was
identified as an inhibitor of 74TryR and was
used as a starting point for medicinal chemistry
optimization [55]. This compound was tested
in bloodstream 7.6. brucei and found to have
an EC, of 13.6 ptM. While medicinal chem-
istry optimization led to marginally improved
compounds, it was concluded thart as a target
THTryR may not be conducive to the discovery

O Ov\m

@
N, U

58

BTCP Indatraline GBR-12935

T.b. brucei EC,; 13.6 yM
TbTryR IC,;: 3.69 uM

T.b. brucei EC,;: 1.97 uM
TbTryRIC: 7.26 uM

T.b. brucei EC,;: 9.3 uM
TbTryR IC: 10.9 uM

Figure 18. Selection of potential lead compounds identified via targeted high-throughput

screening of ThTryR.
T.b. brucei: Trypanosoma brucei brucei.
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of small-molecule drugs. Indatraline (57) is a
nonselective monoamine reuptake inhibitor that
has been identified as acting on the dopamine
transporter with similar effects to cocaine [56].
This compound has an EC,, which is approxi-
mately 3.5-fold greater than the IC, | observed
against the enzyme. The authors have attributed
this discrepancy to additional off-target activity
or through the selective concentration or meta-
bolic activation of this compound in vive, or
indeed a combination of these factors [52). GBR-
12935 (58) is described as a potent and selective
inhibitor of dopamine reuptake [57). Similarly,
58 has an EC, , which is somewhat lower than
anticipated, indicating some other mechanism
is involved, as with 57. Of course, the challenge
with any hit arising from a known drug screen
is to discern divergent SAR and engineer-out
mammalian pharmacological activity, but there
is good precedent for this type of approach [ss).

In 2007, 2-iminobenzimidazoles were identi-
fied from a library of 100,000 compounds as a
potential lead for medicinal chemistry optimiza-
tion, targeting 75TryR [50]. Although the details
were published two years later, this same cam-
paign led to the identification of a further four
classes, including aryl and alkyl piperidine-like
compounds, benzhydryls, nitrogenous heterocy-
cles and conjugated indole-like compounds [51].
All datawere published on ChREMBL, from which
an additional class (3,4-dihydroquinazolines;

59) was later retrieved by another research group.
The 3,4-dihydroquinazolines (59) were further
optimized by initially employing a chemistry-
driven approach and subsequent structure-based
inhibitor design (Ficure 19) [59]. This led to the
identification of a number of inhibitors with sub-
micromolar activity against 7. brucei (60-63) [59].
Crystal structures of selected inhibitors bound
to T6TryR were also presented. This revealed
a small hydrophobic pocket that was generated
upon inhibitor binding and which lies within a
‘privileged’ region of the larger active site [59].

THTryS has also been confirmed as a drug
target with RNAi and gene knockout studies
demonstrating it is essential for 7. brucei growth
in both bloodstream and procyclic forms of the
parasite with no alternative bypass mechanism
available (s3). With no equivalent pathway in
humans, 74TryS is an ideal target for antipara-
sitic compounds. The University of Dundee’s
general diverse screening library of 62,000 com-
pounds was screened against 74TryS [53]. From
the HTS there were six compounds (64-69)
that were identified as potential inhibitors for
THTryS (Ficure 20), which can be broadly clus-
tered into two groups based upon common
pharmacophoric features [53].

Initially work around 64-66 led to the identi-
fication of 70 and 71 as sub-micromolar inhibi-
tors (Ficure 21), while optimization of 67-69 was
largely unsuccessful with only low micromolar

6
TbTryR IC_: 0.79 pM

62
TbTryRIC: 1.0 uM

—_—

TbTryRIC: 0.37 uM
T.b. brucei EC,: 5.6 uM

.

TbTryR IC,;: 0.23 uM
T.b. brucei EC,;: 0.73 uM

Figure 19. Optimization of the screening hit (59) against ThTryR, employing a chemistry-driven approach and subsequent
structure-based inhibitor design.
T.b. brucei: Trypanosoma brucei brucei.

1814

Future Med. Chem. (2013) 5(15)

17

future science group '



Drug discovery & human African trypanosomiasis: a disease less neglected? I REviEW

Figure 20. Putative hit series identified via high-throughput screening of TbTryS. These
compounds can be broadly clustered into two distinct groups based on common pharmacophoric
features. Compounds 64-66 each have two hydrogen bond-accepting groups in a 1,5 relationship
with one of the hydrogen bond acceptors from a heterocyclic ring; there is also a region of
hydrophobicity in each. Compounds 67-69 have a heteroatom of the heterocyclesin a 1,6
relationship with the hydrogen bond-accepting sulfonamide. This second series was observed to be
generally of higher molecular weight and lower potency.

inhibition obtained [s3]. As a result of this,
further optimization of the first series of com-
pounds (64-66) was progressed by hybridizing
the pharmacophoric features into a new scaffold
(73) based around an indazole (Ficure 22) [s3).
This resulted in the breakthrough activity that
was sought with a tenfold increase in potency
against 70TryS. Testing against 7. brucei
revealed low micromolar EC_ values, while test-
ing against human MRCS5 cells revealed that 74
had good parasite selectivity while 75 required
further optimization [3].

An alternative approach to identifying
T. brucei inhibitors is to conduct a screen of
the peroxidase pathway of the trypanosome.
There are a number of enzymes that consti-
tute the peroxidase pathway of 7. brucei — try-
panothione reductase, tryparedoxin and two
types of tryparedoxin peroxidases [48]. The
trypanothione/tryparedoxin system is respon-
sible for delivering the reducing equivalents
necessary for the synthesis of DNA precursors
and, therefore, parasite replication [48]. Initially,
80,000 compounds were screened for activity
against the 7. brucei peroxidase pathway which
led to the identification of 32 active compounds
48]. Of these, 12 were studied further and they
could be broadly grouped in to five classes
based upon common core structures (76-80;
Ficure 23). For each of these compounds, activ-
ity in an 7z vitro peroxidase assay and in the
bloodstream form of 7. brucei was obtained. For

most of the compounds the EC,  values were an
order of magnitude lower (i.e., compounds were
tenfold more potent) than the IC, obtained
from the in vitro assay [48], precisely the oppo-
site of what would normally be expected. The
authors attributed this apparent discrepancy to
the fact that these compounds cause a time-
dependent inactivation of the target protein
[48]. It was shown that these compounds did
apparently target tryparedoxin both 7 vitro and
in the whole parasite [48]. The SI values were
measured against HeLa cells, although this can-
cer cell line expresses thioredoxin in high levels
[48]. This could potentially make the cells more
susceptible to the compounds and lead to SI
values that are lower than in reality [48]. Alterna-
tive cell lines, such as fibroblast MRC-5 cells,
could have been utilized but they have been
reported as having undetectable levels of the
thioredoxin-1, which would have led to higher

70
TbTryS IC;: 0.4 uM

Figure 21. Selection of analogs leading to sub-micromolar inhibition

against ThTryS.
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Figure 22. Generation of the indazole scaffold (73) and subsequent analogs demonstrating a tenfold increase in recorded

inhibition against ThTryS.
T.b. brucei: Trypanosoma brucei brucei.

SI values being reported (48]. Time dependence
is often associated with covalent binding, in
line with the anticipated high electrophilicity
of these alkyl halides which are unattractive
candidates for further progression.

The largest target-based HTS that has been
undertaken was against ornithine decarboxylase,
which is a key enzyme in polyamine biosynthe-
sis, the pathway eflornithine (4) has been dem-
onstrated to inhibit 46]. A library of just over
316,000 compounds was screened and led to the
identification of four unique families of inhibi-
tors (81-84), one of which (83) was selective for

Cl -
HrN S,
Y

76 7
In vitro IC,: 4.8 + 0.04 uM

T. brucei EC,, (24 h): 0.4 + 0.1 yM
Sl against HelLa cells: 18

NH

@

In vitro ICy: 16.9 + 2.6 pM
T. brucei EC,, (24 h): 0.7 £ 0.3 pM
Sl against Hel a cells: >83

o<

c /I oF
>

79
In vitro IC;: 16.0 + 0.1 uM
T. brucei EC,, (24 h): 1.3 £ 0.2 uM
Sl against Hela cells: 9

the parasite enzyme over the human ortholog
[46). The initial inhibitor identified was a bisbig-
uanidine (81), which was reasonably potent with
a K, of 2.7 pM but unfortunately it inhibited
both the trypanosome and human orthologues
of the enzyme equally [46]. The benzothiazole
(82) and indole (84) were also identified as inhib-
itors with a K, 14.0 and 27.1 pM, respectively
[46). Again both of these were nonselective for the
parasitic enzyme [46]. Finally, dithioamidines,
such as 83, were identified as being selective and
potent inhibitors with the most potent having a

K, of 3.6 pM (Ficure 24) [4q).

oy

78
In vitro IC: 13.7 + 0.1 pM
T. brucei EC,, (24 h): 1.1 + 0.04 pM
Sl against Hela cells: >12

Cl

ot

N

80
In vitro IC,: 3.5 + 0.02 yM
T. brucei EC,, (24 h): 3.1 £ 0.7 uM
Sl against Hela cells: 2

Figure 23. Representative compounds identified from high-throughput screening as
exhibiting activity (IC, listed) against an in vitro Trypanosoma brucei peroxidase
pathway assay. Potent activity against 7. brucei was also observed.

T. brucei: Trypanosoma brucei.
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Figure 24. Representative structures of the four classes of compounds identified in the targeted high-throughput

screening against ornithine decarboxylase.

Screening of the Institut de Chimie des
Substances Naturelles (in France) library
against the enzyme, farnesyltransferase
(FTase) from yeast revealed arylthiophenes as
sub-micromolar inhibitors [60]. This library
is reported to contain approximately 53,000
molecules and 14,500 plant extracts from 29
French universities and research institutions
[209]. An early SAR study was performed focus-
ing on the alkyl chain, nitrile, thiophene and
carboxylic acid of the initial compound, sum-
marized in 85 (Ficure 25). This early SAR was
later assumed to apply to the trypanosome
FTase although the reasoning for this was
unclear especially as 86 is 100-fold less active
against recombinant human and trypanosome
FTase than it is against yeast FTase. While
the SAR study against 7. brucei around the
substituted aryl is still valid, there remains the
need to re-examine the previously established

Inhibitory activity decreases
when alkyl group smaller or
larger than i-Pr

Branched is favorable

Replacement with H
leads to loss of activity

SAR of these compounds around the other
positions of the thiophene in order to deter-
mine the degree of translation from yeast to
trypanosome FTase. The analogs generated of
the aryl moiety have led to a tenfold increase in
inhibition relative to 7h6F Tase (Ficure 25) [60].

There is an unexpected difference between
ThFTase inhibition and 7.4. brucei prolifera-
tion inhibition in that, the enzyme inhibition
is much weaker than the whole parasite inhibi-
tion in some compounds such as the pyrogallol
(87; Ficure 26), which the authors acknowledge
brings in to question the primary target of these
compounds [60]. It was determined that the
pyrogallol derivative (88) showed no cytotoxic-
ity towards KB and MRC5 human cell lines at
10 pM and on this basis it was suggested that
potent effects observed against 7.6. brucei did not
arise through being nonspecifically toxic towards
all cell types. Nevertheless, such polyphenolic

Thiophene favored

Furan tolerated

NMe-pyrrole and thiazole

unfavorable |
NC

(0]

OH Carbony! group essential
for activity

85

Yeast FTase IC,: 0.11 uM
Human FTase IC_;: 16 + 2 yM
TbFTase IC,;: 11 2 uM

Figure 25. Structure-activity relationship study initially conducted around the hit compound (85) as well as the inhibitory
activity of 86 against the yeast, human and Trypanosoma brucei orthologs of FTase.
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Figure 26. Analogs of the aryl
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T.b. brucei: Trypanosoma brucei brucei.
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compounds, in particular catechols should not
be used in drug discovery given their propensity
to hit very different screens (i.e., kinases, phos-
phatases and other enzymes) at low nanomolar
concentration [37,38]. The target for these com-
pounds appears to be unknown or, alternatively,
polypharmacology could be responsible for the
observed activity.

NH

BocNHCH2\©/

90

TbCatL IC_;: 0.11 uM
T.b. brucei EC,: 0.22 yM
Cytotoxicity IC,;: 19 uM

93

TbCatl IC,: 0.057 pM

uM T.b. brucei EC;: 1.3 uM

(0}
/\)j\
EtO,C

95

TbCatl IC_: 7.6 uM
T.b. brucei EC,: 0.25uM
Cytotoxicity IC: 3.5 uM

H
(¢]

Focused screening

Cysteine proteases of the papain family, which
are expressed in both humans and parasites,
have been recognized as potential targets for
the treatment of HAT. A review on this topic
has been recently published, gathering all the
recent efforts in the synthesis of new inhibitors
for this pathway [61]. Proteases such as 76CatL,
commonly known as rhodesain are essential to
the metabolism of 7. brucei. This protease is
essential for the parasite to cross the BBB lead-
ing to the deadly second stage of the disease
[61,62]. In vitro studies have shown that rhode-
sain activates protease-activated receptors (a
G protein-coupled receptor), which facilitates
transport of the parasite [61]. It is also believed
that these proteases are involved in the turn-
over of variant surface glycoproteins that are
densely coating/shielding the parasite from the
mammalian host immune system [61,63]. Several
studies using small molecules (including dipep-
tides) derived from previously known inhibitors
of the cysteine proteases falcipain, cruzain (an
orthologous cysteine protease of 7. cruzi (61])

91

TbCatL IC_: 0.06 uM
T.b. brucei EC_;: 1.4 uM

@ >oen
94

TbCatl IC_: 0.5 uM
T.b. brucei EC,;: 11uM
Cytotoxicity IC,: >125 uM

99

Figure 27. Examples of known Trypanosoma brucei brucei inhibitors acting through rhodesain inhibition.
T.b. brucei: Trypanosoma brucei brucei.
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and the disease-associated human cathepsins
B and L have led to the identification of rho-
desain inhibitors. Some diverse examples of
such inhibitors are shown in Ficure 27. These
compounds inhibit the growth of 7. brucei as
well as inhibiting rhodesain. Prevalent among
all cysteine protease inhibitors is the presence
of warheads, designed to covalently react with
active-site cysteine, and these are exhibited in
compounds such as 89 [64], 91 [65], 92 [66], 93
[67], 94 [68] and 95 [69] in Ficure 27. This can be
a concern with respect to feasibility of progres-
sion of any such compound, but it needs to be
pointed out that antiparasitic chemotherapy
can tolerate unusual chemistries, and there is a
vinyl sulfone cruzain inhibitor currently under-
going investigational new drug-enabling stud-
ies for the treatment of Chagas disease [70]. In
such cases, it is recommended to optimize on
noncovalent SAR before introducing a reactive
center, and this approach could be deployed in
the case of 90 [71]. Furthermore, unwanted activ-
ity at human cathepsin L should be monitored
early on, as should cytotoxicity, for these sorts
of compounds.

Another interesting target is the kinetoplast
DNA-replication machinery. It has been dem-
onstrated that topoisomerase II inhibitors such
as ciprofloxacin (96) and other known molecules
having the same dihydroquinolin-4-one moiety
have antitrypanosomal activity (Ficure 28) [72].
Further studies to improve selectivity and activ-
ity against 7. brucei led to 97, which showed

TbGSK3 IC,;: 0.4 uM
HsGSKS3 IC,: 0.005 uM
T. brucei EC;: 2 yM
MRC5 EC,: >15 uyM

N
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TbGSK3 IC,,: 0.06 uM
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TbGSK3 IC: 0.1 uM

o

Ciprofloxacin

F o J/\:D:EJ\NQ@

97

T.b. brucei IC,: 0.047 pM
T.b. rhodesiense IC,: 0.009 pM
Cytotoxicity IC,: 57 pM

Figure 28. Ciprofloxacin (96) and a potent analog (97). While potent in vitro

activity was observed for 96 it was inactive in vivo.

T.b. brucei: Trypanosoma brucei brucei; T.b. rhodesiense: Trypanosoma brucei

rhodesiense.

very good in vitro activity but was inactive
in vivo when administered to 7.b. rhodesiense-
infected NMRI mice at an oral dose of 50 mg/kg
over 4 days [72]. There were no pharmacokinetic
data available and so it was not possible to dis-
tinguish between a lack of in vivo efficacy or
bioavailability of the compound, although fur-
ther work targeting the optimization of water
solubility has been identified [72]. Interestingly,
it was not clear what intracellular targets were
responsible for the 7. brucei activity.

GSK3 is known to play a key role in the
growth rate of 7. brucei, but its precise function
is yet to be determined [7374]. After screening
a focused kinase library against 76GSK3, five
series of 76GSK3 inhibitors were identified
(98-102; Ficure 29) [75].
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Figure 29. Compounds identified as inhibitors of ThGSK3.

T. brucei: Trypanosoma brucei.
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103 104

TbGSK3 IC,: 0.03 uM

HsGSK3 IC,;: 0.007 uM

T. brucei EC,: 0.2 yM
MRCS5 EC,: 13 uM

TbGSK3 IC,,: 0.1 uM
HsGSK3 IC,: 0.005 pM
T. brucei EC,; 0.2 uM
MRCS EC,;: >50 uM

O

105

TbGSK3 IC,;: 12 uM
HsGSK3 IC_: ND
T. brucei EC_;: 0.3 uM
MRCS EC, : >50 uM

Figure 30. Optimization of 103 and subsequent analogs. In general the analogs were more

active against HsGSK3.

ND: Not determined; T. brucei: Trypanosoma brucei.

A short SAR study focusing on 98 was con-
ducted. Difficulty was encountered in trying
to improve the selectivity of the compounds for
TbGSK3 over the human ortholog, HsGSK3
(Ficure 30) (75]. Indeed, all these analogs are
much more potent against HsGSK3 than
against 76GSK3, although, intriguingly, this is
not reflected by activity against the mammalian
cell line MRC5. Simultaneously increasing the
hydrophobicity and bulk of the left-hand-side
amine and replacing the thiophene with a phe-
nyl (103) led to a tenfold increase in potency
against 76GSK3 while maintaining HsGSK3
activity. Substitution of the right-hand-side phe-
nyl with a bromine was tolerated (104); however,
the introduction of bulky aliphatic groups on
the right-hand-side while also replacing the left-
hand-side phenyl with a cyclohexyl (105) led to
a significant loss of activity against 76GSK3.
While mammalian cytotoxicity is especially
diminished in 104 and 105, it is highly con-
cerning that 105 has potent cell activity but
weak enzyme activity, suggesting off-target

sites of action. There are reports of substituted
2,4-diaminothiozoles being potent inhibitors
of a number of cyclin-dependent kinases (76.77]
and p25 [77].

Recently, several known EGFR tyrosine
kinase inhibitors were tested against 7. brucei
[78]. The tyrosine kinase inhibitor lapatinib
(106) was identified as a potential starting
point for the development of new trypanoso-
mastatic drugs since it showed inhibition of
T.b. brucei growth (Ficure 31) [78]. Based on
this template, an elegant SAR study was con-
ducted leading to an optimized structure (107)
showing potent inhibition of 7.4. brucei growth
[78]. Compound 107 shows good selectivity for
the parasite over mammalian cells [78]. Further
to this, 107 has been identified as being orally
bioavailable and it is stated as being moderately
efficacious in a mouse model of HAT when a
dose of 20 mg/kg is administered with survival
post-infection extended approximately from
3 to 9 days although no further information
is reported [78].

106
Lapatinib
T.b. brucei EC,;: 1.54 uM

107

T.b. brucei EC,;: 0.042 yM
HepG2 IC,: >20 uM

Figure 31. Optimization of lapatinib (106) by Pollastri’s group [73].

T.b. brucei: Trypanosoma brucei brucei.
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A selection of approved anticancer drugs and
15 known DNA topoisomerase inhibitors were
tested for 7n vitro activity against bloodstream
T. brucei and HL-60 cells [79]. All the tested
compounds exhibited antitrypanosomal activi-
ties with ED, | values from 3 nM to 30 pM.
While the most active of these compounds (108,
109 & I11) have comparable antitrypanosomal
activity with that of commercial antitrypano-
some drugs, they have poor selectivity for the
parasite over mammalian cells. In one instance,
camptothecin (110) was identified as being more
toxic to mammalian cells than the parasite
(FiGuRE 32).

Computer-assisted & in silico screening

It was reported that a series of benzoxaboroles,
similar to the compound currently progressing
through clinical trials (SCYX-7158; 51) was
optimized for their activity using an homol-
ogy model against 76LeuRS [s0]. However, the
reported activity in the parasite was tenfold
higher for 113, while 112 shows similar activity
against the supposed target as 113 (Ficure 33) [80].
This suggests that 76LeuRS is not the primary
target for the action of these benzoxaboroles (or
a metabolite specific to 113 could be responsible)
and their target is, as yet, unidentified.

While not yet clinically validated, 76-PDEB1
represents an exciting new target for the treat-
ment of HAT. Known inhibitors of the corre-
sponding human ortholog have been success-
fully used as starting points for the development
of compounds targeting 76PDEBI, such as 114
and 115 in Ficure 34 [66]. However, from such
starting points, it has been difficult to achieve
inhibition of 767PDEB1 with the required selec-
tivity. Recently, the crystal structure of 75P-
DEBI was reported [s1] revealing a parasite-
specific, pocket (81. An iz silico binding model
predicted that both 114 and 115 will bind in this
new parasite-specific pocket [81].

An in silico screen was then performed in
order to identify selective 767PDEBI inhibitors
(Ficure 35). A number of novel inhibitors were
identified such as 116 and 117 with micromolar
activity against 767PDEBI and demonstrating
some selectivity over A/PDE4B [81]. These com-
pounds may serve as starting points for future
drug-discovery projects although it remains to
be seen whether the selectivity can be main-
tained during this process. In particular, some
of the compounds retrieved contain promiscu-
ous substructures such as catechols and imides,
as is often the case from both in silico screening
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108 109
Aclarubicin Doxorubicin
T. brucei ED,: 0.0033 pM T. brucei ED: 0.027 uM
HL-60 ED,,: 0.032 yM HL-60 ED,: 0.035 pM
H
S o] HN/\/N ~"0oH
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“BH b OH O HN. -~~~ OH
H
110 111
Camptothecin Mitoxantrone

T. brucei ED,,; 0.43 yM
HL-60 ED,;: 0.033 uM

T. brucei ED,; 0.0026 yM
HL-60 ED,;: 0.0043 uM

Figure 32. A range of potent DNA topoisomerase inhibitors for
bloodstream Trypanosoma brucei.
T. brucei: Trypanosoma brucei.

Yred e

TbLeuRS IC,: 3.5 uM TbLeuRS IC,: 5.0 uM
T.b. brucei IC,: 3.76 UM T.b. brucei IC;: 0.37 uM

Figure 33. Benzoxaboroles identified as
active against TbLeuRS however, the
Trypanosoma brucei data suggest
another target is involved.

T.b. brucei: Trypanosoma brucei brucei.
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114 115
TbrPDEB1 IC,;: 2.5 yM  TbrPDEB1 IC,;: 0.4 uM

Figure 34. TbrPDEB1 inhibitors with IC,
values reported against TbrPDEB1.
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hPDE4B IC,: 26 pM hPDE4B IC_: 14 pM

Figure 35. ThrPDEB1 inhibitors identified through in silico screening with
IC, values reported against TbrPDEB1 and hPDE4B.

and HTS [82). Even in 116 and 117, the thioether
linkages could be reactive and 116 resembles a
known redox-active promiscuous core [82]. Cau-
tion should be exercised in progressing these
compounds (83]. Trypanosomal inhibitory data
were not reported.

Table 1. Pharmacological profile of compound .

Enzymatic assay IC,, (uM) Cellular assay IC,, (uM)
TbrPDEB1 0.049 T.b. brucei 0.52

TbrPDEB2 0.072 T.b. rhodesiense 0.06

TbrPDEB1 catalytic domain 0.055 T. cruzi 7.6

hPDE4A1 0.0021 MRC5 > 64

hPDE4B1 0.0046 - -

hPDE4C1 0.010 = =

hPDE4D3 0.0012 = =

T.b. brucei: Trypanosoma brucei brucei; T. cruzi: Trypanosoma cruzi; T.b. rhodesiense: Trypanosoma
brucei rhodesiense.
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PPS54019
TbrPDEB1 IC,: 0.004 uM
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Fragment-based drug discovery has attracted
increasing interest over the past decade and the
first drug discovered via fragment-based screen-
ing followed by intensive medicinal chemistry
was Zelboraf™, which was FDA-approved in
2011 [210]. Trypanosomal phosphodiesterase Bl
and B2 are known to have key roles in the divi-
sion and lysis of 7.4. brucei [34). Initially, a HTS
identified PPS54019 (118), a known human PDE
inhibitor [84]. A follow-up of related chemotypes
led to the identification of the veratrole pyrazo-
linone (121), which can be considered to be a
fragment consisting of a merged scaffold from a
known PDE4 inhibitor, rolipram (120), and a car-
diotonic APDE3 inhibitor (119) [84]. Subsequent
fragment-growing yielded 122. Examination of
the pharmacological profile of 122 revealed sub-
micromolar activity against the enzyme 75:P-
DEBI and 76PDEB (Taste 1); however, it is up
to tenfold more active against the human PDEs.
This unwanted target selectivity profile does not
appear to translate to the cellular assays, with
good selectivity seen for the parasite over MRC5
cells. Compound 122 displayed sub-micromolar
activity against 7.b. brucei and was tenfold more
active against 7.b. rhodesiense (Ficure 36).

Mechanism-based design

G6PGDH is essential to the growth of blood-
stream 7. brucei; part of the pentose phos-
phate pathway, it is key in the production of
NADPH (which helps to protect the parasite
from oxidative stress) and ribulose 5-phosphate

_o
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) W

e
o]
H

N7N
\ "
HN-N
122
TbrPDEB1 IC,: 0.049 uM
T.b. brucei IC_;: 0.52 M

Figure 36. Identification of 122 with submicromolar activity in enzymatic and cellular assays as demonstrated in TasLe 1.
The veratrole pyrazolinone (121) can be considered a product of scaffold merging between a known PDE4 inhibitor, rolipram (120),
with a cardiotonic hPDE3 inhibitor (119). Subsequent fragment growing of 121 yielded 122.

T.b. brucei: Trypanosoma brucei brucei.
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(carbohydrates are used in nucleotide and other
biosynthetic pathways) (ss5). In order to target
6PGDH, compounds designed to mimic the
transition state and high energy intermediates
were synthesized. This led to the identification
of 123 (Ficure 37), which was potent against the
target and had good selectivity but had poor
membrane permeability and so was inactive
against the parasite (85]. A number of prodrugs
were synthesized in order to overcome this issue,
leading to the identification of improved com-
pounds, such as 124 [s¢]. It was found that most
of the prodrugs were active against the parasite
although the activity was related to the stability
of the prodrug in aqueous buffer [s¢]. It is likely
that 6PGDH is the target, although this remains
to be proven. Further optimization led to the
identification of 125, which is both potent and
has a half-life (T ) in mouse blood of 8 h indi-
cating it is relatively stable to serum enzymes.
Presumably, this allows passage of the prodrug
into the parasite, where metabolism takes place
and is critical to the conversion of the prodrug
to the active species, which is cell-impermeable
and which may accumulate in the parasite [87].
It is not at all obvious that this approach should
either be straightforward or necessarily succeed,
and this represents some very elegant work.

Chemotherapeutics from whole-organism
assays

When conducting whole-parasite screening it is
common to employ 7.b. bruceias a surrogate for
the human infective subspecies (7.6. rhodesiense
and 7:b. gambiense) as it is easier to culture and
is devoid of the safety concerns that arise when
working with human pathogenic organisms.
Given that 7 brucei is purely extracellular, it is

also much easier to work with than some other
trypanosomes, such as 7. cruzi, which requires
mammalian cells to survive. In the latter case,
one consequence of this is that intrinsically active
compounds may give a negative readout, due to
relative cellular impermeability. Additionally,
compounds apparently active against 7. cruzi
may, in fact, merely be cytotoxic to the mam-
malian host cell, which under assay conditions is
typically an L6 rat skeletal myoblast. This means
that, when testing compounds against 7. cruzi,
a cytotoxicity value against the L6 cell line is
required to ensure that the observed activity is
due to the drug killing the parasite, rather than
the drug killing the cells. This is not required
when testing against 7. bruceialthough of course
it is still useful and indeed necessary to assess
any compound for nonspecific cytotoxicity as
part of compound progression criteria. For a
comprehensive review on the small molecules
and cell-based assays utilized to study infectious
processes, see reference [88] and for a review
around the development of whole-organism
HTS assays for 7.b. brucei and the advantages
and disadvantages [89].

High-throughput whole-organism screening

A distinct disadvantage of target-based HTS is
that it follows the notion that one drug must
act solely on one target in order to obtain the
observed therapeutic effect 7. There is an
increasing awareness and acceptance of poly-
pharmacology whereby, better treatment of
diseases may arise through the combination of
drugs acting on a number of targets or through
the ability of one drug to act on a number of tar-
gets (90]. Also, the advantage of whole-organism
HTS is that screening hits are necessarily

123 124 125
T. brucei 6PGDH K: 0.035 uM T.b. brucei EC,;: 1.7 yM T.b. brucei EC,;: 0.008 yM
T.b. brucei EC,: > 330 uM Tw21h T,:80h

Figure 37. Biological activity for a substrate transition-state mimic for 6PGDH and the
subsequent prodrugs synthesized. Compound 125 is both potent against T.b. brucei and has an

excellent half-life in mouse blood.
T.b. brucei: Trypanosoma brucei brucei.
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Table 2. Summary of compound classes identified in SCYNEXIS

whole-organism high-throughput screening and the resultant
outcome of hit-to-lead medicinal chemistry.

Compound Class Best active' Selectivity*  Series outcome®
Aminoketones 15 uM 47 Insufficient potency
Pyramidoximes 70 nM >143 Inactive in mouse serum
Arylazoles 200 nM 20 Limited selectivity
Aminooxazoles 3.8uM >6 Insufficient potency
Sulfanilides 205 nM >500 Poor properties
Heterocyclic ketones 5 nM >2000 Active in mouse model*

"Most potent compound synthesized during hit-to-lead studies with the IC,, values against
Trypanosoma brucei brucei parasites.

‘Measured against L929 fibroblast cells.

“Final decision was reached after compiling results from a variety of biological assays.

*Mice with an acute (stage 1) Trypanosoma brucei brucei infection were cured after treatment with a

dose of 40 mg/kg/day for 4 days.

already active against the organism and so, the
false negative issue associated with target-based
HTS discussed earlier does not arise [7]. Another
advantage is that if activity is indeed caused by
interference in a number of different pathways,
this could discourage the development of resis-
tance. A disadvantage of whole-organism HTS
is that pathway identification may be difficult,
or that compounds with such polypharmacology
may end up being promiscuous with respect to
organism selectivity and hence non-progressable
7). For T. brucei, whole-organism screening is
essentially a subset of phenotypic screening,
where the phenotypic readout in this case is

most commonly inhibition of parasite growth.
This is becoming quite a common approach in
the discovery of anti-infective and antiparasitic
agents, where it is increasingly being seen that
pathway-elucidation attempts can take place as
late as during preclinical development.

A large screen was conducted by SCYNEXIS,
whose primary screen involved approximately
48,000 compounds in a resazurin-based assay
[40). There were approximately 25 classes of
compounds derived from the primary screen,
which was narrowed down to just six after triage
via a number of means. These include time-to-
kill assays in order to determine compound-
mediated killing of 7:6. brucei in vitro over time,
a test to establish the time required to cause per-
sistent or irreversible antitrypanosomal effects
by the compounds and a serum shift assay to
assess any potential effects of protein binding on
antitrypanosomal activity [40]. These classes have
been summarized in Taste 2. Unfortunately, no
structures were available. Of these six classes the
heterocyclic ketones were identified as having
efficacy ina 7.b. brucei mouse model of human
infection and it was this class that was progressed
through to lead optimization [40].

The most recent screen was conducted by
the Avery group at the Eskitis Institute, in col-
laboration with DNDi and the Baell group [91].
The stage 1 HTS library [3792] contains almost
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Figure 38. Summary of the compound classes identified in the Eskitis Institute whole-organism high-throughput

screening with activity reported against Trypanosoma brucei brucei.
T.b. brucei: Trypanosoma brucei brucei.
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88,000 compounds and was subjected to an
AlamarBlue-based assay, which led to the iden-
tification of eight compound classes (Ficure 38).
These classes included pyridinoxazoles (126),
1,2,4-triazoles (127), pyrazines (128), pyrazo-
lyl-pyridinyls (129), phenylthiazoles (130),
benzamides (131), acyl-guanidines (132) and
the sulfonyl amides (133). All the compounds
have sub- to low-micromolar activity with Sls
ranging from >19 to >344. Most were consid-
ered suitable for medicinal chemistry optimiza-
tion, apart from 129 whose pyrazolyl-pyridinyl
junction would be sensitive to nucleophilic
attack.

An early SAR study (134) has recently been
published on the optimization of 126, showing
improvement in activity against 7.b. rhodesiense
and selectivity for the trypanosome over mam-
malian cells (135; Ficure 39) [93]. Further work
needs to be undertaken in order to optimize
the solubility and metabolic stability of these
compounds in the path to a preclinical program.

Phenotypic screening of drug libraries
This type of investigation is based on the screen-
ing and potential reuse of previously marketed
drugs, known as repurposing. While target-based
screening of FDA-approved drugs is sometimes
undertaken, as was seen with the 74TryR section
earlier, it is more traditional to screen such com-
pounds against whole parasites. Such compounds
are well described and may have favorable phar-
macokinetic properties and can therefore repre-
sent promising starting points for development.
This method might allow rapid access to a new
drug at a relatively low development cost; this is
attractive for small market diseases like HAT.
One of the first whole-cell HTS campaigns
against 7. brucei was conducted on a library of
2160 FDA-approved drugs and natural products
(MicroSource Spectrum and Killer Collection)
[94]. The assay utilized ATP-bioluminescence that
was generated by the catalysis of luciferin to oxy-
luciferin by luciferase (94]. This process results in
the generation of a fluorescent signal, the inten-
sity of which can be measured and is proportional
to the amount of ATP released from the trypano-
somes and subsequently the number of viable
parasites [94]. This initial screening campaign
was considered a pilot screen and was utilized to
test the efficacy of the luciferase assay in a high-
throughput medium [94]. The advantage of this
particular assay over the more common Alamar-
Blue assay is that it eliminates the time required
for the parasite to chemically reduce the dye
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Figure 39. Summary of the medicinal chemistry optimization undertaken
and the improvement in activity and selectivity obtained for 135.

T.b. rhodesiense: Trypanosoma brucei rhodesiense.

(which is variable between strains and so requires
optimization) [94]. This would potentially result
in a several-fold increase in the rate of throughput
over the AlamarBlue assay [94]. This alternative
ATP-detection screen was able to identify two
of the current treatments for HAT, suramin (2)
and pentamidine (1), as well as a number of other
compounds [94]. Those compounds identified as
being active in the assay exhibited >52% inhi-
bition at 1 pM, although to date there appears
to have been no additional work undertaken in
order to improve or investigate the activity of
these compounds further.

The LOPAC 1280 library was subjected to a
phenotypic screening campaign against 7. brucei
using a resazurin-based cell-viability assay [95].
The most potent and selective drugs to be iden-
tified as part of the screen were pentamidine (1)
and suramin (2), which confirmed the robust-
ness of this assay [95). The most potent and
selective novel inhibitor identified is a known
K-opioid agonist (136; Ficure 40). Other struc-
turally similar compounds had EC, values
of approximately 5 pM [95]. Pharmacokinetic

N

|k
YO
Cl o]
136
(+)-U50488

T.b. brucei EC,: 0.06 + 0.01 uM
SI: 270

Figure 40. The novel, potent and selective
k-opioid agonist, (+)-U50488 (136).
T.b. brucei: Trypanosoma brucei brucei.
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Figure 41. Adamantane derivatives discovered as part of a phenotypic
screening against bloodstream Trypanosoma brucei.

T. brucei: Trypanosoma brucei.

studies on (+)-U50488 (136) were conducted
on uninfected mice and revealed that the com-
pound is not tightly bound to plasma protein
and is well tolerated at a dose of 150 mg/kg orally
(95]. Further to this, the brain to blood ratio was
8.2 indicating the potential for treatment of
stage two HAT [95]. However, in a mouse model
of T'b. brucei with a dosage of 150 mg/kg every
4 h for 32 h, the regimen was not curative with
only one mouse showing a transient reduction
in parasitemia followed by a relapse [95]. Further
work is required in order to explore the SAR
surrounding these compounds and improve the
observed in vivo activity.

Focused phenotypic screening

Bloodstream 7. brucei are known to be sensi-
tive to amantadine (137) and rimantadine (138)
196]. As a result of this, a small library of ada-
mantane derivatives was synthesized and the
activity against bloodstream 7. brucei reported
(Ficure 41) [96]. A number of compounds were
identified with sub-micromolar activity includ-
ing 139 and 140. While the authors do not know
the target of these compounds, it is suggested
that these adamantane derivatives likely block
or perturb an ion channel or transporter on the
parasite membrane, as this is the only known
mechanism by which these compounds are
therapeutically effective [96].

SOORS

Alibrary utilizing a quinone core was synthe-
sized and tested for activity against L. donovani,
T. cruzi and T.b. rhodesiense given the promi-
nence of naphthoquinones and other related
compounds that are often seen in natural
products that are active against these parasites
[97. Compound 141 was the most active in the
series, although it was only poorly selective over
L6 cells [97). Addition of halogen atoms to the
phenyl ring (142) improved the selectivity some-
what, while still retaining potent activity [97].
However, removal of the left-hand-side phenyl
group (143) led to a significant improvement
in parasite selectivity, while still maintaining
potent activity (Fiure 42) [97]. However, toxicity
would always be a concern when working with
any quinone.

Bicyclic amines are common intermediates in
the synthesis of a variety of natural substances
[98]. A small library of bicyclic amines was syn-
thesized and tested against a number of parasites
including L. donovani, T. cruzi, T.b. rhodesiense,
and P. falciparum K and they demonstrated
activity against the latter two organisms [98].
A number of sub-micromolar inhibitors were
identified as in Ficure 43. For the 77 vivo anti-
trypanosomal activity in 7.b. brucei a dosage of
50 mg/kg four times a day by intraperitoneal
(i.p.) administration was employed [9s]. For the
ester (144) it can be seen that only low in vive
activity was observed with no apparent change to
the mean survival days (MSD) for mice treated
with this compound [98]. The diamine (145)
was slightly more active, extending the MSD
by 2.25 days [98]. The most active compound
reported was 146, prolonging the mean survival
time by 4.25 days [98). A recent extension of this
series has been reported [99], but good activity
in vivo remains elusive.

A library of 1,4-benzodiazepin-2-ones was
synthesized and evaluated for activity against
bloodstream 7.b. brucei. A preliminary SAR
study was conducted, focusing on the R' and

sosgoNilivene

141 142 143
T.b. rhodesiense IC,;: 0.05 M T.b. rhodesiense IC,: 0.065 yM T.b. rhodesiense IC,;: 0.08 M
SI: 20.0 SI:31.0 SI: 74.0

Figure 42. Quinone derivatives and their activity against bloodstream Trypanosoma
brucei rhodesiense and Sl values relative to L6 cells.

T.b. rhodesiense: Trypanosoma brucei rhodesiense.
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O‘ fo .29‘

144 145

O

146

T.b. rhodesiense IC: 0.21 pM T.b. rhodesiense IC,: 0.41 uM T.b. rhodesiense IC,;: 0.065 uM
SI: 155.5 SI: 92.93 Sl: 124.6

In vivo MSD: 6.00

In vivo MSD: 8.25

In vivo MSD: 10.25

Figure 43. Activity of bicyclic amine derivatives against Trypanosoma brucei rhodesiense
and the effect on the MSD in a mouse model of Trypanosoma brucei brucei where the

control mean survival days was 6.00.

MSD: Mean survival days; T.b. rhodesiense: Trypanosoma brucei rhodesiense.

R? positions (summarized in 147; FiGure 44).
The chirality at the R? position appears to be
critical for the activity of these compounds [100].
This is exemplified by the activity observed for
148a, which is eightfold more potent than 148b
(100]. Given the apparently large pocket around
R, a guanidine moiety was substituted onto the
compound in order to try and improve cellu-
lar uptake by targeting the P2-transporter [100].
This proved successful, leading to the identifi-
cation of a number of structurally similar com-
pounds with a 100-fold increase over the lead
compound (typified by 149) [100]. Preliminary
analysis of these compounds was performed in
a number of cell lines, including: 427 wild-type,
TbATT" (loss of P2- transporter) and B48 (loss
of P2- transporter and high affinity pentamidine
transporter) [100]. Compound 149 exhibits sub-
micromolar activity in the wild-type strain and

diminution of the antitrypanosomal activity is
observed as a result of the loss of the P2- trans-
porter and a further loss is observed without the
high-affinity pentamidine transporter (100). This
suggests that the guanidine moiety assists trans-
port of the compound into the cell, although
there appears to be an alternative route available
given the reasonable IC, values still observed.

Chemical proteomics

A HTS of the SCYNEXIS library led to the
identification of 2,4-diaminopyrimidines
as inhibitors against 7. brucei [101]. Further
hit-to-lead and lead optimization activities led
to the discovery of SCYX-5070 (150) [101]. Com-
pound 150 has been tested 77 vivoand was shown
to cure an acute mouse infection of 7.b. brucei
with a dosage regimen of 20 mg/kg twice daily
for four days, either i.p. or orally (Ficure 45) [101].

Cell line | IC,, (UM)

427 wild-type [0.27 + 0.04

Large substituents favored
such as benzyl Hy N TbAT71” ]0.39 +0.03
B48 0.94 +0.01
R Substitution favorable Q\\
Ny, for activity with (S)-benzyl A
, favored
R, =N Chirality important N
RI

\ Replacement of Ph with large
lipophilic groups unfavorable

147 148
a = (S)-enantiomer, T.b. brucei MIC: 6.25 pM
b = (R)-enantiomer T.b. brucei MIC: 50.0 pM

T.b. brucel MIC: 0.78 uM

Figure 44. Preliminary structure-activity relationship around the 1,4-benzodiazepin-2-ones and the initial lead compound.

Subsequent optimization gave 149, which exhibited a 100-fold improvement in activity as well as sub-micromolar inhibition in a
wild-type cell line of Trypanosoma brucei.
T.b. brucei: Trypanosoma brucei brucei.
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150
SCYX-5070
T.b. brucei bloodform IC,: 0.07 + 0.018 uM
T.b. brucei procyclic IC,;: 0.07 + 0.007 pM
L929 fibroblast IC,: 7.06 + 0.56 uM

Figure 45. Optimized
2,4-diaminopyrimidine developed as a
result of hit-to-lead medicinal chemistry
after a high-throughput screening of the
SCYNEXIS library. Chemical proteomics was
employed to identify the target for these
compounds.

T.b. brucei: Trypanosoma brucei brucei.

No toxicity was reported when this dose was
increased to 50 mg/kg twice daily for four days,
either i.p. or orally [101]. Utilization of chemical
proteomics employing immobilized 2,4-diami-
nopyrimidine affinity chromatography and MS
led to the identification of MAPKs and CRKSs
as potential targets for these compounds in vivo
(101). A brief SAR study has been performed,
although only a slight improvement in overall
activity was observed [102].

Natural products

Over the years drugs isolated from natural prod-
ucts have been instrumental in the fight against
a variety of diseases. Perhaps the two most sig-
nificant natural products relevant to this area
were the identification and subsequent isolation
of quinine and artemisinin for the treatment
of malaria [103]. There have been a number of
compounds that have been isolated from natu-
ral products and then tested against 7. brucei
(104-108]. Of the compounds described, many
have inhibitory activity against trypanosome
growth, typically in the mid- to low-micromolar

Bfwom
|
N

~0  NH,
152

range, although only a small percentage have
been assessed iz vivo and no further drug oprti-
mization projects appear to have been performed
on these compounds. There are a number of
reviews on this area that illustrate the large num-
ber of natural products that have been screened
and their varying sources [109-112].

Recently, a series of inhibitors derived from
acivicin (151), an antibiotic isolated from the fer-
mentable broths of Streptomyces sviceus, has been
described (Ficure 46) [113]). Acivicin (151) acts as
a covalent inhibitor of a number of glutamine
amidotransferases, including CTPS, which is
responsible for the synthesis of CTP. Although
expressed in both humans and the trypanosome,
the latter organisms are more susceptible to inhi-
bition of these enzymes, due to the low rate of
synthesis and the lack of salvage pathways for
cytidine [113]. Replacement of the chlorine with
bromine (152) leads to a threefold improvement
in activity against 7. brucei CTPS with potent
antitrypanosomal activity. However, some ana-
logs were only very weakly antitrypanosomal
while being potent CTPS inhibitors. It was not
clear whether for such compounds, poor perme-
ability was involved or indeed whether for com-
pounds such as 152, other targets may be involved
in conferring potent antitrypanosomal activity.

Endoperoxide-containing molecules, merulin
A (153), B and C have shown interesting inhibi-
tory effects against 7.b. brucei (114). There are a
number of other endoperoxide containing com-
pounds that have been identified as antitrypano-
somal compounds including artemisinin and
sigmosceptrellin B [114]. An initial SAR study
was conducted, which led to the identification
of a number of key components in merulin A
(153); including the endoperoxide bridge [114].
With this information, a second library of 20
compounds was synthesized, keeping the endo-
peroxide bridge intact, while also incorporat-
ing an acyl group to improve the drug-likeness
of the merulin A core [114]. As a result of these
investigations, several low- to mid- nanomolar
inhibitory analogs (154 & 155) of merulin A were
identified with high selectivity indices against
HeLa and glioblastoma cells and good predicted
BBB permeability (Ficure 47) [114].

Azasterol (156) has been shown to inhibit
T.b. brucei in micromolar concentrations [115].
This type of molecule is believed to inhibit the
A*-sterol methyltransferase enzyme. The sterol
biosynthesis pathway has been identified as a tar-
get that could provide selectivity for the parasite
over mammalian cells, due to a number of key

T.b. brucei CTPS IC,;: 0.320 + 0.025 yM  T.b. brucei CTPS IC,;: 0.098 + 0.010 M
T.b. brucei EC_;: 0.450 + 0.010 pM T.b. brucei EC,: 0.038 + 0.013 uM
Sl (against HelLa cells): 36 Sl (against Hela cells): 397

Figure 46. Acivicin and the most potent analog against Trypanosoma
brucei brucei described in the literature.
T.b. brucei: Trypanosoma brucei brucei.
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Merulin A
T.b. brucei IC;: 4.0 uM

T.b. brucei IC,: 0.06 uM

T.b. brucei IC,: 0.043 pM

Figure 47. Merulin A (153) and the most potent derivatives against Trypanosoma brucei
brucei with good predicted blood-brain barrier permeability.

T.b. brucei: Trypanosoma brucei brucei.

differences. The cell membranes of fungi, plants,
T cruziand L. donovani consist of ergosterol and
24-alkylated sterols while mammalian plasma
membranes consist of cholesterol [115]. The
plasma membrane of procyclic 7. brucei parasites
has been shown to biosynthesize ergosterol and
24-alkylated sterols, while, in the bloodstream
form, the parasite scavenges cholesterol from host
cells (115]. A number of compounds, including
157, were described as being potent against blood-
stream form 7.b. rhodesiense [115). However, dur-
ing the course of the investigation, it was shown
that the biological target of these compounds was
not A*-sterol methyltransferase but another tar-
get. Proteomic studies and membrane-function
assays were underway, but nothing has since been
reported (FIGURE 48) [115].

An extensive study on the relationship between
antiprotozoal activity and sesquiterpene lactones
was described in 2012 [116], and 40 natural prod-
ucts bearing an exomethylene lactone were tested
against several parasites (7.6. rhodesiense, T. cruzi,
L. donovani and P. falciparum). Most of these
showed potent inhibition of the parasite growth
(low- to mid-micromolar range); unfortunately,
this was associated with relatively high cytotox-
icity in most cases (SIs from 1 to 10) 16). This
toxicity might be attributed to the presence of a
Michael acceptor. The first natural product hav-
ing in vivo activity against 7. brucei was reported
in 2012 (117]. Cynaropicrin (158) was isolated from
the herb Centaurea salmantical.. (Asteraceae) and
showed potent inhibition of 7.4. rhodesiense and
gambiense (117), also exhibiting activity against
melarsoprol- and pentamidine-resistant strains
(IC,;: 0.3 and 0.1 uM, respectively) with no cross-
resistance [117]. Furthermore, i.p. administration
of 158 into an acute mouse model of 7.4. rho-
desiense (10 mg/kg, twice-daily) led to a 92%
reduction of parasitemia compared with untreated
controls [117). A deacylated derivative (159) was
also identified in the plant extract although it was

found to be less active with poor selectivity for the
parasite over L6 rat myoblast and murine perito-
neal macrophages and with moderate selectivity
against human colon adenocarcinoma cells [117).
The presence of a reactive o, B-unsaturated ester
would also raise toxicity concerns with a low SI of
9.5. The furanone (160) showed reasonable inhi-
bition against 7.b. rhodesiense and P. falciparum;
however, poor selectivity was observed [118].
9B-hydroxyparthenolide ester derivatives, such as
161, were shown to be active againsta panel of par-
asites including 7.6. rhodesiense. Compound 161
only showed moderate selectivity for the parasite
over L6 cells [119]. Other monoterpenes [120] and
diterpenes [118,121,122], such as tetraprenylphenyl-
acetic acid derivatives (162) and eleganolone (163),
have also been described as potent inhibitors of
1. bruceibut have not been studied yet (Ficure 49).

Recently, diketopiperazines isolated from deep
water fungi have shown very interesting biological
activities, including antitrypanosomal potential
(123]. A short study on these disulfide-containing
diketopiperazines have shown chaetocin (164)
was very potent against 7. brucei. Interestingly,
its monomeric analog (commercially available),
gliotoxin (165), is still very potent [123]. It is worth

Azasterol

T.b. brucei 24-SMT IC, ;: 1.76 uM
T.b. rhodesiense ED,: 3.3 uM
SlI: 3.6

Figure 48. Azasterol derivative identified as a potent and selective
inhibitor of Trypanosoma brucei rhodesiense although it is inactive
against the proposed target, A**-sterol methyltransferase.

T.b. brucei: Trypanosoma brucei brucei; T.b. rhodesiense: Trypanosoma brucei

rhodesiense.

T.b. brucei 24-SMT IC_;: > 100 yM
T.b. rhodesiense ED,: 0.012 uM

SI: 1600
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AcO.

O
O
7, OAc
160 161
Cynaropicrin Dorisenone D 3'R,4'S and 3'S,4'R-9b-(3',4'-epoxy-3'-
T.b. gambiense IC,;: 0.28 uM T.b. gambiense IC_;: 4.92 uM T.b. rhodesiense IC;: 2.47 pg/mi methylpentanoyloxy)-parthenolide
HO.C L6 IC,: 3.93 pg/ml T.b. rhodesiense IC,: 0.69 uM
2 L6IC_: 6.19
OH o
Z Z Z Z

OH

162

4-hydroxy-3-tetraprenylphenylacetic acid
T.b. rhodesiense IC,;: 0.60 pg/ml
Sl: >100

163
Eleganolone

T.b. rhodesiense IC,: 13.7 pg/ml

Slk: 4

Figure 49. Cynaropicrin (158) and the deacylated derivative (159) identified in the plant extract from Centaurea
salmantica L. (Asteraceae). Also shown are monoterpenes and diterpenes that have been described as Trypanosoma brucei
rhodesiense inhibitors.

T.b. gambiense: Trypanosoma brucei gambiense; T.b. rhodesiense: Trypanosoma brucei rhodesiense.

noting that even less potent analogs without the
disulfide moiety (166) are still active, but all these
compounds suffer from a lack of selectivity for the
trypanosome over mammalian cells (Ficure 50).

A recent screen using extracts of Carlina acaulis
(Asteraceae) showed carlina oxide (167) was able
to inhibit the growth of 7. brucei [123]. This natu-
ral product has been well known in Europe for
several decades for its antimicrobial properties.
Several other alkynoic acids (including 168) have
also been screened, although exhibiting only very
weak inhibition against 7.b. rhodesiense (Ficure 51)
(124]. Also, 168 has reportedly shown inhibition
of L. donovani topoisomerase and is believed to
inhibit a similar protein in 77 brucei (124).

Nostocarboline (169), isolated from the cya-
nobacterium Nostoc78-12A is a known inhibitor
of hydrolytic enzymes, such as acetyl and butyryl
cholinesterase and trypsin, while its toxicity is
very low against the crustacean Thamnocephalus
platyurus 125). This template was therefore used
as a starting point for an SAR study against
several parasites, including 7. brucei [125]. Com-
pound 169 itself is only weakly active against
T.b. rhodesiense, however, conversion into a sym-
metrical bis cationic dimer (170) resulted in a
compound with submicromolar activity and
showed an improved selectivity for the para-
site over mammalian cells [125]. The structur-
ally related cryptolepine (171) has also recently

o
/
\S N
HO H o) OH
164 165 166
Chaetocin Gliotoxin 6-Methoxyspirotryprostatin
T.b. brucei IC,: 0.002 uM T.b. brucei IC,: 0.01 uM T.b. brucei IC,;: 5.7 yM
Sl: low SI: low Si:3.7

Figure 50. Diketopiperazine natural products and their activity against Trypanosoma

brucei.
T.b. brucei: Trypanosoma brucei brucei.
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been identified as a potential 7. brucei inhibi-
tor. This compound, isolated from Cryptolepis
sanguinolenta (Lindl.) Schltr, showed antipara-
sitic activity but this was associated with cytotox-
icity, due to its intercalative properties inhibiting
the topoisomerase IT [126]. Several analogs of this
molecule were produced, resulting in products
having low micromolar activity and good selec-
tivity for the trypanosome over mammalian cells
(Ficure 52). Compound 172 showed a significant
improvement in both activity and selectivity for
the parasite over mammalian cells (126]. These
molecules are presumably acting as cysteine pro-
tease inhibitors since they also show inhibition
of rhodesain [12¢]. Ascididemin (173), another
similar natural product has also been reported,
which was isolated from Polysyncraton achinatum
along with 174. No SAR study has been pub-
lished, but both of these compounds have shown
potent activity and reasonable selectivity toward

Cl \/r

N

Z (0]

7 12 % OH

(o]
167 168
Carlina oxide
T.b. brucei IC_;: 1.0 pg/ml T.b. rhodesiense IC,;: 64.5 M

Sl: 446 SI: 0.3

Figure 51. Alkyne containing natural products and their inhibitory activity
against Trypanosoma brucei.

T.b. brucei: Trypanosoma brucei brucei, T.b. rhodesiense: Trypanosoma brucei
rhodesiense.

T. brucei over mammalian cells [127.128]. Unger-
emine (175) and haemanthamine (176) have also
been found to show antiparasitic activity against
1. brucei 126). Berberine (177) is known to be
active against several parasites and was used as

Cl ’
169 170 171
Nostocarboline T.b. rhodesiense IC,: 0.9 uM Cryptolepine
T.b. rhodesiense IC: 70.5 uM Sl: 423 T.b. brucei IC: 2.0 pM
Sl: 622 Sl: 0.6
cr \N O
'y, O
CQ LD
(O
H N~
172 173 174 175
T.b. brucei IC;: 0.01 uM Ascididemin 12-deoxyascididemin Ungeremine
Sl: 6200 T.b. brucei IC,;: 0.032 uM T.b. brucei IC,;: 0.077 uM T.b. rhodesiense IC,: 3.66 M
HEK293 Sl: 46 HEK293 SI: 99 L-6 rat myoblast IC,: 65.28

176

Haemanthamine
T.b.rhodesiense IC;: 1.62 uM
L-6 rat myoblast IC,: >300

1/280,7

177 ? 178
Berberine T.b. brucei IC,; 2.0 nM
T.b. brucei IC ; 1100 nM SlI: 19500
Sl: > 200

Figure 52. Pyridine- and pyridinium-containing natural products and related structures.
T.b. brucei: Trypanosoma brucei brucei; T.b. rhodesiense: Trypanosoma brucei rhodesiense.
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179
Isoborreverine
T.b. brucei IC,;: 2.87 uM
SI: 3

180
Flinderole B
T.b. brucei IC_;: 6.18 uM
Sk: <1
HO,,
H
o
(¢}

Isobastadin 13
T.b. rhodesiense IC,;: 1.77 yM

H
‘ OH
‘ NH
o

HO

184
Tetromycin 1
T.b. brucei IC,;: 31.69 uM
293T IC,: >100 uM
J774.1 1C,;: >100 uM

Br

At

181
Pseudoceratinazole A
T.b. brucei 80% inhibition at 83 yM

183
Dibromopalau’amine
T.b. rhodesiense IC: 0.46 ug/ml
L6 rat myoblast SI: 9

= NH

B \N\)

Br

0

OH

185
Longamide B

T.b. rhodesiense IC,: 1.53 ug/ml

L6 rat myoblast Sl: 5

Figure 53. Alkaloids and secondary metabolites that have been identified as exhibiting activity against Trypanosoma
brucei brucei or the human infective subspecies, Trypanosoma brucei rhodesiense.
T.b. brucei: Trypanosoma brucei brucei; T.b. rhodesiense: Trypanosoma brucei rhodesiense.

a starting point for an SAR study to discover
new 7. brucei inhibitors [129]. A few analogs have
been prepared leading to another pyridinium
type core (178) with a 500-fold increase in activ-
ity against 7. brucei and a significant improve-
ment in selectivity for the trypanosome over
mammalian cells [130].

Some alkaloids and secondary metabolites
have also been identified (Ficure 53), such as

isoborreverine (179) and flinderoles (such as flin-
derole B, 180). These products are shown to be
reasonable inhibitors against 7. brucei with IC, |
values in the low micromolar range, but they
show poor selectivity for the trypanosome [131].
Bromopyrroles, such as dibromopalau’amine
(183) and longamide B (185), were also tested
with good inhibition of 7.4. rhodesiense, but
selectivity over mammalian cells was again an
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issue [132). Other compounds, such as pseudo-
ceratinazole A (181) [133], isobastadin (182)
[108] and tetromycin 1 (184) [134] have also
shown activity against the trypanosome. The
general complexity of these molecules makes
their use for SAR determination difficult and,
therefore, a detailed exploration has not been
performed around these compounds. In this
regard, the relative simplicity of 185 could make
it an interesting starting point for hit-to-lead
optimization.

Phenolic type structures such as flavonoids
(186), naphthoquinones (187 & 188), polypheno-
lics (189-192) and related natural products (193)
were shown to be potential 7. brucei inhibitors
(FiGure 54) [106,135-139]. These well-known struc-
tures often exhibit high toxicity and some (cat-
echols and quinones) have been highlighted as
pan-assay interference compounds, which are
specific functional moieties that are respon-
sible for producing false positive readings in a

186
Ageconyflavone C
T.b. rhodesiense IC,: 7.8 yM
L6 rat myoblast IC,;: >90

189
6-6"-dimethoxygossypol
T. brucei IC,: 5.8 uM

“

e
HO

192

(-)-larreatricin
T.b. rhodesiense IC,: 3.6 uM

Sl: 12.4

Figure 54. Flavonoid, naphthoquinones and related compounds with Trypanosoma brucei activity.

variety of biological assays [37]. Unsurprisingly,
these structures exhibit poor selectivity making
their use for SAR difficult. Some toxicity con-
cerns may arise during their study since some
of these moieties are highly reactive similar to
the nitronaphthoquinones described previously
in FiGure 14.

Ascofuranone (194) is a specific inhibi-
tor of the trypanosome-alternative oxidase in
T.b. brucei (ThAO), which is essential for the
parasite survival in the host. Interestingly, com-
pounds derived from ascofuranone (194) could
potentially show excellent selectivity, since mam-
malian hosts lack this enzyme. Ascofuranone
(194) has shown potent 77 vitroand in vivo activ-
ity against 7.b. brucei (140,141]. A series of ana-
logs were synthesized and their effect on 76A0
investigated (Ficure 55) (142]. The modifications
around the furanone and linker led to 195, which
was more potent than the parent. The presence
of a known toxicophore, such as an aldehyde,

o
187 188
12-deoxy-salvipisone
T.b. rhodesiense IC;: 1.8 uM
Sl:0.2

190
Marchantin A
T.b. rhodesiense IC,;: 2.09 pM
SI: 32

OH (¢)

193
7'-8’-dihydroobolactone
T.b. brucei IC,;: 2.8 yM
HEK293 SI:10

Ta-acetoxyroyleanone
T.b. thodesiense IC,;: 2.9 M
SI: 0.1

SO
HO W OH

191

Meso-nordihydroguaiaretic acid
T.b. rhodesiense IC,;: 1.4 uM
:7.4

Sl: 7.

T. brucei: Trypanosoma brucei; T.b. brucei: Trypanosoma brucei brucei; T.b. rhodesiense: Trypanosoma brucei rhodesiense.
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194 c 195
Ascofuranone TbAO IC,: 0.06 nM

TbAO IC,: 0.13 + 0.04 nM

Figure 55. Ascofuranone (194) and its most potent derivative (195)

synthesized to date.

may be a problem for the further development
of these molecules as drugs. Unfortunately, no
data on the selectivity of these compounds was

described.

Clinical trials

Once a suitable candidate for HAT has been
found, it can be progressed into clinical trials.
However, this is no simple task. In addition to
the standard regulations and problems associated
with entering clinical trials, there are significant
issues recruiting participants and identifying a
suitable geographical area. In order to recruit just
a single patient to a study, it is necessary to screen
hundreds of people using mobile teams and a
complex screening paradigm, including lumbar
puncture for those people who are serologically
and parasitologically positive, even although
most are asymptomatic at the time of recruit-
ment. In part, due to the relatively short flight
range of the tsetse fly, HAT is a focal disease
and over time a whole village can become heav-
ily infected, while another nearby may be clear
of the disease. Given this, once HAT has been
cleared from an area, it may not return for many
years. Since the introduction of NECT, most of
the foci surrounding clinical research sites have
been cleared, thus teams now have to look further
afield for patients and new trial locations. Some
of these sites can also be in countries or areas of
civil unrest. Already this year, DNDi have had
one site compromised [Do R, Pers. Comn.]. They
were able to retrieve everything eventually and
the patients will be treated, although they will
not be recruited into the study [DoxR, Pers. Con].

m Path to market
There are a number of options available to
register a new drug for the treatment of HAT.

= It may be possible to register a new drug
through the FDA as an orphan drug. An

application under this banner may lead to a
priority review being obtained. This is
typically approved where the new drug would
provide safe and effective therapy where no
satisfactory alternative exists. As an orphan
drug, many of the fees associated with
registering a drug may be waived including
the annual product and establishment fees;

In Europe, the European Medicines Agency
have created an Article 58 application. Under
this type of application the European
Medicines Agency provide advice during the
clinical development process and allows the
Committee for Medicinal Products for
Human Use to provide ongoing feedback with
regards to new drugs for neglected diseases.
The advice is given with input and co-opera-
tion from WHO and regulators from the dis-
ease endemic countries;

WHO prequalification is potentially available
for some neglected diseases, including malaria,
HIV/AIDS, tuberculosis and reproductive
health. HAT is not specifically mentioned in
this program. Under such an application a
drug can be placed on to a prequalification list
from which UN agencies, such as UNAIDS
and UNICEF, can purchase drugs;

= A new initiative which is still evolving is
centered around the idea of a pan-African
regulator. This involves a number of African
countries working together and combining
their skills although many of these countries
lack the critical mass to cover all the aspects
of regulatory review.

The current option of choice centers around
the European Medicines Agency, as this encour-
ages engagement with WHO, Ministries of
Health and regulators in the disease endemic
countries. This helps guide the clinical develop-
ment from a very early stage in the process. It is
also likely that the continued distribution of new
drugs for HAT will be carried out by WHO as
part of their elimination program. As an alter-
native option WHO prequalification would be
appealing for these same reasons if the scheme
was to include HAT.

Conclusion

HAT has been neglected for a long time but
is now receiving more and more interest from
the scientific community. Sleeping sickness suf-
fers from a lack of acceptable treatments, espe-
cially for chemotherapeutics, able to treat both
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the hemolymphatic and neurological stages
of the disease. Recent efforts are addressing
these issues and molecules, such as fexinida-
zole (18) and SCYX-7158 (51), are being tested
under Phase I/IT clinical trials. Essentially, all
known approaches to drug discovery are being
applied. This has led to increasing reports of
active compounds with new cores. A few show
promise, but largely these compounds epitomize
the difficulties of drug discovery. Compounds
active against a target may not be active in vitro
against the parasite. This could be due to a vari-
ety of causes such as compound instability, met-
abolic liability, or sub-optimal physicochemis-
try, which could negatively influence protein
binding, solubility or membrane permeability.
Compounding factors may include the require-
ment to inhibit the function of any intracellular
target to a very large extent, as well as competi-
tion with cognate ligands or substrates that may
exist in high local concentrations. This means
that significant medicinal chemistry optimiza-
tion to at least high nanomolar levels of target-
based activity may be required before cellular
activity is observed. Unfortunately, hits are
often prematurely triaged on cell-based activ-
ity, and this can select for off-target compounds,
leaving on-target compounds behind. One won-
ders how many such compounds, which may
be intrinsically more likely to be successful in
compound progression, have been overlooked
due to inappropriate hit triage. Another barrier
to observation of iz vitro activity is that com-
pounds could also be actively effluxed. Com-
pounds that can overcome these obstacles to
display in vitro activity may still not be active
in animal models because related barriers exist
in vivo but often to even greater degrees in the
case of compound transport and metabolism,
for example. Furthermore, compounds that
are efficacious in animal models may not be
efficacious in humans.

Publications in this area reflect an effort
that is overall very front-ended. That is, com-
pounds reported tend to be very early with very
few progressing into promising 77 vivo, actives.
This is plausibly attributable to the academic-
heavy nature of the research effort, where early
publication may be encouraged. Additionally,
limited resources may hinder collection of down-
stream data useful for compound progression,
such as ADMET properties and i vivo assess-
ment of activity 143]. Animal models of HAT
can be perceived to be relatively inaccessible,
such that only the best compounds are likely

to be tested — compounds with more medicinal
chemistry optimization than is often possible in
an academic setting.

The attrition rate is likely to be very high
for many of the compounds currently being
reported with inhibitory activity towards
T. brucei targets or T. brucei itself. This is
because, while some new chemotypes are of
high quality, many compounds are of poor
structural quality, possessing reactive fea-
tures and likely to be promiscuous and toxic.
Indeed, it is quite remarkable how many of
these compounds display inadequate selectiv-
ity for 7. brucei over mammalian cells, or SAR
against 7. brucei that does not correlate with
that against the intended target. Unfortunately,
it is possible that the mere presence of a cell-
based readout increases the chance of publica-
tion over a target-based active that is insuffi-
ciently developed to register on-target activity
in the parasite. It is reassuring that observed
disconnects between target-based and cellular
activity are at least often commented on in such
publications. The possibility of active uptake
into the parasite is often evoked and, while this
cannot be discounted, it seems unlikely that it
would be so prevelant.

Among unattractive and reactive compounds
frequently reported as 7. brucei actives, qui-
nones and catechols continue to be prevalent
and highlight another complication in HAT
drug discovery: that antiparasitics, like cyto-
toxic chemotherapeutics, can be useful even
when containing promiscuous moieties and
toxicophores. Quinones and catechols are
prevalent in natural products. There is a devel-
oping notion that natural products have evolved
to be useful in such cases and so much of the
problematic medicinal chemistry optimization
has been undertaken by nature. It is possible
that a quinone-containing natural product with
an excellent phenotypic and pharmacokinetic
profile could be suitable for compound progres-
sion. It is also the case that promising HAT
treatments such as fexinidazole (18) can con-
tain the notoriously undrug-like toxicophore,
the nitro group. Adding to the confusion is the
successful clinical progression of a vinyl sulfone
for the treatment of Chagas disease (although
this is a nice example where target-based opti-
mization and the contribution of significant
benign SAR allows for subsequent incorpora-
tion of a warhead). Acceptance of the notion
that reactive compounds may be useful anti-
parasitic agents may make it harder to reject
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manuscripts reporting these. However, it is not
clear that quinones or catechols or indeed any
of the reactive compounds reported herein show
promise as treatments for HAT. Instead, all the
corresponding publications simply appear to
add noise to the literature. On the whole, the
acceptance of manuscripts reporting reactive,
non-progressable compounds is still too lenient,
and such work represents a significant waste of
resources. What is not widely appreciated is that
reactive, non-progressable compounds may fur-
nish beguiling biological data, being potently
active towards a particular parasite and highly
selective relative to mammalian cells. When we
undertook both target-based and whole-organ-
ism HTS against 7. brucei 51911, many dozens
of such compounds, including many quinones,
were unearthed, from both approaches. That
is, it is very easy to find compounds with this
sort of profile. However, rather than attempt
to progress them or to publish them, we chose
to immediately remove such compounds from
further consideration, in order to focus on those
with benign chemotypes. It is not often appreci-
ated that compounds can be usefully rejected
based on structure alone even in the face of
apparently acceptable early biological readouts.

While target-based drug discovery may be
unfairly tarnished through limited ability to
properly resource medicinal chemistry optimi-
zation, it is hard to argue against the worth of
phenotypic screening in order to unearth the
best possible starting points, with pathway
identification coming later. The successes of
bedaquiline [144] and NITDG609 [145] attest to
this approach. We are currently undertaking
medicinal chemistry optimization of whole-cell
HTS hits against 7. brucei and understand that
similar efforts are being undertaken elsewhere.
We believe that, of the early compounds cur-
rently being reported, it is those arising from
this approach that most likely will lead to new
treatments for HAT, although resourcing hit-
to-lead medicinal chemistry may be limiting.
While there are now several initiatives world-
wide with medicinal chemistry engines that
could progress such compounds, this may not
be beneficial to those outside such initiatives.
Indeed, in our case, prior to successfully obtain-
ing a competitive NHMRC project grant, we
established an informal Australian Consortium
of academic groups as the only way to progress
medicinal chemistry. This comprised medicinal
chemistry groups at the University of Western
Australia, University of Wollongong, Sydney

University, Monash University, The Walter &
Eliza Hall Institute of Medical Research and
The University of Tasmania, with a key biol-
ogy node at Griffith University. At each site,
one or two students shared hit-to-lead med-
icinal chemistry progression, and this is largely
continuing.

If target-based drug discovery is currently
less likely to furnish new HAT treatments, this
landscape may change as target validation infor-
mation is further developed and if the impor-
tance of medicinal chemistry optimization and
its resourcing is increasingly realized. The path
for clinical progression of HAT treatments will
not be easy and it is still relatively unexplored.
Furthermore, attrition during downstream drug
development remains very high. Overall suc-
cess rates for ‘first-in-human’ to registration are
around 11% (15% for infectious disease) [146]:
most compounds will falter and fail, mainly due
to lack of efficacy or to safety issues. For this rea-
son, it is concerning that among funding bodies
there appears to be a shift away from HAT and
towards parasitic diseases, which are perceived
to represent an even greater human burden and
for which the pipeline is also poorly stocked,
such as Chagas disease and the leishmaniases.
This is no doubt dictated by limited resources
and it is hard to be critical of increased efforts
in the latter two disease areas. Nevertheless,
while HAT may today be a disease less neglected
than it has been in the past, it is no time to
relax efforts to discover new and better treat-
ments. The product pipeline remains critically
underpopulated.

Future perspective

As the academic research community becomes
more experienced in drug discovery and hit
quality continues to improve, the future pipeline
for potential HAT treatments will increase
significantly. As long as funding bodies maintain
a certain commitment to supporting therapeutic
development, then in partnership with academic
collaborators and corporate goodwill, it may
only be a matter of years before new and better
treatments for HAT become available. However,
the attrition rate in drug development is very
high, and efforts towards HAT drug discovery
should not be relaxed as soon as a new clinical
candidate is reported. Research in this area,
which is relatively poorly resourced, will benefit
from continued collaboration, minimizing
the duplication of work and accelerating the
drug-discovery process.
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Executive summary

Established chemotherapeutics

drugs.

Conclusion

= No new drug has been brought to market in more than 10 years.
Current efforts towards antitrypanosomal compounds
= Two drugs are currently in Phase I/l clinical trials (fexinidazole and SCYX-7158).

= The current drugs available show unacceptable side effects and some drug resistance can be observed.

= Many new chemotypes are being discovered as potential starting points for new treatments of HAT and a variety of approaches have
been employed to identify these. Sources include target-based high-throughput screening, phenotypic high-throughput screening,
focused screening, fragment-based drug discovery, in silico screening, natural products, modification of previously known actives and

= Some of the new chemotypes represent high-quality starting points, however there is still a number of compounds under investigation
which contain undesirable functional groups known to be toxic and non-selective.

= A concerted effort has recently been made in this field and the major breakthrough appears to be on the horizon.
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1.2. Post-script: updated literature surveillance

A targeted screen of the Molecular Libraries Small Molecule Repository (MLSMR), which contains 330,683
compounds, was performed against both T. brucei and T. cruzi phosphofructokinase (PFK)." The initial hit
(1.01, Figure 1.1) had an ICs against T. brucei PFK of 0.41 pM and investigations around the
benzenesulfonamide core failed to yield an improvement in activity. Investigations of the left hand benzyl
group showed that replacement of either chlorine with fluorine was well tolerated, though an increase in bulk
or length of the alkyl chain resulted in a loss of activity. SAR of the right hand side heterocycle revealed that
removal of the methyl from the isoxazole was well tolerated (1.02), while replacement with a thiadiazole
(1.03) led to a two-fold improvement in activity with respect to T. brucei PFK. Compound 1.03 was also
tested against rabbit PFK at a concentration of 1 UM and no appreciable inhibition was seen, suggesting that
selectivity from parasitic PFK over mammalian PFK is possible. Examination of 1.01-1.03 against T. brucei
(strain Lister 427) in vitro revealed moderate dose-dependent toxicity of 1.01 (EDs, 26.8 pM) and 1.02 (EDsy
16.3 uM), though the most potent analogue, 1.03, showed no appreciable parasite toxicity. The authors have
postulated that this lack of activity could be due to a lack of permeability of the compound to the cells

though this requires further investigation.

H H H
CID/YN Cl N Cl N
g DT, TIOY Ol
o \©\H,N o n_N
Cl % W cl % m F (@] g/N /N‘N
0 N-g 0 N-g 5 s
1.01 1.02 1.03
T. brucei PFK ICsq: 0.41 yM T. brucei PFK IC5q: 0.37 uM T. brucei PFK ICgy: 0.015 uM
T. cruzi PFK ICsq: 0.23 uM T. cruzi PFK 1Csq: 0.13 uM T. cruzi PFK ICsq: 0.172 pM

Figure 1.1 Identification of inhibitors of T. brucei PFK by screening of the Molecular Libraries Small

Molecule Repository and subsequent SAR investigation to yield 1.02 and 1.03.

Previously, the botulinum toxin inhibitor (1.04) was identified as a T.b. brucei inhibitor.” A group of 5

Swiss/Webster mice were infected with 5x10° trypanosomes (EATRO 110 — acute model of infection) and
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the infection allowed to develop for 24 h before administration of 1.04 intraperitoneally with a dose of 1
mg/kg once daily for 3 days. This led to a 100% cure rate which was defined as > 30 day survival beyond
death of the control mice. With a dose of 0.5 mg/kg once daily for 3 days an 80% cure rate was observed.
Subsequent synthesis of a small number of analogues led to the identification of 1.05 and 1.06 as potent
inhibitors of the human infective subspecies, T.b. rhodesiense.’ Interestingly, whilst 1.05 was identified as
one of the most potent analogues in the SAR set it contains a reversed amide which led to a two-fold loss of
activity against T.b. rhodesiense and L6 cells. A number of other analogues in the set displayed similar
results and it was thought that having an aniline nitrogen para to the 2-imidazoline substituent was
favourable. Replacement of one of the anilide functional groups with a pyrrole (1.06) led to a three-fold
improvement in activity with good selectivity, though these analogues were generally more cytotoxic when

compared with 1.04 and 1.05.

PSS s PRV s
G g

1.04 1.05
T.b. rhodesiense ICsy: 4.7 nM T.b. rhodesiense ICsy: 11 nM
L6 ICs50: 110,000 nM L6 1C5p: 50,000 nM
N
NH

1.06
T.b. rhodesiense ICgy: 1.5 nM
L6 IC50: 41,000 nM

Figure 1.2 The botulinum toxin (1.04) previously identified as a T.b. brucei inhibitor and the subsequent

analogues identified as T.b. rhodesiense inhibitors, 1.05 and 1.06.
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Examination of 1.04-1.06 in an acute mouse model of T.b. rhodesiense (STIB900) was performed with a
dose of 50 mg/kg once daily (administered intraperitoneally on days 3-6 post infection) and the results are
summarised in Table 1.1 where cure is defined as survival for > 60 days post infection without a parasitemia
relapse.®> Compound 1.04 had a cure rate of 50% in the mouse model which is at odds with the data
previously reported. Compound 1.05 was found to be completely curative in the model with no evidence of
toxicity observed and 1.06 was ineffective and proved to be lethal to all mice after the first injection. In this
instance the in vitro cytotoxicity appears to be an inadequate predictor of in vivo toxicity. None of these
compounds were reported to be more effective than either pentamidine or furamidine which showed a 50%
and 75% cure rate following the same experimental format with a dosage of 20 mg/kg daily over the four

days.

Table 1.1 Anti-trypanosomal activity of 1.04-1.06 in an acute mouse model of T.b. rhodesiense.

Compound Cures Mean Survival Days
Control - 6-10
1.4 2/4 39
1.5°% 4/4 > 60
1.6° 0/4 Toxic”
Pentamidine® 2/4 -
Furamidine® 3/4 -

# Four 50 mg/kg doses administered intraperitoneally on days 3-6.
®Mice died following administration of first compound dose.

¢ Four 20 mg/kg doses administered intraperitoneally on days 3-6.

A phenotypic screen of a library containing 700,000 compounds, with a focus on drug-like properties and
structural diversity, led to the identification of 126 (Figure 38, FMC review pg 1824) with an ECs, of 220

nM* in a separate phenotypic screen to the one previously reported.® As a result of investigations into the
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SAR around this system, 1.07 was identified with improved anti-parasite activity with a reported ECs, of 2
nM. One of the limitations of this system was identified as being metabolic stability though 1.07
demonstrated a significant improvement with an improvement in the half-life from 6.4 min to 31 min in
human liver microsomes. In an acute mouse model of T.b. rhodesiense (STIB900) 1.07 was administered 48
h after infection by oral gavage for a total of 5 days (Table 1.2). With a dosage of 50 mg/kg and 20 mg/kg, a
100% cure rate was obtained with both once and twice daily dosing. At 5 mg/kg a 100% cure rate was
obtained with twice daily administration though this dropped to 40% with once daily dosing, while a dose of
2.5 mg/kg twice daily resulted in a 40% cure rate and a dose of 1 mg/kg was ineffective. An extended
treatment regimen with a dose of 50 mg/kg twice daily for 14 days showed no clinical toxicity indicating
good tolerability of the compound above the fully efficacious dose. However, in a personal communication
with Michael Gelb it was revealed that this series did not demonstrate a cure in the chronic mouse model of

T.b. gambiense infection.®

o o=

NH - N H NH
NN — SN
\ (L
= lo} N

Cl F

126 1.07

FMC Manuscript ECsq T. brucei (BF427): 2 nM

CCsg human lymphoblasts (CRL-8155): 24 uM
CCsg human hepatocytes (HepG2): 30 uM

Figure 1.3 Optimisation of 126, identified in two separate phenotypic screens, to give 1.07.

Researchers at Novartis have recently published data on a related series to that of Tatipaka et al.* and our
own hit-to-lead program.” They have reported 42 compounds which exhibit a range of in vitro potencies
against not only T. brucei but also L. donovani and T. cruzi, with compound 1.08 being their most potent T.
brucei inhibitor disclosed.” ® To date, no data has been provided with respect to the selectivity of these
compounds or on their performance in mouse models of the disease. As such, it is necessary to await the
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release of further results to see whether they have been able to overcome the issues associated with

demonstrating a cure in a chronic mouse model of T.b. gambiense as raised by Michael Gelb previously.

Table 1.2 Anti-trypanosomal activity of 1.07 in an acute mouse model of T.b. rhodesiense.

Dose (mg/kg) Doses per day Cures Day of euthanasia®
50 2 5/5 60
50 1 5/5 60
20 2 5/5 60
20 1 5/5 60
5 2 5/5 60
5 1 2/5 13, 18, 27, 60, 60
2.5 2 2/5 16, 16, 20, 60, 60
1 2 0/5 4,4,9,11,13
Vehicle 2 0/5 4

 Mice that cleared parasites and remained parasite free through day 60 after infection were declared cured.

o Cl
e
o

NH

o_N
\r W \’\/\Nw
1.08
L. donovani amastigotes EC5y: 0.41 uM
L. donovani macrophage ECgy: 0.17 uM
T. brucei ECsq: 0.057 uM

Figure 1.4 The most active compound against T. brucei from researchers at Novartis.
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Bloodstream T. brucei derives all of its ATP by substrate-level phosphorylation.® A number of regulators
exist in order to carry out this process; one of these is RNA editing.” T. brucei has mitochondrial DNA,
referred to as kinetoplast DNA (kDNA), which consists of maxicircles and minicircles.* *° The maxicircles
are homologues of eukaryotic mitochondrial DNA which encode for oxidative phosphorylation enzymes and
mitochondrial rRNA.> '° The transcripts of 12 of the maxicircle protein-coding genes are edited post-
transcriptionally through the insertion and deletion of uridine residues.”® This process is controlled by guide
RNAs (gRNA), which are encoded by the minicircles, where a single gRNA can mediate the editing of a
‘block’ of 1-10 sites.'® An editing site occurs when there is a mismatch between the mMRNA/gRNA sequence
duplex which leads to either insertion or deletion of uridylates by an exonuclease, terminyl uridylyl
transferase (TUTase). The TUTase 2 of T. brucei (ThRET2) has previously been shown to be essential for

the survival of both the insect and bloodstream parasites.

Recently, a computational study of TORET2 combined molecular dynamics (MD) in order to accommodate
for flexibility in the receptor and virtual screening.** The authors initially used the static TORET2 crystal
structure (PDB ID: 2B51) to conduct a virtual screen of the National Cancer Institute Diversity Set 2
(NCIDS2). The 1,324 compounds in the NCIDS2 were also docked into the most populated three cluster
centroids of UTP-bound TORET2 which could be obtained from MD simulations. The screening process was
performed twice, once in the presence of UTP in order to target the RNA-nucleotide binding site and once
without UTP bound in order to target the UTP binding site. The resulting compounds were then ordered
based on their docking scores and the top 100 were then filtered based on their ADME properties. This led to
the identification of 24 unique compounds in total which were then tested against T. brucei and the human
cell line, NCI60. NCI compounds 94600 (Camptothecin, 110, Figure 32, FMC review pg 1821), 71881
(1.09), and 329249 (1.10) (Figure 1.5) were identified as inhibitors of TORET2, corresponding to a 13% hit
rate.'! Had the authors not incorporated MD into their scoring of compounds, 1.10 would not have been

tested against T. brucei based on a low docking score to the crystal structure.*
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Figure 1.5 Compounds identified from the NCIDS2 screening collection as inhibitors of TbRET2 utilising a

computational approach that combined MD simulations with virtual screening.™*

A second virtual screen of the NCI plated compounds was performed, which contained 805 compounds at
the time of screening, consisting of the NCI’s mechanistic set, natural products set, COMBO set and
oncology approved set.'' Of the 40 compounds that were submitted for testing against T. brucei 12
compounds were identified as having ECs, values that were <4 UM which corresponded to a 30% hit rate.
Of these, three were identified as having ECs; values less than 30 nM (Figure 1.6). As with compound 1.10,
NCI compound 267461 (1.13) would not normally have been submitted for testing against T. brucei based on
the crystal structure docking score. Finally, a similarity search of the full NCI database of NCI compounds
with compounds 266535 (1.11), 132791 (1.12) and 267461 (1.13) led to the identification of a further 33
compounds with a 90% Tanimoto similarity. Of these, 10 compounds were tested and 2 compounds, 126765
(1.14) and 137443 (1.15), were identified as having ECs, values of 23 and 51 nM respectively (Figure 1.6).
Whilst a significant number of novel compound cores have been identified as potential therapeutics for HAT
the authors acknowledge that in some of the compounds, reactive functionalities exist that would require
attention early on in any drug discovery program, such as reactive alkenes. Many of the compounds that
were identified also demonstrate selectivity issues against the NCI60 cell line, with 1.09 demonstrating one

of the greatest selectivity margins.
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Figure 1.6 Compounds identified from the NCI plated compound collection consisting of the NCI'’s

mechanistic set, natural products set, COMBO set and oncology approved set.™*

As discussed in the preceding review, the benzoxaboroles have been a target of great interest for identifying
T. brucei inhibitors (FMC review, pg 1811).”* Wu et al. initially incorporated the privileged indole scaffold
into their design, however the indolebenzoxaborole and thioether derivatives failed to yield the desired
activity with only one compound identified as being active, 1.16."® The authors proposed that this low
activity could have been due to the added rigidity of the fused phenyl ring which would have resulted in a
decrease in both solubility and permeability.** As such, they moved to the pyrrolobenzoxaborole scaffold.
Immediately they obtained active compounds such as 1.17, the parent pyrrolobenzoxaborole compound.®™
Introduction of a carboxylic acid at the 2-position led to a 15-fold improvement in potency of the series (ICsy
0.13 pg/ml) highlighting the importance of a hydrogen bond acceptor and donor on the pyrrole ring whilst
also enabling divergent synthesis.*® Investigations around the 2-acyl substitutions revealed compounds which
exhibited a two- to ten-fold decrease in activity.”> However, movement of the acyl functionality to the 3-
position saw a further improvement in the potency of these compounds and led to the identification of
numerous inhibitors in the range of 30 pg/ml — 90 pg/ml, and 1.18 also exhibited excellent selectivity over

1929 cells.”® Removal of the carboxyl group from the structure led to a 24-fold loss in the activity of these
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compounds.®® Investigation of a number of these compounds (Figure 1.8) in a murine model of an acute
blood stage infection was also performed with mixed results.®* Compounds 1.19, 1.20, 1.21, 1.18 and 1.23
were studied and the mice were administered with a dose of 50 mg/kg twice daily, intraperitoneally, 24 h
post infection, and the treatment was continued for 5 days.** Compounds 1.20 and 1.21 demonstrated a
moderate effect on the life expectancy of the mice though failed to eliminate the parasitemia infection, while
compounds 1.19, 1.18, and 1.22 all demonstrated a 100% survival rate with no evidence of parasitemia on
day 30."* While compounds 1.18-1.22 are promising leads for further development, a close examination of
their physicochemical properties would be required in order to determine the next step in the drug discovery

process.

o— NH,

1.16 117 1.18
T.b. brucei ICsq: 1.56 pg/ml T.b. brucei ICsy: 1.98 pg/ml T.b. brucei ICgy: 0.03 pg/ml
L929 ICgy: > 10 pg/ml L929 ICgp: > 10 pg/ml L929 ICgy: 3.9 pg/ml

Figure 1.7 The development of the 6-pyrrolobenzoxaboroles from the 6-indoylbenzoxaboroles.
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T.b. brucei ICgy: 0.09 pg/ml T.b. brucei ICgqy: 0.07 pg/ml T.b. brucei ICgy: 0.06 pg/ml T.b. brucei ICgy: 0.07 pg/ml
L929 IC5q: > 10 pg/ml L929 IC5q: > 10 pg/ml L929 IC5q: > 10 pg/ml L929 IC5p: > 10 pg/ml

Figure 1.8 Compounds tested in an acute murine model of a blood stage infection with T. brucei.
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Pyrrolopyrimidines have previously been identified as inhibitors of T. brucei Pteridine Reductase 1
(TbPTR1).* * The pyrrolopyrimidine core carries a pharmacophore with structural similarity to the
recognition motif of the P2 aminopurine transporter*® which is capable of accumulating substrates to internal
levels at concentrations that exceed the external concentration > 1000-fold."” Initial structure-based design
focused on the pyrroloprimidine core (1.23) with substitution of the 4-amino or 4-oxo group by 4-alkylamino
and 4-alkoxy groups.’® This gave no significant improvement in the in vitro activity of the compounds,
suggesting the presence of a hydrophobic substituent on the pyrrole was necessary.'® Replacement of the
nitrile with larger hydrophobically substituted alkynes, such as propargyl led to a compound with reasonable
activity against the specific target and in the in vitro assay (0.19 uM and 0.65 puM respectively).'® Given only
a three-fold difference in compound activity it is possible that there is an element of polypharmacology with
this compound. However, this result led to the further exploration of the region with a variety of singly
substituted phenyl groups. Whilst these modifications were generally well tolerated against TOPTR1 these
results did not translate into active compounds against T.b. brucei.® Hydrophobic substituents at the 6-
position were also trialled. These compounds showed improved affinity for TOPTR1 though again lacked
sufficient activity in the cellular assays.® Upon introduction of two aryl substituents at the 5- and 6-
positions there was an increase in the activity of the compounds in both the enzymatic and cellular assays,
though there was also a decrease in the solubility of some compounds.'® An attempt at the introduction of a
solubilising group off the 6-position led to a compound with only weak activity and the authors did not
pursue this avenue further.”® Examination of the physicochemical properties of a selection of analogues
revealed the compound series in general to have reasonable metabolic stability at 2-6 h and with cLogP in
the range of 2-3.5."® A number of compounds exhibited submicromolar activity against ToPTR1 and T.b.
brucei in addition to being relatively non-toxic when tested in HEK cells (Table 1.3)."® These compounds
were progressed through to in vivo examination in three ICR mice which were infected with 1 x 10°
bloodstream T.b. brucei strain 427."® At 24 h post-infection the mice were injected intraperitoneally with the
desired dose of compound daily over four consecutive days and parasitemia levels were monitored daily.*® In
the first round of testing 1.25-1.27 from the 4-amino series, each showed severe toxicity issues at 100 mg/kg
leading to some fatalities, some transient clinical signs at 30 mg/kg and no clinical signs at 10 mg/kg. As
such, 30 mg/kg was utilised as the dose for the in vivo studies."® During the experiments one mouse in each
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group that was treated with compounds 1.25-1.27 survived long enough to demonstrate a reduction in
parasitemia from ~10° to below detection limits, though surviving mice that were treated with 1.26 and 1.27
showed a relapse in parasitemia at day 10.'® The 4-oxo series was also evaluated using compounds 1.29 and
1.30. When administered a dose of 30 mg/kg neither compound showed acute toxicity, however 1.30 was
not curative in the mouse model and some toxicity was observed with 1.29 even though parasitemia levels
were reduced.” There are clearly still toxicity issues surrounding these which would need to be addressed
before further progression of any of the compounds. In addition, the proposed enhanced mode of uptake of
these compounds appears flawed with numerous compounds exhibiting submicromolar activity against

TbPTR1 and little or no activity against T.b. brucei.
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Figure 1.9 Pyrrolopyrimidine template (1.23) used for structure-based design of drugs specific to TbPTR1

and a summary of the SAR obtained.

In an effort to identify novel scaffolds for TOPTRL1 inhibitors, Dube et al. recently employed pharmacophore
mapping coupled to in silico screening and molecular docking.™ A literature search revealed 45 compounds
with known TbPTR1 activity. These compounds represented four unique scaffolds with varying substitution
patterns. When generating the pharmacophore map four parameters were considered: hydrogen bond donors,
hydrogen bond acceptors, hydrophobic aromatics and ring aromatics. This led to the identification of the
pharmacophore map of ThPTR1 as one hydrogen bond donor, two aromatic rings and one hydrophobic
aromatic.'® This information was then utilised to screen approximately 80,000 drug-like molecules from the
ZINC database resulting in the filtering out of 284 compounds of interest.* These compounds were further
filtered for various ADME properties including toxicity, aqueous solubility, BBB penetration, plasma protein

binding and adherence to Lipinski’s rule of 5. The resulting compounds were then docked into the DX7
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(1.31; a known inhibitor of TOPTR1) binding site of the TbPTRL crystal structure. The predicted binding
affinity of 1.31 was found to be in good agreement with the experimentally determined binding affinity."
This led to the identification of ZINC33025157 (1.32) and ZINC20149815 (1.33), shown in Table 1.4, as
two of the best inhibitors from the ZINC database. Both of these inhibitors occupied the binding pocket of
the enzyme and interacted through numerous hydrogen bonding and stacking interactions.'® Whilst these
compounds show potential to be lead compounds in the design of inhibitors of TbPTRL1 the predicted K;

values were not confirmed experimentally and this would need to be a priority before proceeding.

Table 1.3 In vitro results for selected pyrrolopyrimidines as inhibitors of TOPTR1. *8

R! RZ

T.b. brucei (ICsq UM) HEK

TbPTR1
ID R R® R® (ICso
(K uM)  HMI-9 CMM

HM)

1.25 -NH, CeHs- 4-F-CgH,- 0.24 0.59 0.15 49.19
1.26 -NH, 4-OCHj;-CgH.,- 4-F-CgH,- 0.58 0.27 0.083 39.14
1.27 -NH, C5H5' 4-BI’-C5H4- 0.135 0.97 0.25 39.63
1.28 -NH, 3-CI-CgH,- 4-F-CgH,- 0.29 0.39 0.19 34.59
1.29 -OH CeHs- 4-Br-CgH,- 0.23 7.38 3.20 >100
1.30 -OH CeHs-(CH,),- CsHs- 0.95 0.40 0.14 33.18

56



Table 1.4 Virtual screening results of TbPTR1 inhibitors identified in the ZINC database.

ID Structure Predicted K;
¥ ‘ NYNHZ
131 O m 0.9 uM
NC
Z N
\
1.32 NH F 0.03nM
O
L_o
/
4 ©
S
1.33 1 N)m 0.01nM

Both quinolinones and chalcones are prevalent in the literature as isolates from natural products. Roussaki et
al. recently fused these two scaffolds to form a hybrid between the 4-hydroxy-2-quinolinone heterocycle and
the chalcone moiety in order to investigate any synergistic effect of the two pharmacophores against T.
brucei.®® The authors focused their investigations on the amide moiety and the a,B-unsaturated carbonyl
system. All of the active analogues contained an electron-donating substituent off the aromatic ring of the
chalcone motif, though the position and number of these groups did affect the activity of the compounds.®
For example, 1.34 has a methyl group at the 2-position, whilst its regioisomer, where the methyl is located at
the 4-position was found to be completely inactive.” A similar situation is seen with compound 1.36 where it
is substituted at the 3-position with a methoxy. Movement of the methoxy to the 4-position led to a complete
loss in activity.® Disubstitution of the 3- and 4-positions with either two methoxy groups (1.37) or a
methoxy and hydroxyl group respectively (1.35) was found to be detrimental to the activity of the
compounds with a two-fold loss in activity against T. brucei observed.” Substitution of the phenyl with
ditertbutyl and an alcohol as in 1.38 was one of the most potent compounds presented in this work with an
ICsq of 3.3 UM, though this particular compound also displayed high cytotoxicity (ICs, ~26 UM) against

THP1 cells.”® However, modification of the a,B-unsaturated carbonyl system led to a two-fold increase in the
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activity of the compounds (1.39-1.40), making these compounds more potent than the control, Nifurtimox.?
Compound 1.39 in particular, not only showed potent trypanocidal activity but it was also exquisitely

selective when compared with THP1 cells.”®

OH O R!
2
oo
N~ 0 R®
H R4
1.34 R'=CHj,, R?>=R3=R*=H 1.39 R=Ph, R'=R*=H, R?=R3=0CHj,
1.35 R'=R*=H, R?>=0OCHj, R®>=OH 1.40 R=COCHj, R'=CHj;, R?=R3=R*=H

1.36 R'=R3=R*=H, R>=0CHj,4
1.37 R'=R*=H, R?>=R3=0CHj,
1.38 R'=H, R?=R*=C(CHj3);, R3=0H

Figure 1.10 Quinolinone-chalcone hybrid scaffold analogues.

Table 1.5 In vitro activity of the quinolinone-chalcone hybrid scaffold against T. brucei and THP1 cells.

1Cso (M)
ID
T. brucei THP1
1.34 26101 > 50
1.35 49+0.1 23.3+14
1.36 6.5+0.1 385121
1.37 49+0.2 > 50
1.38 3.3+£01 26.2 2.7
1.39 146+0.1 > 50
1.40 143+0.1 4.15+0.19
Nifurtimox 29+0.3 > 100
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Most recently a HTS of 42,444 compounds from a kinase-targeted library was performed against T. brucei.?
797 sub-micromolar hits were initially identified which had a selectivity index (SI) of > 100-fold relative to
HepG2 cells.”* Of these hits, three were prioritised, based on their physicochemical and metabolism
properties, for assessment in a murine bloodstream infection of T.b. rhodesiense.?* Female NMRI mice were
infected with T.b. rhodesiense and three days post-infection they were administered with 10 mg/kg twice
daily of NEU-1053 (1.41; Figure 1.11) for four days.”* A 4 day hiatus followed before 1.41 was administered
for a further 4 days.? In all mice rapid clearance of the parasitemia was observed between 24-48 h after the
initial treatment. With only one mouse exhibiting a secondary peak of parasitemia on day 11, part way

through the second round of treatment.?* Treatment with NEU-1053 led to a 100% cure rate of all mice. #

Cl

NH

HNf

HN—

1.41

Figure 1.11 NEU-1053 (1.41), a putative T. brucei kinase inhibitor.

Table 1.6 Cure rate?® of a murine model of T.b rhodesiense and T.b. brucei when mice treated with 1.41.

T.b. rhodesiense T.b. brucei
1D
Control Treated Control Treated
1.41° 0/5 5/5 0/4 3/4

& Cure defined as no parasitemia detected after 90 days and the mouse still alive.

® Dose of 10 mg/kg administered twice daily on days 3-6 and then again on days 11-14.
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1.2.1. Natural products

A number of abruquinones were recently extracted from Abrus precatorius.” The structures of the 5 isolated
abruguinones can be found in Figure 1.12 and their in vitro activities are available in Table 1.7. Compounds
1.43-1.46 exhibit potent activity against T.b. rhodesiense, however examination of the structures of these
compounds reveal liabilities in each of them; 1.42 contains a catechol moiety, which is known to be both
protein and redox active, 1.43-1.44 are polyphenolic, and 1.45-1.46 contain a quinone moiety which is also
known to be reactive.”® As such, great caution would need to be taken if these compounds were to be

progressed further, and removal of these reactive functionalities would need to be a priority in any

subsequent work.
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Figure 1.12 Structure of compounds 1.42-1.46, isolated from Abrus precatorius.
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Table 1.7 In vitro activity of 1.42-1.46 isolated from Abrus precatorius, against T.b. rhodesiense and L6

cells.
ICs0 (UM)*
ID Si
T.b. rhodesiense L6 cells

1.42 11.2+33 152.1+7.8 13
1.43 0.11 £0.05 57.3+4.3 508
144 0.02 £0.003 75112 374
1.45 0.02 £ 0.003 34.5+16.3 1379
1.46 0.01 +0.001 48+16 668

Melarsoprol 0.003 = 0.002 - -

 Values are expressed as mean * standard error of the mean.

Cordycepin (1.47; Figure 1.13) was isolated from the parasitic fungus Cordyceps militaris* and has since
been examined for its activity against a range of parasites, including T. brucei.”® % However, whilst it
exhibits potent in vitro activity against T. brucei (ICs, 32 nM)*” it is rapidly metabolised in vivo by adenosine
deaminase (ADA).*® As such, an investigation of the SAR around cordycepin was undertaken in order to
improve the metabolic stability of the molecule.” It was quickly determined that the free amine and the 2’-
hydroxyl group were both crucial for trypanocidal activity.”> However, a previously known analogue of
cordycepin with a fluorine at the 2-position on the pyrimidine (1.48)*® appeared to have some resistance to
ADA. Subsequent testing of 1.48 in an acute mouse model of T.b. brucei showed that a dose of 30 mg/kg
over 6 days was sufficient to clear all parasitemia from the infected mouse.”® However, in vivo
pharmacokinetic evaluation shows that 1.48 still has a relatively short half-life of ~ 1h.*® Whilst 1.48 was
stable against ADA, there is another mechanism of inactivation which will require further optimisation if this

compound was to progress further.
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1.47 1.48
Cordycepin
T.b. brucei ICgy: 0.03 £ 0.01 uM T.b. brucei ICgy: 0.17 £ 0.04 pM
L-929 cells IC5q: 28.7 + 6.41 pM L-929 cells IC5p: 5.46 + 0.73 yM

Figure 1.13 Structure of cordycepin (1.47) and 1.48 the ADA resistant analogue of cordycepin.

Table 1.8 In vivo study of 1.48 in an acute mouse model of T.b. brucei.

Dose (mg/kg) Dosing Day of relapse (post treatment)
1 10 doses twice daily 2
5 5 doses once daily 7
15 5 doses once daily 7
30 6 doses once daily No relapse

Convolutamine 1 (1.49) was originally isolated from Amathia tortusa, in vitro analysis showed it to be potent
against T. brucei (ICs 1.1 £ 0.2 uM) and relatively non cytotoxic with a selectivity index of 18 when
measured against HEK293 cells.”® To treat both stages of HAT the authors designed and synthesised a
library of analogues that would lower the molecular weight, cLogP and PSA of the compounds, in order to
improve CNS penetration.*® The bromines at positions C-4 and C-6 were initially identified as important for
anti-trypanostatic activity, yet loss of the bromine at C-2 led to a three-fold increase in the activity.®
Attempted replacement or substitution of either of the basic nitrogen groups led to analogues with a complete
loss of activity.*® Similarly, replacement of the brominated phenyl group with functional groups such as
naphthalene, pyridine or thiophene also led to a loss in activity, indicating the necessity of a phenyl group
with bulky substituents.®* However, having a singly substituted chlorine on the phenyl group at the 3-
position (1.51) led to a compound with equipotent activity to 1.50, but which had a lower molecular weight,
cLogP and PSA.* The chloro could also be replaced by a trifluoromethyl (1.52) with similar results.*® Other
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trifluoromethyl substituted aryl compounds have been shown to have increased lipid solubility, thereby
enhancing the rate of absorption and transport of the drug across the BBB.*" Whilst the authors have been
able to demonstrate a modest improvement in the activity of these compounds there is no indication as to

their selectivity and whether there may be cytotoxicity issues.

H \ H ‘ H \
/O:Cj\/\/N\/\/N\ — /oﬁ\/N\/\/N\ — C'\@/\/N\/\/N\
Br Br Br Br
1.49 1.50 1.51
Convolutamine |
T. brucei I1Csy: 1.1 uM T. brucei I1Csy: 0.3 uM T. brucei 1Cgy: 0.7 uM

H \
F3C\©/\/N\/\/N\
1.52

T. brucei IC5q: 0.5 yM

Figure 1.14 SAR investigation of convolutamine | (1.49) leading to compounds 1.51 and 1.52.

1.2.2. Scaffold repurposing

The concept of repurposing current treatments in the effort to identify new treatments for other diseases is
not a new one. A key aspect of this approach is to utilise any historical medicinal chemistry and structural
biology information that would have been performed in the process of developing the clinical candidate.
The success of this strategy also rests on selecting the ‘right’ compound. Ideally the compound will have

gone through phase | clinical trials and will also be orally bioavailable.*

Hesperadin (1.53), VX-680 (1.54) and danusertib (1.55) (Figure 1.15) were all tested in a parasite panel to
determine if there was any activity against T. brucei, T. cruzi, L. major or P. falciparum (Table 1.14).3* All

of these drugs have previously been identified as inhibitors of human Aurora kinases, which are central
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enzymes in cellular division;* controlling the assembly of the mitotic spindle, chromosomal separation and
cytokinesis.* There are three known Aurora kinase paralogs in the T. brucei genome.* However, RNAI has
revealed that it is only TBAUK1 that is required for mitotic progression, and not TbAUK2 or ThAUK3.* It
has also been shown that TOAUK1 loss results in the inhibition of nuclear division, cytokinesis and growth in
cultured, infectious bloodstream forms and insect stage procyclic forms.*” * It has also been shown that
TbAUK1 is required for the infection of mice.® L. major and P. falciparum have both previously been
identified as containing Aurora kinases and inhibitors of Aurora kinase have been shown to be effective
against both parasites and T. brucei.* Both hesperadin (1.53)* and danusertib (1.55) were shown to be
submicromolar inhibitors of T. brucei and P. falciparum, while VX-680 (1.54)* showed some activity

against T. brucei with an ECs, of 10 uM but not submicromolar activity against P. falciparum.

HN
N~
e}
1.53 1.54 1.55 1.56
Hesperadin VX-680 Danusertib PHA-680632

Figure 1.15 Known inhibitors of human Aurora kinase, hesperadin (1.53), VX-680 (1.54) and danusertib
(1.55), along with the precursor analogue PHA-680632 (1.56) have been tested for activity against T.b.

brucei. Highlighted are the regions explored during the SAR study of hesperadin.
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Table 1.9 Results from screening of human Aurora kinase inhibitors against T. brucei and L. major.

ECso (UM)*
TC50 (IJM)a
ID L. major L. major
T.brucei  T.cruzi P. falciparum HepG2
promastigotes amastigotes
1.53% 0.06 39 0.12 2.37 0.01 <0.2
1.54% 10 - > 21 - 0.838 3.3
1.56% 0.6 - >21 - 0.857 4

? Results are the average of three experiments.

An exploration of the SAR surrounding hesperadin (1.53) was performed.** Initial investigations of the ethyl
sulfonamide moiety revealed that the phenyl (ECsq 0.01 uM) and methyl (ECs, 0.02 uM) analogues were
well tolerated as was the removal of the ethyl sulfonamide moiety (ECsy 0.07 uM). Replacement with an
amine or an acetamide led to a respective two-fold and 2.5-fold decrease in activity against T. brucei.
Acetylation of the amide —NH led to a significant loss in activity across all the parasites tested, indicating the
requirement of a hydrogen bond donating group at this position. Removal of the phenyl moiety led to a
decrease in the observed activity (ECso 1.32 uM) as did replacement with either a methyl (ECsy 3.36 M),
ethyl (ECso 1.79 uM) or n-butyl group (ECsq 1.67 uM), highlighting the preference for a bulky hydrophobic
group at this position. In addition to this, all of these analogues were found to be no longer active against T.
cruzi. Removal of the phenyl ring from the phenyl-piperidine moiety led to a complete loss of observed
activity against all the parasites tested. Removal of the piperidine moiety led to a six-fold loss in activity
(ECsp 0.37 pM) and removal of both the piperidine and the linker led to an analogue with a further
diminished ECs, of 1.44 puM. Replacement of the piperidine with a morpholine was reasonably well tolerated
(ECso 0.1 uM) as was removal of the methylene linker. In general, the only positive modulation of the

activity of these analogues was observed at the ethyl sulfonamide moiety.
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An early SAR investigation around danusertib (1.55) has also been performed.*® Development of a homology
model for TOAUK1 based on human and mouse Aurora A crystal structures allowed for close examination of
any differences in the binding pockets of ThAUK1 and human Aurora A. When 1.56 and danusertib (1.55)
were docked into the homology model it was observed that 1.56 had a very similar binding pose to that of
danusertib (1.55) in the Aurora A/danusertib complex.”® The pyrazinylphenyl tail in both structures is
oriented towards the solvent and the hydrogen bonding interactions between the kinase hinge region and the
pyrazolopyrrole core were also preserved. The key difference concerned the position of the head group
region. The head group region of 1.55 assumed a flipped orientation in the TOAUKZ1 binding site with the
phenyl group moving into a hydrophobic pocket. The authors proposed that the tetrahedral geometry of the
carbon atom adjacent to the carbonyl of the 1.55 head group region would enable the head group flip. It was
also proposed that lipophilic side chains around this region may drive potency. As a result 50 analogues were
docked into the TOAUK1 homology model and the results were ranked. The top 20 analogues were chosen
for synthesis and then tested at 1 and 10 uM against T.b. brucei. Of these, 11 compounds showed greater
than 60% inhibition and were selected for a full-dose response analysis in T.b. rhodesiense and MOLT-4
cells. A selection of these are shown in Table 1.10. MOLT-4 cells are acute myeloid leukemia cells that are
known to overexpress Aurora kinases A and B when compared with uninduced peripheral blood
mononuclear cells.* When the racemate of 1.55 was tested (1.57) a decrease in the activity against both T.b.
rhodesiense and MOLT-4 cells was observed. However, the loss in activity was greater in the mammalian
cells leading to a 6.8-fold improvement in selectivity. Replacing the phenyl with the bulkier naphthyl group
(1.58) led to a significant improvement in the selectivity of these compounds for the parasite, with a ~23-fold
improvement. Whilst the authors have not been able to show any improvement in the potency of these
compounds for T.b. rhodesiense they have successfully shown the ability to improve their selectivity over
MOLT-4 cells. As the MOLT-4 cells are more susceptible to Aurora kinase inhibitors given the
overexpression of Aurora kinases A and B, it is possible that the ECs, values against this cell line are not
truly representative of the compounds mammalian toxicity levels and they would need to be re-examined in

an alternative cell line.
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Table 1.10 Dose-response results for a selection of analogues of danusertib (1.55).

N R
N}/K\N\(\Ar
NH @]
(0]

ECso (LM)°
ID R! Ar Selectivity
T.b. rhodesiense® MOLT-4¢
1.55 OCHj; Phenyl 0.15 0.15 1.0
1572 OCHj; Phenyl 0.61 4.13 6.8
1.58 H 1-Naphthyl 0.61 14.25 23.4

& Compound tested as a racemate.

® ECq, values calculated from inhibition curves at a minimum of 8 different drug concentrations tested in
triplicate and using OriginPro 8.5 analysis software.

°T.b. rhodesiense YTAT1.1 strain.

¢ MOLT-4 acute myelogenous leukemia cell line.

A number of known human phosphoinositide 3-kinase (PI3K) and mammalian target of rapamycin (mTOR)
inhibitors were recently screened against T. brucei, T. cruzi and L. donovani in an effort to identify any
crossover activity (Table 1.11).* Of particular note was compound NVP-BEZ235 (1.59) that has been in
clinical trials for the treatment of a number of solid tumors.***® Compound 1.59 demonstrated subnanomolar
activity against T.b. brucei which also translated into subnanomolar activity against the human infective T.b.

rhodesiense; and was additionally shown to have potent activity against T. cruzi and L. donovani.
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Table 1.11 Results from the screening of human PI3K and mTOR inhibitors against T. brucei, T. cruzi and

L. donovani.*

ECso (M)
1D
T.cruzi* T.b.brucei® T.b.rhodesiense® L. donovani® L. donovani®
P1-103 0.214 +
>25 0.105+0.01 1.05+0.28 0.62+0.41
(1.59) 0.036
NVP-BEZ235
0.12 <0.01 0.0073 = 0.06 0.14 +£0.08 0.07 £0.04
(1.60)
LY 294002
- >2 - - >5
(1.61)
Pp242
>10 0.48+0.1 0.166 + 0.015 0.42 +£0.03 0.50+0.09
(1.62)
WY E-354
>10 0.58 +0.26 0.78 £0.08 5.95+0.84 6.10+£1.73
(1.63)

% trypomastigotes.
®bloodstream form.
¢ promastigotes.

Y axenic amastigotes.

NC

) Q 0 ,
-p2
~ ] N R SR
N ‘\\ N/
=
N

1.60 1.64
NVP-BEZ235
T.b. brucei ECg: 2.5 nM
MPO Score: 3.22
cLogP: 5.81

Figure 1.16 Structure of NVP-BEZ235 (1.60), a known inhibitor of human PI3K and mTOR, and the regions

studied during the SAR investigation as denoted by R*, R?, and R®.
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A SAR investigation around 1.60 was subsequently performed.*” In addition to improving the potency and
selectivity of these compounds, it was also necessary to address some of the physicochemical properties of
1.60. It was identified as being lipophilic with a cLogP of 5.81 and also poorly soluble which could be
partially due to the high number of aromatic rings that would contribute to favourable =m-stacking
interactions.*’ In addition to this, 1.60 has been calculated as having a CNS multiparameter optimisation
(MPO) score of 3.2.*" It had been previously shown that when 1.60 was docked into an homology model of
PI3Ky the binding was largely due to three hydrogen bond interactions.*® As a result of this, each of the
regions responsible for forming a hydrogen bonding interaction were examined separately, as denoted by the

R groups in 1.64 (Figure 1.16).

Initial investigations centered around the R® region, highlighted in Table 1.12. Replacement of the quinolone
(1.60) with a phenyl (1.65) moiety saw a 64-fold loss in the activity of the compound.*” Replacement with a
4-pyridyl (1.66) also led to a significant decrease in the activity with a 54-fold loss, however there was a
drastic reduction in the cLogP of this analogue.*’ Yet replacement with the 3-pyridyl (1.67), which ensured
that the endocyclic nitrogen would be in the same spatial region, saw only a 6-fold decrease in the activity.*’
Insertion of an ethyne linker (1.68) resulted in a 3-fold loss in activity against the parasite, though there was
a significant decrease in the selectivity of this compound.*’ The introduction of a trifluoromethyl in the para
position (1.69) led to a complete loss of cytotoxicity whilst still maintaining potent T.b. brucei activity.*’ A
number of other heterocycles, such as the benzothiophene (1.70), and cyclic or linear amines or amides
including the acetylated amine (1.71) were also trialled, however, the pyridine substituents presented a more
favourable profile.*’ In general, a heteroaromatic system at this position was found to be essential for potent

anti-trypanosomal activity.
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Table 1.12 Results of the SAR around the R® position of NVP-BEZ235 (1.60).

N~
N/
ID R® T.b. brucei ECs, (UM)?  HepG2 TCs (UM)? Selectivity MPO Score
1.60 = 0.0025 - - 3.2
No /

RN

1.65 Q 0.159 1.82 11 3.6
N=

1.66 Q 0.136 3.43 25 3.9

R
1.67 N/ 0.016 0.575 36 3.9

N

1.68 0.008 0.14 17 3.4

A\

R
FsC
1.69 N 0.053 > 25 > 470 3.1
i
1.70 ) 0.054 > 25 > 460 3.2
ST

1.71 -NHAc 9.02 > 50 >5 46

#Values are the average of two replicates.

At the R' position a para substituent was initially trialled (Table 1.13). Compounds 1.72-1.74 all
demonstrated a 10- to 15-fold decrease in activity against T.b. brucei, though they all exhibited excellent

selectivity profiles when compared with HepG2 cells.”” When the R® group is the 4-pyridyl the presence of a
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nitrile (1.76) or amine (1.78) is favourable for activity over the para-methyl (1.75) or methoxy (1.77).*
There was also a complete loss of activity against both T.b. brucei and HepG2 cells when both the R and R®

substituents were simultaneously eliminated as in 1.79.%

Exploration of the R? substituent via the des-methyl and original, methylated compounds was also
performed. Though no clear trend in the data was evident, there was no observed difference in the solubility
or permeability of the compounds.*’ As a result of this work, 1.77 was identified as the most promising lead
for further development. With a significantly improved MPO score when compared with NVP-BEZ235
(1.60) as well as improved parasite selectivity, no further improvement in the solubility of this compound

was observed.

A number of human tyrosine kinase inhibitors have been screened for activity against T.b. brucei, the results
of which are in Table 1.14.* Previous pharmacological studies by the authors revealed that a tyrosine kinase,
tryphostin A47, was responsible for the inhibition of diacylglycerol-stimulated endocytosis of transferrin,
which is vital to the survival of bloodstream T. brucei.**>" During lead discovery the authors examined those
drugs for which there was existing literature precedence of plasma concentrations equal to, or exceeding the
previously measured Gls, for efficacy in an acute mouse model of HAT (T. brucei CA427), Table 1.15.%
Each mouse was inoculated with 10° trypanosomes and treatment was started 1 day post infection and
continued for 14 days.*® The treatment was administered daily either orally or intraperitoneally.
Administration of lapatinib (1.83) orally led to the reduction of parasitemia levels in the mice and exhibited a
cure rate of 25% in three independent experiments, those mice that were not cured exhibited an extended
MSD of 8 days.* Whilst intraperitoneal administration of lapatinib (1.83) failed to eliminate the parasitemia
infection and all mice had died by day 8.* AEE788 (1.84) was equally able to reduce the parasitemia levels
as lapatinib (1.83) though it was not successful in curing any mice and the authors failed to comment on the

lower dosing given to the mice in the treatment regimen.® CI1-1033 (1.80) demonstrated some cytotoxicity
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issues above 30 mg/kg, hence the lower dosing in the mouse model, though it still failed to cure any of the

mice and the MSD value is only marginally improved when compared with the control MSD.*

Table 1.13 Results of the SAR around the R* position of NVP-BEZ235 (1.60).

R ’/<O Q o
R3 \ N— N~
X N—
X
N
1.79
L 5 T.b. brucei HepG2 TCs, o MPO
ID R R Selectivity
ECso (UM)? (LM)? Score
NC
1.60 0.0025 - - 3.2
F4C
1.72 Q 0.103 > 25 > 240 3.2
NC N\ /
R
1.73 Q 0.091 > 50 > 540 35
1.74 Q 0.024 > 25 > 1000 3.7
1.75 Q 0.202 4.78 24 4.1
NC
1.76 Q 0.072 - - 4.8
N=
MeO, N\ /
&~
1.77 Q 0.166 11.2 67 46
/
—N
1.78 @ 0.082 2.34 28 4.2
N
1.79 18.5 > 50 >3 5.0

#Values are the average of two replicates.
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Table 1.14 Effect of tyrosine kinase drugs on the replication of T.b. brucei.

Drug T.b. brucei Glsg (mean £ SD) (UM)

CI-1033 (1.80) 1.4+0.7
Erlotinib (1.81) 19+01
PKI-166 (1.82) 1.3+0.2
Lapatinib (1.83) 1501
AEE788 (1.84) 25101
Axitinib (1.85) 20105
Sunitinib (1.86) 1.3+0.1
Imatinib (1.87) >10.0

Table 1.15 Efficacy of tyrosine kinase drugs in an acute mouse model of HAT.

ID Administration Dose Cures® MSD

Control - - 4.5-5.5
Lapatinib (1.83) Oral 100 mg/kg every 12 h 1/4° ged
AEE788 (1.84) Oral 30 mg/kg every 24 h 0/4 10°
C1-1033 (1.80)" Intraperitoneal 30 mg/kg every 24 h 0/4 5.8

# Mice surviving 30 days after the death of the last control mouse and having no parasitemia.
® Result replicated in three studies.
¢ Value excludes those mice that were considered to be cured.
9 With intraperitoneal administration all mice had died by day 8 (data not shown in publication).

¢ When administered intraperitoneally the mean survival time was similar to control mice (data not shown in
publication).

"Both oral and intraperitoneal administration produced similar results (data not shown in publication).

A subsequent SAR study around lapatinib (1.83; Figure 1.17) was performed in order to improve the potency

and selectivity of these compounds for T. brucei over mammalian cells.> Initial investigations centered
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around the furan tail of lapatinib. The metabolic liability of furans has been well documented® and it appears
that the authors have consciously moved away from this moiety leading to a series of compounds with
modest activity against T. brucei with compound 1.88 showing good potency and selectivity.>* Whilst there
were investigations around the northern head group there was no significant improvement in the activity or
selectivity observed. Yet further examination of the tail region did lead the authors to identify 1.89 where the
morpholine is directly connected to the phenyl ring in the meta position.>> Compound 1.89 exhibits potent
activity against T. brucei and has an improved selectivity profile. In addition it has been shown to be an
orally bioavailable inhibitor of trypanosome replication, blocking the duplication of the kinetoplast and
arresting cytokinesis.*® The calculated MPO score for this compound is just 2.8, likely due to its high MW
and high lipophilicity, which is well above the accepted guide of 4.0 for possible BBB penetration.>* The
assessment of 1.89 in a mouse model of HAT showed a modest effect on parasitemia levels and led to an
extension of life expectancy, though these effects were lower than expected, most likely due to the high
plasma protein binding.>? Further work is required on this series if both stages of HAT are to be successfully

treated.

o A
h X

o) o) o)
ON\S"O @[
HN 7 HN cl — = g O HN Cl — >
\ —_— E—
o) SN SN
N/) N/)
1.88

1.83 1.89
Lapatinib
T.b. brucei EC5q: 1.54 yM T.b. brucei EC5p: 1.39 yM T.b. brucei ECsq: 0.042 uM
HepG2 ECsq: 6.2 uM HepG2 ECsp: > 15 uM HepG2 ECsq: > 20 uM

Figure 1.17 Lapatinib (1.83) and the subsequent modifications of the tail region to give compound 1.89.
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1.2 Introduction to the compounds addressed in this thesis

A whole organism, high-throughput phenotypic screen of 87,296 compounds was recently undertaken
against bloodstream T.b. brucei.’ This led to the identification of 700 compounds with confirmed inhibition
of > 80% against T. brucei. These compounds were subsequently tested against mammalian HEK293 cells in
order to determine a Sl value for each compound. This led to 205 compounds with a SI > 10 and an ICs,
against T. brucei of < 10 uM. Cluster analysis of the resulting hits and removal of pan-assay interference
compounds (PAINS)* led to the identification of the compounds in Figure 1.18. These compounds were also
screened in a parasite panel against T.b. rhodesiense, T. cruzi, L. donovani and P. falciparum. Of these

compounds, four will be presented in this thesis, 126, 130, 1.90, and 128.

cl
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Figure 1.18 Compounds identified in the phenotypic screen against T.b. brucei.
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1.3 SAR Rationale

During the investigation of the SAR around the core compounds in Figure 1.18, a number of substituents
were chosen with which to probe the relevant positions. Substituents were chosen based on their
hydrophobic, electronic, and steric properties in order to investigate each position fully. These are
summarised in Table 1.16. The © value is representative of the hydrophobicity of a substituent and is a
measure of the ratio of concentrations of a compound in a mixture of two phases, an octanol phase and an
aqueous phase. A 7 value of 1.00 indicates a ten-fold increase in partitioning of a compound in to the octanol
phase. Functional groups with a positive m value include bromine, chlorine, fluorine, iodine, methyl,
trifluoromethyl and trifluoromethoxy. Correspondingly a value of -1.00 indicates a ten-fold increase in the
portioning of a compound in to the aqueous phase. Those functional groups with a negative © value include
an alcohol, amine or nitrile. The inclusion of functional groups with hydrogen bond donors and acceptors has
been accounted for with the alcohol and amine both able to accept and donate hydrogen bonds, while the
nitrile, fluorine, methoxy and the trifluoromethoxy can act as hydrogen bond acceptors. The molar
refractivity (MR) value is an indication of the steric bulk of a functional group, where larger numbers are
indicative of increasingly bulky groups. A wide range of substituents have been selected based on their MR
values, from the least bulky substituents, fluorine and hydrogen through to the very bulky phenyl group.
Finally, compounds with varying electronic effects have been selected. A positive ¢ value indicated a group
with an electron withdrawing effect while a negative ¢ value indicated an electron donating effect, at either
the meta or para positions. The amine and alcohol are the most electron donating functional groups, while

the nitrile and trifluoromethyl groups are strong electron withdrawing groups.

Endocyclic nitrogen is an additional functional group to those summarised in Table 1.16. It has a number of
advantages in its use as it can decrease the hydrophobicity of a compound and improve its overall solubility.
An endocyclic nitrogen can also act as a hydrogen bond acceptor which can turn a potentially unfavourable

hydrophobic interaction into a favourable hydrophilic one.
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The biological testing of these compounds was performed on the animal infective subspecies of the parasite,
T.b. brucei, at the Eskitis Institute, Griffith University. This subspecies of the parasite is the safest to humans
and also the easiest parasite with which to maintain a culture. For compounds that were of particular
significance they were subjected to a wider parasite panel offered by the Swiss Tropical and Public Health
Institute (STI). The panel includes the human infective parasite, T.b. rhodesiense, the causative agent of
HAT and T. cruzi, the causative agent of Chagas disease.>* The parasite panel also consists of L. donovani
axenic amastigotes and L. donovani infective macrophages, which are the causative agent of Leishmaniasis,
along with P. falciparum, the causative agent of malaria.>* It was not possible to test these compounds

against T.b. gambiense as it is a particularly difficult organism and culture to maintain.

T.b. brucei, T. cruzi and L. donovani all belong to the Trypanosomatidae family and they share many general
characteristics including a number of subcellular structures though each has a unique complex life cycle, is
transmitted by different vectors and targets different tissues in the mammalian host. T.b. brucei, L. donovani
and P. falciparum are all able to survive extracellularly and, as such, are traditionally assayed in the
bloodstream forms. However, T. cruzi cannot survive extracellularly and the trypomastigotes are allowed to
infect erythrocytes prior to the biological analysis of compounds. This can make interpreting SAR for T.
cruzi somewhat difficult as it needs to be clear that the compound being tested is indeed killing the parasite
and not the host mammalian cell. Though in general, even for T.b. brucei membrane permeability is a factor
for the interpretation of the SAR and more polar compounds may not be able to penetrate the membrane.
This is an important consideration to be taken into account throughout this thesis when interpreting the SAR

and this is emphasised throughout.
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Table 1.16 Parameters used to probe the hydrophobic, electronic and steric properties of substituents

typically employed in this SAR study.>

Electronic
Substituent T H-acceptor H-donor MR
Om op

H 0.00 0 0 1.03 0.00 0.00
Br 0.86 0 0 8.88 0.39 0.23
Cl 0.71 0 0 6.03 0.37 0.23

F 0.14 1 0 0.92 0.34 0.06

I 1.12 0 0 13.94 0.35 0.18
OH -0.67 1 1 2.85 0.12 -0.37
NH, -1.23 1 1 5.42 -0.16 -0.66
CF; 0.88 0 0 5.02 0.43 0.54
OCF; 1.04 1 0 7.86 0.38 0.35
CN -0.57 1 0 6.33 0.56 0.66
CH, 0.56 0 0 5.65 -0.07 -0.17
OCH; -0.02 1 0 7.87 0.12 -0.27
CH,CHj; 1.02 0 0 10.30 -0.07 -0.15
CeHs 1.96 0 0 25.36 0.06 -0.01

Further to the parasite panel, a number of compounds were subjected to further analysis of some key
physicochemical properties and to determine in vitro metabolic stability. Initially the MW of the compounds
were calculated. Ideally, the MW should be less than 500 Da for good intestinal membrane permeability and
less than 450 Da for good BBB permeability.” The calculated polar surface area (PSA) of a molecule has
been used to predict absorption and BBB permeability for drugs. A PSA of less than approximately 120 A?
indicates acceptable oral absorption and membrane permeability, while the PSA values for drugs destined for
the CNS are much lower, typically within 60 - 70 A? through to 90 A%>*°" Recently, researchers have begun

reporting an MPO score for their compounds, which accounts for a number of factors (Table 1.17) when
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trying to determine the potential of a compound to cross the BBB. On a scale of 0-6 any value > 4 indicates
the potential of a compound to penetrate the CNS.*® As an MPO score is the culmination of a number of
different factors it is thought that it provides a more accurate measure of a compounds potential to cross the
BBB. The aqueous solubility of drugs is essential for delivery of a desired drug to a target within the body as
any drug to be absorbed must be in the form of a solution at the site of absorption.> Typically, to be a
successful CNS drug candidate aqueous solubility needs to be > 60 pg/ml.*® The distribution co-efficient
(logD) is a measure of the lipophilicity of a drug.®® It is measured as a ratio of the concentration of ionised
and un-ionised drug between two phases. It has previously been found that for optimal BBB permeability the
lipophilicity of a drug needs to be in the range 1.5 — 2.7.* Plasma protein binding (PPB) values can be
estimated using the human serum albumin (HSA) chromatographic method (cPPB); a measure of the degree
to which drugs bind to HSA.*® HSA is responsible for binding acidic drugs in the plasma while a second
protein, ay-acid glycoprotein (AGP), is present and is responsible for binding basic drugs.®® ® HSA serves as
a transport protein, with a high capacity for binding but a low affinity while AGP has a low capacity and
high affinity for binding.”® Whilst HSA is the most predominantly found transport protein, the concentration
of AGP in serum can be affected by disease, medications and pregnancy consequently affecting PPB
values.®® A successful CNS drug should not be an efficient AGP binding drug nor a high-affinity HSA
binder.® The half-life of the compounds may be measured in human liver microsomes providing an
indication of the degree of first-pass metabolism by the liver and intestines experienced by the compound in
vivo. Ideally this value should be as low as possible to ensure sufficient concentration of drug is circulating
throughout the body to have an effect.”® In vitro intrinsic clearance (CL;,) determined in human liver
microsomes is determined as a predictor for clearance of the drug from the liver. The predicted hepatic
extraction (Ey) ratio is calculated from in vitro data. Values range from 0.00-1.00 with 0.00 indicating the

compound is not metabolised and 1.00 indicating complete metabolism of the compound.
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Table 1.17 Desirable ranges for successful CNS penetration according to the MPO scoring system.

Property Targeted value
Partition coefficient (cLogP) <3
Distribution coefficient (cLogD) <2
Polar surface area 40<X<90
Molecular weight <360
Hydrogen bond donors <0.5
PK, <8

1.4. Thesis Aims

This thesis investigates the synthesis of novel, effective and safe inhibitors of T. brucei, and will focus on
four unique structural classes (126, 130, 1.90, and 128). Particular emphasis will be on improving the
potency of these compounds into the therapeutically relevant range of single digit nanomolar ECs, values
against T. brucei. Given the toxicity issues observed with many of the current therapeutics, the selectivity of
the synthesised analogues will also be measured against mammalian cells. All of the biological assays
against T.b. brucei were performed by the Avery group at the Eskitis Institute. Furthermore, these
compounds had their physicochemical properties assessed by collaborators at the Centre for Drug Candidate
Optimisation. This is necessary in order to ensure a number of parameters are met, such as the PSA,
solubility and metabolism, in order to effectively treat both stages of the disease. Finally, collaborators at the
Swiss Tropical and Public Health Institute have tested selected analogues against the human infective

subspecies, T.b. rhodesiense, along with T. cruzi, L. donovani and P. falciparum.
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1.5. General Experimental

1.5.1. Biological Experimental

All in vitro assays were carried out at least twice independently in singleton.

T.b. brucei assay Compound activity against 7°b. brucei was assessed in an Alamar blue® viability assay as
previously described by Sykes and Avery.”* Briefly, 55 ul of HMI-9 media +10% FCS® containing 1200
cells/ml of logarithmic phase 7.b. brucei 427 bloodstream parasites were added to a 384-well microtiter plate
(BD biosciences) and incubated for 24 h at 37 °C/5% CQO,. Serial drug concentrations were prepared in
100% DMSO and diluted 1:21 in DMEM media. 5 ul of this dilution was subsequently added to assay plates
to give final compound concentrations ranging from 41.67 to 0.0004 uM. Plates were incubated for 48 h at
37°C/5% CO,. 10 pul of 70% Alamar Blue® (Invitrogen) prepared in HMI-9 media +10% FCS was added to
assay plates and plates incubated for a further 2 h at 37 °C/5% CO, followed by 22 h at room temperature.
Assay plates were read at 535 nm excitation/590 nm emission on an Envision® multiplate reader
(PerkinElmer, Massachusetts, USA). Data was analysed and ECs, values calculated using the software

GraphPad Prism 5. Pentamidine and suramin were used as controls.

HEK?293 cytotoxicity assay 55 pl of DMEM +10% FCS media (Gibco) containing 72727 cells/ml of
confluent HEK293 cells was added to a 384-well microtiter plate (BD biosciences) and incubated for 24 h at
37 °C/5% CO,. Serial compound concentrations were prepared in 100% DMSO and diluted 1:21 in DMEM
media. 5 pl of this dilution was subsequently added to assay plates to give final compound concentrations
ranging from 83.34 to 0.0004 puM. Plates were incubated for 48 h at 37°C/5% CO,. 10 pl of 70% Alamar
Blue® (Invitrogen) prepared in DMEM media +10% FCS was added to assay plates and plates incubated for
a further 5 h at 37 °C/5% CO, followed by 19 h at room temperature. Assay plates were read at 535 nm

excitation/590 nm emission on an Envision® multiplate reader (PerkinElmer, Massachusetts, USA). Data
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was analysed and ECs, values calculated using the software GraphPad Prism 5. Puromycin was used as a

control.

P, falciparum assay In vitro activity against erythrocytic stages of P, falciparum was determined using a *H-

64 6 ysing the drug sensitive NF54 strain®® and the standard drug

hypoxanthine incorporation assay,
chloroquine (Sigma C6628). Compounds were dissolved in DMSO at 10 mg/ml and added to parasite
cultures incubated in RPMI 1640 medium without hypoxanthine, supplemented with HEPES (5.94 g/1),
NaHCO; (2.1 g/1), neomycin (100 U/ml), Albumax® (5 g/L) and washed human red cells (type A") at 2.5%
haematocrit (0.3% parasitaemia). Serial drug dilutions of eleven 3-fold dilution steps covering a range from
100 to 0.002 pg/ml were prepared. The 96-well plates were incubated in a humidified atmosphere at 37 °C;
4% CO,, 3% O,, 93% N,. After 48 h, 50 ul of *H-hypoxanthine (0.5 pCi) was added to each well of the plate.
The plates were incubated for a further 24 h under the same conditions. The plates were then harvested with
a Betaplate™ cell harvester (Wallac, Zurich, Switzerland), and the red blood cells transferred onto a glass
fibre filter and washed with distilled water. The dried filters were inserted into a plastic foil with 10 ml of
scintillation fluid, and counted in a Betaplate™ liquid scintillation counter (Wallac, Zurich, Switzerland).

ECs, values were calculated from sigmoidal inhibition curves by linear regression®” using Microsoft Excel.

Chloroquine and artemisinin were used as controls.

L. donovani axenic amastigotes assay Amastigotes of L. donovani strain MHOM/ET/67/L82 were grown in
axenic culture at 37 °C in SM medium® at pH 5.4 supplemented with 10% heat-inactivated fetal bovine
serum under an atmosphere of 5% CO, in air. 100 pl of culture medium with 10° amastigotes from axenic
culture with or without a serial drug dilution were seeded in 96-well microtitre plates. Serial drug dilutions of
eleven three-fold dilution steps covering a range from 100 to 0.002 pg/ml were prepared. After 70 h of
incubation the plates were inspected under an inverted microscope to assure growth of the controls and
sterile conditions. 10 ul of Alamar Blue (12.5 mg resazurin dissolved in 100 ml distilled water)® were then
added to each well and the plates incubated for another 2 h. The plates were read with a Spectramax Gemini
XS microplate fluorometer (Molecular Devices Cooperation, Sunnyvale, CA, USA) using an excitation

wavelength of 536 nm and an emission wavelength of 588 nm. Data were analysed using the software

82



Softmax Pro (Molecular Devices Cooperation, Sunnyvale, CA, USA). Decrease of fluorescence (i.e.
inhibition) was expressed as percentage of the fluorescence of control cultures and plotted against the drug
concentrations. From the sigmoidal inhibition curves the ECs, values were calculated by linear regression.®”’

Miltefosine was used as a control.

T. cruzi assay Rat skeletal myoblasts (L6 cells) were seeded in 96-well microtitre plates at 2000 cells/well in
100 pl RPMI 1640 medium with 10% FBS and 2 mM I-glutamine. After 24 h, the medium was removed and
replaced by 100 pl per well containing 5000 trypomastigote forms of 7. cruzi Tulahuen strain C2C4
containing the B-galactosidase (Lac Z) gene.”’ After 48 h the medium was removed from the wells and
replaced by 100 pl fresh medium with or without a serial drug dilution of eleven 3-fold dilution steps
covering a range from 100 to 0.002 pg/ml. After 96 h of incubation the plates were inspected under an
inverted microscope to assure growth of the controls and sterility and the substrate CPRG/Nonidet (50 pl)
was added to all wells. A colour reaction developed within 2—6 h and could be read photometrically at 540
nm. Data were analysed with the graphic programme Softmax Pro (Molecular Devices), which calculated
ECs, values by linear regression®’ from the sigmoidal dose inhibition curves. Benznidazole was used as a

control.

T.b. rhodesiense assay This parasite stock was isolated in 1982 from a human patient in Tanzania and after
several mouse passages cloned and adapted to axenic culture conditions.”' Minimum Essential Medium (50
uL) supplemented with 25 mM HEPES, 1 g/L additional glucose, 1% MEM non-essential amino acids
(100x), 0.2 mM 2-mercaptoethanol, 1 mM Na-pyruvate and 15% heat inactivated horse serum was added to
each well of a 96-well microtiter plate. Serial drug dilutions of eleven three-fold dilution steps covering a
range from 100 to 0.002 pg/ml were prepared. Then 4x10° bloodstream forms of T'b. rhodesiense STIB 900
in 50 ul was added to each well and the plate incubated at 37 °C under a 5% CO, atmosphere for 70 h. 10 ul
Alamar Blue (resazurin, 12.5 mg in 100 ml double-distilled water) was then added to each well and
incubation continued for a further 24 h.”> Then the plates were read with a Spectramax Gemini XS
microplate fluorometer (Molecular Devices Cooperation, Sunnyvale, CA, USA) using an excitation
wavelength of 536 nm and an emission wavelength of 588 nm. The ECs, values were calculated by linear
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regression®” from the sigmoidal dose inhibition curves using SoftmaxPro software (Molecular Devices

Cooperation, Sunnyvale, CA, USA). Melarsoprol was used as a control.

Rat skeletal myoblast cytotoxicity assay Assays were performed in 96-well microtiter plates, each well
containing 100 pl of RPMI 1640 medium supplemented with 1% L-glutamine (200 mM) and 10% foetal
bovine serum, and 4000 L6 cells (a primary cell line derived from rat skeletal myoblasts).”” ™ Serial drug
dilutions of eleven three-fold dilution steps covering a range from 100 to 0.002 pg/ml were prepared. After
70 h of incubation the plates were inspected under an inverted microscope to assure growth of the controls
and sterile conditions. 10 pl of Alamar Blue was then added to each well and the plates incubated for another
2 h. The plates were then read with a Spectramax Gemini XS microplate fluorometer (Molecular Devices
Cooperation, Sunnyvale, CA, USA) using an excitation wavelength of 536 nm and an emission wavelength
of 588 nm. The ECs, values were calculated by linear regression®” from the sigmoidal dose inhibition curves
using SoftmaxPro software (Molecular Devices Cooperation, Sunnyvale, CA, USA). Podophyllotoxine was

used as a control.

1.5.2. Chemistry Experimental

All compounds tested had a purity of > 95% as measured by HPLC or LCMS.

Solvents were of analytical grade: ethyl acetate (EtOAc); dichloromethane (DCM); dimethyl formamide
(DMF); methanol (MeOH); tetrahydrofuran (THF). Analytical TLC was performed on silica gel 60/F,s4 pre-
coated aluminium sheets (0.25 mm, Merck). Flash column chromatography was carried out with silica gel

60, 0.63-0.20 mm (70-230 mesh, Merck).

'H and *C NMR spectra were recorded at 400.13, and 100.62 MHz, respectively, on a Bruker Avance 11|
Nanobay spectrometer with BACS 60 sample changer, using solvents from Cambridge Isotope Laboratories.

Chemical shifts (8, ppm) are reported relative to the solvent peak (CDCls: 7.26 [*H] or 77.16 [*°C]; DMSO-
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de: 2.50 [*H] or 39.52 [*C]; or CFCl; at 0.00 [*°F]). Proton resonances are annotated as: chemical shift
(ppm), multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; v br, very broad), coupling

constant (J, Hz), and number of protons.

Analytical HPLC was acquired on an Agilent 1260 Infinity analytical HPLC coupled with a G1322A
degasser, G1312B binary pump, G1367E high performance autosampler, G4212B diode array detector.
Conditions: Zorbax Eclipse Plus C18 Rapid resolution column (4.6 x 100 mm) with UV detection at 254 nm
and 214 nm, 30 °C; sample was eluted using a gradient of 5 — 100% of solvent B in solvent A where solvent
A: 0.1% formic acid in water, and solvent B: 0.1% formic acid in ACN (5 to 100% B [9 min], 100% B [1

min]; 0.5 ml/min).

Low resolution mass spectrometry was performed on an Agilent 6100 Series Single Quad LCMS coupled
with an Agilent 1200 Series HPLC, G1311A quaternary pump, G1329A thermostatted autosampler, and
G1314B variable wavelength detector (214 and 254 nm). LC conditions: Phenomenex Luna C8(2) column
(100 A, 5 pm, 50 x 4.6 mm), 30 °C; sample (5 pL) was eluted using a binary gradient (solvent A: 0.1% aq.
HCO,H; solvent B: 0.1% HCO,H in CH;CN; 5 to 100% B [10 min], 100% B [10 min]; 0.5 ml/min). MS
conditions: quadrupole ion source with multimode-ESI; drying gas temperature, 300 °C; vaporizer
temperature, 200 °C; capillary voltage, 2000 V (positive mode) or 4000 V (negative mode); scan range, 100—

1000 m/z; step size, 0.1 s over 10 min.

High resolution MS was performed on an Agilent 6224 TOF LCMS coupled to an Agilent 1290 Infinity LC.
All data were acquired and reference mass corrected via a dual-spray electrospray ionisation (ESI) source.
Each scan or data point on the total ion chromatogram (TIC) is an average of 13,700 transients, producing a
spectrum every second. Mass spectra were created by averaging the scans across each peak and subtracting
the background from first 10 s of the TIC. Acquisition was performed using the Agilent Mass Hunter Data
Acquisition software ver. B.05.00 Build 5.0.5042.2 and analysis was performed using Mass Hunter
Qualitative Analysis ver. B.05.00 Build 5.0.519.13. Acquisition parameters: mode, ESI; drying gas flow, 11

I/min; nebuliser pressure, 45 psi; drying gas temperature, 325 °C; voltages: capillary, 4000 V; fragmentor,
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160 V; skimmer, 65 V; octapole RF, 750 V; scan range, 100-1500 m/z; positive ion mode internal reference
ions, m/z 121.050873 and 922.009798. LC conditions: Agilent Zorbax SB-C18 Rapid Resolution HT (2.1 x
50 mm, 1.8 pum column), 30 °C; sample (5 ul) was eluted using a binary gradient (solvent A: 0.1% ag.

HCO,H; solvent B: 0.1% HCO,H in CH3CN; 5 to 100% B [3.5 min], 0.5 ml/min).

1.5.3. Physicochemical Experimental

Solubility Estimates using Nephelometry Stock solutions of compound (10 mg/ml) prepared in DMSO
were spiked into either pH 6.5 phosphate buffer or 0.01 M HCI (approximately pH 2.0) with the final DMSO
concentration being 1% (v/v). Samples were then analysed by nephelometry to determine the solubility range

as described previously.”

Chromatographic LogD Measurement Partition coefficients (LogD) were estimated by comparing the
chromatographic retention properties of each compound at pH 7.4 to the retention characteristics of a series
of standard compounds with known partition coefficients. Data were collected using a Waters 2795 HPLC
instrument with a Waters 2487 dual channel UV detector with a Synergy Hydro-RP 4 pm (30 mm x 2 mm)
column. The mobile phase consisted of aqueous buffer (50 mM ammonium acetate, pH 7.4) and acetonitrile,
with an acetonitrile gradient of 0 — 100% over 10 min. Compound elution was monitored at 220 and 254 nm.

This method is a gradient HPLC method based on that originally described by Lombardo.”

Chromatographic Protein Binding Estimation Plasma protein binding values were estimated using a
chromatographic method whereby the retention characteristics on a human albumin column (Chromtech
Chiral-HSA 50 mm x 3.0 mm, 5 pm, Sigma-Aldrich) were compared to the retention characteristics of a
series of compounds with known human protein binding values. The method is a modification of a
previously published method.”” A Waters 2795 HPLC system equipped with a Waters 2487 dual channel UV

detector (monitored at 220 and 254 nm) was used with a mobile phase comprised of aqueous buffer (25 mM
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ammonium acetate buffer, pH 7.4) and 30% isopropyl alcohol in the same buffer. The isopropanol

concentration gradient varied over 10 min and the column was reconditioned prior to the next injection.

In Vitro Metabolism in Human Liver Microsomes A 10 mg/ml stock solution was prepared in DMSO and
diluted in 50% acetonitrile/water to a spiking concentration of 500 uM. This solution was then diluted 1 in
500 to give a final compound concentration of 1 pM and incubated at 37 °C in the presence of human liver
microsomes (XenoTech LLC, Lenexa, Kansas City) suspended in 0.1 M phosphate buffer (pH 7.4) at a final
protein concentration of 0.4 mg/ml. An NADPH-regenerating system (1 mg/ml NADP, 1 mg/ml glucose-6-
phosphate, 1 U/ml glucose-6-phosphate dehydrogenase and 0.67 mg/ml MgCl,) were added to initiate the
metabolic reactions, which were subsequently quenched with ice-cold acetonitrile at various time points over
60 min. Samples were centrifuged for 3 min at 10,000 rpm and the amount of parent compound remaining in
the supernatant quantified by LCMS using a Waters Micromass ZQ coupled to a Waters Alliance 2975
HPLC. The first order rate constant for substrate depletion was determined by fitting the data to an
exponential decay function and these values were used to calculate the in vitro intrinsic clearance (CL;,) and
the predicted in vivo intrinsic clearance value (CLiy vivo) as described previously.78 The predicted in vivo
hepatic extraction ratio (Ey) was calculated using the following relationship: Ey = CLiy¢ vivo / (Q + CLint vivo)

where Q is human liver blood flow (20.7 ml/min/kg).”
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2. Investigation of the structure-activity relationships of

the oxazolopyridines against T.b. brucei

2.1. Introduction

As described in Chapter 1, a HTS screen of the WEHI/Bio-21 screening library yielded a number of hits that
were progressed through to hit-to-lead medicinal chemistry optimisation.® Of these the oxazolopyridine were
a class of particular interest with 126 having an ECs, of 0.22 uM against T.b. brucei. It also possesses a
moderately low PSA of 81 A? that indicated the potential for CNS penetration,*® which is essential to treat
stage two HAT, and a low cLogP of 2.6. There is a linear relationship between cLogP and the rate of

metabolism of a drug, hence a value in the region of 2.0 is widely regarded as the optimum.®

AN
\ o)
0
N N NH O mw 3395
| SN PSA (A?) 81
Z~0 clLogP 2.6
of

126
Figure 2.1 Structure and physicochemical profile of an initial screening hit with low cLogP, PSA and MW

suitable for lead optimisation.

Furthermore, testing against a wider panel of parasites confirmed potent activity not only against 7.b.
rhodesiense (ECsy 0.59 uM), but also against 7. cruzi (ECsy 0.23 uM). In both cases 126 was highly selective
for these kinetoplastids compared with the L6 mammalian cell line, with respective selectivity indices of 39
and 99 (Table 2.1). Activity was significantly weaker against the unrelated protozoan P. falciparum (ECs, 7.8

M), a major causative agent of malaria.™
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Table 2.1 Biological activity profile of 126 against a number of parasites.”

Parasite ECso (uM) Sl
T.b. brucei 0.22 > 345"

T.b. rhodesiense 0.59 39°

T. cruzi 0.23 99°

P. falciparum 7.8 3¢

# Values are the mean of 3 experiments, < + 50%.
® Selectivity relative to HEK293(human embryonic kidney) cells.

¢ Selectivity relative to L6 (rat skeletal myoblast) cells.

2.2. Aims

The aim for this section was to investigate alterations to the oxazolopyridine core. This included varying the
northern heterocycle, substitutions around the central phenyl ring and making changes to the oxazolopyridine

itself as previously outlined in the SAR rationale (Chapter 1, Section 1.4).

The work will be presented as an initial discussion of the synthesis of these derivatives, a number of
analogues constituting the primary SAR for this series (presented as a publication), before concluding with

additional follow up work.

2.3. Synthesis of the oxazolopyridine analogues

There have been a number of reports of the synthesis of oxazolopyridines in the literature. The methods
typically used consist of the formation of the amide followed by cyclisation (Scheme 2.1) or a one-pot
cyclocondensation mediated by polyphosphoric acid (PPA).*" ** According to the literature there appears to
be no advantage in terms of overall yield with either route. As such, it was decided to pursue the targets in

the least number of synthetic steps. In Scheme 2.2 it can be seen that initially the one-step cyclocondensation
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reaction between 2-amino-3-hydroxypyridine and a substituted 3-aminobenzoic acid is mediated by PPA
with a subsequent amide coupling reaction in order to install the northern heterocycle. For this latter step a

variety of conditions could be utilised and are highlighted in Scheme 2.2.

0 NH
Y@NHZ N.__NH, (0] N N 2
N NH HATU, DIPEA | (S H,N PPA SN
AN -— = OH D — ‘ _
\ OH 6 h, 160°C o

DMF, rt, 18 h
Z oH

2.04

PPA | 6 h, 160°C

NH,
EI\> <§
Z 0

2.03

Scheme 2.1 Synthetic routes towards oxazolopyridine derivatives previously identified in the literature.

R1
Ne_NH, N NH, o=
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Scheme 2.2 Synthesis of oxazolopyridine derivatives. Reagents and conditions: i) substituted 3-aminobenzoic
acid, PPA, 4 h, heating at 220 °C; ii) (a) EDCI, DMAP, R'-COOH, anhydrous DMF, overnight; (b) HBTU,

DIPEA, R'-COOH, DMEF, overnight; (¢c) HOBt, EDCI, DIPEA, R'-COOH, DMF, overnight.

The mechanism of the cyclocondensation reaction can be seen in Scheme 2.3. The reaction was performed
utilising existing literature within the group and in accordance with literature procedures. However, it was

found to give unreproducible yields (Table 2.2).
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Table 2.2 Yields of product obtained from the synthesis of the oxazolopyridine core.*

Ny 2 R Yield R Yield

70 : 5 R? H 25% 4-OCH, 5%
6-CH; 30% 2-CHs; 20%
6-F 34%

& Reaction conditions: substituted 3-aminobenzoic acid, PPA, 4 h, heating at 220 °C. Work-up consisted of
neutralisation with an aqueous saturated sodium bicarbonate solution.

NH,
H\O+
"/\‘ ) NH, HO L -OH H* transfer
N NH2 HO —_— + B
S N NH,
% \ \
OH
ZOH
2.01 2.08 2.09
NH, NH,
H N\ “’
— RNIN — NN — E/IV
N
0 (s
Z oH u'-bp‘
W OH
212 213 214 2.15
“NH NH
H" transfer N 3 Work up N N 2
N — N
LI e O
Z~q Z~0
2.16 2.03

Scheme 2.3 Cyclocondensation mechanism between 2-amino-3-hydroxypyridine and 3-aminobenzoic acid,

mediated by PPA.

The conditions required for the cyclocondensation were considered harsh given the need for heating at 220
°C for 4 h and the subsequent work up called for neutralisation of the PPA by slow addition of a 10% sodium
bicarbonate solution. The neutralisation would result in a significant volume of aqueous phase from which to
extract the desired product, which was not overly soluble in a wide range of organic solvents as well as a
significant amount of effervescence and production of a black, tar-like substance. Analysis of this tar-like
substance by Liquid Chromatography coupled to Mass Spectrometry (LCMS) showed no trace of starting
materials or product, though a peak of 286.0 m/z was observed that corresponds to sodium triphosphate,

thought to arise due to contamination by the aqueous phase. In an attempt to optimise the reaction conditions,
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the length of time that the reaction was heated was decreased though this led to incomplete reaction with
both starting materials and product being isolated. However, it was found that reducing the temperature from

220 °C to 180 °C and heating for 4 h gave complete conversion and significantly less tar-like substance.

For this reaction we also sought an alternative to the neutralisation with 10% aqueous sodium bicarbonate
solution. Analysis of the literature revealed a variety of work up conditions had been employed. Typically
the reaction mixture was poured onto iced water and neutralised by addition of solid sodium hydroxide®" ®
or solid potassium carbonate® followed by the extraction of the product. Alternatively, the reaction mixture
was also neutralised by stirring in an iced 28% aqueous ammonium hydroxide solution followed by the
filtration of the product and purification by column chromatography.® We found that employing an aqueous
5 M sodium hydroxide solution resulted in significantly less aqueous phase, without the problematic
effervescence observed under the previous conditions. In many cases the desired product precipitated cleanly

from the aqueous phase and was filtered and air dried. These changes led to drastic improvements in the

yield obtained of the desired product as demonstrated in Table 2.3.

Table 2.3 Yields of product obtained using optimised conditions for the synthesis of the oxazolopyridine

core.?
N 2 NH; R? Yield R® Yield
Z~0 7R H 81% 2-CH, 93%
6 5
4-OCH,4 99% 2-F 72%

% Reaction conditions: substituted 3-aminobenzoic acid, PPA, 4 h, heating at 180 °C. Work-up consisted of
neutralisation with an aqueous SM sodium hydroxide solution.

2.4. Preliminary SAR

Although oxazolopyridines have previously been described in the literature, they had not been identified or

investigated for their potential activity against T.b. brucei. They have been investigated for their potential use
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as sirtuin modulators,® histone acetyl transferase inhibitors® and as inhibitors of lysophosphatidic acid

acyltransferase p.%

Workers at Sirtris have been investigating oxazolopyridines for their use as activators of NAD+-dependent
deacetylase SIRT1, a sirtuin, the SAR for which has been summarised in Figure 2.2.2° While sirtuins have

86, 87

been reported in trypanosomes, it remains to be determined whether this is of value in the current project.
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Figure 2.2 SAR of oxazolopyridine identified during HTS by Sirtris.®

Our investigations into the preliminary SAR investigation began by studying the northern heterocycle
through substituting the 2-furan for a range of alternative 5-membered heterocycles, including oxazoles,
thiazoles, pyrazoles and furans with varying substitution patterns. A number of larger cycles were also
examined, including pyridine, phenyl and substituted phenyl rings. These studies were performed by Eliott

Teston and myself.

The next phase of SAR investigation focused on substitutions around the central phenyl ring. Each position
around the ring was probed with a variety of functional groups in order to fully assess the effects of
electronic, steric and hydrophobic properties at each position as discussed in Chapter 1. It is possible that
“ortho” substitution at the 2- and 4- positions could conformationally influence the disposition of the amide
group relative to the fused heterocycles and this was investigated. On examination of crystal structures from

the Cambridge crystallographic database of compounds containing a benzamide with ortho substitution of
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the respective functional groups (methyl, fluorine and methoxy) it became evident that there was a
conformational shift in the compounds. These changes are depicted in Figure 2.3. Six compounds were
identified in the database that had the fluoro substituted at the ortho position to the amide. Of these six
compounds all were slightly twisted with the fluorine and amide —NH on the same side of the molecule
(2.18). Of those compounds in the database where a methyl is substituted ortho to the amide, seven of the
twelve experienced a large degree of twisting potentially due to the steric interaction between the methyl and
carbonyl of the amide (2.19). Three compounds were identified with a methoxy functional group ortho to the
amide (2.20) and in all cases the molecules were roughly planar with the methoxy and amide -NH on the
same side of the molecule where there would be the potential for an electrostatic attraction between the §"

hydrogen of the amide and the 6" oxygen of the methoxy.

HNAO HN/&O O%\N/H 5
yeEheRNeS
2.18 2.19 2.20

Figure 2.3 Conformational changes influenced by an ortho group substituent on the oxazolopyridine core

exemplified by generic compounds found from a search of the Cambridge crystallographic database.

In addition, central core substitutions that returned favourable activity (6-fluoro, 6-methyl and 6-hydrogen)
were combined with the most active northern heterocycles identified (2-furan, 3-furan, 3-methylfuran,
oxazole and thiazole). This was done in an attempt to gain additive SAR in this series. This work was largely

carried out by myself in conjunction with Eliott Teston and Raphaél Rahmani.

Some preliminary studies around the pyridine ring and the oxazolopyridine core were also performed by

chemists at the University of Tasmania and Eliott Teston also studied the alkylation of the amide -NH.

ADME analysis revealed that in general this series has solubility and metabolism issues. Most compounds

were degraded rapidly by human liver microsomes and each contained the metabolically labile furan
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functionality. It seems likely that the furan is susceptible to cytochrome P450-mediated metabolism as
demonstrated in Scheme 2.4. The most stable compound was the oxazolamide and the next most stable the
thiazolamide, further lending support to the hypothesis that the furanyl group is the metabolic liability in this

series.
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Scheme 2.4 Bioactivation mechanism of the furan functional group (2.21) by the enzyme cytochrome P450.
Pathway [A] involves hydrolysis of the lactone (2.25) to form the y-ketocarboxylic acid (2.26). Pathway [B]

arises as a result of ring opening of the epoxide (2.22) to give the y-ketoenal (2.28).

These studies led to the identification of a compound with an ECsq of 91 nM against T.b. rhodesiense and
greater than 700 times selectivity for the parasite over mammalian cells, although further improvement to the
solubility and metabolism of this series is required. These compounds also have potent activity against T.

cruzi. The full details and conclusions of this preliminary SAR study follow in the published manuscript.

Reproduced from Ferrins, L.; Rahmani, R.; Sykes, M. L.; Jones, A. J.; Avery, V. M.; Teston, E.; Almohaywi,
B.; Yin, J.; Smith, J.; Hyland, C.; White, K. L.; Ryan, E.; Campbell, M.; Charman, S. A.; Kaiser, M.; Baell,
J. B. 3-(Oxazolo[4,5-b]pyridin-2-yl)anilides as a novel class of potent inhibitors for the kinetoplastid
Trypanosoma brucei, the causative agent for human African trypanosomiasis. European Journal of

Medicinal Chemistry 2013, 66, 450-465. Copyright 2015 Elsevier Masson SAS. All rights reserved.

95



2.5. Published manuscript

Declaration for Thesis Chapter 2

Declaration by candidate

In the case of Chapter 2, the nature and extent of my contribution to the work was the following:

Nature of contribution

Extent of contribution

Synthesis of compounds 2, 5, 6, 10, 14-15, 18-19, 21-23, 26, 32-36, 38-41, and

synthetic intermediates, SAR analysis and principal authorship of manuscript

50%

The following co-authors contributed to the work. If co-authors are students at Monash University, the extent

of their contribution in percentage terms must be stated:

Name

Nature of contribution

Extent of contribution*

Raphaél Rahmani

Synthesis of compounds 25, 27-28, 31, and synthetic
intermediates, SAR analysis and co-authorship of

manuscript

Melissa L. Sykes

Biological testing, data analysis

Amy J. Jones

Biological testing, data analysis, editing of

manuscript

Vicky M. Avery

Data analysis, editing of manuscript

Eliott Teston

Synthesis of compounds 1, 3-4, 7-9, 11-13, 16-17,

20, 29-30, 37, 48-49, and synthetic intermediates

Basmah Almohaywi

JieXiang Yin

Chris Hyland

Synthesis of compounds 24, 42-47, and synthetic

intermediates

96



Jason Smith Supervising chemistry program at UTAS
Karen L. White Data analysis, editing of manuscript
Eileen Ryan ADMET analysis
Michael Campbell ADMET analysis
Susan A. Charman Editing of manuscript
Marcel Kaiser Biological testing of compounds in a parasite panel
Jonathan B. Baell SAR analysis and co-authorship of manuscript

*Shown for Monash University students only

The undersigned hereby certify that the above declaration correctly reflects the nature and extent of the

candidate’s and co-authors’ contributions to this work.

Candidate’s Date
Signature 18/02/2015
Main Date
Supervisor’s 18/02/2015
Signature

Declaration by co-authors
The undersigned hereby certify that:

(6) The above declaration correctly reflects the nature and extent of the candidate’s contribution to this
work, and the nature of the contribution of each of the co-authors;

(7) They meet the criteria for authorship in that they have participated in the conception, execution, or
interpretation, of at least part of the publication in their field of expertise;

(8) They take public responsibility for their part of the publication, except for the responsible author
who accepts overall responsibility for the publication;

(9) There are no other authors of the publication according to those criteria;

97



(20) Potential conflicts of interest have been disclosed to (a) granting bodies, (b) the editor or
publisher of journal or other publications, and (c) the head of the responsible academic unit; and
(1) The original data are stored at the following location(s) and will be held for at least five

years from the date indicated below:

Locations:

Department of Medicinal Chemistry, Monash Institute of Pharmaceutical Sciences, 381 Royal Pde, Parkville,

Victoria, 3052, Australia.

Eskitis Institute for Cell and Molecular Therapies, Griffith University, Brisbane Innovation Park, Don Young

Road, Nathan, Queensland, 4111, Australia.

The Walter and Eliza Hall Institute, 1G Royal Parade, Parkville, Victoria, 3052, Australia.
School of Chemistry, University of Tasmania, Private Bag 75, Hobart, 7001, Australia.

Centre for Drug Candidate Optimisation, Monash University, Parkville, Victoria, 3052, Australia.
Swiss Tropical and Public Health Institute, Socinstrasse 57, Basel, 4051, Switzerland.

University of Basel, Petersplatz 1, Basel, 4003, Switzerland.

Signatures:

Signed: Date: 29/04/2015
Signed: Date: 26/02/2015
Signed: Date: 23/02/2015
Signed: Date: 23/02/2015
Signed: Date: 27/04/2015
Signed: Date: 20/04/2015
Signed: Date: 22/04/2015

98



Signed:

Signed:

Signed:

Signed:

Signed:

Signed:

Signed:

Signed:

99

Date:

Date:

Date:

Date:

Date:

Date:

Date:

Date:

22/04/2015

18/02/2015

18/02/2015

20/04/2015

20/02/2015

18/02/2015

18/02/2015

18/02/2015



European Journal of Medicinal Chemistry 66 (2013) 450—465

Contents lists available at SciVerse ScienceDirect

European Journal of Medicinal Chemistry

journal homepage: http://www.elsevier.com/locate/ejmech

Original article

3-(0Oxazolo[4,5-b]|pyridin-2-yl)anilides as a novel class of potent @CWM -
inhibitors for the kinetoplastid Trypanosoma brucei, the causative
agent for human African trypanosomiasis

Lori Ferrins ?, Raphaél Rahmani?, Melissa L. Sykes®, Amy J. Jones®, Vicky M. Avery?,
Eliott Teston ¢, Basmah Almohaywi ¢, JieXiang Yin %!, Jason Smith¢, Chris Hyland ¢/,
Karen L. White ¢, Eileen Ryan ¢, Michael Campbell ¢, Susan A. Charman *€, Marcel Kaiser ",
Jonathan B. Baell #¢M

2 Medicinal Chemistry, Monash Institute of Pharmaceutical Sciences, Monash University, Parkville, Victoria 3052, Australia

b Eskitis Institute for Cell and Molecular Therapies, Griffith University, Brisbane Innovation Park, Don Young Road, Nathan, Queensland 4111, Australia
“The Walter and Eliza Hall Institute, 1G Royal Parade, Parkville, Victoria 3052, Australia

dSchool of Chemistry, University of Tasmania, Private Bag 75, Hobart 7001, Australia

¢ Centre for Drug Candidate Optimisation, Monash University, Parkville, Victoria 3052, Australia

fSwiss Tropical and Public Health Institute, Socinstrasse 57, Basel 4051, Switzerland

£ University of Basel, Petersplatz 1, Basel 4003, Switzerland

" Department of Medical Biology, University of Melbourne, Parkville, Victoria 3010, Australia

ARTICLE INFO ABSTRACT
ArtiC{e history: A whole organism high-throughput screen of approximately 87,000 compounds against Trypanosoma
Received 17 February 2013 brucei brucei led to the recent discovery of several novel compound classes with low micromolar activity

':e“c/l‘*i"ezdoilg revised form against this organism and without appreciable cytotoxicity to mammalian cells. Herein we report a
ay

structure—activity relationship (SAR) investigation around one of these hit classes, the 3-(oxazolo[4,5-b]
Accepted 7 May 2013 59 A % 3 3 Sgach
Available online 16 May 2013 pyridin-2-yl)anilides. Sharp SAR is revealed, with our most active compound (5) exhibiting an ICso of
91 nM against the human pathogenic strain Tb. rhodesiense and being more than 700 times less toxic
towards the L6 mammalian cell line. Physicochemical properties are attractive for many compounds in

Keywords: : . 5 il % o
3_{&22010[4 5-b]pyridin-2-yl)anilides this series. For the most potent representatives, we show that solubility and metabolic stability are key
Human African trypanosomiasis parameters to target during future optimisation.
Sleeping sickness
Trypanosomacidal agent IC5p 91 nM 7 "0
Trypanosoma brucei sSI >700 =
O
NH
NN
|
#~0
Cl
(8)

© 2013 Published by Elsevier Masson SAS.

Abbreviations: BBB, blood—brain barrier; cPPB, chromatographic plasma protein binding; cytotox., cytotoxicity; DCM, dichloromethane; DMAP, N,N-dimethylamino-
pyridine; DMEM, Dulbecco’s modified Eagle’s medium; DMF, N,N-dimethylformamide; EDCI, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide; Ey, hepatic extraction; FCS,
foetal calf serum; HAT, human African trypanosomiasis; HBTU, O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate; HEPES, 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid; STPHI, Swiss Tropical and Public Health Institute; TBAB, tetrabutylammonium bromide; L. donovani, Leishmania Donovani; P. falciparum,
Plasmodium falciparum; T.b. brucei, Trypanosoma brucei brucei; T.b. gambiense, Trypanosoma brucei gambiense; T.b. rhodesi , Tryp brucei rhodesi ; WHO, World
Health Organisation.

* Corresponding author. Medicinal Chemistry, Monash Institute of Pharmaceutical Sciences, Monash University, Parkville, Victoria 3052, Australia. Tel.: +61 9903 9044.

E-mail address: Jonathan.Baell@monash.edu (J.B. Baell).

! School of Chemistry, University of Wollongong, Wollongong, NSW 2522, Australia.

0223-5234/$ — see front matter © 2013 Published by Elsevier Masson SAS.
http://dx.doi.org/10.1016/j.ejmech.2013.05.007

100



L. Ferrins et al. / European Journal of Medicinal Chemistry 66 (2013) 450465 451

1. Introduction

Human African trypanosomiasis (HAT), more commonly known
as sleeping sickness, is a vector-borne parasitic disease caused by
infection of the host with either Trypanosoma brucei gambiense or
Trypanosoma brucei rhodesiense [1]. The World Health Organisation
(WHO) currently estimates that there are approximately 30,000
cases of HAT in Africa, which has a significant socioeconomic
impact [2]. HAT is largely confined to the sub-Saharan continent
where the vector, parasite and animal reservoirs co-exist [1]. The
disease consists of two stages; the first involves the invasion of the
haemolymphatic system by the parasite, and the second is associ-
ated with the transmission of the parasites across the blood—brain
barrier (BBB) and into the central nervous system (CNS) [1].
Infection of the CNS leads to a number of symptoms including
mental impairment, severe headaches, fever, chronic encephalop-
athy and eventual death. This stage of the disease is particularly in
need of improved therapies [1].

There are a number of treatment options currently available for
HAT, though none of them are ideal. Pentamidine and suramin are
used to treat the first stage of HAT where T.b. gambiense and T.b.
rhodesiense are the causative agents, respectively. However, neither
of these drugs are able to cross the BBB making both ineffective
against the second stage of HAT [3—5]. In addition, both treatments
have significant side effects. Suramin has been linked to exfoliative
dermatitis and renal failure [4], whilst pentamidine use is associ-
ated with diabetes mellitus and nephrotoxicity [6]. Melarsoprol is
the primary treatment option available for second stage HAT being
effective against both subspecies of trypanosome [6,7]. However,
high failure rates have been reported even though resistance has
not been proven [7]. Alternatively, eflornithine can also be used to
treat second stage HAT [7]. It is a safer option but it is not effective
against T.b. rhodesiense and the high costs may make it prohibitive
[7]. Furthermore, administration requires four intravenous in-
fusions daily for 14 days which is impractical in rural African fa-
cilities [8]. Recently nifurtimox has been introduced as a
combination therapy with eflornithine (NECT) [8]. The combination
therapy has the advantage of having a shorter and simplified
regimen which has made it the current first line treatment for
second stage HAT caused by T.b. gambiense [8]. Orally bioavailable
oxaborole 6-carboxamides and orally active benzoxaboroles were
identified and selected to enter pre-clinical studies in 2009 [9].
Also, fexinidazole has been progressed through phase 1 clinical
trials and is currently recruiting for a phase 2 clinical trial [10].
However, there is still a great need for new trypanosomacidal
compounds given the current chemotherapeutic options available,
particularly for the CNS-resident second stage of this disease.

We recently screened approximately 87,000 compounds against
T.b. brucei using an Alamar Blue® based 384-well viability assay
[11]. Being the same species but just a different sub-species that is
non-pathogenic to humans, T.b. brucei has a long history of useful
and relevant application as a surrogate for T.b. rhodesiense and T.b.
gambiense for early HAT drug discovery projects and comprises the
mainstay of most primary animal models for HAT [12]. Indeed, Tb.
brucei and T.b. rhodesiense differ in one gene — the serum resistance
gene that allows T.b. brucei to survive in human serum — and there
is recent strong evidence that T.b. rhodesiense is only a phenotypic
variant of Tb. brucei [13]. Eight structurally unique compound
classes were identified with ICsq values of less than 10 uM against
T.b. brucei, that were more than ten times selective for T.b. brucei
over the mammalian cell line HEK293, and had favourable physi-
cochemical properties. One compound of particular interest was an
oxazolopyridine derivative with an ICso against T.bh. brucei of
0.22 pM, shown in Fig. 1. This compound (1) had a moderately low
molecular weight of 339.5, a reasonably low polar surface area of

Mw 339.5 S5
PSA(A?) 81 I R®
clLogP 26 O 0=(
NH 2 N-H/Me
N =
= o} R1 Z X 4 R2
cl 6 5

(a) 1 (b) 1-49

Fig. 1. (a) Structure and physicochemical profile of an initial screening hit; (b) numbering
used herein.

81 A? that could have potential for CNS penetration to treat stage
two HAT [14], and an attractively low cLogP of 2.6.

Furthermore, testing against a wider panel of parasites
confirmed potent activity not only against T.b. rhodesiense (1Csg
0.59 uM), but also against Trypanosoma cruzi (ICsg 0.23 pM). In both
cases 1 was highly selective for these kinetoplastids compared with
the L6 mammalian cell line, with respective selectivity indices of 39
and 99 (Table 1). Activity was significantly weaker against the un-
related protozoan Plasmodium falciparum (ICsg 7.8 pM), a major
causative agent of malaria [15].

As such, 1 was of interest as a starting point for drug develop-
ment resulting in the initiation of an SAR study. Herein we report
our discovery of a new class of compounds that are potent and
specific against Tb. brucei and T.b. rhodesiense, as well as T. cruzi, the
causative agent of Chagas’ disease [16].

2. Chemistry

After mining our database for analogues, it was determined that
directed synthesis was required to establish a focused SAR inves-
tigation. We have recently discussed the database mining results
elsewhere [11]. Investigations initially centred around the “north-
ern” heterocyclic group. As shown in Scheme 1, the synthesis was
relatively straightforward requiring a one-step cyclocondensation
reaction between 2-amino-3-hydroxypyridine and a substituted
3-aminobenzoic acid, mediated by PPA, followed by amide bond
formation between the amino group and the relevant heteroaryl
carboxylic acid using EDCI and DMAP. For selected compounds,
amide N-methylation (c) was undertaken. This yielded the target
compounds, which are listed in Table 2 along with their ICsg values
against T.b. brucei.

3. Results and discussion

Introduction of a 3-methyl group (2) into the furan ring leads to
a slight loss of activity with an ICsq of 0.65 pM relative to an ICsq of
0.22 uM for 1 (Table 2). An isoxazole is less tolerated and 3 is more
than 10-fold less active than 1 while the oxazole (4) is only slightly
better than this with an ICsg of 1.5 uM. On the other hand, a 3-furyl
group (5) is well tolerated with an ICsq of 0.3 uM. The thiazole (6) is
about 10-fold less active than 1 while the corresponding pyrazole

Table 1

Biological activity® profile of 1 against a number of parasites.
Parasite 1Cs0 (1M) Sl
T.b. brucei 0.22 >345°
T.b. rhodesiense 0.59 39¢
T. cruzi 0.23 99°¢
P. falciparum 7.8 -

4 Values are the mean of 3 experiments, <+50%.
b Selectivity relative to HEK293 cells.
¢ Selectivity relative to L6 (rat skeletal myoblast) cells.
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“ Reagents and conditions: (a) substituted 3-aminobenzoic acid, [PPA, 180 °C, 4 h]; (b) EDCI,
DMAP, R3—COOH, [DMF, rt, 12 h]; (c) Mel, TBAB (cat.), K,COs, [Acetone, rt, 12 h].

Scheme 1. Synthetic overview of oxazolopyridine derivatives.

(7) and imidazole (8) led to a loss of activity. Fusing a phenyl ring to
the furan to give benzofuran (9) also gave rise to a loss of activity.
Interestingly, while weaker, the phenyl analogue 10 has an ICsg of
1.5 pM. It was hypothesized that a suitably placed ethereal oxygen
atom could return potent activity like the furan, but substitution of
a 2-methoxy (11) or 3-methoxy (12) on the phenyl ring only led to
loss of activity. Introduction of endocyclic nitrogen atoms at the 2-
and 4-positions in 13 and 14 respectively were not well tolerated
with an ICsp of 5.7 uM and 3.4 uM respectively while introduction of
the nitrogen at the 3-position in 15 led to a complete loss of activity.

Table 2
Tb. brucei inhibitory activity® of targets with varying amide groups.
<R
o="
NH
N N
| S
Z =0
1416 ©
D R3 ICso (uM) ~ SI® D R3 ICso (uM) ~ SI®
X
1 \\ o 0.22 =345 9 ¢ >10 -
. >0
&
S
2 \ o 0.65 >130 10 15 54
4
SN
3 N\ A 32 = 1 ~10 =
7 7~ OMe
N\
a \/ 15 545 12 OMe 10 g
e e
70 -
5 L 0.30 160 13\ N/ 5.7 15
7~ 7
S =N
6 \z 18 39 14\ / 34 -
E 8 Vi
C[\IH A
7 \=N ~10 2 15 iy >10 =
7 Ty
H
N
8 g\/h >10 = 16  CH,0Me >10 -
N

2 Values are the mean of 3 experiments, <+50%.
b Selectivity relative to HEK293 cells for selected potent compounds.

The aryl property of the furan appeared to be important because
appropriate connectivity in the saturated ether (16) led to a loss of
activity.

In summary, the requirements for the amide group are strin-
gent, and 2- and 3-furans are highly favoured over other groups. As
we are developing SAR in a whole cell assay, it is possible that
negative SAR could be a reflection of poorer permeability rather
than lower affinity to intracellular targets. However, apart from the
pyrazole (7) and imidazole (8), it seems unlikely that permeability
of this set of compounds would differ significantly from each other.
Therefore we suggest steric hindrance in this region requires a
small aryl group with one side being hydrophobic and the other
containing a hydrogen-bond acceptor.

Following this, substitutions around the central ring were
investigated. As shown in Table 3, removal of the 6-chloro (17) led to
a compound with significant potency and selectivity. The 2-position
appears to be unfavourable for substitution since methyl (22), fluoro
(23) or chloro (24) led to a loss in activity. An endocyclic nitrogen
(25) or chloro (29) at the 4-position led to a decrease in activity while
a methyl (27) or fluoro (28) at the same position led to a loss of
activity. Interestingly, a methoxy in the 4-position (26) retained
some activity with an ICsq of 1.1 uM. Substitutions at the 5-position
with an endocyclic nitrogen (30) or fluoro (31), both led to loss of
activity. Replacement of the 6-chloro with a with a 6-fluoro (37) was
potent with an ICs9 0f 0.29 uM and an SI of >288. Replacement with a
methyl group (32) was somewhat less tolerated.

Thus, the central ring is remarkably intolerant of substitution at
the 2-, 4- or 5-positions. However, the 6-chloro group can be
removed or replaced with a 6-fluoro to give compounds that are
essentially equally active with the 6-chloro parent compound but
lower in both molecular weight and hydrophobicity. In most cases
it appears unlikely that permeability would differ greatly amongst
this set of compounds and so we attribute this SAR — at least at the
2-, 4- and 5-positions — to steric interactions with the intracellular
target. It is possible that “ortho” substitution at the 2- and
4-positions could also conformationally influence the disposition of
the amide group relative to the fused heterocycle.

We were then interested in whether crossover SAR could be
observed in combining active heterocycles in Table 2 with the
active central ring substituents just identified. The reason for this
was two-fold. Firstly, furans are known to be potentially metabol-
ically liable [17] and we reasoned that even though alternative
heterocycles such as an oxazole may lead to less active compounds,
other favourable metabolic and physicochemical properties such as
solubility could counter such drawbacks during drug development.
Secondly, we reasoned that it was not necessarily the case that
these alternative heterocycles would stay correspondingly weaker
with substitution changes in the central ring. Shown in Table 3 are
the top central ring substitutions (17, 32, 37) which were combined
with the 2- and 3-furans, 3-methylfuran, oxazole and thiazole
heterocycles. An increase in trypanosomacidal activity for some of
the heterocyclic amides was observed when the 6-substituent was
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Table 3 Table 3 (continued )
T.b. brucei inhibitory activity® of targets with substitutions around central ring sys-
tem and with varying amides. 1D R? R? 1Cso (M) S
R Ny
o= 34 6-Me \ ~10 -
, 540
(S
Z o \ /\’R2 7 0
6 5 35 6-Me = 0.31 103
1741 />
ID R? R? 1Cs (uM) si® SW
36 6-Me \ r/“ 26 32
A A
17 H \ o 0.34 >245
/> X
N 37 6-F \\ o 0.29 290
18 H \ o 0.17 115 &
¥ X
N 38 6-F N 0.10 840
~ ~
19 H 29 29 .
% ) (o}
7~ N
N
2 0 39 6-F \ o 20 43
20 H - 0.60 89 b
/‘ ~
S 7 "0
21 H g\—é 13 63 40 6-F = 0.12 680
- A
= 4 6-F g\’w 0.76 110
22 2-Me \ o >10 - N
s A /‘ S
N 4 Values are the mean of 3 experiments, <+50%.
b Selectivity relative to HEK293 cells for selected potent compounds.
23 2-F \ o >10 - & e
- Endocyclic nitrogen.
24 2-cl \\ 510 _ changed. For example, the combination of the 6-fluoro with the
Sof o 3-methylfuran (38) and 3-furan (40) gave our most promising re-
sults to date with ICsqg values of 0.10 uM and 0.12 pM respectively,
P AN) \\ = _ whilst the oxazole (39) and thiazole (41) were both less active.
~ o These trends were broadly emulated when the 6-fluoro was
replaced with hydrogen (18—21) or 6-methyl (33—36), except that
o the former grouping was on the whole very slightly less active and
26 4-OMe \ 11 74 : ; :
.0 the latter group marginally less active again.
While the focus of this work is on the central phenyl ring and
< X northern amide group, some limited exploration was undertaken of
27 A=Me .0 o2 13 the left hand side fused heterocycle, with interesting results.
; Shown in Table 4 are the results of installing a 6-phenyl group.
A When unsubstituted, the resulting compound (42) is potently
28 4-F R \ o 63 13 inhibitory with an ICsp of 0.12 uM. Substitution with a p-methoxy
X (43) or p-chloro (44) results in a slight loss of activity. While 42 is
N potent, it is not significantly more so than 17, that has no 6-phenyl
29 4-Cl \ o >10 - group, suggesting a null effect and lack of any interaction with
intracellular targets. This position might therefore be useful to
3 tailor other molecular properties such as solubility without loss of
30 5-NJ° 0 >10 = activity.
S/ Also listed in Table 4 are the results of a core change where the
oxazole is replaced by an imidazole and both compounds 44 and 45
& in signifi ivi ith ctive IC 1 f0.78 uM and
31 5F A 510 B retain significant activity with respective ICsg values of 0.78 tM an
~/ o 1.0 uM. It is possible that the slight loss of activity is contributed at
least in part by poorer permeability, suggesting further investiga-
- \\ & tion of this core heterocycle change is warranted. Interestingly,
G:Me .0 =2 258 removal of the pyridine nitrogen leads to a complete loss of activity,
) suggesting it is essential for activity and there may be a hydrogen
S bond interaction with the receptor.
33 6-Me R \ o 0.57 145 Finally, investigation of the effect of N-alkylation of the amide —
2 (continued on next page) NH was performed. In all cases the loss of the amide —NH led to a
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Table 4
Tb. brucei inhibitory activity® of analogues of the oxazolopyridine core.
A A ) A
\ \ - \
(o] (o] o]
o} (o] O O
NH NH NH NH
N N N N N N
-G OO O o
RITNZ 0 Z N Z N o
Ly H cl
42-44 45 46 47
ID R 1Cs0 (1M) Nl
42 Ph 0.12 84
43 4-OMe—Ph 0.63 130
4 4-Cl-Ph 0.55 150
45 - 0.78 54
46 - 1.0 39
47 - >10 -

@ Values are the mean of 3 experiments, <+50%.
b Selectivity relative to HEK293 cells for selected potent compounds.

complete loss of activity, as seen in Table 5. This suggests that there
may be an essential hydrogen bond interaction present between
the compound and its putative receptor.

In order to investigate activity against the human pathogenic
subspecies T.b. rhodesiense, selected compounds were tested against
this organism as well as a small panel of parasites. As shown in
Table 6, T.b. rhodesiense activity tracked well with T.b. brucei activity.
The transfer of SAR was not linear and the 3-furylamide (5) was
potent against T.b. rhodesiense with an ICsp of 0.091 uM. Moreover,
both 1 and 5 were potently active against T.cruzi and 5 in particular
was active against Leishmania donovani, a causative agent of Leish-
maniasis [18]. Furthermore, 5 exhibited low micromolar inhibitory
activity towards L. donovani in infected macrophages, a
pathogenically-relevant assay for which actives are extremely diffi-
cult to discover [18]. All compounds exhibited low micromolar ac-
tivity against P. falciparum, but were relatively non-cytotoxic towards
mammalian L6 cells. Indeed, the selectivity index for 5 was over 700
in this regard with respect to T.b. rhodesiense activity.

An assessment of drug-likeness was then made. Listed in Table 7
are various physicochemical and metabolic parameters for selected
compounds. In general, all compounds are of relatively low mo-
lecular weight and in the range 319—340. Their polar surface areas
are relatively low and within the range where acceptable CNS
penetration is plausible [14]. This is important in order to treat the

Table 5
Investigation of amide N-alkylation on activity against T.b. brucei® for 3 selected
compounds.

R3
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NMe
NN
(00
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48-49
ID R} ICs0 (WM)
¢
48 - >10
/‘\
. O

2 Values are the mean of 3 experiments, <+50%.

CNS-resident second stage of HAT. Likewise, distribution co-
efficients were close to ideal and in the range 1.7—3.3 at pH 7.4.
However, aqueous solubility for some compounds was poor and as
low as 1.6—3.1 pg/mL for pH values of both 2 and 6.5 for several
compounds. Plasma protein binding was moderate and would not
likely limit distribution of the compound. However, most com-
pounds were degraded rapidly by microsomes indicating that they
are susceptible to cytochrome P450-mediated metabolism. The
most stable compound was oxazolamide (39) and the next most
stable thiazolamide (41), lending strong support to the hypothesis
that the furanyl group is the metabolic hot spot.

4. Conclusion

We have described the discovery of 3-(oxazolo[4,5-b]pyridin-2-
yl)anilides as a novel class of potent inhibitors for the kinetoplastid
Trypanosoma brucei. Compound 5 exhibits an ICso of 0.091 uM
against the human infective form, T.b. rhodesiense. As this is a whole
cell readout, binding to intracellular targets must be extremely
strong and with a tight fit with the receptor(s). We have discovered
several key regions of this class with which we cannot interfere.
Importantly, we have identified positions where activity can be
modulated favourably. For example, replacement of the ring chloro
with fluoro leads to improved activity and the 3-furyl is more active

Table 6
Biological activity profile of selected compounds against a parasite panel (ICsg, tM).*
ID Tb. T.b. T.cruzi L.don. L don.inf. P falc. Cytotox.
brucei  rhod.” axed  mac® NF54' 168
1 0.22 0.59 0.23 1.8 - 7.8 23
5 0.30 0.091 0.26 0.34 12 49 65
6 1.8 1:1 2.3 4.8 >84 7.7 235
10 15 42 29 6.1 37 6.9 51

2 Values are the mean of 2 experiments, <+50%.

b T.b. rhodesiense strain STIB 900, bloodstream form (trypomastigotes). Melarso-
prol (ICso 0.005 uM) was used as a control.

€ T. cruzi Tulahaen C4 strain, amastigote stage. Benznidazole was used as a control,
ECsp 1.46 pM.

4" L. donovani MHOM-ET-67/L82 strain, amastigote stage. Miltefosine was used as
a control, ECsp 0.49 puM.

¢ L. donovani in infected macrophages. Miltefosine was used as a control, ECso
1.67 uM.

fp falciparum NF54 strain, erythrocytic stage. Chloroquine was used as a control,
ECs0 0.006 pM.

£ Rat skeletal myoblast cell L-6 strain. Podophyllotoxin was used as a control, ECsq
0.017 uM.
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Table 7

Key physicochemical parameters and in vitro metabolic stability of selected compounds.

ID MW PSA(A?) LogD® Solubility (pg/mL)¢ cPPBY (%) Half-life (min) In vitro CLint Microsome-predicted E©
pH 74 pH2 PH 65 (uL/min/mg protein)®
1 340 81.2 2.7 1.6-3.1 1.6-3.1 939 7 258 091
18 319 81.2 29 6.3—12.5 3.1-63 94.2 10 181 0.88
33 333 81.2 33 1.6-3.1 <1.6 95.8 8 228 0.90
35 319 81.2 2.7 12.5-25.0 6.3-12.5 93.2 10 176 0.87
38 337 81.2 29 1.6-3.1 1.6-3.1 935 9 202 0.89
39 324 94.1 L7 6.3-12.5 6.3—12.5 713 124 14 0.35
40 323 81.2 24 12.5-25.0 6.3—12.5 88.8 11 154 0.86
a1 340 109.2 23 3.1-6.3 3.1-6.3 89.2 36 48 0.65

2 Calculated using ACD/Labs software, version 9.

Measured chromatographically.

Kinetic solubility determined by nephelometry.

Human plasma protein binding estimated using a chromatographic method.

than the 2-furyl. Significantly, some of our compounds are also
potent against T. cruzi, the causative agent of Chagas’ disease [16],
and low micromolar activity is also observed for 10 against
L. donovani in infected macrophages. Despite this, these compounds
are not at all appreciably toxic to mammalian cells. Assessment of
predictive ADMET reveals these compounds to generally be drug-
like and favourable for further investigation. Moving forward, key
parameters to target for optimisation are aqueous solubility and
metabolic stability and these will be interrogated during future
refinement of SAR around the fused pyridyl ring and in looking at
substituted furylamides.

The mechanism of action of these compounds is currently not
known. However, a few structurally similar compounds have been
reported by workers at Sirtris as being activators of NAD-+-
dependent deacetylase SIRT1, a sirtuin [19]. Such activity may be
relevant to trypanosomes [20,21], but it remains to be determined if
this is relevant to the compounds reported herein. For interested
researchers, screening samples of compounds reported herein may
be obtained by contacting the corresponding author.

5. Experimental protocol

Analytical TLC was performed on silica gel 60F,54 pre-coated
aluminium sheets (0.25 mm, Merck) and visualized at 254 nm or
by chemical staining with a solution ceric sulfate/phosphomolybdic
acid followed by heating. Flash column chromatography was car-
ried out using Merck silica gel 60, 0.63—0.20 mm (70—230 mesh).

Microwave reactions were performed on a CEM discovery fitted
with an intellivent explorer unit. The temperature range of the
unit is —80 °C to 300 °C, a pressure range of 0—27 bar, power range
of 0—300 W and no pre stirring was required.

The purity of all compounds for biological testing was >95% in
all cases, except where specified otherwise.

Experimental conditions: 'H and >C Nuclear Magnetic Reso-
nance spectra were recorded at 300 MHz and 75 MHz respectively,
on a Bruker UltraShield 300 MHz spectrometer running Bruker
Topspin, version 1.3.

Low Resolution Mass Spectrometry analyses were performed on
a Finnigan LCQ Advantage Max coupled with a Surveyor PDA de-
tector and running XCalibur. Analysis was run on a Phenomenex
column (Gemini, 5 pm, C18, 110 A, 50 x 2 mm).

Preparative High Performance Liquid Chromatography was
carried out on the Waters Alliance HT 2795 coupled with a Waters
2996 photodiode array detector and a Waters collector fraction III
running Empower Pro. It was fitted with a Phenomenex, Luna,
5 um, C18, 110 A, 150 x 10 mm column.

PExperimental conditions: Analytical reverse-phase HPLC was
carried out on a Waters Millennium 2690 system, fitted with a

In vitro intrinsic clearance determined in human liver microsomes and predicted hepatic extraction ratio calculated from in vitro data.

Phenomenex Luna C8 100 A, 5 pm (150 x 4.6 mm L.D.) column. A
binary solvent system was used (solvent A: 0.1% aqueous TFA, sol-
vent B: 0.1% TFA/19.9% H,0/80% ACN), with UV detection at 214 nm.
A gradient of 0—80% buffer B over 10 min for a 20 min run time was
used, with a flow rate of 1 mL/min.

'H and BC NMR spectra were recorded at 400.13 and
100.62 MHz, respectively, on a Bruker Avance Il Nanobay spec-
trometer with BACS 60 sample changer, using solvents from Cam-
bridge Isotope Laboratories. Chemical shifts (6, ppm) are reported
relative to the solvent peak (CDCI3: 7.26 ['H] or 77.16 [>C]; DMSO-
ds: 2.50 ['H] or 39.52 [C]). Proton resonances are annotated as:
chemical shift (6), multiplicity (s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broad), coupling constant (J, Hz), and
number of protons.

Low resolution mass spectrometry was performed on an Agilent
6100 Series Single Quad LC/MS coupled with an Agilent 1200 Series
HPLC, G1311A quaternary pump, G1329A thermostatted autosam-
pler, and G1314B variable wave length detector (214 and 254 nm).
LC conditions: Phenomenex Luna C8(2) column (100 A, 5 mm,
50 x 4.6 mm), 30 °C; sample (5 mL) was eluted using a binary
gradient (solvent A: 0.1% aq. HCO,H; solvent B: 0.1% HCOyH in
CH3CN; 5—100% B [10 min], 100% B [10 min]; 0.5 mL/min). MS
conditions: quadrupole ion source with multimode-ESI; drying gas
temperature, 300 °C; vaporizer temperature, 200 °C; capillary
voltage, 2000 V (positive mode) or 4000 V (negative mode); scan
range, 100—1000 m/z; step size, 0.1 s over 10 min.

High resolution MS was performed on an Agilent 6224 TOF
LC/MS coupled to an Agilent 1290 Infinity LC. All data were acquired
and reference mass corrected via a dual-spray electrospray ion-
isation (ESI) source. Each scan or data point on the total ion chro-
matogram (TIC) is an average of 13,700 transients, producing a
spectrum every second. Mass spectra were created by averaging the
scans across each peak and subtracting the background from first
10 s of the TIC. Acquisition was performed using the Agilent Mass
Hunter Data Acquisition software ver. B.05.00 Build 5.0.5042.2 and
analysis was performed using Mass Hunter Qualitative Analysis ver.
B.05.00 Build 5.0.519.13. Acquisition parameters: mode, ESI; drying
gas flow, 11 L/min; nebuliser pressure, 45 psi; drying gas temper-
ature, 325 °C; voltages: capillary, 4000 V; fragmentor, 160 V;
skimmer, 65 V; octapole RF, 750 V; scan range, 100—1500 m/z;
positive ion mode internal reference ions, m/z 121.050873 and
922.009798. LC conditions: Agilent Zorbax SB-C18 Rapid Resolution
HT (2.1 x 50 mm, 1.8 mm column), 30 °C; sample (5 mL) was eluted
using a binary gradient (solvent A: 0.1% aq. HCO2H; solvent B: 0.1%
HCO,H in CH3CN; 5-100% B [3.5 min], 0.5 mL/min).

CExperimental conditions: 'H and '*C NMR spectra were recorded
at 300 MHz and 75 MHz respectively on a Varian Mercury 2000
spectrometer.
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Infrared spectra were recorded on a Shimadzu FTIR 8400s
spectrometer as thins films on NaCl plates or as solids using a
Perkin Elmer Spectrum 100 FT-IR spectrometer fitted with a dia-
mond window universal ATR sampling accessory.

5.1. General procedure Al: synthesis of the benzoxazole core

To 34 mL of polyphosphoric acid (1.5 g/mmol of limiting re-
agent) was added 2-amino-3-hydroxypyridine (1.0 eq) and the
relevant benzoic acid (1.1 eq). The mixture was heated to 220 °C
and stirred for 4 h, cooled and poured into 10% sodium bicarbonate
solution. The suspension was stirred until gas evolution ceased,
then filtered and washed with water. The aqueous medium was
extracted three times with ethyl acetate. The combined organic
layers were then washed with brine, dried with sodium sulphate
and the solvent was removed in vacuo. Purification by column
chromatography on silica gel, eluting cyclohexane/ethyl acetate
20—-50% to give the desired benzoxazole core.

5.2. General procedure A2: synthesis of the benzoxazole core

To 34 mL of polyphosphoric acid (1.5 g/mmol of limiting re-
agent) was added 2-amino-3-hydroxypyridine (1.0 eq) and the
relevant benzoic acid (1.1 eq). The mixture was heated to 180 °C and
stirred for 4 h, cooled and poured into 5 M sodium hydroxide. The
resulting precipitate was filtered and recrystallised from ethyl ac-
etate to give the desired benzoxazole core.

5.3. General procedure B1: amide coupling

To a solution of the benzoxazole core (1.0 eq) in DCM (2 mL) was
added the carboxylic acid (1.2 eq), EDCI (1.2 eq) and DMAP (0.1 eq).
The solution was stirred under nitrogen at 45 °C overnight.

Work-up 1 (W1): The solution was extended with DCM, a satu-
rated solution of sodium bicarbonate was added and the mixture
was extracted three times with DCM. The combined organic layers
were then washed with brine, dried with sodium sulphate and the
solvent was removed in vacuo. Purification by column chromatog-
raphy on silica gel, eluting ethyl acetate/cyclohexane 50:50 led to
the desired carboxamide.

Work-up 2 (W2): Water (approximately 2 mL) was added to the
reaction mixture and it was transferred to the fridge overnight. The
resulting precipitate was filtered and gave the desired carboxamide.

5.4. General procedure B2: amide coupling

To a solution of the benzoxazole core (1.0 eq) in DMF
(10 mL/mmol of limiting reagent) was added the carboxylic acid
(1.2 eq), HBTU (1.2 eq) and triethylamine (5.0 eq). The solution
was stirred under nitrogen at 45 °C overnight. The solution was
extended with ethyl acetate, a saturated solution of sodium bicar-
bonate was added and the mixture was extracted three times with
ethyl acetate. The combined organic layers were then washed with
brine, dried with sodium sulphate and the solvent was removed in
vacuo. Purification by column chromatography on silica gel, eluting
ethyl acetate/cyclohexane 50:50 led to the desired carboxamide.

5.5. General procedure C1: Suzuki coupling

A solution of N-(3-(6-bromooxazolo[4,5-b]pyridin-2-yl)phenyl)
furan-2-carboxamide (1.0 eq), boronic acid (3.3 eq) and Pd(PPhs)4
(0.1 eq) in toluene:ethanol:2 M aqueous sodium carbonate (10:1:1
15 mL total volume/0.1 mmol of limiting reagent) was refluxed for
10 h under an atmosphere of nitrogen. Ethyl acetate (20 mL) was
added and the organic phase washed with saturated solution

sodium bicarbonate (2 x 10 mL). The organic extract was dried with
sodium sulphate, filtered and evaporated to give the crude product
which was purified by flash chromatography, eluting 1:1 ethyl
acetate/hexane to give the desired compound.

5.6. General procedure D1: N-methylation

To a solution of N-(4-chloro-3-(oxazolo[4,5-b]pyridin-2-yl)
phenyl)benzamide (0.029 mmol) in DMF (1 mL) was added methyl
iodide (0.043 mmol) and caesium carbonate (0.086 mmol). The
mixture was stirred at room temperature under a nitrogen atmo-
sphere overnight. The reaction was diluted with ethyl acetate
before washing with saturated sodium carbonate. The aqueous
layer was extracted three times with ethyl acetate and the com-
bined organic layers were washed with brine and dried with so-
dium sulphate. The solvent was removed in vacuo and the crude
solid was purified on silica gel, eluting with n-heptane/ethyl acetate
1:2, to give the desired compound.

5.7. General procedure E1: oxidative addition

To a solution of oxazolo[4,5-b]pyridine (52) (1.0 eq) in dry DMF
(30 mL/mmol of limiting reagent) was added the relevant bromo-
furancarboxamide (2.0 eq), caesium carbonate (1.1 eq), tri-tert-
butylphosphonium hexaboron salt (0.1 eq), palladium diacetate
(0.05 eq) and copper bromide (0.2 eq). The mixture was stirred for
3 h at 150 °C in a sealed tube. After filtration and expansion with
ethyl acetate, the solution was washed with saturated sodium bi-
carbonate. The combined organic layers were washed with brine and
dried with sodium sulphate. The solvent was removed in vacuo and
the crude material was purified on silica gel, eluting DCM. Further
purification by preparative TLC was carried out with an eluent of
n-heptanes/ethyl acetate 1:2 to give the desired compound.

5.8. Compound characterisation

5.8.1. 4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)-aniline (50)"

Title compound was prepared according to General procedure
Al to give a yellow powder (20%). LRMS [M + H|" 246.1 m/z;
HRMS [M + H]* 246.0426 mj/z, found 246.0431 m/z; 'H NMR
(DMSO, 300 MHz) 6 8.59 (dd, ] = 4.9, 1.4 Hz, 1H), 8.27 (dd, ] = 8.2,
1.4 Hz, 1H), 7.51 (dd, ] = 8.2, 4.9 Hz, 1H), 7.41 (d, ] = 2.8 Hz, 1H), 7.32
(d,J=8.7Hz,1H), 6.83 (dd, ] = 8.7, 2.8 Hz, 1H), 5.70 (s, 2H); '>*C NMR
(DMSO, 101 MHz) 6 164.0, 155.5, 148.6, 147.2, 142.2, 132.2, 125.2,
121.5,119.7,119.0, 118.1, 116.5.

5.8.2. N-(4-Chloro-3-(oxazolo[4,5-bpyridin-2-yl)phenyl)furan-2-
carboxamide (1)°

Title compound was prepared from 50 according to General
procedure B1 (W1) as a brown solid (51%). LRMS [M + H]" 340.1
m/z; HRMS [M + H]* 340.0483 m/z, found 340.0483 m/z; 'H NMR
(DMSO, 400 MHz) 6 10.62 (s, 1H), 8.75 (d, ] = 2.6 Hz, 1H), 8.62 (dd,
J =438, 0.8 Hz, 1H), 8.32 (dd, J = 8.2, 0.8 Hz, 1H), 8.07 (dd, ] = 8.8,
2.6 Hz, 1H), 8.03—7.93 (m, 1H), 7.72 (d, ] = 8.8 Hz, 1H), 7.54 (dd,
J=82,49 Hz, 1H), 7.41 (d, ] = 3.5 Hz, 1H), 6.74 (dd, ] = 3.5, 1.7 Hz,
1H); 3C NMR (DMSO, 101 MHz) ¢ 162.6, 156.5, 155.0, 147.0, 146.3,
142.6,138.2,131.9,126.5,124.8,124.7,122.9,121.4,119.4,115.5,112.4,
Note: there is a quaternary carbon missing from the NMR which is
assumed to be under one of the other peaks.

5.8.3. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-3-
methylfuran-2-carboxamide (2)

The title compound was prepared from 50 according to General
procedure B1 (W1) except purification was performed by column
chromatography, eluting 0—40% methanol in DCM. Further
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purification was performed using the HPLC, to give the title com-
pound as an off-white solid (21%). LRMS [M + H]" 354.1 m/z; HRMS
[M + H]* 354.0640 m/z, found 354.0637 m/z; 'H NMR (DMSO,
400 MHz) 6 10.51 (s, 1H), 8.84 (d, ] = 2.6 Hz, 1H), 8.61 (dd, ] = 4.8,
1.4 Hz, 1H), 8.32 (dd, ] = 8.2, 1.4 Hz, 1H), 8.03 (dd, ] = 8.9, 2.7 Hz, TH),
7.84 (d, ] = 1.7 Hz, 1H), 7.68 (d, J = 8.8 Hz, 1H), 7.53 (dd, ] = 8.2,
4.8 Hz, 1H), 6.62 (d, J = 1.6 Hz, 1H), 2.36 (s, 3H); '*C NMR (DMSO,
101 MHz) 6 162.7,157.6, 155.0, 146.9, 144.1, 142.5, 141.4, 138.3, 131.7,
128.8,126.3, 124.8, 124.7,122.8, 121.4, 119.4, 115.9, 11.1.

5.8.4. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)isoxazole-
5-carboxamide (3)*

Title compound was prepared from 50 according to General
procedure B1 (W1) as an off-white solid (42%). LRMS [M + H]*
341.2 m/z; "H NMR (DMSO0, 300 MHz) 6 11.14 (br s, 1H), 8.83 (m, 1H),
8.75 (m, 1H), 8.61 (m, 1H), 8.32 (m, 1H), 8.07 (m, 1H), 7.70
(d,J = 8.8 Hz, 1H), 7.53 (m, 1H), 7.30 (m, 1H).

5.8.5. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-
5-carboxamide (4)*

Title compound was prepared from 50 according to General
procedure B1 (W1) as a brown solid (9%). LRMS [M + H]" 341.1
m/z; 'H NMR (DMSO, 300 MHz) 6 10.86 (br s, 1H), 8.68 (d, ] = 2.6 Hz,
1H), 8.67 (m, 1H), 8.61 (dd, J = 4.9, 1.4 Hz, 1H), 8.32 (dd, J = 8.2,
1.5 Hz, 1H), 8.03 (dd, J = 8.9, 2.7 Hz, 1H), 8.02 (s, 1H), 7.73
(d,J = 8.8 Hz, 1H), 7.53 (dd, ] = 8.2, 4.9 Hz, 1H).

5.8.6. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-3-
carboxamide ( 5)"

Title compound was prepared from 50 according to General
procedure B1 (W1) as a yellow solid (35%). LRMS [M + H]* 340.1 m/
z; HRMS [M + H]* 340.0483 m/z, found 340.0483 m/z; '"H NMR
(DMSO0, 400 MHz) 6 10.32 (s, 1H), 8.67 (d, ] = 2.6 Hz, 1H), 8.61 (dd,
J=438,14Hz,1H),8.43 (dd,] = 1.5,0.8 Hz, 1H), 8.31 (dd, ] = 8.2, 1.4 Hz,
1H), 8.06 (dd, J = 8.8, 2.7 Hz, 1H), 7.83 (t, ] = 1.7 Hz, 1H), 7.71 (d,
J=88Hz,1H),7.53(dd,J = 8.2,4.8 Hz,1H), 7.03 (dd, ] = 1.9, 0.8 Hz, 1H);
13C NMR (DMSO, 101 MHz) 6 162.6, 160.8, 154.9, 147.0, 146.3, 144.5,
142.5,138.4,131.9,126.3, 124.7, 124.4,122.6, 122.6, 121.4,119.4, 109.2.

5.8.7. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)thiazole-
4-carboxamide ( 6)”

Title compound was prepared from 50 according to General
procedure B1 (W1) as a yellow solid (83%). LRMS [M + H]" 357.1
m/z; HRMS [M + H]* 357.0208 m/z, found 357.0207 m/z; 'H NMR
(DMSO, 400 MHz) 6 10.87 (s, 1H), 9.31 (d, J = 2.0 Hz, 1H), 8.94 (d,
J=2.6Hz, 1H), 8.63 (dd, ] = 4.8, 1.4 Hz, 1H), 8.58 (d, ] = 2.0 Hz, 1H),
8.34 (dd, ] = 8.2, 1.4 Hz, 1H), 8.14 (dd, ] = 8.9, 2.7 Hz, 1H), 7.74 (d,
J = 8.8 Hz, 1H), 7.56 (dd, J = 8.2, 4.8 Hz, 1H); 'C NMR (DMSO,
101 MHz) 6 164.8,160.2,155.4,152.2,152.2,147.8,143.4,138.9,137.0,
132.0, 131.6, 130.3, 130.0, 128.2, 126.6, 124.6.

5.8.8. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-1H-
pyrazole-3-carboxamide (7)°

Title compound was prepared from 50 according to General
procedure B1 (W1) as an off-white solid (79%). LRMS [M + H]"
340.1 m/z; "TH NMR (DMSO, 300 MHz) ¢ 10.54 (br s, 1H), 8.85 (d,
J = 1.4 Hz, 1H), 8.60 (d, ] = 4.8 Hz, 1H), 8.30 (m, 1H), 8.09 (m, 1H),
7.88 (s, 1H), 7.68 (dd, J = 8.8, 0.9 Hz, 1H), 7.52 (m, 1H), 6.84 (s, 1H),
Note: the pyrazole —NH signal is presumed to be downfield of the
sweep width used.

5.8.9. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-1H-
imidazole-4-carboxamide (8)°

To a solution of 50 (0.204 mmol) in DMF (2 mL) was added
4-imidazole carboxylic acid (0.286 mmol), HBTU (0.286 mmol) and

triethylamine (0.612 mmol). The solution was stirred under nitrogen
at room temperature overnight. A white solid precipitated out of the
solution. Filtration and trituration of the precipitate solid led to the
title compound as a white solid (20%). LRMS [M + H|" 340.1 m/z.

5.8.10. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)
benzofuran-2-carboxamide (9)*

To a solution of 50 (0.204 mmol) in DCM (2 mL) was added
benzofuran-2-carboxylic acid (0.244 mmol), EDCI (0.244 mmol)
and DMAP (0.0204 mmol). The solution was stirred under nitrogen
at 45 °C overnight. A white solid precipitated out of the solution.
Filtration and trituration with DCM led to the clean product as a
purple solid (61%). LRMS [M + H]* 390.2 m/z; 'TH NMR (CDCls,
300 MHz) 6 8.69 (br's, 1H), 8.65 (d, ] = 4.8 Hz, 1H), 8.54 (d, ] = 2.6 Hz,
1H), 8.11 (dd, J = 8.8, 2.9 Hz, 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.71 (d,
J =7.9Hz, 1H), 7.66 (s, 1H), 7.57 (m, 2H), 7.39 (dd, ] = 8.1, 4.9 Hz, 1H),
7.33 (m, 2H).

5.8.11. N-(4-Chloro-3-(oxazolo[4,5-bpyridin-2-yl)phenyl)
benzamide (10)°

Title compound was prepared from 50 according to General
procedure B1 (W1) as an off-white solid (69%). LRMS [M + H]"
350.1 m/z; HRMS [M + H]* 350.0691 m/z, found 350.0686 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.66 (s, 1H), 8.81 (d, ] = 2.6 Hz, 1H), 8.62
(dd,J =4.8,1.4 Hz,1H), 8.33 (dd,] = 8.2,1.4 Hz, 1H), 8.10 (dd, ] = 8.8,
2.6 Hz, 1H), 8.05—7.95 (m, 2H), 7.74 (d,] = 8.8 Hz, 1H), 7.69—7.48 (m,
4H); 3C NMR (DMSO, 101 MHz) 6 165.9, 162.7, 155.0, 147.0, 142.6,
138.7, 134.3, 132.0, 131.9, 128.5, 127.8, 126.4, 124.7, 124.7, 122.9,
1214, 1194.

5.8.12. N-(4-Chloro-3-(oxazolo[4,5-bpyridin-2-yl)phenyl)-2-
methoxybenzamide (11)*

Title compound was prepared from 50 according to General
procedure B1 (W1) as an orange solid (58%). LRMS [M + H]*
380.2 m/z; 'H NMR (CDCls, 300 MHz) 6 10.88 (br s, 1H), 8.80
(m, 2H), 8.77 (d, ] = 2.3 Hz, 1H), 8.60 (dd, ] = 4.7, 1.4 Hz, 1H), 8.32
(m, 1H), 8.07 (dd, J = 8.3, 2.5 Hz, 1H), 7.89 (d, ] = 6.0 Hz, 2H), 7.75
(d,J = 8.7 Hz, 1H), 7.52 (m, 1H), 4.1 (s, 3H).

5.8.13. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-3-
methoxybenzamide (12)"

Title compound was prepared from 50 according to General
procedure B1 (W1) as a dark brown solid (52%). LRMS [M + H]*
380.2 m/z; 'H NMR (CD3CN, 300 MHz) & 9.02 (br s, 1H), 8.74 (d,
J=2.6Hz,1H),8.59(d, ] = 4.9 Hz, 1H),8.10 (d, ] = 8.2 Hz, 1H), 7.96 (m,
1H), 7.63 (m, 1H), 7.53 (m, 1H), 7.47 (m, 3H), 716 (m, 1H), 3.88 (s, 3H).

5.8.14. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl )phenyl)
picolinamide (13)*

Title compound was prepared from 50 according to General
procedure B2 as a yellow solid (34%). LRMS [M + H]* 351.1 m/z; 'H
NMR (CD30D, 300 MHz) ¢ 7.06 (m, 2H), 6.66 (dd, ] = 8.4, 1.5 Hz, 1H),
6.44 (m, 1H), 6.00 (m, 4H), 5.80 (m, 1H), 5.40 (m, 1H). Note: the
amide proton can be seen in the 'H NMR when run in DMSO at
11.11 ppm.

5.8.15. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl )phenyl)
isonicotinamide (14)

To a solution of 50 (0.204 mmol) in DCM (2 mL) and DMF
(0.2 mL) was added isonicotinic acid (0.244 mmol), EDCI
(0.244 mmol) and DMAP (0.0204 mmol). The solution was stirred
under nitrogen at 45 °C. After 3 h a white solid precipitated out of
the solution. The mixture was filtered and triturated with DCM,
which led to the title compound as a white solid (35%). LRMS
[M + H]* 351.1 m/z; HRMS [M + H]* 351.0643 m/z, found 351.0637
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m/z; "H NMR (DMSO, 400 MHz) 4 10.90 (s, 1H), 8.93—8.71 (m, 3H),
8.62 (dd, ] = 4.8, 1.4 Hz, 1H), 8.33 (dd, J = 8.2, 1.4 Hz, 1H), 8.09 (dd,
J = 8.8,2.6 Hz, 1H), 7.91 (dd, ] = 4.5, 1.6 Hz, 2H), 7.76 (d, ] = 8.8 Hz,
1H), 7.55 (dd, J = 8.2, 48 Hz, 1H); °C NMR (DMSO, 101 MHz)
6 164.8, 163.0, 155.4, 150.9 (2C), 147.5, 143.0, 142.8, 141.8, 138.6,
132.5,127.5, 125.3, 123.5, 122.1 (2C), 121.9, 119.9.

5.8.16. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)
nicotinamide (15 )”

Title compound was prepared from 50 according to General
procedure B1 (W1) as a white solid (69%). LRMS [M + H]" 351.1
mfz; HRMS [M + H]* 351.0643 m/z, found 351.0640 m/z; 'H NMR
(DMSO, 400 MHz) 6 10.87 (s, 1H), 9.17 (dd, ] = 2.3, 0.7 Hz, 1H), 8.80
(dd, ] = 4.5,1.9 Hz, 2H), 8.64 (dd, ] = 4.8, 1.4 Hz, 1H), 8.40—8.30 (m,
2H), 8.10 (dd, J = 8.8, 2.7 Hz, 1H), 7.77 (d, ] = 8.8 Hz, 1H), 7.62 (ddd,
] = 8.0, 4.8, 0.8 Hz, 1H), 7.56 (dd, | = 8.2, 4.8 Hz, 1H); >C NMR
(DMSO, 101 MHz) ¢ 164.5, 162.6, 154.9, 152.6, 142.6, 138.4, 135.7,
135.6, 132.0, 130.0, 126.8, 124.8, 124.8, 123.6 (2C), 121.4 (2C), 119.4.

5.8.17. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-2-
methoxyacetamide (16)"

Title compound was prepared from 50 according to General
procedure B2 as a yellow solid (79%). LRMS [M + H]* 318.2 m/z; 'H
NMR (DMSO, 300 MHz) § 10.21 (br s, 1H), 8.67 (d, ] = 2.5 Hz, TH),
8.60(dd, ] =4.8,1.3 Hz, 1H), 8.30(d,J = 8.2 Hz, 1H), 7.93 (dd, ] = 8.8,
2.6 Hz, 1H), 7.66 (d,] = 8.8 Hz, 1H), 7.51 (dd, ] = 8.2, 4.8 Hz, 1H), 4.04
(s, 2H), 3.38 (s, 3H).

5.8.18. 3-(Oxazolo[4,5-b]pyridin-2-yl)aniline (51 )

Title compound was prepared according to General procedure
Al as a pale-yellow solid (35%). LRMS [M + H]" 212.2 m/z; H
NMR (DMSO, 400 MHz) ¢ 8.53 (dd, ] = 4.9, 1.4 Hz, 1H), 8.22 (dd,
J = 81,14 Hz, 1H), 7.60—7.33 (m, 3H), 7.27 (t, ] = 7.8 Hz, 1H), 6.85
(ddd, J = 8.0, 2.3, 1.0 Hz, 1H), 5.55 (s, 2H); *C NMR (DMSO,
101 MHz) 6 165.6, 155.6, 149.5, 146.3, 142.6, 129.8, 126.3, 120.5,
118.8, 118.0, 114.9, 112.3.

5.8.19. N-(3-(Oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide ( 17)"

To a solution of 51 (0.142 mmol) in DCM (2 mL) was added
2-furoic acid (0.199 mmol), EDCI (0.199 mmol) and DMAP
(0.0142 mmol). The solution was stirred under nitrogen at 45 °C
overnight. The solution was stirred under nitrogen at 45 °C over-
night. A white solid precipitated from the solution. Filtration and
trituration with DCM led to the title compound as a brown solid
(51%). LRMS [M + H]" 306.1 m/z; HRMS [M + H]" 306.0873 m|/z,
found 306.0871 m/z; 'H NMR (DMSO0, 400 MHz) 6 10.62 (s, 1H), 8.80
(t,J] = 1.8 Hz, 1H), 8.57 (dd, ] = 4.9, 1.4 Hz, 1H), 8.30 (dd, J = 8.2,
14 Hz,1H), 8.08 (ddd, = 8.2,2.1,1.0 Hz, 1H), 8.02—7.89 (m, 2H), 7.61
(t,J=8.0Hz, 1H), 7.50 (ddd, J = 6.6, 4.8, 4.0 Hz, 2H), 6.72 (dd, ] = 3.5,
1.7 Hz, 1H); '*C NMR (DMSO0, 101 MHz) 6 165.0, 156.6, 155.2, 147.2,
146.2 (2C), 143.1,139.7, 129.9, 126.2, 124.3, 122.9, 121.0, 119.7, 119.1,
1154, 112.3.

5.8.20. 3-Methyl-N-(3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (18)°

Title compound was prepared from 51 according to General
procedure B1 (W2) as an off-white solid (48%). LRMS [M + H]"
320.1 m/z; HRMS [M + H]* 320.1030 m/z, found 320.1040 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.42 (s, 1H), 8.89 (t, ] = 1.8 Hz, 1H), 8.57
(dd, J = 4.9, 1.4 Hz, 1H), 8.29 (dd, ] = 8.2, 1.4 Hz, 1H), 8.10—-7.90 (m,
2H), 7.85(d,J = 1.5 Hz, 1H), 7.61 (t, ] = 8.0 Hz, 1H), 7.49 (dd, ] = 8.2,
49 Hz, 1H), 6.64 (d, J = 1.4 Hz, 1H), 2.39 (s, 3H); *C NMR (DMSO,
101 MHz) 6 164.9,157.7,155.5, 146.6, 143.9, 142.8, 141.6, 139.6, 129.7,
128.4,126.2,124.2,122.7,120.8, 119.1, 119.0, 115.8, 11.7.

5.8.21. N-(3-(Oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-5-
carboxamide ( 19)”

Title compound was prepared from 51 according to General
procedure B1 (W2) as a pale-orange solid (70%). LRMS [M + H|*
307.1 mjz; HRMS [M + H]" 307.0826 m/z, found 307.0837 m/z; H
NMR (DMSO, 400 MHz) 6 10.76 (s, 1H), 8.74 (dd, ] = 8.3, 6.6 Hz, 2H),
8.58 (dd, J = 4.8, 1.3 Hz, 1H), 8.29 (dd, ] = 8.2, 1.3 Hz, 1H), 8.12—7.94
(m, 3H), 7.66 (t, ] = 8.0 Hz, 1H), 7.50 (dd, J = 8.2, 4.9 Hz, 1H); 13C
NMR (DMSO, 101 MHz) 6 164.6, 155.4, 155.2, 154.1, 146.6, 144.9,
142.8, 139.1, 130.5, 130.0, 126.4, 124.2,123.2, 120.9, 119.1, 119.1.

5.8.22. N-(3-(Oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-3-
carboxamide (20)"

Title compound was prepared from 51 according to General
procedure B1 (W1) as an off-white solid (79%). LRMS M™ 305.0
m/z; HRMS M* 305.08004 m/z, found 305.08019 m/z; 'H NMR
(CDCl3, 300 MHz) 6 8.54 (d, ] = 5.1 Hz, 1H), 8.28 (s, 1H), 8.45 (s, 1H),
8.15 (d, ] = 0.9 Hz, 1H), 8.00 (m, 2H), 7.82 (dd, ] = 8.1, 3.6 Hz, 1H),
7.50—7.45 (m, 2H), 7.29 (t, ] = 4.8 Hz, 1H), 6.83 (d, ] = 3.6 Hz, 1H); 13C
NMR (CDCls, 75 MHz) 6 165.4,161.3,156.4, 146.9, 145.8, 144.3, 143 .4,
138.8, 130.1, 127.2, 124.5, 124.1, 123.0, 120.5, 119.7, 118.6, 108.7.

5.8.23. N-(3-(Oxazolo[4,5-b]pyridin-2-yl)phenyl)thiazole-4-
carboxamide (21)°

Title compound was prepared from 51 according to General
procedure B2 as a pale-yellow solid (20%). LRMS [M + H]* 323.1 m/
z; HRMS [M + H]* 323.0597 m/z, found 323.0613 m/z; 'TH NMR
(DMSO, 400 MHz) 6 10.75 (s, 1H), 9.32 (d, J = 2.0 Hz, 1H), 8.97 (t,
J =18 Hz, 1H), 8.70—8.46 (m, 2H), 8.29 (dd, ] = 8.2, 1.4 Hz, 1H), 8.11
(ddd,J = 8.2, 2.1, 0.9 Hz, 1H), 8.05—7.93 (m, 1H), 7.64 (t, ] = 8.0 Hz,
1H), 7.50 (dd, ] = 8.2, 4.9 Hz, 1H); *C NMR (DMSO, 101 MHz) 6 164.7,
159.5, 155.5, 155.2, 150.4, 146.6, 142.8, 139.5, 129.8, 126.3, 126.1,
124.5,123.0, 120.8, 119.2, 119.1.

5.8.24. Oxazolo[4,5-b]pyridine (52)°

To a solution of 2-amino-3-hydroxypyridine (90.1 mmol) in
triethylorthoformate (720.7 mmol) was added p-toluenesulphonic
acid (4.50 mmol) and the mixture was stirred under nitrogen at
160 °C overnight. The triethylorthoformate was removed in vacuo
and the crude material was purified by column chromatography,
eluting with cyclohexane/ethyl acetate 5%—40% to give the title
compound as a beige solid (68%). LRMS [M + H|" 121.1 m/z;
TH NMR (DMSO, 400 MHz) 6 9.04 (s, 1H), 8.58 (dd, ] = 4.8, 1.4 Hz,
1H), 8.26 (dd, ] = 8.2, 1.4 Hz, 1H), 7.50 (dd, ] = 8.2, 4.8 Hz, 1H), 6.41
(s, 2H); 13C NMR (DMSO, 101 MHz) 6 157.7, 154.5, 147.1,142.0,121.5,
120.1.

5.8.25. 2-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)aniline (53)”

Title compound was prepared according to General procedure
A2 as a dark-red solid (48%). LRMS [M + H]" 226.2 m/z; HRMS
[M + H]* 226.0975 m/z, found 226.0975 m/z; '"H NMR (DMSO,
400 MHz) 6 8.54 (dd, J = 4.9, 1.4 Hz, 1H), 8.21 (dd, ] = 8.1, 1.4 Hz, TH),
7.45 (dd, J = 8.1, 4.9 Hz, 1H), 7.28 (dd, ] = 7.7, 1.0 Hz, 1H), 7.12 (t,
J=7.8Hz,1H),6.92 (dd,J=7.9,0.9 Hz, 1H), 5.26 (s, 2H), 2.48 (s, 3H);
13C NMR (DMSO, 101 MHz) 6 166.1,155.5, 148.1, 146.2, 142.1, 126.4,
125.7,121.5, 120.6, 118.8, 117.9, 117.5, 14.3.

5.8.26. N-(2-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl )phenyl )furan-2-
carboxamide (22)”

Title compound was prepared from 53 according to General
procedure B1 (W2) as a pale-yellow solid (68%). 'H NMR (DMSO,
400 MHz) 6 10.13 (s, 1H), 8.59 (dd, J = 4.9, 1.4 Hz, 1H), 8.29 (dd,
J=8.2,14 Hz, 1H), 8.10—8.02 (m, 1H), 7.97 (dd, ] = 1.7, 0.8 Hz, 1H),
7.62 (d,] = 6.8 Hz, 1H), 7.55—7.44 (m, 2H), 7.35 (dd, J = 3.5, 0.7 Hz,
1H), 6.74 (dd, ] = 3.5, 1.8 Hz, 1H), 2.63 (s, 3H).
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5.8.27. 3-Amino-2-fluorobenzoic acid (54)”

0.05 M Solution of 2-fluoro-3-nitrobenzoic acid (0.27 mmol)
was made up in 50:50 ethyl acetate/ethanol (54 mL). This was
loaded on to the ThalesNano H-Cube® with a 10% Pd/C CatCart®.
The reaction was monitored by LRMS until no more starting ma-
terial was present and the solvent was removed under reduced
pressure to give the amine as a pale-yellow solid (95%). There was a
small amount of starting material by 'H NMR though it was not
possible to separate the two compounds and so the material was
used directly in the next reaction. LRMS [M + H]* 156.1 m/z; 'H
NMR (DMSO, 400 MHz) ¢ 7.03—6.83 (m, 3H), 5.32 (s, 2H).

5.8.28. 2-Fluoro-3-(oxazolo[4,5-bJpyridin-2-yl)aniline (55)°

Title compound was prepared using 53 according to General
procedure A2 as a pale-brown solid (63%). LRMS [M + H|" 230.1
m/z; HRMS [M + H]* 230.0724 m/z, found 230.0723 m/z; 'H NMR
(DMSO, 400 MHz) ¢ 8.58 (dd, ] = 4.9, 1.4 Hz, 1H), 8.26 (dd, J = 8.2,
1.4Hz,1H), 749 (dd, ] = 8.2,4.9 Hz, 1H), 7.35 (ddd, ] = 7.8, 6.1, 1.8 Hz,
1H), 715—-7.01 (m, 2H), 5.57 (s, 2H); '*C NMR (DMSO, 101 MHz)
0162.3 (Jc—p =4 Hz),155.2,148.5 (Jc_f = 252 Hz), 146.7,142.4,138.0
(Je—r =12 Hz), 1249 (Jc—f = 4 Hz), 120.9, 119.95 (Jc—r = 5 Hz), 119.],
116.2,113.9 (Jc-F = 8 Hz).

5.8.29. N-(2-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (23)°

Title compound was prepared from 55 according to General
procedure B1 (W2) as a pale-brown solid (44%). 'H NMR (DMSO,
400 MHz) 6 10.27 (s, 1H), 8.61 (dd, ] = 4.8, 1.4 Hz, 1H), 8.32 (dd,
J =8.2,1.4 Hz, 1H), 8.19—-8.08 (m, 1H), 8.00 (dd, J = 1.6, 0.7 Hz, 1H),
7.96—7.87 (m, 1H), 7.58—7.44 (m, 2H), 7.41 (dd, J = 3.5, 0.7 Hz, 1H),
6.75 (dd, J = 3.5, 1.8 Hz, 1H).

5.8.30. 2-(2-Chloro-3-nitrophenyl)oxazolo[4,5-b]pyridine (56)°
Title compound was prepared according to General procedure
A2 as a pale-yellow solid (60%) and used directly in the next reac-
tion without further purification. "TH NMR (CDCls, 300 MHz) 6 7.24
(dd,J=8.4,5.1 Hz,1H), 7.61 (t,] = 8.1 Hz, 1H), 7.94 (ddd, ] = 21.9, 8.1,
1.5 Hz, 2H), 8.43 (dd, ] = 7.8, 1.5 Hz, 1H), 8.68 (J = 4.8, 1.5 Hz, 1H).

5.8.31. 2-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)aniline (57)

56 (1.45 mmol) was reduced by heating with iron powder
(4.35 mmol) and concentrated hydrochloric acid (20.3 mmol) in
refluxing ethanol (5 mL). The reaction mixture was diluted and
basified with a saturated sodium bicarbonate solution. The aqueous
phase was extracted with ethyl acetate (3 x 30 mL) and the extract
was dried with sodium sulphate, filtered and evaporated to give the
title compound as a brown solid (66%). LRMS M* 245.0 m/z; HRMS
M* 245.03559 mfz, found 245.03559 mjz; 'H NMR (CDCls,
300 MHz) 6 8.60 (s, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.70 (d, ] = 7.5 Hz,
1H), 7.35—7.19 (m, 3H), 6.97 (d, ] = 6.9 Hz, 1H).

5.8.32. N-(2-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (24)°

Title compound was prepared from 57 according to General
procedure B1 (W1) as a pale-brown solid (54%). LRMS M™ 339 m/z;
HRMS M* 339.04107 mjz, found 339.04141 m/z; '"H NMR (CDCls,
300 MHz) 6 9.02 (s, 1H), 8.78 (dd, ] = 8.4,1.5 Hz, 1H), 8.64 (dd, ] = 4.8,
1.5 Hz, 1H), 7.96 (J = 144, 8.1,1.5 Hz, 2H), 7.60 (d, ] = 2.7 Hz, 1H), 7.49
(t,J=8.4Hz,1H),7.37(dd,] = 8.1,4.8 Hz,1H),7.31 (d,] =4.5Hz,1H), 6.6
(dd,J = 3.6,1.8 Hz, 1H).

5.8.33. 4-(Oxazolo[4,5-b]pyridin-2-yl)pyridin-2-amine (58)

Title compound was prepared according to General procedure
A1 as a pale-brown solid (36%). LRMS [M + H]* 213.2 m/z; HRMS
[M + HJ* 213.0771 m/z, found 213.0774 m/z; '"H NMR (DMSO,

400 MHz) 6 8.85 (d, ] = 5 Hz, 1H), 8.75 (dd, ] = 5, 1 Hz, 1H), 7.83
(m, 1H), 7.65 ( dd, J = 7, 5 Hz, 1H), 7.58 (d, ] = 7 Hz, 1H), 7.38
(dd, J = 5, 2 Hz, 1H), 6.25 (s, 2H).

5.8.34. N-(4-(Oxazolo[4,5-b]pyridin-2-yl)pyridin-2-yl)furan-2-
carboxamide (25)°

Title compound was prepared from 58 according to General
procedure B2 as a pale-brown solid (85%). LRMS [M + H]" 307.1 m/
z; HRMS [M + H]™ 307.0826 m/z, found 307.0826 m/z; 'H NMR
(DMSO, 400 MHz) 6 9.23 (s, 1H), 8.59 (dd, ] = 4.8, 1.4 Hz, 1H), 8.31 (s,
1H), 8.28 (dd, J = 8.2, 1.4 Hz, 1H), 8.16 (d, J = 5.2 Hz, 1H), 7.52 (dd,
J = 82,48 Hz, 1H), 7.29—7.23 (m, 1H), 7.20 (dd, ] = 5.2, 1.5 Hz, 1H),
6.42 (s, 2H); '>C NMR (DMSO0, 101 MHz) § 170.9, 162.6, 159.0, 1574,
148.2,147.5,147.0,146.0, 143.8, 142.6, 114.7,114.4,113.6, 112.8, 107.3,
102.1.

5.8.35. 2-Methoxy-5-(oxazolo[4,5-b]pyridin-2-yl)aniline (59)

Title compound was prepared according to General procedure
A2 as a pale-brown solid (85%). LRMS [M + H]* 242.2 m/z; 'H
NMR (DMSO, 400 MHz) ¢ 8.48 (dd, J = 4.9, 1.4 Hz, 1H), 8.15 (dd,
J=8.1,14Hz, 1H), 7.54 (d, ] = 2.2 Hz, 1H), 748 (dd, | = 8.3, 2.2 Hz,
1H), 7.39 (dd, ] = 8.1, 4.9 Hz, 1H), 7.02 (d, ] = 8.4 Hz, 1H), 5.17 (s, 2H),
3.88 (s, 3H); 13C NMR (DMSO, 101 MHz) 6 165.8, 156.0, 150.0, 146.0,
142.5,138.5, 120.0, 118.4, 118.2, 116.7, 111.9, 110.6, 55.6.

5.8.36. N-(2-Methoxy-5-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-
2-carboxamide (26)‘7

Title compound was prepared from 59 according to General
procedure B1 (W2) as a pale-brown solid (70%). LRMS [M + H]*
336.1 m/z; HRMS [M + H]* 336.0979 m/z, found 336.0976 m/z; 'H
NMR (DMSO, 400 MHz) 6 9.29 (s, 1H), 8.89 (d, J = 2.1 Hz, 1H), 8.52
(dd,J =4.9,1.4 Hz,1H), 8.22 (dd,] = 8.1,1.4 Hz, 1H), 8.08 (dd, ] = 8.6,
2.2 Hz, 1H), 7.99 (dd, ] = 1.7,0.7 Hz, 1H), 7.44 (dd, ] = 8.1, 4.9 Hz, 1H),
7.38 (dd, ] = 4.7, 4.0 Hz, 2H), 6.75 (dd, J = 3.5, 1.7 Hz, 1H), 3.34 (s,
3H); >C NMR (DMSO, 101 MHz) 6 164.8, 155.8, 155.7, 153.4, 147.0,
146.3,146.0, 142.7,127.1,125.3,120.9,120.3, 118.7,118.0, 115.4, 112.5,
112.0, 56.5.

5.8.37. 2-Methyl-5-(oxazolo[4,5-b]pyridin-2-yl)aniline ( 60)"

Title compound was prepared according to General procedure
Al as a pale-brown solid (34%). LRMS [M + H]" 226.2 m/z; HRMS
[M + HJ]* 226.0975 m/z, found 226.0979 m/z; 'H NMR (DMSO,
400 MHz) 6 8.50 (d, ] = 4.8 Hz, 1H), 7.95 (d, ] = 7.7 Hz, 1H), 7.78 (dd,
J =77, 4.8 Hz, 1H), 7.75 (d, ] = 8.4 Hz, 1H), 7.50 (s, 1H), 7.28 (d,
J = 0.3 Hz, 1H), 5.45 (s, 2H), 2.30 (s, 3H); '*C NMR (DMSO, 101 MHz)
0167.1,155.3,147.4,145.0,142.9,126.5,116.2,126.5, 122.9 (2C), 117.6,
114.1,18.1.

5.8.38. N-(2-Methyl-5-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (27)"

Title compound was prepared from 60 according to General
procedure B2 as a pale-brown solid (54%). HPLC >85% purity at
254 nm. LRMS [M + H]* 320.3 m/z; 'TH NMR (DMSO, 400 MHz)
61012 (s, 1H), 8.61 (dd, ] = 6.5, 1.8 Hz, 1H), 8.50 (dd, ] = 1.7, 0.8 Hz,
1H), 7.95 (dd, ] = 1.7,0.9 Hz, 1H), 7.65—7.75 (m, 2H), 7.46 (dd, ] = 8.5,
6.5 Hz, 1H), 7.40 (dd, ] = 8.1, 0.8 Hz, 1H), 7.29 (dd, ] = 3.4, 0.9 Hz, 1H),
6.72 (dd, J = 3.4, 1.7 Hz, 1H), 2.27 (3H); '*C NMR (DMSO0, 101 MHz)
0167.0,161.9,154.9, 148.2 (C2), 147.1,142.6, 131.4,133.1, 130.0, 123.6,
119.6 (C2), 119.6, 119.3, 115.3, 111.7, 17.3.

5.8.39. N-(2-Fluoro-5-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (28)°

Title compound was prepared according to General procedure
B2 as a pale-brown solid (72%). LRMS [M + H]" 324.1 m/z; HRMS
[M + H]* 324.0779 m/z, found 324.0779 m/z; '"H NMR (DMSO,
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400 MHz) 6 9.98 (s, 1H), 8.66 (m, 2H), 7.85—7.95 (m, 2H), 7.84 (d,
J = 8.2 Hz, 1H), 7.57 (d, ] = 8.2 Hz, 1H), 7.53 (dd, ] = 7.7, 5.3 Hz, 1H),
729(d,J = 3.4 Hz, 1H), 6.71 (dd, ] = 3.4, 1.8 Hz, 1H); 3C NMR (DMSO,
101 MHz) 6 167.0,162.7,158.3,154.9, 148.2,148.0, 143.8,142.6, 124.7,
121.9, 1211, 119.6, 119.9, 118.2, 116.2, 115.3, 111.7.

5.8.40. 2-(4-Chloro-3-nitrophenyl)oxazolo[4,5-b]pyridine (61)°

Title compound prepared according to General procedure A1 as a
grey solid (70%). "H NMR (CDCl3, 300 MHz) 6 9.16 (d, ] = 2.7 Hz, 1H),
8.70 (d,] = 4.8 Hz, 1H), 8.34 (dd, ] = 8.8, 2.7 Hz, 1H), 8.02 (dd, ] = 8.2,
1.5 Hz, 1H), 7.80 (d, ] = 8.8 Hz, 1H), 7.44 (dd, ] = 8.2, 4.8 Hz, 1H).

5.8.41. 2-Chloro-5-(oxazolo[4,5-b]pyridin-2-yl)aniline (62)°

61 (145 mmol) was reduced by heating with iron powder
(4.35 mmol) and concentrated hydrochloric acid (20.3 mmol) in
refluxing ethanol (5 mL). The reaction mixture was diluted and
basified with a saturated sodium bicarbonate solution. The aqueous
phase was extracted with ethyl acetate (3 x 30 mL) and the extract
was dried with sodium sulphate, filtered and evaporated to give the
title compound as a pale yellow solid (66%). LRMS M* 245.0 m/z;
HRMS M* 245.03559 m/z, found 245.03559 m/z; 'H NMR (CDCls,
300 MHz) 6 8.59 (d, J = 4.8 Hz, 1H), 7.85 (d, ] = 8.1 Hz, 1H), 7.74 (d,
J=21Hz,1H), 7.62 (dd, ] = 8.1, 1.8 Hz, 1H), 7.41 (d, ] = 8.1 Hz, 1H),
7.30 (dd, J = 8.1, 5.1 Hz, 1H), Note: The amine was observed as a
broad peak and so was not assigned; '*C NMR (CDCls, 75 MHz)
0 165.4, 156.5, 146.9, 143.7, 143.4, 130.3, 125.9, 123.7, 1204, 118.5,
118.4, 114.9.

5.8.42. N-(2-Chloro-5-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (29)°

Title compound was prepared from 62 according to General
procedure B1 (W1) as a pale-brown solid (47%). LRMS M™ 339.0
m/z; HRMS M* 339.04107 m/z, found 339.04141 m/z; 'H NMR
(CDCl3, 300 MHz) 6 945 (d, ] = 1.8 Hz, 1H), 8.79 (s, 1H), 8.57 (dd,
J =4.8,1.2 Hz, 1H), 8.09 (dd, ] = 8.4, 1.8 Hz, 1H), 7.88 (dd, J = 8.1,
1.5 Hz, 1H), 7.58 (d, | = 8.4 Hz, 2H), 7.33 (d, | = 4.2 Hz, 2H), 6.60
(J = 3.6, 1.8 Hz, 1H); >C NMR (DMSO, 75 MHz) é 164.7,156.3, 156.1,
147.1,146.8,145.1,143.4,135.1,127.0, 126.3, 124.7,120.6, 120.2, 118.7,
116.5, 113.1, 112.6.

5.8.43. N-(5-Bromopyridin-3-yl)furan-2-carboxamide ( 63)”

Title compound was prepared according to General procedure
B1 (W1) to give the title compound as an orange solid (9% yield).
LRMS [M + H, Br”°]* 267.0 m/z, [M + H, Br®']* 269.0 m/z; 'H NMR
(DMSO0, 400 MHz) 6 10.59 (s, 1H), 8.90 (d, ] = 2.1 Hz, 1H), 8.55—8.35
(m, 2H), 8.00 (dd, J = 1.7, 0.8 Hz, 1H), 7.39 (dd, ] = 3.5, 0.8 Hz, 1H),
6.74 (dd, J = 3.5, 1.7 Hz, 1H); '3C NMR (DMSO, 101 MHz) § 156.6,
146.7, 146 4, 144.83, 140.2, 136.4, 129.2, 119.5, 115.9, 112.5.

5.8.44. N-(5-(Oxazolo[4,5-b]pyridin-2-yl)pyridin-3-yl)furan-2-
carboxamide (30)"

Title compound was prepared from 63 according to General
procedure E1 as a brown solid (17% yield). LRMS [M + H]" 307.2
m/z; '"H NMR (CDCl3, 300 MHz) : 6 9.80 (m, 2H), 9.74 (s, 1H), 9.29 (s,
1H), 8.69 (d,] = 3.7 Hz,1H), 799 (d, ] = 8.7 Hz, 1H), 7.66 (s, 1H), 7.62
(s, 1H), 743 (dd, J = 8.1, 4.6 Hz, 1H), 6.63 (m, 1H).

5.8.45. 3-Fluoro-5-(oxazolo[4,5-b]pyridin-2-yl)aniline (64)

Title compound was prepared according to General procedure
A2 as a pale-brown solid (61%). HPLC >90% purity at 254 nm;
LRMS [M + H]* 230.1 m/z; HRMS [M + H]* 230.0724 m|z, found
230.0725 m/z; 'H NMR (DMSO, 400 MHz) § 8.64 (d, ] = 5.1 Hz, 1H),
7.72 (m, 2H), 7.52 (dd, J = 7.6, 5.2 Hz, 1H), 7.50 (br s, 1H), 7.44 (s, 1H),
5.62 (s, 2H); 'C NMR (DMSO0, 101 MHz) é 106.9, 111.2, 118.3, 121.0
(2C), 129.0, 140.1, 148.0, 150.1, 155.2, 164.4, 167.0.

5.8.46. N-(3-Fluoro-5-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (31 )b

Title compound was prepared from 64 according to General
procedure B2 as a pale brown solid (61%). LRMS [M + H]" 324.2 m/z;
HRMS [M + H]|* 324.0779 m/z, found 324.0771 m/z; '"H NMR (DMSO,
400 MHz) 6 9.65 (s, 1H), 8.69 (d, J = 5.3 Hz, 1H), 8.09 (s, 1H), 8.00 (d,
J=1.9Hz, 1H), 7.85—7.95 (m, 3H), 7.57 (dd, ] = 8.1,5.3 Hz, 1H), 7.31 (d,
] = 34 Hz, 1H), 6.74 (dd, J = 3.4, 1.7 Hz, 1H); 3C NMR (DMSO,
101 MHz) 6 110.9, 112.3, 115.3 (2C), 116.4, 119.0, 120.1, 127.9, 139.6,
143.0, 143.5, 148.2 (2C), 161.0, 162.5, 163.9, 167.0.

5.8.47. 4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)aniline (65)°

Title compound was prepared according to General procedure
Al as a pale-yellow solid (30%). LRMS [M + H]* 226.2 m/z; 'H
NMR (DMSO, 400 MHz) § 8.54 (dd, ] = 4.9, 1.4 Hz, 1H), 8.22 (dd,
] = 8.1, 1.4 Hz, 1H), 7.52—7.41 (m, 2H), 7.11 (d, ] = 8.2 Hz, 1H), 6.77
(dd, J = 8.2, 2.5 Hz, 1H), 5.30 (s, 2H), 2.59 (s, 3H); 1*C NMR (DMSO0,
101 MHz) ¢ 165.70, 155.61, 147.01, 146.23, 141.96, 132.56, 125.45,
124.77,120.51, 118.66, 117.96, 114.29, 20.85.

5.8.48. N-(4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl )furan-2-
carboxamide (32)’J

Title compound was prepared from 65 according to General
procedure B2 as an off-white solid (7% yield). LRMS [M + H]* 320.2
m/z; HRMS [M + H]* 320.1030 m/z, found 320.1027 m/z; "H NMR
(DMSO, 400 MHz) 6 10.44 (s, 1H), 8.70 (d, J = 2.3 Hz, 1H), 8.57 (dd,
J=4.9,1.4Hz, 1H), 8.28 (dd, ] = 8.1, 1.4 Hz, 1H), 8.03—7.86 (m, 2H),
7.56—7.42 (m, 2H), 7.39 (dd, J = 3.5, 0.6 Hz, 1H), 6.73 (dd, J = 3.5,
1.7 Hz, 1H), 2.75 (s, 3H); '*C NMR (DMSO0, 101 MHz) 6 164.8, 156.3,
155.5, 147.3, 146.5, 146.0, 142.1, 137.0, 134.10, 132.4, 124.9, 123.7,
121.0, 120.9, 119.0, 115.0, 112.2, 21.4.

5.8.49. 3-Methyl-N-(4-methyl-3-(oxazolo[4,5-b]pyridin-2-yl)
phenyl)furan-2-carboxamide (33)”

Title compound was prepared from 65 according to General
procedure B1 (W1) as a pale-orange solid (56%). LRMS [M + H]™"
334.2 m/z; HRMS [M + H]* 334.1186 m/z, found 334.1195 m/z;
'H NMR (DMSO0, 400 MHz) 6 10.33 (s, 1H), 8.80 (d, ] = 2.3 Hz, TH),
8.58 (dd, J = 4.9, 1.4 Hz, 1H), 8.30 (dd, J = 8.2, 1.4 Hz, 1H), 7.90
(dd, ] = 8.3, 2.3 Hz, 1H), 7.83 (d, ] = 1.7 Hz, 1H), 7.60—7.37 (m, 2H),
6.62 (d, J = 1.7 Hz, 1H), 2.75 (s, 3H), 2.38 (s, 3H); *C NMR
(DMSO, 101 MHz) ¢ 164.9, 157.5, 155.5, 146.5, 143.8, 142.1, 141.7,
137.1, 133.9, 132.3, 128.1, 124.7, 123.8, 121.0, 120.8, 118.9, 115.7,
21.3, 11.1.

5.8.50. N-(4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl Joxazole-
5-carboxamide (34)

Title compound was prepared from 65 according to General
procedure B1 (W1) as an off-white solid (67%). LRMS [M + H]*
3211 m/z; HRMS [M — H]™ 319.0837 m/z, found 319.0834 m/z; H
NMR (DMSO, 400 MHz) 6 10.68 (s, 1H), 8.77—8.62 (m, 2H), 8.58 (dd,
J=4.8,14Hz,1H),8.28 (dd, ] = 8.1, 1.4 Hz, 1H), 8.04 (s, 1H), 7.93 (dd,
] =823, 2.3 Hz, 1H), 7.61-7.40 (m, 2H), 2.76 (s, 3H); >*C NMR (DMSO,
101 MHz) 6 164.7,155.4,155.0, 154.0, 146.5, 145.0, 142.1,136.6, 134.5,
132.5,130.2, 124.9, 123.7, 121.1, 120.9, 118.9, 21.4.

5.8.51. N-(4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-3-
carboxamide (35)°

Title compound was prepared from 65 according to General
procedure B1 (W1) as an off-white solid (79%). LRMS [M + H]*
320.2 m/z; HRMS [M — H]~ 318.0884 m/z, found 318.0876 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.18 (s, 1H), 8.77—8.49 (m, 2H), 8.43 (d,
J]=0.6Hz,1H), 8.28 (dd, J = 8.1, 1.4 Hz, 1H), 7.94 (dd, | = 8.3, 2.3 Hz,
1H), 7.83 (t, J = 1.7 Hz, 1H), 7.58—7.36 (m, 2H), 7.04 (dd, ] = 1.8,
0.7 Hz, 1H), 2.76 (s, 3H); '*C NMR (DMSO, 101 MHz) 6 164.8, 160.5,

110



L. Ferrins et al. / European Journal of Medicinal Chemistry 66 (2013) 450—465 461

155.5, 146.5, 146.0, 144.3, 142.1, 137.3, 133.9, 132.4, 124.8, 123.5,
122.8,120.9, 120.8, 118.9, 109.2, 21.3.

5.8.52. N-(4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)
thiazole-4-carboxamide (36)"

Title compound was prepared from 65 according to General
procedure B1 (W1) as a pale-yellow solid (56%). LRMS [M + H]*
337.1 m/z; HRMS [M + H|* 337.0754 m/z, found 337.0768 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.65 (s, 1H), 9.30(d, ] = 2.0 Hz, 1H), 8.89
(d,J = 2.3 Hz, 1H), 8.66—8.44 (m, 2H), 8.29 (dd, ] = 8.1, 1.4 Hz, 1H),
7.98 (dd, J = 8.3, 2.3 Hz, 1H), 7.62—7.33 (m, 2H), 2.76 (s, 3H); >C
NMR (DMSO, 101 MHz) ¢ 164.8, 159.3, 155.5, 155.1, 150.5, 146.5,
142.1,137.0,134.3,132.3,125.8, 124.8, 124.0, 121.2,120.9, 119.0, 21.4.

5.8.53. 4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl )aniline (66)

Title compound was prepared according to General procedure
A1 as a yellow solid (34%). LRMS [M + H]* 230.2 m/z; '"H NMR
(DMSO, 400 MHz) ¢ 8.57 (dd, ] = 4.9, 1.4 Hz, 1H), 8.27 (dd, ] = 8.2,
1.4 Hz, 1H), 7.46 (ddd, J = 8.9, 7.1, 3.9 Hz, 2H), 7.16 (dd, ] = 10.9,
8.9 Hz, 1H), 6.86 (ddd, J = 8.9, 4.1, 3.0 Hz, 1H), 5.42 (s, 2H); *C NMR
(DMSO, 101 MHz) 6 162.4 (Jc—f = 4 Hz), 155.1, 152.2 (Jc—f = 247 Hz),
146.67,145.8 (Jc—r = 2 Hz), 142.45,120.88,119.5 (Jc—r = 8 Hz), 119.09,
117.6 (Je—f = 22 Hz), 113.7 (Jc—g = 11 Hz), 113.5.

5.8.54. N-(4-fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl )furan-2-
carboxamide (37)*

Title compound was prepared from 66 according to General
procedure B1 (W1) as an off-white solid (4%). LRMS [M + H|*
324.1 m(z; '"H NMR (DMSO, 400 MHz) 6 10.55 (s, 1H), 8.77 (dd,
] = 6.5,2.7 Hz, 1H), 8.59 (dd, ] = 4.8, 1.4 Hz, 1H), 8.39—8.23 (m, 1H),
8.07 (ddd, J = 9.0, 4.2, 2.8 Hz, 1H), 7.97 (ddd, ] = 7.4, 1.7, 0.7 Hz, 1H),
7.51 (dt, ] = 9.5, 3.4 Hz, 2H), 7.38 (ddd, J = 11.3, 3.5, 0.7 Hz, 1H),
6.79—6.63 (m, 1H); '3C NMR (DMSO0, 101 MHz) § 161.4, 156.4, 156.3
(Je—r = 249 Hz), 147.1, 146.9, 146.1, 142.6, 135.6, 126.2 (Jc—r = 8 Hz),
1214 (Je_r = 26 Hz) (+1C identified by HSQC), 119.3, 117.7 (Jc—
F = 22 Hz), 115.3, 114.0 (Jc—r = 11 Hz), 112.3, Note: 1 quaternary
carbon is missing and is assumed to be overlapping with the other
signals.

5.8.55. N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-3-
methylfuran-2-carboxamide (38)"

Title compound was prepared from 66 according to General
procedure B1 (W2) as a pale-orange solid (46%). LRMS [M + H]*
338.1 m/z; HRMS [M + H]* 338.0935 m/z, found 338.0952 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.45 (s, 1H), 8.88 (dd, ] = 6.5, 2.7 Hz, 1H),
8.60 (dd,J =4.8,1.4 Hz, 1H), 8.32 (dd, ] = 8.2, 1.4 Hz, 1H), 8.04 (ddd,
J=9.0,4.3, 2.8 Hz, 1H), 7.84 (d, ] = 1.5 Hz, 1H), 7.59—7.42 (m, 2H),
6.63 (d, ] = 1.5 Hz, 1H), 2.37 (s, 3H).

5.8.56. N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-
5-carboxamide (39)

Title compound was prepared from 66 according to General
procedure B1 (W2) as a pale-yellow solid (93%). LRMS [M + H]*"
325.1 m/z; HRMS [M + H|* 325.0731 m/z, found 325.0747 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.79 (s, 1H), 8.84—8.67 (m, 2H), 8.61 (dd,
J=4.8,1.2 Hz, 1H), 8.32 (dd, ] = 8.2, 1.2 Hz, 1H), 8.15—7.96 (m, 2H),
7.64—7.43 (m, 2H).

5.8.57. N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl )phenyl)furan-3-
carboxamide (40)”

Title compound was prepared from 66 according to General
procedure B1 (W2) as an off-white solid (80%). LRMS [M + H|*
324.1 m/z; HRMS [M — H]~ 322.0633 m/z, found 322.0627 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.27 (s, 1H), 8.70 (dd, ] = 6.5, 2.7 Hz, 1H),
8.60 (dd, ] = 4.8, 1.4 Hz, 1H), 8.43 (dd, ] = 1.5, 0.8 Hz, 1H), 8.32 (dd,

J = 8.2, 14 Hz, 1H), 8.08 (ddd, J = 9.0, 4.2, 2.8 Hz, 1H), 7.83 (t,
J = 1.7 Hz, 1H), 7.59—7.46 (m, 2H), 7.04 (dd, ] = 1.9, 0.8 Hz, 1H).

5.8.58. N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)thiazole-
4-carboxamide (41)”

Title compound was prepared from 66 according to General
procedure B1 (W2) as an off-white solid (77%). LRMS [M + H]*
3411 m/z; HRMS [M + H]* 341.0503 m/z, found 341.0512 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.80 (s, 1H), 9.31 (d, J = 2.0 Hz, 1H), 8.96
(dd,J = 6.5, 2.7 Hz, 1H), 8.69—8.47 (m, 2H), 8.32 (dd, ] = 8.2, 1.4 Hz,
1H), 8.13 (ddd, ] = 9.0, 4.2, 2.9 Hz, 1H), 7.64—7.42 (m, 2H); '*C NMR
(DMSO, 101 MHz) 6 1614, 1614, 159.4, 155.2, 150.3, 146.9, 142.5,
135.6, 126.6, 126.5, 126.1, 121.7,121.2, 119.3, 117.7, 117.4.

5.8.59. 3-(6-Bromooxazolo[4,5-b]pyridin-2-yl)aniline (67)°

Title compound was prepared from 2-amino-5-bromo-3-
hydroxypyridine [22] according to General procedure Al as a
grey solid (53%). LRMS [M + H]* 289.0 m/z; '"H NMR (CDCls,
300 MHz) 6 8.59 (d, ] = 2.1 Hz, 1H), 7.98 (d, ] = 2.1 Hz, 2H), 7.29 (¢,
2H), 7.6 (m, 2H), 6.89 (dd, J = 8.1, 1.5 Hz, 1H); *C NMR (CDCls,
101 MHz) 6 165.6, 154.6, 147.9, 147.6, 143.0, 130.0, 126.6, 121.2, 119.4,
117.6, 115.6, 113.8.

5.8.60. N-(3-(6-Bromooxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (68)°

Title compound was prepared from 67 according to General
procedure B1 (W1) as a pale-yellow solid (60%). LRMS [M + Na,
Br’°]* 406 m/z, [M + Na, Br®'|* 408 m/z; HRMS M* 382.99055 m/z,
found 382.99071 m/z; 'H NMR (CDCl3, 300 MHz) 6 8.64 (d,
J=2.1Hz, 1H),8.50 (d, ] = 1.8 Hz, 1H), 8.30 (s, 1H), 8.03 (m, 3H), 7.55
(t,2H), 7.3 (d, ] = 4.2 Hz, 1H), 6.60 (dd, ] = 3.6, 1.8 Hz, 1H); '3C NMR
(CDClI3, 75 MHz) 6 165.9, 156.4, 155.2, 148.2, 147.6, 144.8, 143.5,
138.5,130.3,127.0,124.4,124.2,121.4,119.3,116.1, 113.0, Note: there
is one carbon missing which is assumed to overlap with one of the
other signals.

5.8.61. N-(3-(6-Phenyloxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (42)°

Title compound was prepared from 68 according to General
procedure C1 as a pale-yellow solid (90%). LRMS [M + H|" 382.0
mjz; HRMS M* 38111134 m/z, found 381.11234 m/z; 'H NMR
(CDCl3, 300 MHz): 8.56 (s, 1H), 8.54 (s, 1H), 8.31 (s, 1H), 8.10 (d,
J=8.1Hz, 1H), 8.04 (m, 2H), 7.65 (m, 2H), 7.44—7.56 (m, 5H), 7.30 (d,
J=7.2Hz,1H),6.6 (dd, ] = 3.6, 1.8 Hz, 1H); 13C NMR (CDCl3, 75 MHz):
165.7, 156.4, 155.7, 147.6, 146.3, 144.8, 138.4, 137.9, 130.3, 129.9,
129.5,128.5,127.8,127.4,124.3,124.0,119.3, 116.8, 116.1, 115.6, 113.0.

5.8.62. N-(3-(6-(4-Methoxyphenyl)oxazolo[4,5-bpyridin-2-yl)
phenyl)furan-2-carboxamide (43)°

Title compound was prepared from 68 according to General
procedure C1 as a pale-yellow solid (33%). LRMS [M + H]" 412.0
mfz; HRMS [M + H]" 412.1292 m/z, found 412.1292 m/z; TH NMR
(CDCl3, 300 MHz) 6 8.78 (d,] = 2.0 Hz, 1H), 8.53 (m, 1H), 8.28 (s, 1H),
8.12 (m, 1H), 7.98 (d, ] = 2.0 Hz, 1H), 7.56 (m, 5H), 7.30 (dd, ] = 3.6,
0.6 Hz, 1H), 7.05 (d, ] = 8.7 Hz, 2H), 6.60 (dd, ] = 3.3,1.8 Hz, 1H), 3.89
(s, 3H); 3C NMR (CDCls, 75 MHz) 6 165.4, 160.1, 156.4, 155.2, 147.6,
146.0, 144.7, 143.8, 138.4, 134.5, 130.24, 128.9, 127.6, 124.3, 123.8,
119.1, 116.3, 116.1, 114.9, 113.0, 55.7, Note: there is one carbon
missing which is assumed to overlap with another signal.

5.8.63. N-(3-(6-(4-Chlorophenyl)oxazolo[4,5-b|pyridin-2-yl)
phenyl)furan-2-carboxamide (44)°

Title compound was prepared from 68 according to General
procedure C1 as a pale-yellow solid (69%). 'H NMR (CDCls,
300 MHz) 6 8.79 (bs, 1H), 8.56 (s, 1H), 8.26 (s, 1H), 8.14 (d, /] = 7.8 Hz,
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1H), 8.01 (m, 2H), 7.60—7.48 (m, 6H), 7.31 (dd, J = 3.3, 0.6 Hz, 1H),
6.6 (dd, J = 5.1, 1.5 Hz, 1H).

5.8.64. 3-(1H-Imidazo[4,5-b]pyridin-2-yl)aniline (69) [23]

Title compound was prepared from 2,3-diaminopyridine ac-
cording to General procedure A2 as a tan solid (80%) and was used
without further purification. '"H NMR (DMSO, 300 MHz) 6 8.29 (bs,
1H), 7.95 (bs, 1H), 7.46 (s, 1H), 7.33 (m, 1H), 7.19 (m, 2H), 6.71 (d,
J=7.6Hz,1H), 5.05 (bs, 2H), Note: imidazole —NH was not observed
and is assumed to be downfield of 12 ppm; '*C NMR (DMSO,
75 MHz) 6 154.0, 149.8, 144.2,136.2, 130.8, 130.1, 126.6, 119.7, 118.6,
116.9, 114.9, 112.7.

5.8.65. N-(3-(1H-Imidazo[4,5-b]pyridin-2-yl)phenyl)furan-2-
carboxamide (45)°

Title compound was prepared from 69 according to General
procedure B1(W1) as a tan solid (48%). LRMS M* 305.0 m/z;
HRMS M* 304.09603 m/z, found 304.09490 m/z; '"H NMR (CDCls/
DMSO, 300 MHz) ¢ 9.33 (s, 1H), 8.18 (s, 1H), 8.10 (bs, 1H) 7.77 (m,
3H), 7.37 (m, 1H), 7.25 (m, 1H), 7.07 (d, J = 3.5 Hz, 1H), 6.95 (dd,
J =78, 4.8 Hz, 1H), 6.34 (m, 1H); '*C NMR (CDCl3/DMSO, 75 MHz)
0 156.8, 153.1, 147.8, 144.8, 144.1, 138.7, 130.5, 129.6, 122.9, 122.6,
118.9, 118.2, 115.2, 112.3, Note: there are three carbons missing
which are assumed to overlap with the other signals.

5.8.66. N-(3-(1H-Imidazo[4,5-b]pyridin-2-yl)phenyl)furan-3-
carboxamide (46)°

Title compound was prepared from 69 according to General
procedure B1 (W1) (44%). LRMS [M + H]" 305 m/z; HRMS
[M + H]* 3051033 m/z, found 305.1031 m/z; 'H NMR (CDCls,
300 MHz) 6 10.15 (s, 1H), 8.63 (s, 1H), 8.36 (m, 2H), 8.05 (dd, ] = 8.1,
1.2 Hz,1H), 7.9 (dd,J = 8.1,1.8 Hz, 1H), 7.80 (d, ] = 1.5 Hz, 1H), 7.54 (t,
J=7.8Hz,1H), 7.27 (dd, ] = 8.1, 5.1 Hz, 2H), 7.04 (dd, J = 1.8, 0.9 Hz,
1H); '>C NMR (DMSO, 75 MHz) § 161.3, 146.8, 145.0, 144.4, 140.2,
130.7, 130.1, 123.5, 123.0, 122.4, 119.5, 118.9, 109.9, Note: there are
four carbons missing which are assumed to overlap with other
signals.

5.8.67. 3-(Benzo[d]oxazol-2-yl)-4-chloroaniline (70)°

Title compound was prepared according to General procedure
A2 as a pale-pink solid (74%). LRMS [M + H]" 245.1 m/z; HRMS
[M + H]* 245.0476 m/z, found 245.0474 m/z; '"H NMR (DMSO,
400 MHz) 6 7.93—7.71 (m, 2H), 7.55—7.38 (m, 2H), 7.35 (d, ] = 2.8 Hz,
1H),7.29 (d,J = 8.7 Hz, 1H),6.79 (dd, ] = 8.7, 2.8 Hz, 1H), 5.63 (s, 2H);
13C NMR (DMSO, 101 MHz) 6 160.9, 149.9, 148.1, 141.1, 131.5, 125.8,
125.3, 124.9, 120.0, 118.0, 117.5, 115.9, 110.9.

5.8.68. N-(3-(Benzo[d]oxazol-2-yl)-4-chlorophenyl)furan-2-
carboxamide (47)°

Title compound was prepared according to General procedure
B1 (W1) except purification was performed on a silica coated
glass plate, eluting with 5% methanol in DCM to give the title
compound as a white solid (10%). LRMS [M + H]* 339.1 m/z; 'H
NMR (DMSO, 400 MHz) 6 10.58 (s, 1H), 8.69 (d, J = 2.6 Hz, 1H), 8.04
(dd, J = 8.8, 2.7 Hz, 1H), 7.98 (dd, J = 1.7, 0.8 Hz, 1H), 7.92—7.87 (m,
1H), 7.87—7.81 (m, 1H), 7.69 (d, ] = 8.8 Hz, 1H), 7.48 (dqd, ] = 14.7,
74,14 Hz, 2H), 741 (dd, ] = 3.5, 0.8 Hz, 1H), 6.73 (dd, ] = 3.5, 1.7 Hz,
1H); 3C NMR (DMSO, 101 MHz) 6 160.0, 156.4, 150.0, 147.0, 146.2,
141.1,138.1,131.7, 126.2, 126.1, 125.3, 125.1, 124.1,122.7,120.3, 115.4,
112.3,111.1.

5.8.69. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl )-N-
methylfuran-3-carboxamide (48)°

Title compound was prepared from 5 according to General
procedure D1 except purification was performed by column

chromatography, eluting cyclohexane/ethyl acetate 50:50. The
fraction containing the compound was further purified using a
silica coated glass plate eluting with cyclohexane/ethyl acetate
50:50 leading to the title compound as a white solid (64%). LRMS
[M + H]* 354.2 m/z; '"H NMR (DMSO, 300 MHz) 6 8.61 (dd, ] = 4.7,
14 Hz, 1H), 8.29 (d, J = 8.2 Hz, 1H), 8.15 (d, ] = 2.5 Hz, 1H), 7.76 (d,
J = 8.6 Hz, 1H), 7.6 (m, 3H), 6.20 (s, 1H), 5.33 (m, 1H), 3.37 (s, 3H).

5.8.70. N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl )phenyl)-N-
methylbenzamide (49)*

Title compound was prepared from 10 according to General
procedure D1 as a brown solid (46%). LRMS [M + H|" 364.2 m/z;
TH NMR (DMSO, 300 MHz) ¢ 8.61 (d, J = 4.9 Hz, 1H), 8.27
(d, ] = 8.3 Hz, 1H), 8.08 (d, ] = 2.6 Hz, 1H), 7.67 (m, 2H), 7.60
(d, ] = 8.6 Hz, 1H), 7.51 (m, 1H), 7.42 (dd, J = 8.7, 2.1 Hz, 1H), 731
(m, 3H), 3.42 (s, 3H).

5.9. Physicochemistry

5.9.1. Solubility Estimates using Nephelometry

Stock solutions of compound prepared in DMSO were spiked
into either pH 6.5 phosphate buffer or 0.01 M HCl (approximately
pH 2.0) with the final DMSO concentration being 1% (v/v). Samples
were then analysed by nephelometry to determine the solubility
range as described previously [24].

5.9.2. Chromatographic logD measurement

Partition coefficients (logD) were estimated by comparing the
chromatographic retention properties of each compound at pH 3
and pH 7.4 to the retention characteristics of a series of standard
compounds with known partition coefficients. Data were collected
using a Waters 2795 HPLC instrument with a Waters 2487 dual
channel UV detector with a Synergy Hydro-RP 4 pum
(30 mm x 2 mm) column. The mobile phase consisted of aqueous
buffer (50 mM ammonium acetate, pH 7.4 or 50 mM ammonium
formate, pH 3.0) and acetonitrile, with an acetonitrile gradient of
0—100% over 10 min. Compound elution was monitored at 220 and
254 nm. This method is a gradient HPLC based derivation of the
method developed by Lombardo [25].

5.9.3. Chromatographic protein binding estimation

Plasma protein binding values were estimated using a chro-
matographic method whereby the retention characteristics on a
human albumin column (Chromtech Chiral-HSA 50 mm x 3.0 mm,
5 pum, Sigma—Aldrich) were compared to the retention characteris-
tics of a series of compounds with known human protein binding
values. The method is a modification of a method published previ-
ously [26]. A Waters 2795 HPLC system equipped with a Waters
2487 dual channel UV detector (monitored at 220 and 254 nm) was
used with a mobile phase comprised of aqueous buffer (25 mM
ammonium acetate buffer, pH 7.4) and 30% isopropyl alcohol in the
same buffer. The isopropanol concentration gradient varied over
10 min and the column was reconditioned prior to the next injection.

5.9.4. In vitro metabolism in human liver microsomes

A 10 mg/mL stock solution was prepared in DMSO which was
diluted in 50% acetonitrile/water to a spiking concentration of
500 pM. This was diluted 1 in 500 to give a final concentration of
1 uM of compound which was incubated at 37 °C in human liver
microsomes (XenoTech LLC, Lenexa, Kansas City) suspended in
0.1 M phosphate buffer (pH 7.4) at a final protein concentration of
0.4 mg/mL. An NADPH-regenerating system (1 mg/mL NADP, 1 mg/
mL glucose-6-phosphate, 1 U/mL glucose-6-phosphate dehydro-
genase) and MgCl, (0.67 mg/mL) was added to initiate the meta-
bolic reactions, which were subsequently quenched with ice-cold
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acetonitrile at various time points over 60 min. Samples were
subjected to centrifugation and the amount of parent compound
remaining in the supernatant was quantified by LC-MS using a
Waters Micromass ZQ coupled to a Waters Alliance 2975 HPLC. The
first order rate constant for substrate depletion was determined by
fitting the data to an exponential decay function and these values
were used to calculate the in vitro intrinsic clearance value (CLint)
and the predicted in vivo intrinsic clearance value (CLin¢ vivo) as
described previously [27]. The predicted in vivo hepatic extraction
ratio (Ey) was calculated using the following relationship: Ey = CLin¢
vivo/(Q + CLint vivo) Where Q is human liver blood flow (20.7 mL/
min/kg) [28].

5.10. Biological assays

All in vitro assays were carried out at least twice independently
in singleton. The ICso values are the means of two independent
assays and vary less than +50%.

5.10.1. P. falciparum assay

In vitro activity against erythrocytic stages of P. falciparum was
determined using a >H-hypoxanthine incorporation assay [29,30],
using the drug sensitive NF54 strain [31] and the standard drug
chloroquine (Sigma C6628). Compounds were dissolved in DMSO at
10 mg/mL and added to parasite cultures incubated in RPMI 1640
medium without hypoxanthine, supplemented with HEPES (5.94 g/
L), NaHCOs (2.1 g/L), neomycin (100 U/mL), Albumax® (5 g/L) and
washed human red cells A" at 2.5% haematocrit (0.3% para-
sitaemia). Serial drug dilutions of eleven 3-fold dilution steps
covering a range from 100 to 0.002 pg/mL were prepared. The 96-
well plates were incubated in a humidified atmosphere at 37 C; 4%
€Oz, 3% 02, 93% Na. After 48 h 50 L of >H-hypoxanthine (=0.5 uCi)
was added to each well of the plate. The plates were incubated for a
further 24 h under the same conditions. The plates were then
harvested with a Betaplate™ cell harvester (Wallac, Zurich,
Switzerland), and the red blood cells transferred onto a glass fibre
filter then washed with distilled water. The dried filters were
inserted into a plastic foil with 10 mL of scintillation fluid, and
counted in a Betaplate™ liquid scintillation counter (Wallac, Zurich,
Switzerland). ICsq values were calculated from sigmoidal inhibition
curves by linear regression [32] using Microsoft Excel. Chloroquine
and artemisinin are used as control.

5.10.2. L. donovani axenic amastigotes assay

Amastigotes of L. donovani strain MHOM/ET/67/L82 were grown
in axenic culture at 37 °Cin SM medium [33] at pH 5.4 supplemented
with 10% heat-inactivated foetal bovine serum under an atmosphere
0f 5% CO; in air. 100 pL of culture medium with 10° amastigotes from
axenic culture with or without a serial drug dilution were seeded in
96-well microtitre plates. Serial drug dilutions of eleven 3-fold
dilution steps covering a range from 100 to 0.002 pg/mL were pre-
pared. After 70 h of incubation the plates were inspected under an
inverted microscope to assure growth of the controls and sterile
conditions. 10 pL of Alamar Blue (12.5 mg resazurin dissolved in
100 mL distilled water) [34] were then added to each well and the
plates incubated for another 2 h. Then the plates were read with a
Spectramax Gemini XS microplate fluorometer (Molecular Devices
Cooperation, Sunnyvale, CA, USA) using an excitation wave length of
536 nm and an emission wave length of 588 nm. Data were analysed
using the software Softmax Pro (Molecular Devices Cooperation,
Sunnyvale, CA, USA). Decrease of fluorescence (=inhibition) was
expressed as percentage of the fluorescence of control cultures and
plotted against the drug concentrations. From the sigmoidal inhibi-
tion curves the ICsq values were calculated by linear regression [32].
Miltefosine is used as control.

5.10.3. L. donovani intracellular amastigotes assay (infected
macrophages)

Mouse peritoneal macrophages (4 x 10* in 100 uL RPMI 1640
medium with 10% heat-inactivated FBS) were seeded into wells of
Lab-tek 16-chamber slides. After 24 h 1.2 x 10° amastigote L.
donovani in 100 pL were added. The amastigotes were taken from
an axenic amastigote culture grown at pH 5.4. 4 h later the medium
containing free amastigote forms was removed and replaced by
fresh medium. Next day the medium was replaced by medium
containing different compound dilutions. Parasite growth in the
presence of the drug was compared to control wells. After 96 h of
incubation the medium was removed and the slides fixed with
methanol for 10 min followed by a staining with a 10% Giemsa
solution. Infected and non-infected macrophages were counted for
the control cultures and the ones exposed to the serial drug di-
lutions. The infection rates were determined. The results were
expressed as % reduction in parasite burden compared to control
wells, and the ICsq calculated by linear regression analysis [32].

5.104. T cruzi assay

Rat skeletal myoblasts (L-6 cells) were seeded in 96-well
microtitre plates at 2000 cells/well in 100 uL RPMI 1640 medium
with 10% FBS and 2 mM L-glutamine. After 24 h the medium was
removed and replaced by 100 pL per well containing 5000 trypo-
mastigote forms of T. cruzi Tulahuen strain C2C4 containing the -
galactosidase (Lac Z) gene [35]. After 48 h the medium was
removed from the wells and replaced by 100 pL fresh medium with
or without a serial drug dilution of eleven 3-fold dilution steps
covering a range from 100 to 0.002 pg/mL. After 96 h of incubation
the plates were inspected under an inverted microscope to assure
growth of the controls and sterility. Then the substrate CPRG/
Nonidet (50 puL) was added to all wells. A colour reaction developed
within 2—6 h and could be read photometrically at 540 nm. Data
were analysed with the graphic programme Softmax Pro (Molec-
ular Devices), which calculated ICsg values by linear regression [32]
from the sigmoidal dose inhibition curves. Benznidazole is used as
control.

5.10.5. T brucei rhodesiense assay

This stock was isolated in 1982 from a human patient in
Tanzania and after several mouse passages cloned and adapted to
axenic culture conditions [36]. Minimum Essential Medium (50 pL)
supplemented with 25 mM HEPES, 1 g/L additional glucose, 1%
MEM non-essential amino acids (100x), 02 mM 2-
mercaptoethanol, 1 mM Na-pyruvate and 15% heat inactivated
horse serum was added to each well of a 96-well microtiter plate.
Serial drug dilutions of eleven 3-fold dilution steps covering a range
from 100 to 0.002 pg/mL were prepared. Then 4x10> bloodstream
forms of T.b. rhodesiense STIB 900 in 50 uL was added to each well
and the plate incubated at 37 °C under a 5% CO, atmosphere for
70 h. 10 pL Alamar Blue (resazurin, 12.5 mg in 100 mL double-
distilled water) was then added to each well and incubation
continued for a further 2—4 h [37]. Then the plates were read with a
Spectramax Gemini XS microplate fluorometer (Molecular Devices
Cooperation, Sunnyvale, CA, USA) using an excitation wave length
of 536 nm and an emission wave length of 588 nm. The ICso values
were calculated by linear regression [32] from the sigmoidal dose
inhibition curves using Softmax Pro software (Molecular Devices
Cooperation, Sunnyvale, CA, USA). Melarsoprol is used as control.

5.10.6. Rat skeletal myoblast cytotoxicity assay

Assays were performed in 96-well microtiter plates, each well
containing 100 pL of RPMI 1640 medium supplemented with 1% L-
glutamine (200 mM) and 10% foetal bovine serum, and 4000 L-6
cells (a primary cell line derived from rat skeletal myoblasts)
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[38,39]. Serial drug dilutions of eleven 3-fold dilution steps
covering a range from 100 to 0.002 pg/mL were prepared. After 70 h
of incubation the plates were inspected under an inverted micro-
scope to assure growth of the controls and sterile conditions. 10 pL
of Alamar Blue was then added to each well and the plates incu-
bated for another 2 h. Then the plates were read with a Spectramax
Gemini XS microplate fluorometer (Molecular Devices Cooperation,
Sunnyvale, CA, USA) using an excitation wave length of 536 nm and
an emission wave length of 588 nm. The ICsg values were calculated
by linear regression [32] from the sigmoidal dose inhibition curves
using Softmax Pro software (Molecular Devices Cooperation, Sun-
nyvale, CA, USA). Podophyllotoxine is used as control.

5.10.7. Tb. brucei assay

Compound activity against T.b. brucei was assessed in an Alamar
blue® viability assay as previously described by Sykes and Avery
[40]. Briefly, 55 pL of HMI-9 media +10% FCS [41] containing
1200 cells/mL of logarithmic phase Tb. brucei 427 bloodstream
parasites were added to a 384-well microtiter plate (BD bio-
sciences) and incubated for 24 h at 37 °C/5% CO,. Serial drug con-
centrations were prepared in 100% DMSO and diluted 1:21 in
DMEM media. 5 pL of this dilution was subsequently added to assay
plates to give final drug concentrations ranging from 41.67 to
0.0004 pM. Plates were incubated for 48 h at 37 °C/5% CO5. 10 pL of
70% Alamar Blue® (Invitrogen) prepared in HMI-9 media +10% FCS
was added to assay plates and plates incubated for a further 2 h at
37 °C/5% CO; followed by 22 h at room temperature. Assay plates
were read at 535 nm excitation/590 nm emission on an Envision®
multiplate reader (PerkinElmer, Massachusetts, USA). Data was
analysed and ICsp values calculated using the software GraphPad
Prism 5.

5.10.8. HEK293 cytotoxicity assay

55 pL of DMEM +10% FCS media (Gibco) containing 72,727 cells/
mL of confluent HEK293 cells was added to a 384-well microtiter
plate (BD biosciences) and incubated for 24 h at 37 °C/5% CO,. Serial
drug concentrations were prepared in 100% DMSO and diluted 1:21
in DMEM media. 5 pL of this dilution was subsequently added to
assay plates to give final drug concentrations ranging from 83.34 to
0.0004 pM. Plates were incubated for 48 h at 37 °C/5% CO,. 10 pL of
70% Alamar Blue® (Invitrogen) prepared in DMEM media +10% FCS
was added to assay plates and plates incubated for a further 5 h at
37 °C/5% CO, followed by 19 h at room temperature. Assay plates
were read at 535 nm excitation/590 nm emission on an En vision®
multiplate reader (PerkinElmer, Massachusetts, USA). Data was
analysed and ICsp values calculated using the software GraphPad
Prism 5.
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2.7. Post-script: further development of SAR

Since the publication of the preliminary SAR data a number of compounds have been synthesised with
variations to the core oxazole and the northern heterocycle. These compounds were identified as targets of
interest in order to overcome the issues with the series highlighted in the publication, namely the metabolic

stability and the solubility.

2.7.1. Core changes

A number of analogues with changes to the oxazole core were identified and involved replacement by an
inverted oxazole, the corresponding thiazole and both regioisomers of the methylated imidazole. The 3-
furoic acid heterocycle was utilised moving forward as it was shown to convey greater activity against 7.b.
rhodesiense in previous studies whilst also having some improved pharmacokinetic properties, such as

solubility. A discussion on the synthesis of these derivatives and their biological activity follows.

Synthesis of the inverted oxazole was performed following the same procedures previously described but
instead of starting with 2-amino-3-hydroxypyridine, 3-amino-2-hydroxypyridine (2.29) was substituted
(Scheme 2.5). The cyclocondensation was successfully achieved though there was a significant decrease in
the yield. The subsequent amide formation with 3-furoic acid (2.31) was also performed as previously

described and led to the desired product (2.32) in reasonable yield.

70
o
N OH (@] N NH, _ NH

‘ N NH, PPA >0, o EDCI, DMAP N0
_ HO — EI / HO X | /)
NH, 4h A Z N I DMF, rt, 18 h Z >N

2.29 2.02 2.30 2.31 2.32

19% 64%

Scheme 2.5 Synthesis of the inverted oxazole core.
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Synthesis of the thiazole analogue required the implementation of a different synthetic pathway. The amide
was formed between 3-amino-2-chloropyridine (2.33) and 3-nitrobenzoic acid (2.34) via an acid chloride
intermediate (Scheme 2.6). Treatment of 2.35 with Lawesson’s reagent led to the desired thiazole core (2.36)
being formed in low yields though sufficient material was obtained in order to proceed with the synthesis.
Reduction of the nitro to the amine was performed on the H-cube® in excellent yields to give 2.37. Finally,

the installation of the 3-furan was achieved using EDCI, DMAP in DMF overnight to obtain the desired

product (2.38).
1. oxalyl chloride, Nr®o Lawesson's reagent, NO,
(I _DMF.DOM S A NO, Cs2C05 B S>_©
7
NH2 2. pyridine, H o-xylene Z N
THF A

2.35 2.36
60% 23%

70
o
NH
Ny—S
10% Pd/C RI >_® 7([/\ EDCI, DMAP @ )_O
Z N

EtOAC/EtOH DMF rt, 18 h

2.37 2.38
91% 25%

Scheme 2.6 Synthesis of the thiazole core from 3-amino-2-chloropyridine and 3-nitrobenzoic acid.

Synthesis of the imidazole core was initially trialled using the previously established conditions for the
cyclocondensation mediated by PPA between 2,3-diaminopyridine (2.39) and 3-aminobenzoic acid (2.02).
However, multiple products were obtained and it was difficult to purify the desired product. As a result, an
alternative route was identified which involved reaction between 2,3-diaminopyridine (2.39) and 3-
nitrobenzoic acid (2.34) at reflux in phosphorous oxychloride led to the successful isolation of the desired
product (2.40) in good yield. A methylation of the imidazole was then performed using methyl iodide and
potassium carbonate in acetone. This led to both of the desired regioisomers being obtained, 2.41 and 2.42,
though in poor yields. It is possible that under these conditions the pyridyl nitrogen could have also been
methylated and this material would have been lost in the aqueous work up. Sufficient material was obtained
in order to progress the synthesis though further optimisation of these conditions is required. Reduction of

the nitro to the amine was unsuccessful when using hydrogen gas and 5% Pd/C. However, reduction with
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zinc powder, and ammonium chloride in methanol and water®®

was effective and the reaction completed in

under 10 mins to give both of the desired products, 2.43 and 2.45. The subsequent amide coupling was

performed with 3-furoic acid (2.31) in order to obtain the desired products, 2.44 and 2.46. This is

summarised in Scheme 2.7.
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Scheme 2.7 Synthesis of both regioisomers of the methylated imidazole core.

It was possible to differentiate 2.41 and 2.42 from one another through extensive 1D and 2D NMR studies.

From the analyses of 2D heteronuclear NMR techniques (HMBC and HSQC), complete shift assignments

were achieved for all protons and carbons. The HSQC NMR spectra revealed direct cross coupling peaks

between numerous protons and carbons. The long-range correlations from the HMBC spectra identified the

quaternary carbons (1°, 2 and 4) as identified in Figure 2.4a between H,, Hp, Hg and, Hg. The long-range

correlations between the N-methyl and the quaternary carbons designated as 1’ and 2 has confirmed the

regioisomer shown in 2.42.
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Figure 2.4a) Proton and carbon numbering of 2.42; b) HSQC NMR confirmation of the quaternary carbons
in the methylated imidazole regioisomer, 2.42; ¢) HMBC NMR spectra which shows cross coupling peaks

present between the methyl and the quaternary carbons 1’ and 2, confirming the assigned regioisomer.
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Table 2.4 summarises the results of the biological assays against 7'h. brucei for these core changes. The
inverted oxazole (2.32) maintained activity when compared with the initial hit (126, 0.22 uM) though the
substitution of the oxygen atom for the more hydrophobic sulfur atom to give the corresponding thiazole
(2.38) led to a complete loss of activity in this assay. This could be the result of the relative increase in size
of the sulfur atom when compared with the oxygen atom, its longer bond lengths which would likely result in
a conformational change affecting the interaction with the target, or the inability of the sulfur to accept a
hydrogen bond. Whilst the unmethylated imidazole core (Eur. J. Med. Chem. manuscript, compound 46) had
an ECsy of 1.0 uM against 7'h. brucei, the subsequent methylation led to a complete loss of activity in this

assay suggesting that the hydrogen bond donor is a key feature in this core.

Table 2.4 T.b. brucei inhibitory activity of targets with varying core groups.

:?0 :?0 ID ECs (M)
© 232 0.30 + 0.08

O
NH NH
N\ o N\ S
@g*@ @N@ 2.38 > 10°
2.32 2.38
2.44 > 10°
/>0 70
o:? Of 2.46 > 102
N NH N / NH
>N ~—N
-0 GO
\244 246 & Compound found to have < 50% activity at 10.41 puM.

2.7.2. Northern heterocycle changes

The results of the ADME and metabolism analysis that were discussed in the Eur. J. Med. Chem. manuscript
revealed that the oxazole heterocycle was the most metabolically stable whilst maintaining low micromolar
inhibition of T.b. brucei. As a result a number of northern heterocycles were identified as synthetic targets.
These oxazole analogues were all designed with the oxygen at the 3-position as the 3-furan was shown to

convey greater activity against T.b. rhodesiense in previous studies whilst also having some improved
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pharmacokinetic properties, such as solubility (compounds 20, 35, and 40 - Table 3 of the Eur. J. Med.
Chem. paper). It was hoped that this would lead to an increase in the potency of these analogues whilst also
maintaining the metabolic stability observed with the oxazoles previously tested. A variety of commercially
available oxazole and isoxazole analogues were obtained while the 5-methylisoxazole-3-carboxylic acid

(2.48) was synthesised.

Synthesis of the 5-methylisoxazole-3-carboxylic acid was performed in accordance with a procedure from
Niemczyk (Scheme 2.8).¥ Nitric acid and water were heated to reflux prior to the gradual addition of
acetonylacetone (2.47) via a dropping funnel. This process was extremely exothermic and the addition was
performed at a rate which maintained the reflux. This reaction was successfully performed on a multigram
scale and led to the desired product in acceptable yields. An amide coupling was then be performed with 66

(Eur. J. Med. Chem. manuscript) to obtain the desired product (2.49).

70
=N
O
HNO3 EI EDCI DMAP
Hzo DMF rt, 18 h RI
2.47 2.48 2.49
43% Euro J Med Chem 14%

Scheme 2.7 Synthesis of 5-methylisoxazole-3-carboxylic acid (2.48) was successfully performed through
reaction of acetonylacetone (2.47) in a refluxing solution of nitric acid and water. Compound 2.48 could

then be coupled to 66 using previously established amide coupling conditions.

Shown in Table 2.5 are the results of the biological assays against T.b. brucei of the oxazole analogues.
These oxazole heterocycles gave analogues that were generally less active when compared with compound
40 (Eur. J. Med. Chem. manuscript; ECsy 0.12 uM), which had the 3-furan northern heterocycle. Compound
2.50 had an ECs, of 1.23 pM which was a 1.6-fold improvement in activity compared with 39. This

demonstrated a preference for the oxygen to be at the 3-position of the heterocycle. Further exploration of
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this heterocycle with 2.51 (ECs, 0.68 uM) saw a further ~3-fold improvement in the activity, yet 2.52 led to
a 1.6-fold decrease in the activity with an ECs, 3.33 pM. In an effort to gain a further increase in the activity
of these isoxazole analogues compounds 2.49 and 2.53 were synthesised. The addition of the methyl group to
both compounds led to a loss in activity against T.b. brucei in these assays. This was unexpected as there was
SAR suggesting that a methyl and larger groups were tolerated, though it may be a combination of the

methyl and the positioning of the heteroatoms in the ring.

Table 2.5 T.b. brucei inhibitory activity of compounds with varying amide groups.

O:<R1 ID R ECso (UM) SI
N NH N
B N@ 39*° 0y 2.0 41
= o] N o
F N
2.50 e 1.23+0.22 68
251 e 0.68 % 0.01 61
N=
2,52 P 3.33+0.64 25
2.49 f<o > 10°
SOSN
/N\
2553 <P > 10°

“ Compound from the Eur. J. Med. Chem. manuscript.
" Value is the mean of 3 experiments, £ 50%.

¢ Compound exhibited < 50% inhibition at 10.41 uM.

2.7. Metabolism analysis

Analysis of the metabolism of these analogues (Table 2.6) revealed that methylation of the imidazole (2.44

and 2.46) led to an improvement in the metabolic stability of the compounds, with 2.44 defined as having

122



low clearance in human liver microsomes. The oxazole analogues in general showed no improvement to the
metabolic stability of the compounds when compared with 39 (half-life of 124 mins, Ey 0.35). The
dimethylated analogue, 2.53 displayed a similar metabolism profile to 39 though, as previously discussed,

2.53 demonstrated no activity against T.b. brucei in these assays.

Table 2.6 Metabolism evaluation of compounds using human or mouse liver microsomes.

In vitro CLint Microsome- Clearance
ID Species Half-life (min)
(Ul/min/mg protein) predicted Ey classification

Human > 247¢ <7 <0.22 Low
2.44

Mouse 59 30 0.39 Intermediate

Human 71 24 0.49 Intermediate
2.46

Mouse 4° 404 0.90 High

Human 15° 118 0.82 High
2.49

Mouse < 2be > 875 >0.95 Very high

Human 19° 92 0.79 High
2.50

Mouse 52 339 0.88 High

Human 30 58 0.7 Intermediate
2.52

Mouse 2 881 0.95 High

Human 149 12 0.32 Intermediate
2.53

Mouse 101 17 0.27 Low

& Apparent non-NADPH mediated degradation in metabolism control samples. Hydrolysis products not
detected.

® Apparent non-NADPH mediated degradation in metabolism control samples. A putative amide hydrolysis
product with m/z [M+H]" of 230 was detected.

¢ Extensive degradation observed in the presence of absence of NADPH, hence, clearance parameters could
not be determined and Ey was considered > 0.95.

¢ Compound showed minimal microsomal degradation (< 15%) over the course of the incubation.

® Apparent non-NADPH mediated degradation in metabolism control samples. A putative amide hydrolysis
product with m/z [M+H]" of 225 was detected.
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2.8. Biological analysis of compounds against T. vivax and T. congolense

A selection of compounds were analysed by researchers at the Swiss Tropical and Public Health Institute as
part of the Global Alliance for Livestock Veterinary Medicine (GALVmed) project. The compounds were
tested ex vivo against T. vivax and in vivo against T. congolense, which are both causative agents for animal
trypanosomiasis in Western and Eastern Africa, respectively.® Table 2.7 summarises the results of these

biological assays.

Table 2.7 T. vivax and T. congolense inhibitory activity of selected compounds.

ID T. vivax ECso (UM)  T. congolense ECsq (UM)

126° 0.079 0.23

10° 1.8 1.6

41° 1.7 1.9

39° 2.4 13

38° 0.11 0.28
Diminazene® 0.34 0.25

Isometamidium® 0.0006 0.0006

& Compound number from the Future Med. Chem. manuscript.
® Compound number from the Eur. J. Med. Chem. manuscript.

¢ Compound included as a standard control.

In general the compounds that were tested exhibited low micromolar activity against both T. vivax and T.
congolense. The two notable exceptions are the hit compound, 126, which proved to be the most potent in
the T. vivax assay and was found to be four-fold more potent than diminazene against T. vivax and equipotent
when tested against T. congolense. Compound 38 also demonstrated a 3-fold improvement in activity
relative to diminazene and was equipotent when tested against T. congolense. Neither of these compounds

were found to be as potent as Isometamidium in these assays. Diminazene and isometamidium are routinely
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used in the treatment of animal trypanosomiasis though both have a multitude of side effects associated with

their use.t %

2.9. Target identification

Given that the initial hit was identified in a phenotypic, whole organism HTS no information is currently
known about the potential target or targets of this series. Dr. Darren Creek in Drug Delivery, Disposition and
Dynamics at the Monash Institute of Pharmaceutical Sciences employed an untargeted metabolomics
approach to investigate the biochemical effects and the potential mode of action of this series. Analysis of
the metabolite extracts with hydrophilic interaction chromatography coupled to HRMS revealed
accumulation of ceramides in T. brucei that had been treated with 18 (Eur. J. Med. Chem. manuscript). In
order to fully understand the drug-induced changes in lipid metabolism a new lipidomics method was
developed which putatively identified > 500 lipids in T. brucei including glycerophospholipids,
sphingolipids and fatty acyls. This method was used to confirm the drug-induced accumulation of ceramides.
As a result of this work, the target for this series of compounds was putatively identified as sphingolipid

synthase.

2.10.  Competing work

As mentioned previously in Chapter 1, a second phenotypic screen of some 700,000 compounds also
identified 126 (Eur. J. Med. Chem. manuscript) as a potential lead for medicinal chemistry optimisation.*
Given the limited commercially available screening space it is unsurprising that comprehensive libraries such
as the screening libraries of Novartis and WEHI/Bio21 do have a degree of overlap. This can be challenging
for academic drug discovery efforts to overcome if they are unknowingly beginning a project with the same
starting point as a large pharmaceutical company given the resources that they will have to hand in order to

progress their drug discovery efforts.
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The study by researchers at Novartis revealed a similar SAR picture to the one observed throughout our
studies, though there is some lack of correlation in the results, which is likely due to the different assay
conditions used by the two groups.® It was found by Tatipaka et al.* that the replacement of the 2-furan with
the N-pyrrolidinyl leads to a significant improvement in activity, particularly when coupled with the addition
of the phenyl ring at the 6-position of the pyridinoxazole core. There was also a significant improvement in
the metabolic stability of this compound with a half-life in human liver microsomes of 31 min compared
with 6.1 min for 126, though there was no indication as to whether the solubility was affected.® As
previously shown, 1.07 demonstrated a cure in a mouse model of the disease at doses of 50 mg/kg once and
twice daily, 20 mg/kg once and twice daily and at 5 mg/kg when administered twice daily. There was also no
clinical toxicity observed at a dose of 50 mg/kg twice daily over 14 days, indicating good tolerability of the

compound.*

o o=
NH — WM NH
N\ N —_— ~—N
| \ ‘ /
A~d Z N
cl F
126 1.07

ECsq T. brucei (BF427): 2 nM
CCsp human lymphoblasts (CRL-8155): 24 yM
CCsq human hepatocytes (HepG2): 30 uM

Figure 2.5 Optimisation of 126, identified in a separate phenotypic screen of 700,000 compounds, to give
1.07 which exhibits nanomolar inhibition of T.b. brucei and has been demonstrated to cure mice infected

with T. brucei.

Researchers at Novartis have also published data on a related series in the form of two patent applications.” ®
They have reported some 42 compounds which exhibit a range of in vitro potencies against not only T.
brucei but also L. donovani and T. cruzi, with compound 1.08 being their most potent T. brucei inhibitor
disclosed.”® To date, no data has been provided with respect to the selectivity of these compounds or on their

performance in mouse models of the disease.
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1.08
L. donovani amastigotes ECsy: 0.41 uM
L. donovani macrophage ECgy: 0.17 uM
T. brucei ECsy: 0.057 uM

Figure 2.6 The most active compound against T. brucei identified in a hit-to-lead program by researchers at

Novartis.

2.11. Future work

Given the work of Tatipaka and co-workers® further exploration of the urea and various derivatives is
warranted. Due to the solubility issues observed in the series and the tolerance to substitution at the 6-
position of the pyridinoxazole core, the introduction of solubilising groups requires investigation. This could
include substitution with morpholine, piperazine, or aliphatic substituents such as that introduced by
researchers at Novartis in compound 1.08. Further exploration of the 7- and 5-positions of the pyridinoxazole

core is also warranted in order to determine the extent to which substitution can occur.

Modification and further probing of the urea Probing around pyridine ring

, e}
S~ — R = CN, OH, endocyclic N, NH,
O:< /j morpholine, piperazine, pyridine,
NH N N (0] e
N N AN other solubilising groups
SN o NH
‘ > 5 N\ N
Z~0 [\I \
F 6 /< 0
R 7 F

Figure 2.7 Concepts identified for consideration in future synthetic programs.

This series has been shown to have potent activity against T. cruzi when tested in the parasite panel, and this
was also observed in the Novartis patents.” ® As a result our library of compounds is currently being tested
against T. cruzi in order to develop an SAR picture for this series against this kinetoplastid. This may lead to
further analogues being identified, though in pursuit of this series it is necessary to acknowledge the high

risk of duplication associated with the interest shown by both Michael Gelb and Novartis.
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2.12. Experimental

General Procedure 2-Al: Synthesis of the pyridinoxazole core
To polyphosphoric acid (1.5 g/mmol of limiting reagent) was added 2-amino-3-hydroxypyridine (1.0 eq.)
and the relevant benzoic acid (1.1 eq.). The mixture was heated to 220 °C and stirred for 4 h prior to
neutralisation.
Work-up 1 (2-W1): The reaction mixture was poured into 5 M sodium hydroxide and the resulting
precipitate was filtered and recrystallised from ethyl acetate to give the desired pyridinoxazole core.
Work-up 2 (2-W2): The reaction mixture was poured into an aqueous 10% sodium bicarbonate
solution. The suspension was stirred until gas evolution ceased, then filtered and washed with water. The
aqueous medium was extracted three times with ethyl acetate. The combined organic layers were then
washed with a saturated aqueous solution of sodium chloride, dried with sodium sulphate and the solvent
was removed in vacuo. Purification by column chromatography on silica gel, eluting with 20-50% ethyl

acetate/petroleum spirits gave the desired pyridinoxazole core.

General Procedure 2-B1: Amide coupling
To a solution of the pyridinoxazole core (1.0 eg.) in N,N-dimethylformamide (0.5 M final concentration) the
carboxylic acid (1.2 eq.), EDCI (1.2 eq) and DMAP (0.1 eqg.) was added. The solution was stirred under
nitrogen at 45 °C for 18 h.
Work-up 1 (2-W1): Water (approximately 1 ml) was added to the reaction mixture and it was
transferred to the fridge overnight. The resulting precipitate was filtered and gave the desired product.
Work-up 2 (2-W2): The reaction mixture was diluted with ethyl acetate, before a saturated aqueous
solution of sodium bicarbonate was added and the mixture was extracted three times with ethyl acetate. The
combined organic layers were washed with a saturated aqueous solution of sodium chloride, dried with
magnesium sulphate and the solvent was removed in vacuo. The crude material was purified by column

chromatography on silica gel, eluting with 50% ethyl acetate/cyclohexane to give the desired product.
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General Procedure 2-B2: Amide coupling

To a solution of the pyridinoxazole core (1.0 eq.) in N,N-dimethylformamide (0.5 M final concentration) the
carboxylic acid (1.2 eq.), HBTU (1.2 eq.) and triethylamine (3.0 eq.) were added. The solution was stirred
under nitrogen at 45 °C for 18 h. The reaction mixture was then diluted with ethyl acetate, before a saturated
aqueous solution of sodium bicarbonate was added and the mixture was extracted three times with ethyl
acetate. The combined organic layers were then washed with a saturated aqueous solution of sodium
chloride, dried with magnesium sulphate and the solvent was removed in vacuo. The crude material was
purified by column chromatography on silica gel, eluting with 50% ethyl acetate/petroleum spirits to give the

desired carboxamide.
4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)-aniline (50, Eur. J. Med. Chem. manuscript)

NH, Title compound was prepared according to General Procedure 2-Al using 2-W1 as a

Z~G yellow powder (3.72 g, 20%). LRMS [M+H]" 246.1 m/z; HRMS [M+H]" 246.0426 m/z,
found 2460.|0431 m/z; 'H NMR (DMSO, 300 MHz) & 8.59 (dd, J = 4.9, 1.4 Hz, 1H), 8.27 (dd, J = 8.2, 1.4 Hz,
1H), 7.51 (dd, J = 8.2, 4.9 Hz, 1H), 7.41 (d, J = 2.8 Hz, 1H), 7.32 (d, J = 8.7 Hz, 1H), 6.83 (dd, J = 8.7, 2.8
Hz, 1H), 5.70 (s, 2H); *C NMR (DMSO, 101 MHz) & 164.0, 155.5, 148.6, 147.2, 142.2, 132.2, 125.2, 121.5,

119.7,119.0, 118.1, 116.5.

N-(4-Chloro-3-(oxazolo[4,5-b] pyridin-2-yl)phenyl)-3-methylfuran-2-carboxamide (2, Eur. J. Med. Chem.

manuscript)

~, The title compound was prepared from 50 according to General Procedure 2-B1 using

0 2-W2. In addition the compound was purified by column chromatography, eluting with

\ s N\>—Q 0-40% methanol in dichloromethane before being further purified by preparatory
HPLC, to give the title compound as an off-white solid (76 mg, 21%). LRMS [M+H]"
354.1 m/z; HRMS [M+H]" 354.0640 m/z, found 354.0637 m/z; 'H NMR (DMSO, 400 MHz) & 10.51 (s,
1H), 8.84 (d, J = 2.6 Hz, 1H), 8.61 (dd, J = 4.8, 1.4 Hz, 1H), 8.32 (dd, J = 8.2, 1.4 Hz, 1H), 8.03 (dd, J = 8.9,
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2.7 Hz, 1H), 7.84 (d, J = 1.7 Hz, 1H), 7.68 (d, J = 8.8 Hz, 1H), 7.53 (dd, J = 8.2, 4.8 Hz, 1H), 6.62 (d, J = 1.6
Hz, 1H), 2.36 (s, 3H); 3C NMR (DMSO, 101 MHz) § 162.7, 157.6, 155.0, 146.9, 144.1, 142.5, 141.4, 138.3,

131.7,128.8, 126.3, 124.8, 124.7, 122.8, 121.4, 119.4, 115.9, 11.1.
N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-3-carboxamide (5, Eur. J. Med. Chem. manuscript)

~~o Title compound was prepared from 50 according to General Procedure 2-B1 using 2-

o W2 as a yellow solid (75 mg, 35%). LRMS [M+H]" 340.1 m/z; HRMS [M+H]"

| A N@ 340.0483 m/z, found 340.0483 m/z; *H NMR (DMSO, 400 MHz) & 10.32 (s, 1H), 8.67
(d, J = 2.6 Hz, 1H), 8.61 (dd, J = 4.8, 1.4 Hz, 1H), 8.43 (dd, J = 1.5, 0.8 Hz, 1H), 8.31
(dd, J = 8.2, 1.4 Hz, 1H), 8.06 (dd, J = 8.8, 2.7 Hz, 1H), 7.83 (t, J = 1.7 Hz, 1H), 7.71 (d, J = 8.8 Hz, 1H),
7.53 (dd, J = 8.2, 4.8 Hz, 1H), 7.03 (dd, J = 1.9, 0.8 Hz, 1H); *C NMR (DMSO, 101 MHz) & 162.6, 160.8,

154.9, 147.0, 146.3, 144.5, 142.5, 138.4, 131.9, 126.3, 124.7, 124.4, 122.6, 122.6, 121.4, 119.4, 109.2.

N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide (6, Eur. J. Med. Chem.

manuscript)

s Title compound was prepared from 50 according to General Procedure B1 using 2-W2

W
o:} as a yellow solid (181 mg, 83%). LRMS [M+H]" 357.1 m/z; HRMS [M+H]" 357.0208
NH

C/IS@ m/z, found 357.0207 m/z; *H NMR (DMSO, 400 MHz) & 10.87 (s, 1H), 9.31 (d, J = 2.0

cl Hz, 1H), 8.94 (d, J = 2.6 Hz, 1H), 8.63 (dd, J = 4.8, 1.4 Hz, 1H), 8.58 (d, J = 2.0 Hz,
1H), 8.34 (dd, J = 8.2, 1.4 Hz, 1H), 8.14 (dd, J = 8.9, 2.7 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.56 (dd, J = 8.2,
4.8 Hz, 1H); ®C NMR (DMSO, 101 MHz) § 164.8, 160.2, 155.4, 152.2, 152.2, 147.8, 143.4, 138.9, 137.0,

132.0, 131.6, 130.3, 130.0, 128.2, 126.6, 124.6.
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N-(4-Chloro-3-(oxazolo[4,5-b] pyridin-2-yl)phenyl)benzamide (10, Eur. J. Med. Chem. manuscript)

Q Title compound was prepared from 50 according to General Procedure 2-B1 using 2-
o

W2 as an off-white solid (103 mg, 69%). LRMS [M+H]" 350.1 m/z; HRMS [M+H]"
NH

‘ Ns N 350.0691 m/z, found 350.0686 m/z; "H NMR (DMSO, 400 MHz) & 10.66 (s, 1H), 8.81
Z 0
cl (d, J = 2.6 Hz, 1H), 8.62 (dd, J = 4.8, 1.4 Hz, 1H), 8.33 (dd, J = 8.2, 1.4 Hz, 1H), 8.10

(dd, J = 8.8, 2.6 Hz, 1H), 8.05 — 7.95 (m, 2H), 7.74 (d, J = 8.8 Hz, 1H), 7.69 — 7.48 (m, 4H); *C NMR
(DMSO, 101 MHz) & 165.9, 162.7, 155.0, 147.0, 142.6, 138.7, 134.3, 132.0, 131.9, 128.5, 127.8, 1264,

124.7,124.7,122.9, 121.4, 119.4.
N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)isonicotinamide (14, Eur. J. Med. Chem. manuscript)

s Title compound was prepared from 50 according to General Procedure 2-B1 using 2-

o:é%) W1 as a colourless solid (120 mg, 35%). LRMS [M+H]" 351.1 m/z; HRMS [M+H]"

N 351.0643 m/z, found 351.0637 m/z; *H NMR (DMSO, 400 MHz) & 10.90 (s, 1H), 8.93
cl —8.71 (m, 3H), 8.62 (dd, J = 4.8, 1.4 Hz, 1H), 8.33 (dd, J = 8.2, 1.4 Hz, 1H), 8.09 (dd,

J =88, 2.6 Hz, 1H), 7.91 (dd, J = 4.5, 1.6 Hz, 2H), 7.76 (d, J = 8.8 Hz, 1H), 7.55 (dd, J = 8.2, 4.8 Hz, 1H);
C NMR (DMSO, 101 MHz) & 164.8, 163.0, 155.4, 150.9 (2C), 147.5, 143.0, 142.8, 141.8, 138.6, 132.5,

127.5, 125.3, 123.5, 122.1 (2C), 121.9, 119.9.
N-(4-Chloro-3-(oxazolo[4,5-b] pyridin-2-yl)phenyl)nicotinamide (15, Eur. J. Med. Chem. manuscript)

7N Title compound was prepared from 50 according to General Procedure B1 using 2-W2

o) as a colourless solid (148 mg, 69%). LRMS [M+H]" 351.1 m/z; HRMS [M+H]"
NH
| SN 351.0643 m/z, found 351.0640 m/z; *H NMR (DMSO, 400 MHz) & 10.87 (s, 1H), 9.17
Z~0
cl (dd, J = 2.3, 0.7 Hz, 1H), 8.80 (dd, J = 4.5, 1.9 Hz, 2H), 8.64 (dd, J = 4.8, 1.4 Hz, 1H),
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8.40 — 8.30 (m, 2H), 8.10 (dd, J = 8.8, 2.7 Hz, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.62 (ddd, J = 8.0, 4.8, 0.8 Hz,
1H), 7.56 (dd, J = 8.2, 4.8 Hz, 1H); *C NMR (DMSO, 101 MHz) & 164.5, 162.6, 154.9, 152.6, 142.6, 138.4,

135.7, 135.6, 132.0, 130.0, 126.8, 124.8, 124.8, 123.6 (2C), 121.4 (2C), 119.4.
Oxazolo[4,5-b]pyridine (52, Eur. J. Med. Chem. manuscript)

N N NH;  Title compound was prepared according to General Procedure 2-Al using 2-W1 as an
M) .
R/Io off-white solid (2.36 g, 25%). LRMS [M+H]* 121.1 m/z; "H NMR (DMSO, 400 MHz) &
9.04 (s, 1H), 8.58 (dd, J = 4.8, 1.4 Hz, 1H), 8.26 (dd, J = 8.2, 1.4 Hz, 1H), 7.50 (dd, J = 8.2, 4.8 Hz, 1H),

6.41 (s, 2H); *C NMR (DMSO, 101 MHz) § 157.7, 154.5, 147.1, 142.0, 121.5, 120.1.

3-Methyl-N-(3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-carboxamide (18, Eur. J. Med. Chem.

manuscript)

\\ Title compound prepared from 52 according to General Procedure 2-B1 using 2-W1 as

O;%} an off-white solid (138 mg, 48%). HPLC — rt 9.57 min > 99% purity at 254 nm; LRMS
EN/\I:}_@ [M+H]* 320.1 m/z; HRMS [M+H]* 320.1030 m/z, 320.1040 m/z; '"H NMR (400 MHz,
DMSO) § 10.42 (s, 1H), 8.89 (t, J = 1.8 Hz, 1H), 8.57 (dd, J = 4.9, 1.4 Hz, 1H), 8.29 (dd, J = 8.2, 1.4 Hz,
1H), 8.10 — 7.90 (m, 2H), 7.85 (d, J = 1.5 Hz, 1H), 7.61 (t, J = 8.0 Hz, 1H), 7.49 (dd, J = 8.2, 4.9 Hz, 1H),
6.64 (d, J = 1.4 Hz, 1H), 2.39 (s, 3H); *C NMR (101 MHz, DMSO) & 164.8, 157.7, 155.5, 146.6, 143.9,

142.8, 141.6, 139.6, 129.7, 128.4, 126.2, 124.2, 122.7, 120.8, 119.1, 119.0, 115.8, 11.1.
N-(3-(Oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-5-carboxamide (19, Eur. J. Med. Chem. manuscript)

\N\7 Compound 52 (European Journal of Medicinal Chemistry manuscript) (150 mg, 0.71

0%4 ° mmol), 5-oxazolecarboxylic acid (81 mg, 0.71 mmol) and hydroxybenzotriazole (134
C/\I?—O mg, 0.85 mmol) were combined in anhydrous N,N-dimethylformamide (4 ml) and
allowed to stir at ambient temperature for 5 min before addition of 1-ethyl-3-(3-
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dimethylaminopropyl)carbodiimide hydrochloride (163 mg, 0.85 mmol) and diisopropylethylamine (320 pl,
1.76 mmol). The suspension was stirred for 16 h under nitrogen at ambient temperature. The reaction
mixture was quenched with the addition of water (1 ml) before being transferred to the fridge. The resulting
precipitate was filtered and washed with water to obtain the title compound as a pale-orange solid (35 mg,
16%). HPLC — rt 8.30 min > 99% purity at 254 nm; LRMS [M+H]" 307.1 m/z; HRMS [M+H]" 307.0826
m/z, found 307.0837 m/z; *H NMR (400 MHz, DMSO) & 10.76 (s, 1H), 8.74 (dd, J = 8.3, 6.6 Hz, 2H), 8.58
(dd, J =4.8, 1.3 Hz, 1H), 8.29 (dd, J = 8.2, 1.3 Hz, 1H), 8.12 — 7.94 (m, 3H), 7.66 (t, J = 8.0 Hz, 1H), 7.50
(dd, J = 8.2, 4.9 Hz, 1H); *C NMR (101 MHz, DMSO) & 164.6, 155.4, 155.2, 154.1, 146.6, 144.9, 142.8,

139.1, 130.5, 130.0, 126.4, 124.2, 123.2, 120.9, 119.1, 119.1.
N-(3-(Oxazolo[4,5-b]pyridin-2-yl)phenylthiazole-4-carboxamide (21, Eur. J. Med. Chem. manuscript)

\SW Title compound prepared from 52 according to General Procedure 2-B2 as a pale-

o:%{N yellow solid (50 mg, 20%). HPLC — rt 8.99 min 99% purity at 254 nm; LRMS [M+H]"
EN/\I'C\'?_O 323.1 m/z; HRMS [M+H]" 323.0597 m/z, found 323.0613 m/z; ‘H NMR (400 MHz,
DMSO) 6 10.75 (s, 1H), 9.32 (d, J = 2.0 Hz, 1H), 8.97 (t, J = 1.8 Hz, 1H), 8.70 — 8.46 (m, 2H), 8.29 (dd, J =
8.2, 1.4 Hz, 1H), 8.11 (ddd, J = 8.2, 2.1, 0.9 Hz, 1H), 8.05 — 7.93 (m, 1H), 7.64 (t, J = 8.0 Hz, 1H), 7.50 (dd,
J=8.2, 4.9 Hz, 1H); *C NMR (101 MHz, DMSO) & 164.7, 159.5, 155.5, 155.2, 150.4, 146.6, 142.8, 139.5,

129.8, 126.3, 126.1, 124.5, 123.0, 120.8, 119.2, 119.1.
2-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)aniline (53, Eur. J. Med. Chem. manuscript)

NH, Title compound prepared according to General Procedure 2-Al using 2-W1 as a dark-

N\ N
| > red solid (647 mg, 48%). HPLC — rt 5.85 min > 99% purity at 254 nm; LRMS [M+H]*

Z=~0
226.2 m/z; HRMS [M+H]" 226.0975 m/z, found 226.0975 m/z; *H NMR (400 MHz, DMSO) & 8.54 (dd, J =
4.9, 1.4 Hz, 1H), 8.21 (dd, J = 8.1, 1.4 Hz, 1H), 7.45 (dd, J = 8.1, 4.9 Hz, 1H), 7.28 (dd, J = 7.7, 1.0 Hz, 1H),
7.12 (t, J = 7.8 Hz, 1H), 6.92 (dd, J = 7.9, 0.9 Hz, 1H), 5.26 (s, 2H), 2.48 (s, 3H); *C NMR (101 MHz,
DMSO) 6 166.1, 155.5, 148.1, 146.2, 142.1, 126.4, 125.7, 121.5, 120.6, 118.8, 117.9, 117.5, 14.3.
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N-(2-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyDfuran-2-carboxamide (22, Eur. J. Med. Chem.

manuscript)

\\ Title compound prepared from 53 according to General Procedure 2-B1 using 2-W1 as

O:%:O a pale-yellow solid (144 mg, 68%). HPLC — rt 5.98 min > 99% purity at 254 nm;
EN/\I:}_@ LRMS [M+H]" 320.2 m/z; HRMS [M+H]" 320.1030 m/z, found 320.1030 m/z; 'H
NMR (400 MHz, DMSO) 6 10.13 (s, 1H), 8.58 (dd, J = 4.9, 1.4 Hz, 1H), 8.28 (dd, J = 8.2, 1.4 Hz, 1H), 8.05
(dd, J=7.8, 1.2 Hz, 1H), 7.97 (dd, J = 1.7, 0.8 Hz, 1H), 7.61 (d, J = 6.8 Hz, 1H), 7.56 — 7.43 (m, 2H), 7.34
(dd, J = 3.5, 0.7 Hz, 1H), 6.73 (dd, J = 3.5, 1.8 Hz, 1H), 2.62 (s, 3H); *C NMR (101 MHz, DMSO) & 164.9,
156.6, 155.4, 147.4, 146.5, 145.8, 142.3, 137.2, 135.4, 130.9, 128.1, 126.4, 126.4, 121.0, 119.1, 114.8, 112.2,

16.0.
3-Amino-2-fluorobenzoic acid (54, Eur. J. Med. Chem. manuscript)

N F A 0.05 M solution of 2-fluoro-3-nitrobenzoic acid (510 mg, 0.27 mmol) made up in 50:50

G—/QH ethyl acetate/ethanol (54 ml). This was loaded on to a ThalesNano H-Cube® with a 10% Pd/C
CatCart®. The reaction was monitored by LCMS until no more starting material was present and the solvent
was removed under reduced pressure to give the amine as a pale-yellow solid (418 mg, 95%), which was

used directly in the next reaction. LRMS [M+H]" 156.1 m/z; *H NMR (400 MHz, DMSO) & 7.03 — 6.83 (m,

3H), 5.32 (s, 2H).
2-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)aniline (55, Eur. J. Med. Chem. manuscript)

£ nH, Title compound prepared from 54 according to General Procedure 2-Al using 2-W1 as

25 a pale-brown solid (330 mg, 63%). LRMS [M+H]" 230.1 m/z; HRMS [M+H]"
230.0724 m/z, found 230.0723 m/z; 'H NMR (400 MHz, DMSO) & 8.57 (dd, J = 4.9, 1.4 Hz, 1H), 8.26 (dd,
J=8.2,1.4 Hz, 1H), 7.48 (dd, J = 8.2, 4.9 Hz, 1H), 7.35 (ddd, J = 7.8, 6.1, 1.8 Hz, 1H), 7.21 — 6.98 (m, 2H),
5.56 (s, 2H); *C NMR (101 MHz, DMSO) & 162.3 (J ¢ = 4 Hz), 155.2, 1485 (J c.r = 252 Hz), 146.7,
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142.4, 138.0 (J c.r = 12 Hz), 124.9 (J c.r = 4 Hz), 120.9, 120.0 (J c.r = 5 Hz), 119.1, 116.2, 113.9 (J cr = 8

Hz).

N-(2-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyDfuran-2-carboxamide (23, Eur. J. Med. Chem.

manuscript)

\\ Title compound prepared from 55 according to General Procedure 2-B1 using 2-W1 as

FOZ%TO a pale-brown solid (92 mg, 44%). HPLC — rt 6.16 min > 97% purity at 254 nm; LRMS
C/IS@ [M+H]" 324.1 m/z; HRMS [M+H]" 324.0779 m/z, found 324.0785 m/z; *H NMR (400
MHz, DMSO) § 10.27 (s, 1H), 8.61 (dd, J = 4.8, 1.4 Hz, 1H), 8.31 (dd, J = 8.2, 1.4 Hz, 1H), 8.12 (ddd, J =
8.0, 6.5, 1.7 Hz, 1H), 8.00 (dd, J = 1.7, 0.8 Hz, 1H), 7.96 — 7.84 (m, 1H), 7.59 — 7.44 (m, 2H), 7.41 (dd, J =
3.5,0.7 Hz, 1H), 6.74 (dd, J = 3.5, 1.8 Hz, 1H); **C NMR (101 MHz, DMSO) & 161.4, 156.6, 155.1, 154.1 (J
cF = 263 Hz), 147.1, 147.0, 146.3, 142.7, 131.3, 127.5, 126.7 (J c.r = 12 Hz), 125.1 (J c¢ = 5 Hz), 121.4,

119.5, 115.6, 115.0 (J c.r = 9 Hz), 1125,

2-Methoxy-5-(oxazolo[4,5-b]pyridin-2-yDaniline (59, Eur. J. Med. Chem. manuscript)

NH, Title compound prepared according to General Procedure 2-Al using 2-W1 as a
N\ N
P 9% hale-brown solid (1.11 g, 85%). HPLC — rt 6.19 min > 92% purity at 254 nm. LRMS

[M+H]" 242.2 m/z; HRMS [M+H]" 242.0924 m/z, found 242.0926 m/z; "H NMR (400 MHz, DMSO) & 8.48
(dd, J = 4.9, 1.4 Hz, 1H), 8.15 (dd, J = 8.1, 1.4 Hz, 1H), 7.54 (d, J = 2.2 Hz, 1H), 7.48 (dd, J = 8.3, 2.2 Hz,
1H), 7.39 (dd, J = 8.1, 4.9 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 5.17 (s, 2H), 3.88 (s, 3H); *C NMR (101 MHz,

DMSO) 6 165.8, 156.0, 150.0, 146.0, 142.5, 138.5, 112.0, 118.4, 118.2, 116.7, 111.9, 110.6, 55.6.
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N-(2-Methoxy-5-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-2-carboxamide (26, Eur. J. Med. Chem.

manuscript)

® Title compound prepared from 59 according to General Procedure 2-B1 using 2-

o NHO W1 as a pale-brown solid (85 mg, 70%). HPLC — rt 9.29 min > 95% purity; LRMS
C/\I??—QOCHB [M+H]" 336.1 m/z; HRMS [M+H]" 336.0979 m/z, found 336.0976 m/z; 'H NMR
(400 MHz, DMSO) 5 9.29 (s, 1H), 8.89 (d, J = 2.1 Hz, 1H), 8.52 (dd, J = 4.9, 1.4 Hz, 1H), 8.22 (dd, J = 8.1,
1.4 Hz, 1H), 8.08 (dd, J = 8.6, 2.2 Hz, 1H), 7.99 (dd, J = 1.7, 0.7 Hz, 1H), 7.44 (dd, J = 8.1, 4.9 Hz, 1H),
7.38 (dd, J = 4.7, 4.0 Hz, 2H), 6.75 (dd, J = 3.5, 1.7 Hz, 1H), 3.34 (s, 3H); *C NMR (101 MHz, DMSO) &
164.8, 155.8, 155.7, 153.4, 147.0, 146.3, 146.0, 142.7, 127.1, 125.3, 120.9, 120.3, 118.7, 118.0, 115.4, 112.5,

112.0, 56.5.
4-Methyl-3-(oxazolo[4,5-b]pyridin-2-ylaniline (65, Eur. J. Med. Chem. manuscript)

nH, Title compound prepared according to General Procedure 2-A2 using 2-W2 as a pale-

N\N
‘ \

/ O>_§:> yellow solid (810 mg, 30%). HPLC — rt 5.94 min > 99% purity at 254 nm; LRMS
[M+H]" 226.2 m/z; HRMS [M+H]" 226.0975 m/z, found 226.0976 m/z; "H NMR (400 MHz, DMSO) & 8.54
(dd, J = 4.9, 1.4 Hz, 1H), 8.22 (dd, J = 8.1, 1.4 Hz, 1H), 7.52 — 7.41 (m, 2H), 7.11 (d, J = 8.2 Hz, 1H), 6.77
(dd, J = 8.2, 2.5 Hz, 1H), 5.30 (s, 2H), 2.59 (s, 3H); **C NMR (101 MHz, DMSO) & 165.7, 155.6, 147.0,

146.2, 142.0, 132.6, 125.5, 124.8, 120.5, 118.7, 118.0, 114.3, 20.9.

3-Methyl-N-(4-methyl-3-(oxazolo[4,5-b] pyridin-2-yl)phenyl)furan-2-carboxamide (33, Eur. J. Med. Chem.

manuscript)

® Title compound prepared from 65 according to General Procedure 2-B1 using 2-W1 as
O

© \y @ Ppale-orange solid (124 mg, 56%). HPLC — rt 9.94 min > 98% purity at 254 nm;

N\ N
R/IQ—Q LRMS [M+H]" 334.2 m/z; HRMS [M+H]" 334.1186 m/z, found 334.1195 m/z; *H
NMR (400 MHz, DMSO) 6 10.33 (s, 1H), 8.80 (d, J = 2.3 Hz, 1H), 8.58 (dd, J = 4.9, 1.4 Hz, 1H), 8.30 (dd, J
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= 8.2, 1.4 Hz, 1H), 7.90 (dd, J = 8.3, 2.3 Hz, 1H), 7.83 (d, J = 1.7 Hz, 1H), 7.60 — 7.37 (m, 2H), 6.62 (d, J =
1.7 Hz, 1H), 2.75 (s, 3H), 2.38 (s, 3H); *C NMR (101 MHz, DMSO) & 164.9, 157.5, 155.5, 146.5, 143.8,
142.1,141.7,137.1, 133.9, 132.3, 128.1, 124.7, 123.8, 121.0, 120.8, 118.9, 115.7, 21.3, 11.1.

N-(4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-5-carboxamide (34, Eur. J. Med. Chem.

manuscript)

}“2 Title compound prepared from 65 according to General Procedure 2-B1 using 2-W1 as
© vy an off-white solid (106 mg, 67%). HPLC — rt 8.68 min > 98% purity at 254 nm; LRMS
KN/IZ\%Q [M+H]" 321.1 m/z; HRMS [M-H] 319.0837 m/z, found 319.0834 m/z; *H NMR (400
MHz, DMSO) & 10.68 (s, 1H), 8.77 — 8.62 (m, 2H), 8.58 (dd, J = 4.8, 1.4 Hz, 1H), 8.28 (dd, J = 8.1, 1.4 Hz,
1H), 8.04 (s, 1H), 7.93 (dd, J = 8.3, 2.3 Hz, 1H), 7.61 — 7.40 (m, 2H), 2.76 (s, 3H); *C NMR (101 MHz,
DMSO) 6 164.7, 155.4, 155.0, 154.0, 146.5, 145.0, 142.1, 136.6, 134.5, 132.5, 130.2, 124.9, 123.7, 121.1,

120.9, 118.9, 21.4.

N-(4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)furan-3-carboxamide (35, Eur. J. Med. Chem.

manuscript)

fo Title compound prepared from 65 according to General Procedure 2-B1 using 2-W1 as
o)

wy  an off-white solid (169 mg, 79%). HPLC — rt 9.27 min > 99% purity at 254 nm; LRMS

C/\Ii}—@ [M+H]* 320.2 m/z; HRMS [M-H] 318.0884 m/z, found 318.0876 m/z; *H NMR (400
MHz, DMSO) 6 10.18 (s, 1H), 8.77 — 8.49 (m, 2H), 8.43 (d, J = 0.6 Hz, 1H), 8.28 (dd, J = 8.1, 1.4 Hz, 1H),
7.94 (dd, J = 8.3, 2.3 Hz, 1H), 7.83 (t, J = 1.7 Hz, 1H), 7.58 — 7.36 (m, 2H), 7.04 (dd, J = 1.8, 0.7 Hz, 1H),
2.76 (s, 3H); 3C NMR (101 MHz, DMSO) & 164.8, 160.5, 155.5, 146.5, 146.0, 144.3, 142.1, 137.3, 133.9,

132.4,124.8, 123.5, 122.8, 120.9, 120.8, 118.9, 109.2, 21.3.
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N-(4-Methyl-3-(oxazolo[4,5-b]pyridin-2-yl)phenyDthiazole-4-carboxamide (36, Eur. J. Med. Chem.

manuscript)

\SW Title compound prepared from 65 according to General Procedure 2-B1 using 2-W1 as
o NHN a pale-yellow solid (70 mg, 56%). HPLC — rt 9.38 min > 98% purity at 254 nm; LRMS
EN/\I:}_Q [M+H]" 337.1 m/z; HRMS [M+H]" 337.0754 m/z, found 337.0768 m/z; *H NMR (400
MHz, DMSO) 8 10.65 (s, 1H), 9.30 (d, J = 2.0 Hz, 1H), 8.89 (d, J = 2.3 Hz, 1H), 8.66 —

8.44 (m, 2H), 8.29 (dd, J = 8.1, 1.4 Hz, 1H), 7.98 (dd, J = 8.3, 2.3 Hz, 1H), 7.62 — 7.33 (m, 2H), 2.76 (s, 3H);
3C NMR (101 MHz, DMSO) & 164.8, 159.3, 155.5, 155.1, 150.5, 146.5, 142.1, 137.0, 134.3, 132.3, 125.8,

124.8, 124.0, 121.2, 120.9, 119.0, 21.4.
4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)aniline (66, Eur. J. Med. Chem. manuscript)

NN NH2  Title compound prepared according to General Procedure 2-Al using 2-W1 as a yellow
@Q_Q solid (838 mg, 34%). HPLC — rt 5.65 min > 96% purity at 254 nm; LRMS [M+H]"
230.2 m/z; HRMS [M+H]* 230.0724 m/z, found 230.0727 m/z; *H NMR (DMSO, 400 MHz) & 8.57 (dd, J =
4.9, 1.4 Hz, 1H), 8.27 (dd, J = 8.2, 1.4 Hz, 1H), 7.46 (ddd, J = 8.9, 7.1, 3.9 Hz, 2H), 7.16 (dd, J = 10.9, 8.9
Hz, 1H), 6.86 (ddd, J = 8.9, 4.1, 3.0 Hz, 1H), 5.42 (s, 2H); **C NMR (DMSO, 101 MHz) & 162.4 (J c.r = 4
Hz), 155.1, 152.2 (J c.¢r = 247 Hz), 146.67, 145.8 (J c.¢ = 2 Hz), 142.45, 120.88, 119.5 (J c.r = 8 Hz), 119.09,

117.6 (J c.r = 22 Hz), 113.7 (J ¢ = 11 Hz), 113.5.

N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-3-methylfuran-2-carboxamide (38, Eur. J. Med. Chem.

manuscript)

;@) Title compound prepared from 66 according to General Procedure 2-B1 using 2-W1 as

" nH  a pale-orange solid (54 mg, 46%). HPLC — rt 9.52 min > 99% purity at 254 nm; LRMS
@5@ [M+H]" 338.1 m/z; HRMS [M+H]" 338.0952 m/z; 'H NMR (400 MHz, DMSO) & 10.45
(s, 1H), 8.F88 (dd, J = 6.5, 2.7 Hz, 1H), 8.60 (dd, J = 4.8, 1.4 Hz, 1H), 8.32 (dd, J = 8.2, 1.4 Hz, 1H), 8.04
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(ddd, J = 9.0, 4.3, 2.8 Hz, 1H), 7.84 (d, J = 1.5 Hz, 1H), 7.59 — 7.42 (m, 2H), 6.63 (d, J = 1.5 Hz, 1H), 2.37
(s, 3H); *C NMR (101 MHz, DMSO) & 161.4 (J c¢ = 6 Hz), 157.6, 156.2 (J c.r = 256 Hz), 155.1, 146.9,
144.0, 142.6, 1415, 135.7, 128.5, 126.3 (J c.r = 8 Hz), 121.3 (J c.r = 25 Hz), 119.3, 117.5 (J c.r = 22 H2),
115.8, 113.8 (J . = 11 Hz), 11.1. *Note: There is 1 carbon missing from the spectrum which is assumed to

be overlapping with another signal.

N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-5-carboxamide (39, Eur. J. Med. Chem.

manuscript)

\Nz Title compound prepared from 66 according to General Procedure 2-B1 using 2-W1 as

. nH a pale-yellow solid (82 mg, 93%). HPLC — rt 8.28 min > 97% purity at 254 nm; LRMS
@}—@ [M+H]" 325.1 m/z; HRMS [M+H]* 325.0747 m/z; ‘H NMR (400 MHz, DMSO) §
10.79 (s, lFH), 8.84 — 8.67 (m, 2H), 8.61 (dd, J = 4.8, 1.2 Hz, 1H), 8.32 (dd, J = 8.2, 1.2 Hz, 1H), 8.15 - 7.96
(m, 2H), 7.64 — 7.43 (m, 2H); *C NMR (101 MHz, DMSO) & 161.3 (J c¢ = 5 Hz), 156.4 (J c.r = 258 Hz),
155.1, 155.0, 154.1, 146.9, 144.9, 142.6, 135.1 (J cr = 3 Hz), 130.5, 126.2 (J cr = 9 Hz), 121.6, 121.2,

119.3, 117.8 (J c.r = 23 Hz), 114.1 (J ¢ = 11 H2).

N-(4-Fluoro-3-(oxazolo[4,5-b] pyridin-2-yl)phenyDfuran-3-carboxamide (40, Eur. J. Med. Chem.

manuscript)

//O Title compound prepared from 66 according to General Procedure 2-B1 using 2-W1 as
N ° NH - an off-white solid (79 mg, 80%). HPLC — rt 8.95 min > 99% purity at 254 nm; LRMS
@(?_@ [M+H]" 324.1 m/z; HRMS [M-H] 322.0627 m/z; "H NMR (400 MHz, DMSO) & 10.27
(s, 1H), 8.;0 (dd, J=6.5, 2.7 Hz, 1H), 8.60 (dd, J = 4.8, 1.4 Hz, 1H), 8.43 (dd, J = 1.5, 0.8 Hz, 1H), 8.32 (dd,
J=8.2, 1.4 Hz, 1H), 8.08 (ddd, J = 9.0, 4.2, 2.8 Hz, 1H), 7.83 (t, J = 1.7 Hz, 1H), 7.59 — 7.46 (m, 2H), 7.04
(dd, J = 1.9, 0.8 Hz, 1H); *C NMR (101 MHz, DMSO) & 161.4 (J c.r = 5 Hz), 160.6, 156.1 (J c.r = 255 Hz),
155.0, 146.9, 146.2, 144.4, 142.6, 135.9 (J c.r = 3 Hz), 125.9 (J c.r = 8 Hz), 122.6, 121.2, 119.3, 117.7 (J ¢+
=22 Hz), 114.0 (J c.¢ = 11 Hz), 109.2.
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N-(4-Fluoro-3-(oxazolo[4,5-b] pyridin-2-yl)phenythiazole-4-carboxamide (41, Eur. J. Med. Chem.

manuscript)

\SWN Title compound prepared from 66 according to General Procedure 2-B1 using 2-W1 as

. nH  an off-white solid (170 mg, 77%). HPLC — rt 8.92 min > 99% purity at 254 nm; LRMS
E;[S?_@ [M+H]* 341.1 m/z; HRMS [M+H]" 341.0512 m/z; *H NMR (400 MHz, DMSO) &
10.79 (s, 4FH), 9.30 (d, J = 2.0 Hz, 3H), 8.96 (dd, J = 6.5, 2.7 Hz, 4H), 8.70 — 8.46 (m, 7H), 8.31 (dd, J = 8.2,
1.4 Hz, 4H), 8.13 (ddd, J = 9.0, 4.3, 2.8 Hz, 4H), 7.68 — 7.41 (m, 8H); *C NMR (101 MHz, DMSO) & 161.4
(J cr =5Hz), 159.5, 156.4 (J cr = 259 Hz), 155.2, 155.1, 150.3, 146.9, 142.5, 135.6, 126.6 (J c.r = 9 H2),

126.1,121.7,121.2,119.3, 117.6 (J c.r = 22 Hz), 113.9 (J c.r = 11 H2).
3-(Oxazolo[5,4-b]pyridin-2-yl)aniline (2.30)

o NH, Title compound prepared according to General Procedure 2-Al using 2-W1 as an off-
| /\ N white solid (371 mg, 19%). HPLC rt — 4.40 min > 98% purity at 254 nm; LRMS
[M+H]" 212.1 m/z; HRMS [M+H]" 212.0818 m/z, found 212.0818 m/z; "H NMR (400 MHz, DMSO) & 8.36
(dd, J = 4.9, 1.5 Hz, 1H), 8.23 (dd, J = 7.8, 1.6 Hz, 1H), 7.54 — 7.41 (m, 2H), 7.41 — 7.31 (m, 1H), 7.25 (t, J
= 7.8 Hz, 1H), 6.83 (ddd, J = 8.0, 2.3, 1.0 Hz, 1H), 5.53 (s, 2H); *C NMR (101 MHz, DMSO) § 162.9,

159.2, 1495, 1444, 133.3, 129.9, 128.4, 126.4, 121.5, 117.9, 114.7, 112.1.
N-(3-(Oxazolo[5,4-b]pyridin-2-yl)phenyl)furan-3-carboxamide (2.32)

/~o Title compound prepared according to General Procedure 2-B1 using 2-W1 as an off-
0:% white solid (230 mg, 64%). HPLC rt — 6.79 min > 99% purity at 254 nm; LRMS
C/\I;’/@ [M+H]" 306.1 m/z; HRMS [M+H]* 306.0873 m/z, found 306.0873 m/z; ‘H NMR (400
MHz, DMSO) & 10.22 (s, 1H), 8.69 (t, J = 1.8 Hz, 1H), 8.45 (dd, J = 1.5, 0.8 Hz, 1H), 8.40 (dd, J=4.9, 1.6
Hz, 1H), 8.29 (dd, J = 7.8, 1.6 Hz, 1H), 8.05 (ddd, J = 8.2, 2.2, 1.0 Hz, 1H), 7.95 (ddd, J = 7.8, 1.6, 1.0 Hz,
1H), 7.83 (t, J = 1.7 Hz, 1H), 7.62 (t, J = 8.0 Hz, 1H), 7.52 (dd, J = 7.9, 4.9 Hz, 1H), 7.05 (dd, J = 1.9, 0.8
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Hz, 1H); *C NMR (101 MHz, DMSO) & 162.0, 160.7, 159.3, 146.2, 144.9, 144.4, 139.9, 133.3, 129.9,

128.8, 126.4, 123.6, 122.8, 122.4, 121.7, 118.6, 109.2.
N-(2-Chloropyridin-3-yl)-3-nitrobenzamide (2.35)

NgC o 3-Nitrobenzoic acid (1.0 g, 5.98 mmol) was added to anhydrous dichloromethane (10
@ujkg/mz ml) under nitrogen and the suspension was cooled to 0 °C. A catalytic amount of
anhydrous N,N-dimethylformamide was added followed by the gradual addition of oxalyl chloride (0.56 ml,
6.58 mmol). The reaction mixture was left to stir at 0 °C until no further effervescence was observed. All of
the volatiles were removed in vacuo and the resulting residue was re-suspended in anhydrous
tetrahydrofuran. The reaction mixture was again cooled to 0 °C before the addition of 3-amino-2-
chloropyridine (769 mg, 5.98 mmol) and pyridine (963 ul, 11.96 mmol). Once the addition was complete the
reaction mixture was allowed to gradually warm to ambient temperature and stirred for 18 h. The reaction
mixture was neutralised by addition of saturated aqueous ammonium chloride and extracted with ethyl
acetate. The organic layers were collected, dried with magnesium sulphate and the solvent removed. The
crude material was purified by column chromatography, eluting with 25%-50% ethyl acetate/petroleum
spirits to yield the title product as an off-white solid (1.00 g, 60%). HPLC rt — 6.39 min > 99% purity at 254
nm; LRMS [M+H]" 278.0 m/z; HRMS [M+H]" 278.0327 m/z, found 278.0331 m/z; ‘H NMR (400 MHz,
DMSO) & 10.68 (s, 1H), 8.83 (t, J = 1.9 Hz, 1H), 8.49 (ddd, J = 8.2, 2.3, 1.0 Hz, 1H), 8.42 (ddd, J = 7.8, 1.6,
1.1 Hz, 1H), 8.36 (dd, J = 4.7, 1.8 Hz, 1H), 8.08 (dd, J = 7.9, 1.8 Hz, 1H), 7.88 (t, J = 8.0 Hz, 1H), 7.54 (dd,
J=17.9, 4.7 Hz, 1H); BC NMR (101 MHz, DMSO) 6 163.7, 147.8, 147.2, 146.6, 137.4, 135.0, 134.2, 131.7,

130.5, 126.7, 123.6, 122.6.
2-(3-Nitrophenyl)thiazolo[5,4-b]pyridine (2.36)

no, N-(2-Chloropyridin-3-yl)-3-nitrobenzamide (0.50 g, 1.80 mmol) and Lawesson’s
N\ s

| N reagent (0.44 g, 1.08 mmol) were added to ortho-xylene (5 ml) under nitrogen. The

suspension was heated to 110 °C and after 10 mins all of the solid had dissolved, the reaction was heated for
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a further 2.5 h. After this time cesium carbonate (1.17g, 3.60 mmol) was added and the reaction was then
refluxed for 5 h. The reaction mixture was diluted with ethyl acetate and washed with water. The organic
layers were dried with magnesium sulphate and the solvent was removed in vacuo. The crude material was
then purified by column chromatography, eluting with 15%-25% ethyl acetate/petroleum spirit to yield the
title compound as an off-white solid (107 mg, 23%). HPLC rt — 7.69 min > 96% purity at 254 nm; LRMS
[M+H]" 258.1 m/z; HRMS [M+H]" 258.0332 m/z, found 258.0334 m/z; *H NMR (400 MHz, DMSO) & 8.85
(t, J = 2.0 Hz, 1H), 8.69 (dd, J = 4.6, 1.5 Hz, 1H), 8.54 (ddd, J = 5.0, 2.6, 1.3 Hz, 2H), 8.45 (ddd, J = 8.2,
2.3, 0.9 Hz, 1H), 7.90 (t, J = 8.0 Hz, 1H), 7.68 (dd, J = 8.3, 4.6 Hz, 1H); *C NMR (101 MHz, DMSO) §

165.0, 157.6, 148.5, 148.3, 146.4, 134.0, 133.7, 131.3, 130.9, 126.2, 122.6, 121.3.
3-(Thiazolo[5,4-b]pyridin-2-yDaniline (2.37)

NH, A 0.005 M solution of 2.36 (0.42 mmol) was dissolved in a 50:50 ethyl acetate/ethanol
‘/ N (20 ml) mixture. This was loaded on to a ThalesNano H-Cube® with a 10% Pd/C
CatCart®. The reaction was monitored by LCMS until no more starting material was present and the solvent
was removed under reduced pressure to give the title compound as a yellow solid (86 mg, 91%) which was
used directly in the next reaction. LRMS [M+H]" 228.1 m/z; '"H NMR (400 MHz, DMSO) & 8.60 (dd, J =
4.6, 1.4 Hz, 1H), 8.40 (dd, J = 8.2, 1.4 Hz, 1H), 7.60 (dd, J = 8.2, 4.6 Hz, 1H), 7.36 (d, J = 1.0 Hz, 1H), 7.27

—7.15 (m, 2H), 6.78 (dt, J = 6.1, 2.4 Hz, 1H), 5.50 (s, 2H).
N-(3-(Thiazolo[5,4-b]pyridin-2-yl)phenyl)furan-3-carboxamide (2.38)

/~o Title compound prepared according to General Procedure 2-B1 using 2-W1 as a pale-

} orange solid which was further purified by recrystallisation from ethyl acetate (30 mg,

@ @ 25%). HPLC — rt 6.84 min > 99% purity at 254 nm; LRMS [M+H]* 322.1 m/z; HRMS
[M+H]" 322.0645 m/z, found 322.0647 m/z; *H NMR (400 MHz, DMSO) & 10.22 (s, 1H), 8.64 (dd, J = 4.6,
1.5 Hz, 1H), 8.57 (t, J = 1.9 Hz, 1H), 8.46 (ddd, J = 4.9, 2.3, 1.2 Hz, 2H), 8.02 (ddd, J = 8.2, 2.0, 0.8 Hz,
1H), 7.83 (tdd, J = 2.7, 1.7, 1.0 Hz, 2H), 7.63 (dd, J = 8.2, 4.6 Hz, 1H), 7.58 (t, J = 8.0 Hz, 1H), 7.05 (dd, J =
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1.9, 0.8 Hz, 1H); *C NMR (101 MHz, DMSO) & 167.3, 160.7, 157.4, 147.6, 146.6, 146.2, 144.4, 139.9,

133.1, 130.3, 130.0, 123.2, 122.8, 122.5, 122.3, 118.3, 109.2.
2-(3-Nitrophenyl)-1H-imidazo[4,5-b]pyridine (2.40)

NO, Synthesis based upon the previously reported procedure by Picard et al.*
C/\I:@ 2,3-Diaminopyridine (1.0 g, 9.16 mmol) and 3-nitrobenzoic acid (1.53 g, 9.16 mmol)
were ct)mbined before being added portion wise to phosphorous oxychloride (20 ml) at ambient temperature.
Once the addition was complete the reaction mixture was heated to reflux for 4 h before being cooled to
ambient temperature and left to stir for 18 h. The reaction mixture was then quenched by slow addition to a
saturated aqueous solution of sodium bicarbonate. The resulting precipitate was filtered and air dried before
being transferred to the vacuum oven overnight. The title compound was obtained as a grey solid (1.40 g,
64%). LRMS [M+H]" 241.1 m/z; *H NMR (400 MHz, DMSO) & 9.20 — 9.01 (m, 1H), 8.69 (d, J = 7.8 Hz,
1H), 8.38 (ddd, J = 9.6, 5.9, 2.5 Hz, 2H), 8.09 (s, 1H), 7.88 (t, J = 8.0 Hz, 1H), 7.30 (dd, J = 8.0, 4.7 Hz, 1H).

*Note: there is 1 proton missing from the NMR spectrum.

1-Methyl-2-(3-nitrophenyl)-1H-imidazo[4,5-b] pyridine (2.41)

NG, Synthesis based upon the previously reported procedure by Chai et al.**

N\ N
@N@ Compound (2.40) (1.0 g, 4.16 mmol), potassium carbonate (1.72 g, 12.48 mmol) and
\

acetone (25 ml) were combined in a round bottom flask under an atmosphere of nitrogen. The methyl iodide
(390 I, 6.24 mmol) was added to a further 25 ml of acetone before being added gradually to the reaction
mixture. The subsequent mixture was then stirred at ambient temperature for 36 h. The reaction mixture was
filtered and purified by column chromatography, eluting with 5-50% ethyl acetate/petroleum spirits to give
the title compound as a grey solid (105 mg, 10%). HPLC — rt 4.62 min > 96% purity at 254 nm; LRMS
[M+H]" 255.1 m/z; HRMS [M+H]" 255.0877 m/z, found 255.0877 m/z; *H NMR (400 MHz, DMSO) & 9.09

(dd, J=2.1, 1.6 Hz, 1H), 8.81 — 8.70 (m, 1H), 8.33 (dd, J = 7.7, 0.6 Hz, 1H), 8.31 — 8.25 (m, 2H), 7.79 (dd, J
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= 11.9, 4.0 Hz, 1H), 7.27 (dd, J = 7.7, 6.2 Hz, 1H), 4.35 (s, 3H); *C NMR (101 MHz, DMSO) & 164.8,

153.5, 148.2, 144.2, 136.4, 133.6, 133.4, 130.4, 129.1, 123.9, 121.6, 113.4, 40.5.

3-Methyl-2-(3-nitrophenyl)-3H-imidazo[4,5-b]pyridine (2.42)

S, NO, The title compound was isolated as a product of the previous reaction as a grey solid (88
<N
‘/ N mg, 8%). LRMS [M+H]" 255.1 m/z; HRMS [M+H]" 255.0877 m/z, found 255.0877

m/z; *H NMR (400 MHz, DMSO) 5 8.81 — 8.68 (m, 1H), 8.53 — 8.35 (m, 3H), 8.17 (dd, J = 8.0, 1.5 Hz, 1H),
7.98 — 7.84 (m, 1H), 7.37 (dd, J = 8.0, 4.7 Hz, 1H), 4.00 (s, 3H); *C NMR (101 MHz, DMSO) & 151.8,

148.7, 148.1, 144.3, 135.3, 134.5, 131.4, 130.6, 127.2, 124.7, 123.9, 118.8, 30.3.
3-(1-Methyl-1H-imidazo[4,5-b]pyridin-2-yl)aniline (2.43)

NN NH,  Compound 2.41 (80 mg, 0.31 mmol) was dissolved in methanol (4 ml) and zinc powder
(/IN?—O (203 mg, 3.10 mmol) was added. An aqueous solution of ammonium chloride was
prepared by dissolving 166 mg of ammonium chloride (3.10 mmol) in 0.8 ml of water. This solution was
then added dropwise to 2.41 and the progress of the reaction monitored by TLC and LCMS. After 10 min the
reaction was complete and the reaction mixture was filtered through celite. All of the volatiles were removed
in vacuo. The residue was then re-dissolved in ethyl acetate (10 ml) and washed with water (three times) and
an aqueous saturated solution of sodium chloride. The organic layers were then dried with magnesium
sulphate and the solvent removed to give the title compound as an orange oil (41 mg, 59%). LRMS [M+H]"

225.1 m/z; *H NMR (400 MHz, DMSO) 5 8.13 (t, J = 6.5 Hz, 2H), 7.74 — 7.60 (m, 1H), 7.58 — 7.46 (m, 1H),

7.22-7.02 (m, 2H), 6.62 (ddd, J = 7.9, 2.4, 1.0 Hz, 1H), 5.17 (s, 2H), 4.28 (s, 3H).
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N-(3-(1-Methyl-1H-imidazo[4,5-b]pyridin-2-yl)phenyl)furan-3-carboxamide (2.44)

:?O Title compound prepared according to General Procedure 2-B1 using 2-W1. The only

modification to this procedure was that the crude material was purified by column
EN/\I}—O chromatography, eluting with 0-10% methanol/dichloromethane. The title compound
was iso\lated as a yellow oil which crystallised upon standing (14 mg, 34%). HPLC — rt 4.80 min > 91%
purity at 254 nm; LRMS [M+H]* 319.1 m/z; HRMS [M+H]" 319.1190 m/z, found 319.1192 m/z; 'H NMR
(400 MHz, DMSO) & 10.10 (s, 1H), 8.70 — 8.58 (m, 1H), 8.44 (dd, J = 1.5, 0.8 Hz, 1H), 8.24 — 8.16 (m, 2H),
8.13 —8.07 (m, 1H), 7.95 (dd, J = 5.1, 4.1 Hz, 1H), 7.81 (t, J = 1.7 Hz, 1H), 7.45 (t, J = 7.9 Hz, 1H), 7.20
(dd, J = 7.7, 6.3 Hz, 1H), 7.06 (dd, J = 1.9, 0.8 Hz, 1H), 4.32 (s, 3H); *C NMR (101 MHz, DMSO) § 167.3,
160.5, 153.9, 146.0, 144.5, 144.3, 139.1, 135.2, 132.6, 128.8, 127.7, 123.1, 122.8, 121.2, 119.3, 112.8, 109.3,

40.3.
3-(3-Methyl-3H-imidazo[4,5-b]pyridin-2-yl)aniline (2.45)

nH, Compound 2.42 (80 mg, 0.31 mmol) was dissolved in methanol (4 ml) and zinc powder
EI @ (203 mg, 3.10 mmol) was added. An aqueous solution of ammonium chloride was
prepared by dissolving ammonium chloride (166 mg, 3.10 mmol) in water (0.8 ml). This solution was then
added dropwise to 2.42 and the progress of the reaction monitored by TLC and LCMS. After 10 min the
reaction was complete and the reaction mixture was filtered through celite. All of the volatiles were removed
in vacuo. The residue was then re-dissolved in ethyl acetate (10 ml) and washed with water (three times) and
an aqueous saturated solution of sodium chloride. The organic layers were then dried with magnesium
sulphate and the solvent removed to give the title compound as an orange oil (28 mg, 40%). LRMS [M+H]"
225.1 m/z; "H NMR (400 MHz, DMSO) & 8.36 (dd, J = 4.8, 1.5 Hz, 1H), 8.06 (dd, J = 7.9, 1.5 Hz, 1H), 7.30
(dd, J = 7.9, 4.8 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H), 7.14 — 7.09 (m, 1H), 7.02 (ddd, J = 7.6, 1.6, 1.0 Hz, 1H),

6.75 (ddd, J = 8.1, 2.3, 1.0 Hz, 1H), 5.38 (s, 2H), 3.90 (s, 3H).
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N-(3-(3-Methyl-3H-imidazo[4,5-b] pyridin-2-yl)phenyl)furan-3-carboxamide (2.46)

/>0 Title compound prepared according to General Procedure 2-B1 using 2-W1. The only
/ O’% modification to this procedure was that the crude material was purified by column
RN/\I:)—@ chromatography, eluting 0-10% methanol/dichloromethane. The title compound was
isolated as a colourless solid (35 mg, 61%). HPLC — 4.85 min > 99% purity at 254 nm; LRMS [M+H]" 319.1
m/z; HRMS [M+H]" 319.1190 m/z, found 319.1193 m/z; "H NMR (400 MHz, DMSO) & 10.17 (s, 1H), 8.43
(dd, J = 1.5, 0.8 Hz, 1H), 8.41 (dd, J = 4.8, 1.4 Hz, 1H), 8.35 (t, J = 1.8 Hz, 1H), 8.11 (dd, J = 8.0, 1.4 Hz,
1H), 7.95 (ddd, J = 8.1, 2.0, 1.0 Hz, 1H), 7.82 (t, J = 1.7 Hz, 1H), 7.71 — 7.65 (m, 1H), 7.58 (t, J = 7.9 Hz,
1H), 7.33 (dd, J = 8.0, 4.8 Hz, 1H), 7.04 (dd, J = 1.9, 0.8 Hz, 1H), 3.98 (s, 3H); *C NMR (101 MHz,
DMSO) 6 160.7, 153.7, 148.8, 146.1, 144.4, 143.6, 139.3, 134.6, 130.2, 129.2, 126.7, 124.1, 122.9, 121.6,

120.8, 118.5, 109.3, 30.5.
5-Methylisoxazole-3-carboxylic acid (2.48)

o The title compound was synthesised based on a procedure from Niemczyk, 2002.%

| N

Nitric acid (43 ml, 1.03 mol) was added to a 3N-RBF containing water (77 ml). This solution was
he:\?ed to reflux prior to the gradual addition of acetonylacetone (26 ml, 0.22 mol) via a dropping funnel.
This process was extremely exothermic and the addition was performed at a rate which maintained the
reflux. Once the addition was complete the reaction mixture was refluxed for a further 2 h. The reaction
mixture was cooled to ambient temperature and left with no stirring for 18 h. The resultant precipitate was
filtered and washed with water before being air dried. This gave the title compound as a pale-yellow solid
(12.03 g, 43%). LRMS [M+Na]" 172.0 m/z, [2M+Na]* 321.0 m/z, [3M+Na]" 470.0 m/z; 'H NMR (400 MHz,
DMSO0) 8 6.56 (d, J = 0.9 Hz, 1H), 2.46 (d, J = 0.9 Hz, 3H); *C NMR (101 MHz, DMSO) § 171.7, 161.1,

157.1,102.4, 11.9. *Note: the —OH peak was not visible in the 'H NMR.
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N-(4-Fluoro-3-(oxazolo[4,5-b] pyridin-2-yl)phenyl)-5-methylisoxazole-3-carboxamide (2.49)

Title compound prepared according to General Procedure 2-B1 using 2-W1. The

=N resultant material required further purification and was subjected to column

NN chromatography, eluting with 10-50% ethyl acetate/petroleum spirits, to give the title
>—Q compound as a colourless solid (53 mg, 14%). HPLC — rt 6.66 min > 99% purity at 254

nm; LRMS [M+H]" 339.2 m/z; HRMS [M+H]" 339.0888 m/z, found 339.0892 m/z; *H NMR (400 MHz,
DMSO) & 11.03 (s, 1H), 8.85 (dd, J = 6.5, 2.7 Hz, 1H), 8.60 (dd, J = 4.8, 1.4 Hz, 1H), 8.32 (dd, J = 8.2, 1.4
Hz, 1H), 8.05 (ddd, J = 9.0, 4.2, 2.8 Hz, 1H), 7.67 — 7.39 (m, 2H), 6.71 (d, J = 0.9 Hz, 1H), 2.52 (d, J = 0.7
Hz, 3H); *C NMR (101 MHz, DMSO) & 171.8, 161.3 (J c.r = 5 Hz), 159.0, 157.8, 156.6 (J c.r = 254 Hz),
155.0, 147.0, 142.6, 135.1 (J c.r = 3 HZz), 126.6 (J c.r = 9 HZz), 121.8, 121.3, 119.4, 117.9 (J cr = 23 Hz),

114.1 (J c¢ =12 Hz), 101.7, 11.9.
N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)isoxazole-4-carboxamide (2.50)

/N,\O Title compound prepared according to General Procedure 2-B1 using 2-W1 as a pale-

. © nH  brown solid (90 mg, 32%). HPLC rt — 6.00 min > 95% purity at 254 nm; LRMS
@S@ [M+H]" 325.1 m/z; HRMS [M+H]" 325.0731 m/z, found 325.0736 m/z; ‘H NMR (400
MHz, DN;SO) § 10.53 (s, 1H), 9.59 (s, 1H), 9.08 (s, 1H), 8.58 (ddd, J = 6.1, 5.6, 2.0 Hz, 2H), 8.27 (dd, J =
8.2, 1.3 Hz, 1H), 8.10 — 7.92 (m, 1H), 7.58 — 7.34 (m, 2H); *C NMR (101 MHz, DMS0) § 161.3 (J c.¢ =5
Hz), 161.2, 158.1, 156.3 (J c.r = 254 Hz), 155.0, 148.8, 147.0, 142.6, 135.5 (J cr =3 Hz), 1259 (J cr =8

Hz), 121.3, 119.4, 118.0, 117.8, 117.8, 114.1 (J c.¢ = 12 Hz).

N-(4-Fluoro-3-(oxazolo[4,5-b] pyridin-2-yl)phenyl)isoxazole-3-carboxamide (2.51)
fp Title compound prepared according to General Procedure 2-B1 using 2-W1 as a
=N

o - colourless solid (88 mg, 62%). HPLC — rt 6.19 min > 99% purity at 254 nm; LRMS

N\N

P

Z =0
F
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[M+H]* 325.1 m/z; HRMS [M+H]* 325.0731 m/z, found 325.0729 m/z; *H NMR (400 MHz, DMSO) &
11.11 (s, 1H), 9.21 (d, J = 1.6 Hz, 1H), 8.86 (dd, J = 6.4, 2.7 Hz, 1H), 8.61 (dd, J = 4.8, 0.8 Hz, 1H), 8.33
(dd, J = 8.2, 0.8 Hz, 1H), 8.15 — 7.99 (m, 1H), 7.65 — 7.43 (m, 2H), 7.08 (d, J = 1.6 Hz, 1H); *C NMR (101
MHz, DMSO) 5 161.9, 161.3 (J c.c = 6 Hz), 158.0, 157.4, 156.6 (J c.r = 257 Hz), 155.0, 146.9, 142.6, 135.0,

126.6 (J cF =8 Hz),121.9,121.2,119.4, 117.8 (Jc.r = 22 Hz), 114.1 (J c.r= 11 Hz), 104.6.
N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-4-carboxamide (2.52)

Néo Title compound prepared according to General Procedure 2-B1 using 2-W1 as a pale-

. © NH  brown solid (60 mg, 42%). HPLC — rt 5.78 min > 99% purity at 254 nm; LRMS
@5@ [M+H]* 325.1 m/z; HRMS [M+H]" 325.0731 m/z, found 325.0730 m/z; *H NMR (400
MHz, DMgO) §10.60 (s, 1H), 8.94 —8.79 (m, 2H), 8.66 (s, 1H), 8.60 (dd, J = 4.8, 1.2 Hz, 1H), 8.31 (dd, J =
8.2, 1.2 Hz, 1H), 8.10 (ddd, J = 9.0, 4.1, 2.9 Hz, 1H), 7.58 — 7.42 (m, 2H); *C NMR (101 MHz, DMSO) &
161.4 (J c¢ =6 Hz), 158.9, 156.4 (J c.r = 254 Hz), 155.0, 152.5, 146.9, 143.3, 142.5, 135.4, 1353 (J cr =3

Hz), 126.5 (J c.r = 9 Hz), 121.8, 121.2, 119.3, 117.6 (J c.¢ = 22 Hz), 113.9 (J ¢ = 11 H2).

N-(4-Fluoro-3-(oxazolo[4,5-b] pyridin-2-yl)phenyl)-3,5-dimethylisoxazole-4-carboxamide (2.53)
/N;O Title compound prepared according to General Procedure 2-B1. The reaction mixture
NH  was quenched through the addition of water and the product was then extracted with
P~ ethyl acetate three times. The organic layers were combined and dried with
magnesium sulphate and all of the volatiles were removed in vacuo. The crude
material was purified by column chromatography eluting with 10-50% ethyl acetate/petroleum spirits, to
give the title compound as a pale-brown solid (52 mg, 23%). HPLC — rt 6.14 min > 99% purity at 254 nm;
LRMS [M+H]* 353.1 m/z; HRMS [M+H]" 353.1044 m/z, found 353.1048 m/z; *H NMR (400 MHz, DMSO)
6 10.36 (s, 1H), 8.70 (dd, J = 6.5, 2.7 Hz, 1H), 8.60 (dd, J = 4.8, 1.4 Hz, 1H), 8.32 (dd, J = 8.2, 1.4 Hz, 1H),
7.94 (ddd, J = 9.0, 4.2, 2.8 Hz, 1H), 7.57 — 7.49 (m, 2H), 2.59 (s, 3H), 2.37 (s, 3H); *C NMR (101 MHz,
DMSO) 6 170.1, 161.3 (Jc.r = 5 Hz), 160.4, 158.5, 156.3 (Jc.r = 255 Hz), 155.0, 147.0, 142.6, 135.7 (Jcr=2
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Hz), 125.9 (Jcr = 9 Hz), 121.2 (Jer = 14 Hz), 119.4, 117.8 (Jor = 22 Hz), 114.1 (Jcr = 11 Hz), 113.2, 12.3,

10.5. *Note: there is 1 carbon missing from the spectrum.
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3. Investigation of the structure-activity relationships of

the pyrazine carboxamides against T.b. brucei

3.1. Introduction

The pyrazine carboxamides were another class of compounds identified in the whole organism HTS as a
potential target for lead optimisation.” Compound 128 had an ECs, of 0.43 uM and a Sl of > 98 against T.b.
brucei. In conjunction with this 128 also possesses a number of key physicochemical properties that make it
favourable for such a study. It has a low molecular weight of 270 gmol™, a moderately low PSA that could

indicate potential for CNS penetration®® and a low cLogP which could further aid with CNS penetration.®

MW 270
PSA(A%) 81
cLogP 2.0

N

\ H
“W“ﬁ
NH, O
128

Figure 3.1 Structure and physicochemical properties of 128 with a low cLogP, PSA and MW making it a

suitable candidate for lead optimisation.

Testing of this compound against a wider parasite panel showed that it had potent activity against the human
infective T.b. rhodesiense (ECs, 0.97 pM). However, it showed only weak activity against the closely related
T. cruzi (ECs 19.1 uM) though this could be due to the cytotoxicity of the compound to L6 cells, a result of
the T. cruzi assay conditions. When performing T. cruzi assays the trypomastigotes are allowed to infect
erythrocytes as the parasite is unable to survive extracellularly. Given the low selectivity index in this assay
it is not possible to attribute the observed ECs, as a result of killing the L6 cells or as a result of directly
killing the parasite. This could suggest a high degree of selectivity for T.b. rhodesiense. The activity was also

significantly weaker for the unrelated kinetoplastids L. donovani and P. falciparum. These results are
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summarised in Table 3.1. It is important to acknowledge that 128 contains a chiral centre and it would be
interesting to separate and re-test the enantiomers as it is possible that the observed activity is due to just one

enantiomer or both could be equally active.

Table 3.1 Biological activity” profile of 128 against a number of parasites.

Parasite ECs (uM) Sl
T.b. brucei 0.43 >08°
T.b. rhodesiense 0.97 18°
T. cruzi 19.1 0.93°
L. donovani axenic 34 0.52°
P. falciparum 115 1.6°

# Values are the mean of 3 experiments, < + 50%.
® Selectivity relative to HEK293 (human embryonic kidney) cells.

¢ Selectivity relative to L6 (rat skeletal myoblast) cells.

3.2. Aims

The aim for this section was to initially analyse the existing SAR literature within the group. From here, a
number of analogues were identified that required exploration in order to determine additive SAR that may
be obtained based upon identified active phenyl substitutions and amide side chains. The work was then
expanded to include further exploration of the northern heterocycle, by replacement with solubilizing groups
and non-aromatic ring systems. Finally, a variety of modifications to the core structure were identified
including methylation of the amine and amide —NH, respectively, as well as a variety of changes to the

pyrazine ring.

This work will be presented as a summary of a number of early analogues that constituted the primary SAR

for this series. This initial analysis was performed in collaboration with a post-doctoral researcher in the lab,
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Raphaél Rahmani. A discussion around the development of an optimised synthetic route for these derivatives
will follow, before a detailed explanation of the analogues that were made as part of this PhD and the

relevant synthetic pathways that were applied in order to obtain them.

3.3. Historical work completed

A number of analogues have previously been generated on this class of compounds by previous research
chemists. Despite this, no comprehensive analysis of this data had been undertaken in order to identify new
SAR probes that were needed to complete the primary SAR. This was performed in collaboration with

Raphaél Rahmani.

3.3.1. Analogues of the amide side chain

Initially the amide side chain was examined and the results of this work are presented in Table 3.2.

As shown in Table 3.2, a range of bulky alkyl groups were tolerated including the 2-butyl (128, ECs, 0.43
uM) and n-pentyl (3.05, ECs, 1.7 uM) side chains. Substitution with 1-ethylpropyl (3.03, ECsy 0.32 uM),
cyclopentyl (3.08, ECsy 0.26 pM), 2-pentyl (3.06, ECsy 0.36 uM) and cyclohexyl groups (3.07, ECs, 0.20
MM) each led to an improvement in the activity between 1.5- and 2-fold. Bulkier groups such as the 1-
methylethyl (3.01, ECs, 2.5 uM), and tert-butyl groups (3.02, ECsq 3.0 M) showed only moderate activity
while smaller alkyl groups such as the methyl (3.04) led to a complete loss of activity in this assay. These
results suggest that a hydrophobic side chain is required on the amide. This is confirmed by the loss of
activity against T.b. brucei when hydrophilic groups such as a hydroxyl (3.09 and 3.10, ECs, 7.4 and >10
UM) or basic nitrogen (3.11 and 3.12, ECs, > 10 and > 10 uM) were introduced on the amide side chain. It
was also observed that a benzyl group (3.14, ECs, 2.6 pM) was well tolerated but the addition of a methylene
as in 3.13 led to a complete loss of activity, suggesting there is a relatively tight binding pocket in the

putative target in this region.
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Table 3.2 T.b. brucei inhibitory activity of targets with varying amide groups.

N
N _A_R'
NH,; O
ID R ECso (UM) sI® ID R ECso (UM) sI®
T T
3.01 HNY 25+04 33 3.08 HND 0.26+0.01 368
T
3.02 HNj< 3.0+ 0.4 14 309 nn___~_on T14%05 11
T
3.03 HN(\ 032£009 263 310 -, > 10°
.
3.04 N > 10° 3.11 %NO > 10°
0}
i
305 wn__~_~_  L7%£02 50 312 %nO > 10
T o X
3.06 HNYV 036+0.07 228  3.13 V\© > 10
.
3.07 O 020+£0.02 423 3.4 o 26+05 32

& Selectivity relative to HEK293 (human embryonic kidney) cells.

® Compound found to have < 50% activity at 10.41 pM.

3.3.2. Exploration of the SAR around the phenyl group

Following on from the investigations of the amide, substitutions around the northern aromatic group were

explored. The results of these investigations are summarised in Table 3.3.
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Table 3.3 T.b. brucei inhibitory activity of racemic targets with singularly substituted aromatic groups.

R?+ N3
= 2
B
NH, O j/\

ID R? ECso (M) SI® ID R? ECs (ULM) sI®
3.15 2-F 0.73+0.3 111 3.29 3-NH, 1.1+0.1 78
3.16 2-Cl 1.1+04 76 330  3-COCH; > 10°
3.17 2-Br >10° 3.31 3-CHj 0.17 +0.01 495
3.18 2-OCHj 5.4+ 0.4 15 3.32 3-CN 2.7+06 31
3.19 2-NO, 0.89+0.2 94 3.33 4-F 0.40 + 0.04 206
3.20 2-NH, >10° 3.34 4-Cl 0.68 +0.05 123
321  2-COCH, > 10° 3.35 4-Br 22+06 38
3.22 2-CH;, 1.2+0.1 71 3.36  4-OCH; 1.3+0.1 64
3.23 2-CN 0.35+0.1 239 3.37 4-NO, 45+21 19
3.24 3-F 0.45 +0.07 186 3.38 4-NH, 2.9 +0.06 28
3.25 3-Cl 0.48 + 0.04 175 3.39  4-COCHj; 47+10 9
3.26 3-Br 0.57 +0.02 147 3.40 4-CHj 3.7+11 22
3.27 3-OCHj > 10° 3.41 4-CN 2.7+0.98 30

3.28 3-NO; 0.45+0.03 185

# Selectivity relative to HEK293 (human embryonic kidney) cells.

® Compound found to have < 50% activity at 10.41 uM.

Initially small lipophilic groups were introduced at the ortho-position such as, the fluorine (3.15, ECs, 0.73
M), chlorine (3.16, ECsy 1.1 uM), methyl (3.22, ECsq 1.2 M) and nitro (3.19, ECsy 0.89 pM) groups, and
all were equally active with the parent molecule. Yet introduction of the larger bromine group (3.17) at the
ortho-position led to a complete loss of activity in this assay. Furthermore, introduction of a more
hydrophilic substituent, such as a methoxy group (3.18, ECsy 5.4 uM) led to a decrease in activity while

introduction of an acetyl (3.21) or amine group (3.20) led to a complete loss of activity. Introduction of a
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nitrile group (3.23) gave promising results with an ECs, of 0.35 uM. The meta-position was substituted with
similar lipophilic groups and in this instance favourable results were obtained with the small alkyl methyl
(3.31, ECsp 0.17 uM) being the most active followed by the fluorine (3.24, ECsy 0.45 uM), chlorine (3.25,
ECso 0.48 uM) and bromine (3.26, ECsy 0.57 uM) analogues. Substitution with polar groups such as the
nitrile (3.32, ECso 2.7 uM) or amine groups (3.29, ECs, 1.1 pM) led to a decrease in activity, whilst the nitro
group (3.28, ECsq 0.45 uM) was found to be equally active with the parent compound. Yet introduction of an
acetyl or methoxy group at this position (3.30 and 3.27) led to a complete loss of activity in this assay. The
para-position when substituted with either a fluorine (3.33, ECsq 0.40 uM) or a chlorine group (3.34, ECs,
0.68 uM) led to analogues that were equally active when compared with the parent compound. However, as
the size of the group increased there was a decrease in the activity, as seen with the methoxy (3.36, ECsp 1.3
UM), bromine (3.35, ECsy 2.2 uM) and methyl groups (3.40, ECsy 3.7 uM). Whilst these compounds were
tested as racemates it would be interesting to re-test each enantiomer in order to confirm the biological
activity observed; though this work was outside the scope of this thesis. As such, the ortho-nitrile, meta-

methyl and chloro and para-fluoro derivatives were identified as the top aromatic substituents.

3.3.3. Additive SAR

Once the most active amide sidechains and aromatic substituents had been identified, some second

generation SAR was undertaken as shown in Table 3.4.
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Table 3.4 T.b. brucei inhibitory activity of targets with active aromatic and amide substituents.

N3 ID R? ECso (M) SiF
21
7 2 3.42 2-CN 0.20 £0.04 417
\ oN H
NN 3.43 A-F 1.2 68
0
344  2-CN,4-F 0.43 194
3.45 3-CH,  0013+001 1505

% Selectivity relative to HEK293 (human embryonic kidney) cells.

Substitution with the ortho-nitrile group (3.42, ECs, 0.20 uM) was equally active compared with 3.08, while
substitution with the para-fluoro (3.43, ECsy 1.2 uM) led to a decrease in the activity when compared with
3.08 (ECs 0.26 uM). The combination of the ortho-nitrile and para-fluoro groups did not yield a significant
improvement in the overall activity of 3.44 (ECsy 0.43 pM). Introduction of the meta-methyl group led to a

significant boost in the activity of 3.45 (ECs, 0.013 pM).

3.3.4. Biological and pharmacokinetic analysis

To examine the activity of these compounds against the human pathogenic subspecies T.b. rhodesiense,
selected compounds were tested against a small parasite panel offered by STI. The results of this have been

summarised in Table 3.5.

From Table 3.5 it could be seen that T.b. rhodesiense activity tended to track well with the T.b. brucei
activity as previously reported, with some exceptions (3.23, 3.25 and 3.34). Broadly, these compounds were
reasonably selective for T.b. rhodesiense with only 3.34 and 3.42 showing low micromolar activity against
P. falciparum. However, closer analysis of the activity against T.b. rhodesiense did reveal some interesting
information. Compound 3.31 is substituted at the 3-position of the aromatic ring and, while this compound

didn’t show an increase in potency, it appears to be less cytotoxic to mammalian cells. Further investigation
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would need to be carried out in order to confirm if this is a trend for substituents at the 3-position.
Meanwhile, compound 3.23 has an ortho-nitrile and it appears that this substitution was unfavourable for
activity against T.b. rhodesiense, having gone from an ECs, of 0.35 UM against T.b. brucei to 2.9 uM against

T.b. rhodesiense.

Table 3.5 Biological activity profile of selected compounds against a parasite panel (ECsq, UM).%

ID  T.b. brucei T.b. rhodesiense®  T.cruzi® L. don. axe® P.falc. KI°  Cytotox. L6

3.01 2.5 0.97 19 34 11 18
3.08 0.26 0.14 14 16 6.1 20
3.23 0.35 2.9 32 19 6.6 21
3.25 0.48 2.0 25 28 11 39
3.31 0.17 0.13 26 12 19 43
3.33 0.40 0.32 18 20 6.8 20
3.34 0.68 1.9 23 18 3.6 20
3.42 0.20 0.57 5 - 2.5 11

#Values are the mean of 2 experiments, < + 50%.

®T.b. rhodesiense strain STIB 900, bloodstream form (trypomastigotes). Melarsoprol was used as a control,
ECs, 0.005 uM.

°T. cruzi Tulahaen C4 strain, amastigote stage. Benznidazole was used as a control, ECsy 1.46 zM.
4. donovani MHOM-ET-67/L82 strain, amastigote stage. Miltefosine was used as a control, ECs, 0.49 uM.
®P. falciparum K1 strain, erythrocytic stage. Chloroquine was used as a control, ECs, 0.006 M.

"Rat skeletal myoblast cell L6 strain. Podophyllotoxin was used as a control, ECs, 0.017 zM.

An assessment of drug-likeness was made and the results are summarised in Table 3.6. A variety of
physicochemical and metabolic parameters were examined and, in general, all of the compounds had low
molecular weights in the range 282-307 gmol™. Their PSA values were relatively low and suitable for CNS
penetration,”® with the exception of 3.23 and 3.42. It has been shown through analysis of small drug-like
molecules that a logD value in the range of 0-3 can lead to improved ability to cross the BBB® and for

improved intestinal permeability.” These compounds were shown to have moderate distribution coefficients
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in the range of 3.6-4.5, which may hinder their ability to cross the BBB and limit their intestinal
permeability. The majority of the compounds were poorly soluble (1.6-3.1 pg/ml), though 3.33 and 3.08 had
good solubility at pH 6.5 of between 50-100 pg/ml and 25-50 pg/ml respectively. The compounds were
generally highly protein bound with values in the range of 94.2-97.2%. Metabolism of these compounds was
generally rapid, though 3.34 was relatively stable with an in vitro clearance value of 48 pl/min/mg protein
and a microsome predicted hepatic extraction of 0.65. Given the only difference between 3.33 and 3.34 is the

halogen at the 4-position (a fluorine and chlorine respectively) it is difficult to explain these observations.

Table 3.6 Key physicochemical parameters and in vitro metabolic stability of selected compounds.

logD® Solubility (ug/ml)° Invitro CL;,y Microsome-
cPPB*
ID MW PSA (A%)? (ul/min/mg Predicted
pH 7.4 pH 2 pH 6.5 (%)
protein)® Ex’
3.08 282 81 4.1 6.3-12.5 25-50 95.8 198 0.88
3.23 295 105 3.6 1.6-3.1 1.6-3.1 95.0 122 0.82
3.25 305 81 4.4 1.6-3.1 1.6-3.1 97.2 147 0.85
3.33 288 81 4.0 6.3-12.5 50-100 94.2 119 0.82
3.34 305 81 4.5 3.1-6.3 1.6-3.1 97.0 48 0.65
3.42 307 105 3.9 3.1-6.3 <1.6 96.2 165 0.86

& Calculated using ACD/Labs software, version 9.
® Measured chromatographically.
¢ Kinetic solubility determined by nephelometry.
¢ Human plasma protein binding estimated using a chromatographic method.

¢ In vitro intrinsic clearance determined in human liver microsomes and predicted hepatic extraction ratio
calculated from in vitro data.
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3.4. Optimisation of the synthesis of the pyrazine carboxamide core

The synthesis of derivatives required a two-step process with the initial synthesis developed by previous
chemists, though the yields were often low and the reactions produced numerous products. As such it was
necessary to optimise the synthetic procedures utilised to access the derivatives and this will now be
discussed. The first step involved an amide bond formation between methyl 3-amino-6-bromopyrazine-2-
carboxylate (3.46) and the relevant amine. This was followed by a Suzuki coupling with a substituted phenyl

boronic acid as outlined in Scheme 3.1.

20l N
Br Br Rf/
(‘*N a SN b
| — = ‘ H e SN
N~ (O N~ N R ‘ H
N~ N._;
NH, O NH, O R
NH, O
3.46

Scheme 3.1 Synthesis of pyrazine carboxamide derivatives. Reagents and conditions (a) methyl 3-amino-6-
bromopyrazine-2-carboxylate, R'-amine, DBU, microwave; (b) R>-B(OH),, K,CO3, TBAB, PdCl,, dppf,

dioxane:water, microwave.

The conditions previously utilised for the amide coupling employed DBU and the reaction was warmed to 60
°C for 18 h under nitrogen. However, with such a sterically hindered substrate as 1-ethylpropyl amine it was
found that there were issues forming the desired product. As an alternative the reaction mixture was heated
in a CEM microwave at 100 °C for 30 mins. This led to the formation of the desired product though there
appeared to be a number of unidentified side products forming simultaneously. In an effort to overcome this,
DBU was removed and the reaction mixture was heated under solventless conditions with a large excess of

the amine. This led to a cleaner reaction with only the desired product being formed (Scheme 3.2).
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O X,
‘ . H
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N {H{ microwave N W N
NH, O NH, O
3.46 3.47 3.48

72%

Scheme 3.2 Optimised synthesis of the pyrazine carboxamide intermediate, 3.48, prior to Suzuki coupling.

The subsequent step called for a Suzuki coupling and initially the conditions that were trialled entailed 1 eq
bromopyrazineamide intermediate, 4 eq potassium carbonate, 1.2 eq substituted phenylboronic acid, 0.1 eq
TBAI, 0.05 eq PdCI,(PPhs), in the microwave. However, instead of forming the product it was observed by
LCMS analysis that the major product of the reaction corresponded to the loss of bromine from the starting
material, which could arise through reduction of the bromine. There were trace amounts of the product
evident in the LCMS though the reaction was largely starting material. Switching the phase transfer catalyst
from TBAI to TBAB yielded product though the yield was low (~10%) and the conditions were not
universally applicable to a variety of substituted phenylboronic acids. Changing the catalyst to PdCI, and
introducing the ligand 1,1°-bis(diphenylphosphino)ferrocene led to significant increase in the yields of
product obtained (~75-80%). For the ortho-nitrile substituted phenylboronic acids the yields were typically
lower (~20%) even with these optimised conditions. However, introducing the 2-cyanophenylboronic acid as
its pinacol ester led to a significant increase in the yield of desired product (93%) due to the ability of the

pinacol ester to stabilise the boronic acid.

3.5. Analogues of the 6-position

3.5.1. Substituted phenyl ring analogues

The initial focus of this PhD project was centred around completion of the second generation SAR analysis

previously started by other researchers in the group. The results from this are outlined in Table 3.7.
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The 1-ethylpropylamine side chain appears to give better activity when the results are compared with the
compounds in Table 3.4. Substitution of the 3-position with a methyl group (3.50, ECs, 0.11 uM) led to a
three-fold improvement in the activity compared with 3.03 (ECsy 0.32 uM). Yet, substitution with a 3-chloro
group (3.51, ECs 0.39 uM) led to an analogue with essentially equipotent activity to the parent compound.
The 4-fluoro analogue (3.52, ECsy 0.085 pM) exhibited a four-fold improvement in activity over 3.03.
Combination of the 2-nitrile and 4-fluoro substituents revealed no additive SAR between these groups as
evidenced by the activities of the 2-nitrile, 4-fluoro (3.53, ECs, 0.10 puM) analogue and the individually
substituted 2-nitrile (3.49, ECs, 0.17 uM) and 4-fluoro (3.52, ECs, 0.085 uM) analogues. Both 3.52 and 3.53
have such similar activities that any difference may be attributed to experimental error.
Table 3.7 T.b. brucei inhibitory activity of further analogues with top aromatic substitutions and the 1-

ethylpropylamine side chain as shown.

el ID R’ ECso (UM) SI®
L~
\ 3.49 2-CN 0.17 £0.0 488
\ H

NWN(\ 3.50 3-CH;  0.11+0.01 775

NH, O
3.51 3-Cl 0.39 +0.04 214
3.52 4-F 0.085 + 0.03 1024
3.53 2-CN,4-F  0.10+0.0 850

% Selectivity relative to HEK293 (human embryonic kidney) cells.

3.5.2. 5-Membered heterocyclic groups

It was evident from the data in Table 3.6 that solubility was an issue with this class and the introduction of
sp® carbons may lead to an improvement in the solubility of the analogues.”” As such, a number of saturated
heterocycles were identified as targets of interest. In order to synthesise the pyrrolidine derivative, 3.55, a
Buchwald coupling was initially attempted between 3.48 and pyrrolidine. Both PdCl,(dppf) in the presence

of cesium carbonate in dioxane, and Pd,(dba); with potassium carbonate and SPhos in tert-butanol at 100 °C
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in a CEM microwave were trialled, however no reaction was observed under these conditions. Instead, it was
found that heating 3.48 in a CEM microwave at 180 °C in neat pyrrolidine led to the isolation of the desired
product (3.55) in 26% vyield after purification (Scheme 3.3). The morpholine derivative, 3.57, could be
accessed in a similar fashion; though the addition of diisopropylethylamine and using 1,4-dioxane as the

solvent improved the yield of the reaction to 75%.

N
N H
H/‘\N H N ] > ’/KN
NP2 N Q microwave, \ H
W 180°C NN
NH, O
NH, O

3.48 3.54 3.55

Br [ j
(0] DIPEA N
Ny [ j —
NWN N Dioxane, H/KN
H microwave, N~ N
NH, O \,i\ 180°C YH(
NH, O

3.48 3.56 3.57
75%

Scheme 3.3 Synthesis of the pyrrolidine and morpholine derivatives, 3.55 and 3.57 respectively.

In order to access the partially saturated 1-cyclohexene derivative (3.59) a Suzuki coupling between 3.48 and
1-cyclohexen-yl-boronic acid pinacol ester (3.58) led to the isolation of 3.59 in moderate yields. This could
then be reduced using the H-cube® and a 10% Pd/C CatCart® to give the fully saturated analogue, 3.60, as

shown in Scheme 3.4.

Br PdCl,(dppf),
(gN KoCO3, TBAB H-cube
H

N > N

N__~ N /B\

W O O dioxane, water, N‘/ H N‘/ H

NH, O %—(\ microwave, \,i\ \,i\
o) (6]

130°C NH, NH,

3.48 3.58 3.59 3.60
57% 34%

Scheme 3.4 Synthesis of the partially saturated 1-cyclohexene and the fully saturated cyclohexyl derivatives,

3.59 and 3.60 respectively.
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The biological activity of these analogues against T.b. brucei is summarised in Table 3.8.

Table 3.8 T.b. brucei inhibitory activity of analogues of the 6-position.

R ID R ECso (LM) SI?
Ny
NN 355 ] 031%01 268
NH, O \(\
3.57 +N©o 0.93+0.31 45

3.59 @ 0.78+0.14 54
3.60 @ 0.95+0.15 22

% Selectivity relative to HEK293 (human embryonic kidney) cells.

Replacement of the phenyl with a pyrrolidine ring led to 3.55, which was equipotent with the unsubstituted
phenyl analogue, 3.03 (ECs, 0.30 uM). The introduction of the larger morpholine group (3.57, ECsy 0.93
uM), the partially saturated 1-cylcohexene group (3.59, ECs, 0.78 uM) and, the fully reduced cyclohexyl
group (3.60, ECs, 0.95 uM) led to a series of compounds with essentially equipotent activity against T.b.

brucei though they were generally less active than 3.03.

3.5.3. Replacement of the phenyl with 5-membered heterocylic groups

Given that the activity of the pyrrolidine analogue (3.55) was comparable to the unsubstituted phenyl (3.03),
further investigation of this system was warranted. As such, a number of 5-membered heterocycles were
synthesised from the previously prepared intermediate, 3.48, using copper(l) iodide, with potassium
carbonate and D,L-proline in a CEM microwave. This led to the successful isolation of the desired product in
low to moderate yields (Table 3.9) as well as the isolation of the des-bromo side-product, 3.63, in some

instances as demonstrated in Scheme 3.5.
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Br Z/ \>
Cul, K,COs, N
’/£N ‘ A\ D,L-proline
N H N - Ny N
= H
YH( H DMSO, N%(N NWN
NH, O microwave, \(\

90°C NH, O NH, O
3.48 3.61 3.62 3.63
19% 8%

Scheme 3.5 Synthesis of analogues of the phenyl ring with 5-membered heterocyclic groups, such as the

pyrrole (3.62) as shown.

Table 3.9 summarises the biological activity for these compounds against T.b. brucei. Whilst the pyrrole
(3.62) was well tolerated with an ECs, of 0.21 uM against T.b. brucei, the activity quickly dropped off as the
number of nitrogens increased. Only the pyrazole analogue, 3.64, showed low micromolar activity with an
ECs of 6.14 uM. The imidazole (3.65) and triazoles (3.66-3.68) were all found to be completely inactive

against T.b. brucei.

Table 3.9 T.b. brucei inhibitory activity of the 5-membered heterocyclic analogues of the 6-position.

R ID R Yield ECs (UM) SI?
Ny
N{H(N 3.62 +N@ 19% 0.21+0.03 189
NH, O
3.64 %N@ 71% 6.14 + 0.90
N b
365 +N_)  55% > 10
366 TN | 48% > 10°
v
N
367 N _ 17% >10°
N
368 N 54% > 10°

? Selectivity relative to HEK293 (human embryonic kidney) cells

® Compound found to have < 50% activity at 10.41 uM
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3.6. Selective N-alkylation of the amide -NH and free amine

The selective N-alkylation of the exocyclic amine and the amide —NH was then attempted. It was anticipated
that the amide —NH would be more acidic than the exocyclic amine. This is evident when the resonance
structures are examined for the amide, Figure 3.2a, when in carboximidic acid form the -NH would be more
readily deprotonated by base. The pK, values of similar amides® (3.69) and anilines® (3.70) have been
examined and are shown in Figure 3.2b. It can be seen that the amide has a pK, two orders of magnitude
lower than that of the amine, in reality there would likely be an even greater difference given there is a
pyrazine ring attached to the carbonyl and not just a methyl. The pyrazine is not only electron-withdrawing

but its aromaticity, allowing for conjugation, should stabilize a negative charge on the amide anion.

Br

X
(‘%N (KN H pKa 25.9 ‘ pKa 27.7
| H — H W - N,

0 NH,
NH, O NH, 0O

(a) 3.48 (b)  3.69 3.70

Figure 3.2 (a) Resonance structures of the amide; (b) pK, of structurally similar compounds.

A review of the literature revealed that N-alkylation of the amide —NH was typically performed via
deprotonation with sodium hydride and addition of methyl iodide.’®® While the literature shows that N-
alkylation of the exocyclic amine could be performed by a number of routes. Organosilane reagents were

commonly reported,**" 1%

as was a combination of strong base (either sodium hydride or potassium tert-
butoxide) and alkylhalide.’®® ** However, there was no literature where both of these functionalities were

present on the same molecule.

As a result of the literature survey, milder conditions were chosen in order to attempt the synthesis of the
amide N-alkylated analogue (3.78). Given the more acidic nature of the amide —NH, it was hypothesised that
a mild base such as potassium carbonate may deprotonate the amide —NH to allow alkylation with minimal
deprotonation of the exocyclic amine. However, under these conditions only starting material was recovered
from the reaction mixture, indicating that the base was not strong enough to deprotonate the amide -NH.
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Given that only starting material was recovered, none of the nitrogens in the system were seen to be
nucleophilic enough for alkylation to occur directly. Yet employing a stronger base by way of cesium
carbonate or sodium hydride led instead to alkylation of the exocyclic amine (3.71). There are a number of
possible mechanistic explanations for this. The stronger base could deprotonate the exocyclic amine, or it
could deprotonate the amide resulting in electrons being pushed into the ring making the amine more
nucleophilic and enabling alkylation. Alternatively, the anionic amide could pull a hydrogen off of the amine
thereby increasing the nucleophilicity of the amine. Due to the sterically hindered nature of the amide it is
likely that this would have been alkylated second. It is possible to confirm the alkylation of the free amine
through *H NMR analysis. In Figure 3.3a) a peak for the amide —NH is clearly seen at 8.10 ppm and a broad
stretch for the exocyclic amine at 7.70 ppm. However, in the *H NMR of the methylated amine there is no

longer a peak corresponding to the exocyclic amine and a second —NH peak is present.

As it was hypothesised that the bulky amide side chain could be influencing the selectivity by sterically
hindering the amide position the methylation was attempted on 3.72. Compound 3.72 could be obtained from
the reaction of 3.46 with sec-butylamine in good yields (Scheme 3.6). Given that the sec-butylamine side
chain is less hindered and has been shown to be active against T.b. brucei it was thought that it may help
facilitate N-alkylation. Utilising cesium carbonate as the base in the presence of TBAB and methyl iodide the
methylation was determined to have taken place on the exocyclic amine again by the presence of diagnostic
'H NMR signals to give 3.73. Given this it appeared that the sec-butylamine side chain was still too hindered

for the methylation to occur.
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Scheme 3.6 Attempted synthesis of the amide N-alkylated analogue led instead to the alkylation of the free

amine under a number of different conditions.

Therefore, an alternative synthesis was designed which involved the coupling of methyl-(3-pentyl)-amine
hydrochloride (3.76) directly to the carboxylic acid (3.75) as shown in Scheme 3.7. Initially, conditions
utilising EDCI, DMAP, triethylamine in N,N-dimethylformamide were trialled however the reaction was
unsuccessful. As an alternative, an amide coupling with HATU was employed. It is well reported that HATU
gives faster and more efficient couplings when secondary amines are involved given the hydrogen bond that
forms with the amine —NH.'® The amide coupling utilising HATU, with triethylamine in N,N-
dimethylformamide did lead to the successful isolation of the desired intermediate (3.77) though the reaction
was very slow and did not go to completion. This could then be coupled with phenylboronic acid via a

Suzuki reaction to give the final product (3.78) in good yield.

Br K,CO3, TBAB,
(k HATU, Et3N (g PdCly(dppf)
\ SN
dioxane, water, N‘ P '\\j
NH, O NH, O m'ﬁg)g\i?:ve‘ W \(\
o)

NH,

3.75 3.76 3.77 3.78
49% 72%

Scheme 3.7 Selective synthesis of the amide N-alkylated analogue via amide coupling.
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Utilising cesium carbonate, TBAB and ethyl iodide in acetone it was also possible to synthesise the ethylated
amine intermediate, 3.79 (Scheme 3.8). This could then be coupled with phenylboronic acid using the
previously established conditions for the Suzuki reaction to obtain the ethylated analogue, 3.80, in good

yields.

Cs,CO3, TBAB, K,COs, TBAB,
N Etl SN PdCl,(dppf)
| N \ H

N2 H N%(N ; \ oN H
\(\ Acetone \(\ dlcril)(iiroe\;v;v\?;er, N %(N

NH, O ~_NH © 1300
~_NH ©
3.48 3.79 3.80
47% 94%

Scheme 3.8 Synthesis of the ethylated amine analogue, 3.80.
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Figure 3.3a) 'H NMR of 3.48 where a peak for the amide —~NH and a broad stretch belonging to the

exocyclic amine are clearly seen at 8.10 ppm and 7.70 ppm respectively; b) *H NMR confirming methylation

occurs on the exocyclic amine. The presence of two —NH peaks at 8.63 ppm and 8.25 ppm and the absence of

a—NH, broad stretch in the spectrum.
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In order to synthesise the dimethylated amine analogue it was necessary to first perform a Sandmeyer
reaction to convert the free amine into the bromine, 3.81, Scheme 3.9. Combining 3.81 with dimethylamine
gave exclusively the desired product, 3.82 in good yield. However, the previously established amide
conditions to install the 1-ethylpropylamine side chain were unsuccessful due to the relative unreactivity of
the starting material. Direct amide formation from unactivated esters can be achieved through the generation
of aluminium amides through treatment of an amine with trimethylaluminium. However, due to the
pyrophoric nature of trimethylaluminium, an adduct of trimethylaluminium and DABCO, DABAL-Me;, was
employed. This aluminium amide could then react with the ester to give the desired amide product, 3.83 in
moderate yields. Once the desired intermediate had been obtained the Suzuki coupling was performed and

led to the desired analogue, 3.85 in good yield.

Br 1. HBr, AcOH, Br, Br Br
Q 2.2.76M NaNO, aq. (& . . (k
(‘\N 3. 2.2M Na,S,0; aq. | N Dimethylamine, Et;N N
PO PO PO
THF, rt, 90 mi
NH, O Br O n _N_ O
3.46 3.81 3.82
56% 82%

HO, o OH  K;CO;, TBAB,

1-ethylpropylamine, ‘ PdCIZ(dppf)

_ DABALMe; SN
dloxane water, NWN
THF A N \(\ microwave, \(\
130°C N O
3.83 3.8 3.85
30% 67%

Scheme 3.9 Synthesis of the dimethylated amine analogue, 3.85.

Table 3.10 summarises the biological activity for these compounds against T.b. brucei.
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Table 3.10 T.b. brucei inhibitory activity of N-alkylated derivatives.

ID ECso (M) sI®
SN SN 3.74 1.3
N~ N N~ N
3.74 3.78 380 > 10°
3.85 3.38+£0.31 12
Y w BT ? Selectivity relative to HEK293 (human embryonic kidney) cells
N%(N N%(N '
~_NH O \(\ N_ O \(\ ® Experiment performed as n=1.
3.80 3.85

¢ Compound found to have < 50% activity at 10.41 puM.

It could be seen that N-alkylation of the amide -NH (3.78) led to a significant loss in activity suggesting the
amide is involved in a critical interaction, such as hydrogen bonding, within the receptor of the putative
target. Whereas N-alkylation of the free amine (3.74) was equally as active as the parent compound (128,
ECs 0.43 uM), extension to the ethyl (3.80) led to an approximately two-fold loss in activity and
dimethylation led to a complete loss in activity (3.85, ECs, >10 uM). This suggests that at least one hydrogen

bond donor is required at this position in order to maintain activity against T.b. brucei.

3.7. Synthesis of alternate core units to the pyrazine scaffold

A number of analogues of the pyrazine core were also identified that were of interest (Figure 3.4). It was

thought that alterations to the pyrazine core may lead to an improvement in the metabolic stability of these

compounds in human liver microsomes.
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NH, O NH, O NH, O NH, O \C\

3.86 3.87 3.88

Figure 3.4 Pyrazine core analogues.

Initially, the focus was on removing both of the nitrogens from the pyrazine core and then re-introducing
them one by one. In order to access 3.86, methyl 2-amino-5-bromobenzoate (3.90) was combined with 1-
ethylpropylamine in a CEM microwave, however no reaction was observed. Replacement of the pyrazine
with an electron rich phenyl group resulted in the carbonyl being less electrophilic and not as reactive
towards the nucleophile under these conditions. As a result the methyl 2-amino-5-bromobenzoate (3.90) was
instead refluxed with DABAL-Me; and 3.47 in order to obtain the desired intermediate, 3.91 (Scheme 3.10).
A Suzuki reaction to install the phenyl group was then performed in accordance with the previously

established conditions to give the desired product, 3.86 in good yields.

K,COj, TBAB, O
HoN _ DABALMe; PdCl,(dppf)
_—
\(\ THF, A dioxane: H,O O H
NH, O NH, O microwave
NH, O

3.90 3.47 3.91 3.86
98% 75%

Scheme 3.10 Synthesis of the phenyl core analogue.

Synthesis of the nicotinamide analogue (3.87) was performed as shown in Scheme 3.11. 2-Amino-5-
bromonicotinic acid (3.92) was coupled to 1-ethylpropylamine (3.47) in a reaction mediated by HBTU and
DIPEA in N,N-dimethylformamide. This was then followed by a Suzuki coupling to achieve the desired

product, 3.87 in good yields.
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Br Br

K,CO3, TBAB,
HBTU, DIPEA A PdCl,(dppf
‘ A HoN ‘ H 2(dppf) ‘ N

N~ OH DMF, rt N~ N\(\ dioxane: HZO N H

NH, O microwave

NH, O 2 NH, O

3.92 3.47 3.93 3.87
49% 81%

Scheme 3.11 Synthesis of the nicotinamide regioisomer of the central core.

Synthesis of the picolinamide analogue (3.88) could be performed as shown in Scheme 3.12. Methyl 3-
aminopicolinate (3.94) was initially brominated to give 3.95 in moderate yield. In addition to the isolation of
3.95, there was an additional 33% of methyl 3-amino-4,6-dibromopicolinate (3.96) recovered. A NOESY
experiment was performed and no cross-coupling was observed between the free amine and the aromatic
proton. This was taken as confirmation of the 4,6-dibromination substitution pattern as shown. It was then
possible to form the amide (3.97) using the previously established conditions in good yield, prior to the

Suzuki coupling which gave the desired product (3.88) in good yields.

XN 2M H,S0, aq.,

‘ Br >N
N_OH 72
NH, O

NH, O NH, O
3.94 3.95 3.96
55% 33%
Br
K,COs, TBAB,
XN PdCl,(dppf
‘ _ oH H2N 2( pp) SN
115 C, dioxane: H20 ‘ _ H
NH, O microwave microwave
NHz O NH, O
3.95 3.47 3.97 3.88
74% 53%

Scheme 3.12 Synthesis of the picolinamide regioisomer of the central core.

In order to obtain the pyrimidine core (3.89), benzamidine (3.98) and mucobromic acid (3.99) were reacted
to give the resultant pyrimidinecarboxylic acid (3.100) (Scheme 3.13). The proposed mechanism for this
reaction can be seen in Figure 3.5. A subsequent amide coupling with EDCI, DMAP and 1-ethylpropylamine

was attempted, however this reaction failed. As such, the acid was esterified with methanol and sulphuric
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acid to give 3.101. This was then used in a reaction with DABAL-Me; and 1-ethylpropylamine to form the
amide (3.102) before subsequent conversion of the aryl bromide to the free amine to obtain the desired

product, 3.89.

H
NH O NaOEt MeOH
NHZ = N N N
y Ho Br EtoH H,S0, |
o W SO

Br O
3.98 3.99 3.100 3.101
36% 63%
1-ethylpropylamine, CuSOq,,
DABAL- Me3 NH,OH
DMF, 110°C N\ N H
THF A ) )
sealed tube %(N
Br o) NH, O
3.102 3.89
63% 46%

Scheme 3.13 Synthesis of the pyrimidine central core analogue.

H
9 Q - O _OH  H*shi 10,0 OH
IV o L H shift 'T'A)/
= WINPT N g, HNZ N Br
HNZ “NH, B  Br H L B
3.98 3.99

3.100

Figure 3.5 Mechanism for the formation of the pyrimidine core from benzamidine hydrochloride and

mucobromic acid.

Biological analysis of these compounds for their activity against T.b. brucei was performed and the results

summarised in Table 3.11.
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Table 3.11 T.b. brucei inhibitory activity of pyrazine core derivatives.

ID ECso (UM)
3.86 > 10°
W 3.87 > 10°
NH; © (\ (\ 3.88 > 10°
3.86 3.87 289 S 10a

 Compound found to have < 50% activity at 10.41 pM.

From this data it is clear that removal of one or both of the nitrogens from the pyrazine ring leads to a
complete loss of activity against T.b. brucei in this assay (3.86-3.89). This indicates that the pyrazine ring is
essential for the activity of this series and it is likely that the nitrogen atoms are involved in critical

interactions with the putative target.

3.8. Biological analysis of compounds against T. vivax and T. congolense

A selection of compounds were analysed by researchers at the Swiss Tropical and Public Health Institute as
part of the GALVmed project. The compounds were tested ex vivo against T. vivax and in vivo against T.
congolense, both of which are causative agents for animal trypanosomiasis in Western and Eastern Africa,
respectively.*® Diminazene and isometamidium are routinely used in the treatment of animal trypanosomiasis
though both have a multitude of side effects associated with their use. ** They have both been included as

standards in these assays. Table 3.12 summarises the results of the biological assays.
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Table 3.12 T. vivax and T. congolense inhibitory activity of selected compounds.

ID T. vivax EC5, (UM)  T. congolense ECs, (LM)
3.74 39 165
3.52 19 15
3.45 24 14
Diminazene® 0.34 0.25
Isometamidium? 0.0006 0.0006

& Compound included as a standard control.

In general the compounds that were tested exhibited micromolar activity against both T. vivax and T.
congolense. None of the compounds were found to be as potent as diminazene or isometamidium in these

assays.

3.9. Physicochemical analysis of selected analogues

Assessment of the drug-likeness of a selection of analogues was again made and the results summarised in
Table 3.13. The MW of these analogues were still, in general, quite low ranging from 284-327 gmol™. The
PSA values were also relatively low with the exception of 3.53, which was somewhat higher than the upper
limit of 90 A? that is the generally acknowledged cut off value for potential CNS penetration.® In general,
the distribution coefficients were slightly higher than the earlier analogues being in the range of 4.2-5.3.
Solubility was again an issue with all of the analogues exhibiting poor solubility. The plasma protein binding
of these compounds was quite high with values in the range of 96.4-98.2%, which could adversely affect the
ability of the compounds to dissociate and cross the BBB.*® The MPO score, first introduced in Chapter 1,
was used to assess and balance the effects of several variables (the lipophilicity, distribution coefficient,
MW, PSA, number of hydrogen bond donors and pK,) on a compounds potential to cross the BBB.*® The
MPO calculations (seen in Table 3.14) demonstrated that in all cases the high cLogD of these compounds

was detrimental to the overall MPO score obtained. Despite being inactive against T.b. brucei in the assay,
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3.78 exhibited the highest MPO score of 4.6 which can be attributed to the removal of the hydrogen bond
donating amide —NH. Despite compound 3.85 having the lowest PSA value in the series it had an MPO score

of 4.0 due to the much higher LogD value.

The compounds were still generally susceptible to metabolism by human liver microsomes, though an
improvement was observed upon alkylation of the free amine, 3.85. There was also a benefit observed with
multiple substitutions on the phenyl ring (2-nitrile, 4-fluoro; 3.53) and also the 4-fluoro substituted phenyl

(3.52), which may indicate that substitutions in this region block some sites of metabolism.

Table 3.13Key physicochemical parameters and in vitro metabolic stability of selected compounds.

LogD®  Solubility (ug/ml)° In vitro
Microsome-

PSA cPPB? CLint
ID MW Predicted MPO

(A»* pH74 pH 2 pH 6.5 (%)  (ul/min/mg

E.

protein)®
3.51 3188 809 4.8 <1.6 <1.6 98.2 102 0.80 41
3.52 3024 80.9 4.4 3.1-6.3 3.1-6.3 96.4 84 0.77 4.3
3.53 327.4 104.7 4.2 <1.6 <1.6 96.6 66 0.72 3.9
3.78 2844 721 4.8 6.3-12.5 1.6-3.1 96.4 155 0.86 4.6
3.85 3124 66.9 >5.3" 1.6-3.1 <1.6 98.1 55 0.68 4.0

& Calculated using ACD/Labs software, version 9.
® Measured using the chromatographic glogD technique.
¢ Kinetic solubility determined by nephelometry.
¢ Human plasma protein binding estimated using a chromatographic method.

® In vitro intrinsic clearance determined in human liver microsomes and predicted hepatic extraction ratio
calculated from in vitro data.

"Measured using the chromatographic cPPB technique.
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Figure 3.14 CNS MPO composite score calculations® for compounds 3.51-3.53 and 3.78 and 3.85.

3.51 3.52 3.53
CNS MPO Calculator CNS MPO Calculator CNS MPO Calculator
Property | Value TO Property | Value TO Property | Value TO
cLogP 3.87 0.565 cLogP 341 cLogP 3.26
cLogD 4.8 cLogD 4.4 cLogD 4.2
PSA 80.9 PSA 80.9 PSA 104.7
MW 318.8 MW 302.4 MW 327.4
HBD 2 HBD 2 HBD 2
pKa 0.81 pK, 0.83 pK, 0.73
CNS MPO CNS MPO 4.3 CNS MPO 3.9
3.78 3.85

CNS MPO Calculator

CNS MPO Calculator

Property | Value
cLogP 3.49
cLogD 4.8

PSA 72.1
MW 298.4
HBD 1
PK, 0.81
CNS MPO

TO

Property | Value TO
cLogP 3.92 0.54
cLogD 5.3

PSA 66.9
MW 3124
HBD 2
PK, 0.64
CNS MPO

% An active CNS MPO calculator is available to download from Wager, T. T. et al. Moving beyond rules: The
development of a central nervous system multiparameter optimization (CNS MPOQ) approach to enable
alignment of druglike properties. ACS Chem. Neurosci. 2010, 1, 435-449.

® Where green indicates a physicochemical property which is in the optimal range, yellow indicates a
physicochemical property which is considered to be less optimal and red indicates a physicochemical

property which is in an undesirable range.
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3.10. Future work

There is a clear SAR picture emerging for this series of compounds and the assessment of predictive ADME
and MPO scores reveals these compounds to be generally drug-like and favourable for further development.
A number of areas have been identified where changes were not well tolerated though there is still much
investigation required to definitively identify the pharmacophore. The priority must be to address the

solubility and metabolic stability of these compounds.

There are a number of core changes that could still be attempted in order to try and improve the solubility
and metabolism of this series as a whole as shown in Figure 3.6. For instance, it is possible to replace each of
the pyrazine nitrogens with a nitrile group, which has been shown to act as an isostere of an endocyclic
nitrogen, replacing the water-mediated hydrogen-bond bridges.'® It may also be interesting to synthesise a
bicyclic core, such as 3.105, which may lead to an improvement in the metabolic stability of the series.
However, the SAR indicates that the presence of one hydrogen bond donor from the amine is required for

activity and this would need to be taken into account when designing future analogues.

r oL

3.103 3.104 3.105
Figure 3.6Analogues which could be targeted in order to improve the metabolic stability and solubility of

this series.
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3.11. Experimental

General Procedure 3-Al: Suzuki coupling

The relevant carboxamide (1.0 eq.), potassium carbonate (4.0 eg.), phenylboronic acid (1.2 eq.) and TBAB
(0.1 eq.) were combined in a microwave reactor vessel with a 4:1 mix of 1,4-dioxane and water (0.5 M final
concentration). The reaction mixture was de-gassed by bubbling nitrogen through for 2 min prior to the
addition of either PdCI; (0.05 eq.) and dppf (0.055 eq.) or PdCl,(dppf) (0.05 eq.). The reaction mixture was
irradiated in a CEM microwave at 130 °C for the time specified. The reaction was diluted with ethyl acetate
and filtered through celite and the filtrate collected. The solvent was removed to give the crude product
which was purified by column chromatography, eluting with 15% ethyl acetate/petroleum spirits to give the

desired product.

General Procedure 3-B1: Coupling of secondary aromatic amines

3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (1.0 eq.), copper (1) iodide (0.15 eq.), potassium
carbonate (2.0 eqg.) and D,L-proline (0.3 eq.) were added to DMSO (0.5 M final concentration). To the
reaction mixture was added the relevant secondary aromatic amine (8.0 eq.) before the reaction was
transferred to a CEM microwave and heated to 90 °C for the time specified. The reaction mixture was poured
into a saturated aqueous solution of sodium bicarbonate and the product was extracted with ethyl acetate
three times. The organic layers were combined and washed once with a saturated aqueous solution of sodium
chloride before being dried with magnesium sulphate. The crude material was purified by column

chromatography, eluting with 10% ethyl acetate/petroleum spirits to give the desired product.

3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (3.48)

. Methyl 3-amino-6-bromopyrazine-2-carboxylate (500 mg, 2.15 mmol) was combined with

NKKN H 1-ethylpropylamine (2.5 ml, 21.50 mmol) in a microwave reactor vessel and irradiated in a
=
NH; O CEM microwave for 4 h at 115 °C. The reaction mixture was transferred to a RBF and the

solvent removed under reduced pressure to give the crude material which was recrystallised from acetic acid
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and water to give the carboxamide as a pale-yellow solid (445 mg, 72%). HPLC — rt 11.59 min > 99% purity
at 254 nm; LRMS [M+H]* 287 m/z ("Br), 289 m/z (*'Br); HRMS [M+H]* 287.0502 m/z, found 287.0502
m/z ("Br), 289.0482 m/z, found 289.0483 m/z (*'Br); 'H NMR (400 MHz, DMSO) & 8.34 (s, 1H), 8.10 (d,
J=9.3 Hz, 1H), 7.70 (s, 2H), 3.82 — 3.65 (m, 1H), 1.65 — 1.37 (m, 4H), 0.83 (t, J = 7.4 Hz, 6H); *C NMR

(101 MHz, DMSO) 6 164.7, 154.2, 148.5, 125.7, 121.5, 52.0, 26.8 (2C), 10.7 (2C).
3-Amino-6-(2-cyanophenyl)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.49)

The title compound was prepared according to General Procedure 3-Al and was irradiated

eN for 2 h and 30 min. Title compound was isolated as a pale-yellow solid (22 mg, 20%).

~N
NWH\(\ HPLC — rt 8.38 min > 97% purity at 254 nm; LRMS [M+H]" 310.3 m/z; HRMS [M+H]"
e 310.1662 m/z, found 310.1664 m/z; *H NMR (400 MHz, DMSO) & 8.89 (s, 1H), 8.15 (d, J
= 7.6 Hz, 1H), 8.07 (d, J = 9.3 Hz, 1H), 7.96 (dd, J = 7.8, 1.1 Hz, 1H), 7.79 (td, J = 7.8, 1.4 Hz, 1H), 7.57
(td, J = 7.6, 1.1 Hz, 1H), 3.90 — 3.63 (m, 1H), 1.73 — 1.34 (m, 4H), 0.86 (t, J = 7.4 Hz, 6H); *C NMR (101
MHz, DMSO) § 165.5, 154.4, 145.5, 138.3, 135.5, 135.4, 133.5, 128.6, 127.5, 123.5, 120.5, 107.8, 51.8, 26.9

(2C), 10.4 (2C). *Note: The amine peak appears as a broad stretch under the aromatic protons, as such it has

not been reported.
3-Amino-N-(pentan-3-yl)-6-(m-tolyl)pyrazine-2-carboxamide (3.50)

The title compound was prepared according to General Procedure 3-Al and was irradiated

for 30 min. Title compound was isolated as a pale-yellow solid after recrystallisation from

N
Ny

N%(N\(\ acetic acid/water (38 mg, 37%). HPLC — rt 11.28 min 100% purity at 254 nm. LRMS

e [M+H]* 299.3 m/z; HRMS [M+H]" 299.1866 m/z, found 299.1868 m/z; 'H NMR (400
MHz, DMSO) 5 8.81 (s, 1H), 8.22 (d, J = 9.3 Hz, 1H), 7.97 — 7.82 (m, 2H), 7.62 (s, 2H), 7.37 (t, = 7.6 Hz,
1H), 7.20 (d, J = 7.5 Hz, 1H), 3.91 — 3.68 (m, 1H), 2.40 (s, 3H), 1.71 — 1.47 (m, 4H), 0.89 (t, J = 7.4 Hz,
6H); BC NMR (101 MHz, DMSO) 6 165.8, 154.0, 143.8, 138.4, 137.8, 135.9, 128.7, 128.7, 125.8, 124.4,
122.7,51.8, 26.9 (2C), 21.2, 10.6 (2C).
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3-Amino-6-(3-chlorophenyl)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.51)

al The title compound was prepared according to General Procedure 3-Al and was irradiated

for 30 min. Title compound was isolated as a yellow solid after recrystallisation from

~N
N R acetic acid/water (46 mg, 41%). LRMS [M+H]* 319.2 m/z; HRMS [M+H]" 319.132 m/z,

e

8.18 (t, J = 1.7 Hz, 1H), 8.10 (d, J = 7.9 Hz, 1H), 7.73 (s, 2H), 7.50 (t, J = 7.9 Hz, 1H), 7.47 — 7.35 (m, 1H),

found 319.1334 m/z; *H NMR (400 MHz, DMSO) & 8.88 (s, 1H), 8.32 (d, J = 9.3 Hz, 1H),

3.90 — 3.71 (m, 1H), 1.70 — 1.47 (m, 4H), 0.88 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) 5 165.7,

154.3, 144.1, 138.2,136.6, 133.8, 130.5, 127.7, 125.0, 124.7, 124.0, 38.9, 26.9 (2C), 10.7 (2C).
3-Amino-6-(4-fluorophenyl)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.52)

F The title compound was prepared according to General Procedure 3-Al and was irradiated
for 30 min. Title compound was isolated as a yellow solid after recrystallisation from
1 SN § acetic acid/water (54 mg, 51%). HPLC — rt 10.95 min > 99% purity at 254 nm. LRMS

—

NH, O \(\ [M+H]" 303.2 m/z; HRMS [M+H]* 303.1616 m/z, found 303.1622 m/z; '"H NMR (400
MHz, DMSO) & 8.82 (s, 1H), 8.26 (d, J = 9.3 Hz, 1H), 8.21 — 8.09 (m, 2H), 7.63 (s, 2H), 7.30 (t, J = 8.9 Hz,
2H), 3.90 — 3.69 (m, 1H), 1.70 — 1.43 (m, 4H), 0.87 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) &
165.8, 162.2 (J o.r = 244 Hz), 153.9, 143.6, 137.4, 132.5 (J c.r = 3 Hz), 127.5 (J c¢ = 8 Hz), 124.4, 115.5 (J
cr = 21 Hz), 51.9, 26.9 (2C), 10.7 (2C). *Note: there are multiple equivalent carbons in the *C NMR

spectrum.

3-Amino-6-(2-cyano-4-fluorophenyl)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.53)

F The title compound was prepared according to General Procedure 3-Al and was irradiated
oN for 3 h. Title compound was isolated as a yellow solid after recrystallisation from acetic
Ny acid/water (10 mg, 10%). LRMS [M+H]* 328.2 m/z; HRMS [M+H]" 328.1568 m/z, found

|
AN
NH, O \(\
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328.1574 m/z; *H NMR (400 MHz, DMSO) § 8.86 (s, 1H), 8.20 (dd, J = 9.0, 5.4 Hz, 1H), 8.04 (d, J = 9.3
Hz, 1H), 7.98 (dd, J = 8.7, 2.7 Hz, 1H), 7.82 — 7.64 (m, 1H), 3.91 — 3.67 (m, 1H), 1.66 — 1.40 (m, 4H), 0.87
(t, 3= 7.4 Hz, 6H); °C NMR (101 MHz, DMSO) & 165.4, 161.0 (J c.r = 248 Hz), 154.4, 145.5, 135.4 (J c.r =
3 Hz), 134.8, 130.0 (J c.r = 8 Hz), 123.5, 122.0 (J ¢ = 25 Hz), 121.1 (J c.r = 21 Hz), 119.1 (J c.r = 9 H2),
109.5 (J C-F = 10 Hz), 51.8, 26.9 (2C), 10.4 (2C). *Note: the amine peak is a broad peak under the aromatic

protons and, as such it has not been reported.
3-Amino-N-(pentan-3-yl)-6-(pyrrolidin-1-yl)pyrazine-2-carboxamide (3.55)

O 3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (100 mg, 0.35 mmol) was
(NKN ] combined with pyrrolidine (2 ml, 24.35 mmol) and placed in a CEM microwave for 2 h at
NmN\C\ 180 °C. The excess pyrrolidine was removed under reduced pressure and the crude
material was purified by column chromatography, eluting with 10% ethyl acetate/petroleum spirits. The title
compound was isolated as an orange solid (58 mg, 60%) which could be further purified by recrystallisation
with acetic acid/water to give an orange solid (25 mg, 26%). HPLC — rt 7.69 min > 98% purity at 254 nm;
LRMS [M+H]" 278.3 m/z; HRMS [M+H]" 278.1975 m/z, found 278.1974 m/z; *H NMR (400 MHz, DMSO)
§7.82 (s, 1H), 7.77 (d, J = 9.3 Hz, 1H), 6.52 (s, 2H), 3.85 — 3.58 (m, 1H), 3.38 (t, J = 6.6 Hz, 4H), 1.93 (td, J
= 6.7, 3.4 Hz, 4H), 1.62 — 1.41 (m, 4H), 0.85 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) & 166.2,

147.5, 1455, 133.6, 119.8, 51.2, 46.4 (2C), 26.9 (2C), 24.8 (2C), 10.4 (2C).

3-Amino-6-morpholino-N-(pentan-3-yl)pyrazine-2-carboxamide (3.57)

[Oj 3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (200 mg, 0.70 mmol) was
(’1 dissolved in 1,4-dioxane (700 pl) prior to the addition of morpholine (120 ul, 1.40 mmol)
N

NH,

N{H(H\(\ and diisopropylethylamine (245 pl, 1.40 mmol). The reaction mixture was placed in a

° CEM microwave for 24 h at 180 °C. The reaction was incomplete by TLC, so additional
morpholine (485 ul, 5.6 mmol) and diisopropylethylamine (975 ul, 5.6 mmol) was added before the reaction
was returned to a CEM microwave for a further 6 h at 180 °C. By TLC the reaction was complete so all of
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the volatiles were removed under reduced pressure and the crude material was purified by column
chromatography, eluting with 20-50% ethyl acetate/petroleum spirits as a yellow oil (153 mg, 75%). HPLC —
rt 6.69 min > 98% purity at 254 nm; LRMS [M+H]" 294.3 m/z; HRMS [M+H]" 294.1925 m/z, found
294.1924 m/z; *H NMR (400 MHz, DMSO) & 8.11 (s, 1H), 7.81 (d, J = 9.3 Hz, 1H), 6.80 (s, 2H), 3.86 — 3.60
(m, 5H), 3.33 (d, J = 9.3 Hz, 4H), 1.68 — 1.37 (m, 4H), 0.84 (t, J = 7.4 Hz, 6H); **C NMR (101 MHz,
DMSO) § 166.0, 149.2, 146.9, 134.8, 120.0, 65.9, 51.5, 46.0, 26.9 (2C), 10.6 (2C). *Note: the doublet at

3.33ppm in the 'H NMR is overlapping with the water signal and is assumed to account for 4 protons.
3-Amino-6-(cyclohex-1-en-1-yl)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.59)

The title compound was prepared according to General Procedure 3-Al and was irradiated

Q for 30 min. Title compound was isolated as a yellow oil (142 mg, 57%). LRMS [M+H]"

‘ N
N~

H

N(\ 289.2 m/z; "H NMR (400 MHz, DMSO) & 8.39 (s, 1H), 7.98 (d, J = 9.4 Hz, 1H), 7.43 (s,
NH, O
2H), 3.87 — 3.62 (m, 1H), 2.48 — 2.38 (m, 2H), 2.20 (dt, J = 5.8, 3.7 Hz, 2H), 1.71 (ddd, J = 8.3, 5.8, 2.7 Hz,
2H), 1.65 — 1.43 (m, 7H), 0.85 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) & 165.9, 153.5, 142.7,

140.4,133.1, 125.1, 123.3, 51.6, 26.9 (2C), 25.2, 24.7, 22.3, 21.8, 10.6 (2C).
3-Amino-6-cyclohexyl-N-(pentan-3-yl)pyrazine-2-carboxamide (3.60)

3-Amino-6-(cyclohex-1-en-1-yl)-N-(pentan-3-yl)pyrazine-2-carboxamide (70 mg, 0.24

mmol) was dissolved in a 50% solution of ethyl acetate in ethanol (20 ml). This was

N%(H loaded on to a ThalesNano H-Cube® with a 10% Pd/C CatCart®. The reaction was
Nz © \(\ monitored by LCMS until no more starting material was present (~1 h) and the solvent
was removed under reduced pressure to give the title compound as a yellow solid (24 mg, 34%). HPLC — rt
8.97 min > 99% purity at 254 nm; LRMS [M+H]" 291.3 m/z; HRMS [M+H]* 291.2179 m/z found 291.2180
m/z; *H NMR (400 MHz, DMSO) & 8.14 (s, 1H), 7.98 (d, J = 9.3 Hz, 1H), 7.28 (s, 2H), 3.89 — 3.59 (m, 1H),

1.92 — 1.74 (m, 4H), 1.69 (d, J = 12.1 Hz, 1H), 1.65 — 1.20 (m, 9H), 0.84 (t, J = 7.4 Hz, 6H); *C NMR (101
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MHz, DMSO) § 165.8, 153.6, 146.9, 144.7, 123.7, 51.5, 41.8, 32.1 (2C), 26.9 (2C), 26.0 (2C), 25.5, 10.6

(20C).

3-Amino-N-(pentan-3-yl)-6-(1H-pyrrol-1-yl)pyrazine-2-carboxamide (3.62)

U The title compound was prepared according to General Procedure 3-B1 and was irradiated
N

(gN for 150 min. The title compound was obtained as a yellow solid (18 mg, 19%). HPLC —rt

\

Nmn\(\ 8.11 min 95% purity at 254 nm; LRMS [M+H]" 274.2 m/z; HRMS [M+H]" 274.1662 m/z,
>

found 274.1663 m/z; 'H NMR (400 MHz, DMSO) & 8.71 (s, 1H), 8.24 (d, J = 9.3 Hz, 1H), 7.84 — 7.69 (m,
2H), 7.47 (s, 2H), 6.39 — 6.17 (m, 2H), 3.79 (ddq, J = 11.7, 7.7, 5.9 Hz, 1H), 1.70 — 1.43 (m, 4H), 0.86 (t, J =
7.4 Hz, 6H); *C NMR (101 MHz, DMSO) & 165.5, 152.9, 136.6, 136.5, 121.3, 118.3 (2C), 110.5 (2C), 52.0,

26.7 (2C), 10.8 (2C).

3-Amino-N-(pentan-3-yl)-6-(1H-pyrazol-1-yl)pyrazine-2-carboxamide (3.64)

4—\\ The title compound was prepared according to General Procedure 3-B1 and was irradiated
N

N
(gN for 6 h. The title compound was obtained as a yellow solid (68 mg, 71%). HPLC — rt 7.28
\ H
N N

N/H I \(\ min 94% purity at 254 nm; LRMS [M+H]" 275.2 m/z; HRMS [M+H]" 275.1615 m/z,

2

found 275.1616 m/z; ‘H NMR (400 MHz, DMSO) § 8.97 (dd, J = 2.5, 0.5 Hz, 1H), 8.80 (s, 1H), 8.35 (d, J =
9.3 Hz, 1H), 7.84 — 7.73 (m, 1H), 7.73 — 7.46 (m, 2H), 6.59 (dd, J = 2.4, 1.8 Hz, 1H), 3.79 (qt, J = 8.5, 5.6
Hz, 1H), 1.73 — 1.43 (m, 4H), 0.86 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) & 165.3, 153.6, 141.4,

136.7, 136.4, 127.8, 120.9, 107.4, 52.1, 27.0 (2C), 10.9 (2C).

3-Amino-6-(1H-imidazol-1-yl)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.65)

N The title compound was prepared according to General Procedure 3-B1 and was irradiated
N

(g for 1 h. The crude material was purified by column chromatography, eluting with 85%
NH, O \(\
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ethyl acetate/petroleum spirits to give the title compound as a yellow solid (26 mg, 55%). HPLC — rt 4.85
min 100% purity at 254 nm; LRMS [M+H]* 275.2 m/z; HRMS [M+H]" 275.1615 m/z, found 275.1615 m/z;
'H NMR (400 MHz, DMSO) & 8.74 (s, 1H), 8.68 (t, J = 1.0 Hz, 1H), 8.31 (d, J = 9.3 Hz, 1H), 8.08 (t, J = 1.3
Hz, 1H), 7.65 (s, 2H), 7.12 (t, J = 1.3 Hz, 1H), 3.88 — 3.65 (m, 1H), 1.71 — 1.45 (m, 4H), 0.86 (t, J = 7.4 Hz,
6H); **C NMR (101 MHz, DMSO) & 165.2, 153.8, 137.4, 135.1, 134.0, 129.6, 121.7, 116.7, 52.1, 27.0 (2C),

10.8 (2C).
3-Amino-N-(pentan-3-yl)-6-(1H-1,2,3-triazol-1-yl)pyrazine-2-carboxamide (3.66)

The title compound was prepared according to General Procedure 3-B1 and was irradiated

N
LN
(’1 for 10 h. The crude material was then purified by column chromatography, eluting 15%
N

N%H(H\(\ ethyl acetate/petroleum spirits to give the title compound as a yellow solid (46 mg, 48%).
NH

HPLEO— rt 6.47 min 100% purity at 254 nm; LRMS [M+H]" 276.2 m/z; HRMS [M+H]"* 276.1567 m/z, found
276.1568 m/z; '"H NMR (400 MHz, DMSO) & 9.22 (d, J = 1.2 Hz, 1H), 8.93 (s, 1H), 8.37 (d, J = 9.3 Hz,
1H), 8.02 (d, J = 1.1 Hz, 1H), 3.91 — 3.70 (m, 1H), 1.57 (qdd, J = 13.7, 7.9, 6.5 Hz, 4H), 0.86 (t, J = 7.4 Hz,
6H): *C NMR (101 MHz, DMSO) & 164.9, 154.8, 138.0, 133.9, 133.6, 122.6, 121.7, 52.2, 27.0 (2C), 10.9

(2C). *Note: the free amine appeared as a very broad stretch under the aromatic protons and as such, has not

been reported.

3-Amino-N-(pentan-3-yl)-6-(2H-1,2,3-triazol-2-yl)pyrazine-2-carboxamide (3.67)

M The title compound was isolated as a side product in the previous reaction as a yellow solid
N. _N

N

Sn (16 mg, 17%). HPLC — rt 6.55 min 100% purity at 254 nm; LRMS [M+H]" 276.2 m/z;
\ H
N~

N
I \(\ HRMS [M+H]" 276.1567 m/z, found 276.1569 m/z; '"H NMR (400 MHz, DMSO) & 8.81
2
(s, 1H), 8.17 (s, 2H), 7.98 (d, J = 9.3 Hz, 1H), 7.87 (d, J = 9.3 Hz, 2H), 3.93 — 3.66 (m, 1H), 1.70 — 1.40 (m,
4H), 0.86 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) & 164.9, 154.6, 139.4, 136.6 (2C), 136.0, 121.8,

51.9, 26.8 (2C), 10.6 (2C).
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3-Amino-N-(pentan-3-yl)-6-(1H-1,2,4-triazol-1-yl)pyrazine-2-carboxamide (3.68)

N The title compound was prepared according to General Procedure 3-B1 and was irradiated

_N
N
(gN for 8 h. The crude material was then purified by column chromatography, eluting with 20-
\

Nmn\(\ 30% ethyl acetate/petroleum spirits to give the title compound as a pale-yellow solid (52
>

mg, 54%). HPLC — rt 6.17 min 100% purity at 254 nm; LRMS [M+H]" 276.2 m/z; HRMS [M+H]" 276.1567
m/z, found 276.1570 m/z; *H NMR (400 MHz, DMSO) & 9.72 (s, 1H), 8.71 (s, 1H), 8.38 (d, J = 9.3 Hz, 1H),
8.27 (s, 1H), 7.76 (d, J = 57.8 Hz, 2H), 3.79 (pd, J = 8.7, 5.3 Hz, 1H), 1.73 — 1.41 (m, 4H), 0.86 (t, J = 7.4
Hz, 6H); *C NMR (101 MHz, DMSO) & 164.9, 154.5, 152.6, 142.3, 137.2, 133.9, 121.5, 52.2, 27.0 (2C),

10.9 (2C).
3-Amino-6-bromo-N-(sec-butyl)pyrazine-2-carboxamide (3.72)

5 Methyl 3-amino-6-bromopyrazine-2-carboxylate (1.0 g, 4.31 mmol) was combined with
;

(gN H sec-butylamine (4.35 ml, 43.10 mmol) in a microwave reactor vessel and irradiated in a
YT . o

NH, O CEM microwave for 6 h at 100 °C. The reaction mixture was transferred to a RBF and the
solvent removed under reduced pressure to give the crude material which was purified by column
chromatography, eluting with 10% ethyl acetate/petroleum spirits. The title compound was isolated as a
yellow solid (950 mg, 81%). HPLC — rt 9.22 min > 96% purity at 254 nm; LRMS [M+H]* 273.1 m/z ("Br),
275.1 m/z (*'Br); HRMS [M+H]* 273.0346 m/z, found 273.0346 m/z ("°Br), 275.0326 m/z, found 275.0326
m/z (*'Br); 'H NMR (400 MHz, DMSO) & 8.33 (s, 1H), 8.18 (d, J = 8.8 Hz, 1H), 7.70 (s, 2H), 3.89 (dt, J =
21.7, 7.2 Hz, 1H), 1.67 — 1.39 (m, 2H), 1.14 (d, J = 6.6 Hz, 3H), 0.84 (t, J = 7.4 Hz, 3H); *C NMR (101

MHz, DMSO) 6 164.1, 154.2, 148.5, 125.7, 121.5, 46.2, 28.6, 20.0, 10.8.
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6-Bromo-N-(sec-butyl)-3-(methylamino)pyrazine-2-carboxamide (3.73)

Br 3-Amino-6-bromo-N-(sec-butyl)pyrazine-2-carboxamide (400 mg, 1.46 mmol) was
N(EN HT/\ dissolved in acetone (3 ml) prior to addition of cesium carbonate (1.43 g, 4.38 mmol
A mmol), tetra-n-butylammonium bromide (94 mg, 0.29 mmol) and methyl iodide (275 pl,
4.38 mmol). The resulting suspension was stirred for 72 h at ambient temperature before the reaction mixture
was diluted with ethyl acetate and washed twice with water and brine. The resulting oil was purified by
column chromatography, eluting with 10% ethyl acetate/petroleum spirits to give the title compound as a
pale-yellow solid (220 mg, 52%). HPLC — rt 10.44 min > 95% purity at 254 nm; LRMS [M+H]* 287.1 m/z
(®Br), 289.1 m/z (*'Br); HRMS [M+H]* 287.0502 m/z, found 287.0503 m/z ("°Br), 289.0482 m/z, found
289.0482 m/z (*'Br); *H NMR (400 MHz, DMSO) & 8.64 (d, J = 4.8 Hz, 1H), 8.40 (s, 1H), 8.25 (d, J = 8.7
Hz, 1H), 3.89 (dt, J = 21.6, 7.2 Hz, 1H), 2.91 (d, J = 4.9 Hz, 3H), 1.66 — 1.40 (m, 2H), 1.15 (d, J = 6.6 Hz,
3H), 0.84 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, DMSO) & 164.2, 153.7, 126.7, 120.4, 46.3, 28.5, 27.5,

20.0, 10.8. *Note: there is 1 carbon missing from the *C NMR which is assumed to be overlapping with

another signal.
N-(sec-Butyl)-3-(methylamino)-6-phenylpyrazine-2-carboxamide (3.74)

The title compound was prepared according to General Procedure 3-Al and was irradiated

for 30 min. Title compound was isolated as a yellow solid (40 mg, 40%). LRMS [M+H]"

N \/N HT/\ 285.2 m/z; HRMS [M+H]* 285.1710 m/z, found 285.1716 m/z; *H NMR (400 MHz,
e DMSO) & 8.90 (s, 1H), 8.69 (d, J = 4.8 Hz, 1H), 8.39 (d, J = 8.7 Hz, 1H), 8.11 (d, J = 7.9
Hz, 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.38 (t, J = 7.0 Hz, 1H), 4.07 — 3.82 (m, 1H), 2.99 (d, J = 4.8 Hz, 3H), 1.61
(dtg, J = 27.3, 13.6, 7.0 Hz, 2H), 1.22 (d, J = 6.6 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz,

DMSO) 5 165.4, 153.6, 143.3, 136.7, 136.0, 128.7, 127.9, 125.4, 125.3, 46.2, 28.7, 27.3, 20.1, 10.8.
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3-Amino-6-bromo-N-(sec-butyl)-N-methylpyrazine-2-carboxamide (3.77)

. 3-Amino-6-bromopyrazine-2-carboxylic acid (100 mg, 0.46 mmol) was dissolved in N,N-

’\?‘;NH(N dimethylformamide (1 ml) and to this was added HATU (192 mg, 0.51 mmol) and,
NH, O \(\ trimethylamine (212 pl, 1.52 mmol). The reaction mixture was stirred at ambient
temperature for 10 min after which the methyl-(3-pentyl)-amine hydrochloride (70 mg, 0.51 mmol) was
added and the reaction mixture was heated to 80 °C. After 18 h there was a trace amount of desired product
evident by TLC so further methyl-(3-pentyl)-amine hydrochloride (250 mg, 1.84 mmol) and triethylamine
(260 pl, 1.84 mmol) were added and the reaction mixture heated to 120 °C. After 1 week of heating the
reaction mixture there was approximately 50% conversion by TLC. The reaction mixture was cooled to
ambient temperature and concentrated in vacuo prior to extraction twice with ethyl acetate. The organic
layers were combined, and washed with a saturated aqueous solution of sodium chloride, dried with
magnesium sulphate and all of the volatiles were removed. The crude material was purified by column
chromatography, eluting with 5-20% ethyl acetate/petroleum spirits to give the title compound as a pale-
yellow solid (68 mg, 49%). HPLC — rt 7.42 min > 98% purity at 254 nm; LRMS [M+H]" 301.1 m/z ("Br),
303.1 m/z (*Br); HRMS [M+H]" 301.0659 m/z, found 301.0662 m/z ("°Br), 303.0368 m/z, found 303.0643
m/z (*'Br); 'H NMR (400 MHz, DMSO) rotamer 1 & 8.16 (s, 1H), 6.61 (s, 2H), 3.39 (ddd, J = 14.4, 9.2, 5.4
Hz, 1H), 2.78 (s, 3H), 1.53 - 1.51 (m, 4H), 0.77 (t, J = 7.4 Hz, 6H); *H NMR (400 MHz, DMSO) rotamer 2 &
8.20 (s, 1H), 6.57 (s, 2H), 4.37 (dg, J = 9.1, 6.1 Hz, 1H), 2.70 (s, 3H), 1.46 — 1.37 (m, 4H), 0.84 (t, J = 7.4
Hz, 6H). *Note: rotamer 1 and 2 are in a 2:1 relationship respectively. *C NMR (101 MHz, DMSO) & 166.0,
152.4, 145.2, 144.8, 133.3, 121.8, 121.4, 60.9, 55.5, 29.5, 25.6, 24.9, 24.0, 10.7.*Note rotamers present in

“C NMR.
3-Amino-N-(sec-butyl)-N-methyl-6-phenylpyrazine-2-carboxamide (3.78)

The title compound was prepared according to General Procedure 3-Al and was irradiated

for 30 min. Title compound was isolated as an oily yellow solid (21 mg, 72%). HPLC — rt
N

NN
NH, O \(\
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7.90 min > 98% purity at 254 nm; LRMS [M+H]" 299.2 m/z; HRMS [M+H]" 299.1866 m/z, found 299.1869
m/z; *H NMR (400 MHz, DMSO) rotamer 1 § 8.68 (s, 1H), 7.93 (t, J = 7.6 Hz, 2H), 7.45 (dd, J = 14.9, 7.5
Hz, 2H), 7.34 (dt, J = 13.4, 6.6 Hz, 1H), 6.48 (s, 2H), 4.46 (dt, J = 15.2, 7.6 Hz, 1H), 2.80 (s, 3H), 1.45 (dt, J
=21.2, 7.0 Hz, 4H), 0.90 (t, J = 7.3 Hz, 6H); *H NMR (400 MHz, DMSO) rotamer 2 & 8.64 (s, 1H), 7.93 (t, J
= 7.6 Hz, 2H), 7.45 (dd, J = 14.9, 7.5 Hz, 2H), 7.34 (dt, J = 13.4, 6.6 Hz, 1H), 6.45 (d, J = 9.3 Hz, 2H), 3.52
(td, J = 8.9, 4.4 Hz, 1H), 2.83 (s, 3H), 1.67 — 1.49 (m, 4H), 0.78 (t, J = 7.4 Hz, 6H). *Note rotamer 1 and 2
occur in a 2:3 relationship respectively; *C NMR (101 MHz, DMSO) & 167.5, 152.5, 152.1, 140.3, 139.8,
137.9, 137.7, 136.4, 133.1, 132.2, 128.9, 128.8, 127.9, 127.8, 124.8, 124.8, 60.6, 55.4, 29.8, 25.7, 24.8, 24.2,

10.8, 10.7. *Note: rotamers present in **C NMR.

6-Bromo-3-(ethylamino)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.79)

Br 3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (400 mg, 1.40 mmol) was
N(EN N dissolved in acetone (3 ml) prior to the addition of cesium carbonate (1.37 g, 4.20 mmol),

N
AR \(\ tetrabutylammoniumbromide (90 mg, 0.28 mmol) and ethyl iodide (336 pl, 4.20 mmol).
The reaction was left to stir at ambient temperature until no further starting material was observed, ~ 72 h.
The reaction mixture was extracted with ethyl acetate three times and the organic layers combined and
washed once with water and once with an aqueous saturated solution of sodium chloride. The organic phase
was then dried with magnesium sulphate and all of the volatiles were removed. The crude material was
purified by column chromatography, eluting with 5% ethyl acetate/petroleum spirits to give the title
compound as a yellow solid (207 mg, 47%). HPLC — rt 9.66 min > 99% purity at 254 nm; LRMS [M+H]"
315.1 m/z (Br™), 317.1 m/z (Br*); HRMS [M+H]* 315.0815 m/z, found 315.0815 m/z (Br’®), 317.0795 m/z,
found 317.0796 m/z (Br®"); "H NMR (400 MHz, DMSO) & 8.75 (t, J = 5.4 Hz, 1H), 8.39 (s, 1H), 8.16 (d, J =
9.3 Hz, 1H), 3.86 — 3.62 (m, 1H), 3.46 — 3.35 (m, 2H), 1.68 — 1.39 (m, 4H), 1.16 (t, J = 7.2 Hz, 3H), 0.82 (¢,
J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) & 164.9, 153.1, 148.1, 126.2, 120.5, 52.1, 35.1, 26.8 (2C),

14.4, 10.8 (2C).
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3-(Ethylamino)-N-(pentan-3-yl)-6-phenylpyrazine-2-carboxamide (3.80)

The title compound was prepared according to General Procedure 3-Al and was

irradiated for 30 min. Title compound was isolated as a yellow oil (94 mg, 94%). HPLC

[ H(\ — 1t 4.94 min > 92% purity at 254 nm; LRMS [M+H]" 313.3 m/z; HRMS [M+H]
e 313.2023 m/z, found 313.2023 m/z; *H NMR (400 MHz, DMSO) & 8.88 (s, 1H), 8.78 (t,
J =55 Hz, 1H), 8.30 (d, J = 9.3 Hz, 1H), 8.10 (d, J = 8.1 Hz, 2H), 7.47 (t, J = 7.7 Hz, 2H), 7.37 (dd, J =
10.6, 4.0 Hz, 1H), 3.78 (dt, J = 13.9, 6.8 Hz, 1H), 3.59 — 3.39 (m, 2H), 1.59 (p, J = 7.3 Hz, 4H), 1.20 (t, J =
7.2 Hz, 3H), 0.87 (t, J = 7.4 Hz, 6H); °C NMR (101 MHz, DMSO) & 166.0, 153.0, 143.4, 136.8, 136.0,

128.8 (2C), 127.9, 125.3 (2C), 124.9, 52. 0, 34.9, 26.9 (2C), 14.6, 10.8 (2C).
Methyl 3,6-dibromopyrazine-2-carboxylate (3.81)

Br Methyl 3-amino-6-bromopyrazine-2-carboxylate (1.0 g, 4.31 mmol) was suspended in a

N
N o Mixture of hydrobromic acid (2.5 ml) and acetic acid (0.5 ml) and the reaction was cooled to -

Br © 10 °C. Bromine (250 ul, 4.89 mmol) was gradually added over ~ 30 min. Once the addition

was complete a 2.76 M aqueous solution of sodium nitrite (2 ml) was added in portions over 1 h. The
reaction mixture was stirred for 30 min after completion of the addition. A 2.2 M aqueous solution of sodium
thiosulphate (3.6 ml) was then added over 30 min and the resultant precipitate was filtered and washed with
water. The solid was then collected and purified by column chromatography, eluting with 10-25% ethyl
acetate/petroleum spirits to give the title compound as a colourless solid (706 mg, 56%). HPLC — rt 6.50 min
> 99% purity at 254 nm; LRMS [M+H]" 294.9 m/z (Br°Br™®), 296.9 m/z (Br°Br®"), 299.0 m/z (Br®'Br®"); *H
NMR (400 MHz, DMSO) & 8.93 (s, 1H), 3.95 (s, 3H); *C NMR (101 MHz, DMSO) & 162.9, 149.9, 145.2,

137.9, 136.1, 53.5.
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Methyl 6-bromo-3-(dimethylamino)pyrazine-2-carboxylate (3.82)

Br Dimethylamine hydrochloride salt (813 mg, 9.97 mmol), triethylamine (1.3 ml, 9.97 mmol)
=N
N Wo\ and tetrahydrofuran (5 ml) were combined. Methyl 3,6-dibromopyrazine-2-carboxylate (507
/N\

mg, 1.69 mmol) was then added and the reaction mixture was stirred at ambient temperature
for 90 min, the reaction mixture went from colourless to yellow during this time. By TLC the reaction was
complete and all of the volatiles were removed in vacuo. The crude material was purified by column
chromatography, eluting with 10-20% ethyl acetate/petroleum spirits to give the title compound as a yellow
solid (361 mg, 82%). HPLC — 6.55 min > 99% purity at 254 nm; LRMS [M+H]* 260.0 m/z (Br’®), 262.0 m/z
(Br®Y); HRMS 260.0030 m/z, found 260.0029 m/z (Br’®), 262.0009 m/z, found 262.0008 m/z (Br®"); *H NMR
(400 MHz, DMSO) & 8.37 (s, 1H), 3.87 (s, 3H), 2.98 (s, 6H); *C NMR (101 MHz, DMSO) § 165.1, 152.4,

145.2,127.6, 121.8, 52.7, 39.7 (2C).

6-Bromo-3-(dimethylamino)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.83)

Br DABAL-Me; (790 mg, 3.08 mmol) was added to anhydrous THF (4 ml) under nitrogen
~N
N‘%TH prior to the addition of 1-ethylpropylamine (310 ul, 3.08 mmol) and methyl 3,6-
/N\ o

dibromopyrazine-2-carboxylate (400 mg, 1.54 mmol). The reaction mixture was then
heated to reflux for 18 h. After this time there was a 50:50 mixture of starting material and product, as such
the reaction was refluxed for an additional 8 h. After this time there was a 50:50 mixture of the des-bromo
starting material and the desired product. As such, the reaction mixture was filtered through celite and the
filtrate was collected, and all of the volatiles were removed. The crude material was purified by column
chromatography, eluting with 5-20% ethyl acetate/petroleum spirits to give the title compound as an off-
white solid (145 mg, 30%). HPLC — 7.56 min > 99% purity at 254 nm; LRMS [M+H]* 315.1m/z (Br’®),
317.1 m/z (Br*"); HRMS [M+H]" 315.0815 m/z, found 315.0814 m/z (Br"®), 317.0795 m/z, found 317.0794
m/z (Br*Y); '"H NMR (400 MHz, DMSO) & 8.40 (d, J = 8.7 Hz, 1H), 8.26 (s, 1H), 3.80 — 3.56 (m, 1H), 3.00
(s, 6H), 1.65 — 1.32 (m, 4H), 0.87 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) 5 165.8, 151.6, 143.3,
135.0, 121.4, 52.0, 39.2 (2C), 26.7 (2C), 10.5 (2C).
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3-(Dimethylamino)-N-(pentan-3-yl)-6-phenylpyrazine-2-carboxamide (3.85)

The title compound was prepared according to General Procedure 3-Al and was irradiated

N for 45 min. Title compound was isolated as a yellow solid (66 mg, 67%). HPLC — rt 8.04
Nf\g“(\ min 100% purity at 254 nm; LRMS [M+H]" 313.2 m/z; HRMS [M+H]" 313.2023 m/z,
f;un\d 313.2023 m/z; 'H NMR (400 MHz, DMSO) & 8.72 (s, 1H), 8.37 (d, J = 8.9 Hz, 1H), 8.01 (dt, J = 8.3,
1.6 Hz, 2H), 7.56 — 7.41 (m, 2H), 7.35 (ddd, J = 7.3, 4.0, 1.2 Hz, 1H), 3.89 — 3.60 (m, 1H), 3.06 (s, 6H), 1.69
—1.37 (M, 4H), 0.93 (t, J = 7.4 Hz, 6H); **C NMR (101 MHz, DMSO) & 167.3, 151.5, 138.4, 137.2, 136.2,

133.8, 128.8 (2C), 127.9, 125.1 (2C), 51.8, 39.2 (2C), 26.9 (2C), 10.5 (2C).
2-Amino-5-bromo-N-(pentan-3-yl)benzamide (3.91)

Br DABAL-Me; (836 mg, 3.26 mmol) was added to anhydrous THF (16 ml) under nitrogen

H

‘ane

added which resulted in a yellow solution. The reaction mixture was then heated to reflux for 18 h. Once the

prior to the addition of 1-ethylpropylamine (380 pl, 3.76 mmol). The reaction mixture was

heated to 40 °C for 1 h. Methyl 2-amino-5-bromobenzoate (390 mg, 1.69 mmol) was then

reaction was complete by TLC it was quenched by addition of aqueous 2M hydrochloric acid dropwise. The
product was extracted with diethyl ether and passed through a silica plug to yield the title compound as a
pale-yellow solid (472 mg, 98%). HPLC — rt 7.46 min > 98% purity at 254 nm; LRMS [M+H]" 285.1 m/z
(Br'), 287.1 m/z (Br*"); HRMS [M+H]" 285.0598 m/z, found 285.0604 m/z (Br’®), 287.0577 m/z, found
287.0584 m/z (Br®); '"H NMR (400 MHz, DMSO) § 7.95 (d, J = 8.5 Hz, 1H), 7.65 (d, J = 2.4 Hz, 1H), 7.25
(dd, J = 8.8, 2.4 Hz, 1H), 6.66 (d, J = 8.8 Hz, 1H), 6.47 (s, 2H), 3.86 — 3.59 (m, 1H), 1.63 — 1.32 (m, 4H),
0.84 (t, J = 7.4 Hz, 6H); BC NMR (101 MHz, DMSO) ¢ 167.4, 148.7, 133.8, 130.1, 118.3, 116.9, 104.9,

51.6, 26.9 (2C), 10.7 (2C).
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4-Amino-N-(pentan-3-yl)-[1,1'-biphenyl]-3-carboxamide (3.86)

O The title compound was prepared according to General Procedure 3-Al and was irradiated
for 30 min. Title compound was isolated as a yellow solid (148 mg, 75%). HPLC —rt 7.61
O N min > 96% purity at 254 nm; LRMS [M+H]* 283.2 m/z; HRMS [M+H]" 283.1805 m/z,

NH, O
i found 283.1807 m/z; "H NMR (400 MHz, DMSO) & 7.99 (d, J = 8.7 Hz, 1H), 7.77 (d, J =

2.1 Hz, 1H), 7.69 — 7.56 (m, 2H), 7.47 (dd, J = 8.5, 2.2 Hz, 1H), 7.44 — 7.37 (m, 2H), 7.32 — 7.17 (m, 1H),
6.78 (d, J = 8.5 Hz, 1H), 6.43 (s, 2H), 3.79 (qd, J = 8.5, 3.3 Hz, 1H), 1.70 — 1.31 (m, 4H), 0.88 (t, J = 7.4 Hz,
6H); *C NMR (101 MHz, DMSO) & 168.7, 149.0, 140.3, 129.7, 128.7 (2C), 126.5, 126.2, 126.0, 125.7 (2C),

116.7, 115.8, 51.5, 27.0 (2C), 10.8 (2C).

2-Amino-5-bromo-N-(pentan-3-yl)nicotinamide (3.93)

2-Amino-5-bromopyridine carboxylic acid (100 mg, 0.46 mmol) was dissolved in N,N-
\ H dimethylformamide (2 ml) prior to the addition of 1-ethylpropylamine (93 pl, 0.92 mmol),
NHz O HBTU (175 mg, 0.46 mmol) and diisopropylethylamine (160 ul, 0.92 mmol). The reaction
mixture was stirred for 18 h at ambient temperature. Once the reaction was complete the reaction mixture
was extracted with ethyl acetate three times. The organic layers were combined and washed twice with water
and once with a saturated aqueous solution of sodium chloride. The organic layers were dried with
magnesium sulphate and all of the volatiles were removed. The crude material was purified by column
chromatography, eluting with 15% ethyl acetate/petroleum spirits to give the title compound as a colourless
solid (65 mg, 49%). HPLC — rt 5.83 min > 95% purity at 254 nm; LRMS [M+H]* 286.1 m/z (Br’), 288.1
m/z (Br*Y); HRMS [M+H]" 286.0550 m/z, found 286.0554 m/z (Br'®), 288.0530 m/z, found 288.0534 m/z
(Br®)); 'H NMR (400 MHz, DMSO) & 8.26 — 7.96 (m, 3H), 7.20 (s, 2H), 3.88 — 3.61 (m, 1H), 1.65 — 1.31 (m,
4H), 0.85 (t, J = 7.4 Hz, 6H); 3C NMR (101 MHz, DMSO) 8 166.1, 157.6, 151.1, 138.0, 111.4, 104.0, 51.9,

26.8 (2C), 10.6 (2C).
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2-Amino-N-(pentan-3-yl)-5-phenylnicotinamide (3.87)

The title compound was prepared according to General Procedure 3-Al and was irradiated

for 30 min. Title compound was isolated as a colourless solid (39 mg, 81%). HPLC — rt

‘ X

NF H(\ 6.32 min > 96% purity at 254 nm; LRMS [M+H]* 284.2 m/z; HRMS [M+H]" 284.1757

e m/z, found 284.1760 m/z; "H NMR (400 MHz, DMSO) & 8.42 (d, J = 2.4 Hz, 1H), 8.19 (d,
J = 2.4 Hz, 2H), 7.68 (dd, J = 8.3, 1.2 Hz, 2H), 7.59 — 7.39 (m, 2H), 7.39 — 7.23 (m, 1H), 7.14 (s, 2H), 3.81
(dg, J = 8.4, 3.3 Hz, 1H), 1.69 — 1.35 (m, 4H), 0.88 (t, J = 7.4 Hz, 6H); *C NMR (101 MHz, DMSO) §

167.4, 158.1, 148.8, 137.5, 134.4, 128.9 (2C), 126.7, 125.8 (2C), 123.6, 109.8, 51.8, 26.9 (2C), 10.7 (2C).
Methyl 3-amino-6-bromopicolinate (3.95)

. Synthesis based upon the previously reported procedure by Bell et al.**’

N o Methyl 3-aminopicolinate (590 mg, 3.88 mmol) was added to water (10 ml). 2 ml of an aqueous
= ~N
NH, O 2 M solution of sulphuric acid was added and the reaction stirred for 5 min until all of the solid

had dissolved. To this was added a solution of bromine (200 pl, 3.88 mmol) in acetic acid (1.5 ml). A
precipitate was observed and after 30 min there was no evidence of starting material by TLC. The reaction
mixture was neutralised to pH ~ 6 through the addition of aqueous 5 M sodium hydroxide. The product was
extracted with ethyl acetate three times before the organic layers were combined, dried with magnesium
sulphate and all of the volatiles were removed. The crude material was purified by column chromatography,
eluting with 15-25% ethyl acetate/petroleum spirits as an orange solid (489 mg, 55%). The material was
further purified by recrystallisation with ethyl acetate/petroleum spirit to give the title compound as an
orange solid (328 mg, 37%). HPLC — rt 5.48 min > 98% purity at 254 nm; LRMS [M+H]" 231.1 m/z (Br™),
233.0 m/z (Br*Y); *H NMR (400 MHz, DMSO) & 7.45 (d, J = 8.8 Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H), 6.89 (s,

2H), 3.81 (s, 3H); *C NMR (101 MHz, DMSO) & 166.4, 147.6, 132.5, 128.7, 125.4, 124.4, 51.8.
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Methyl 3-amino-4,6-dibromopicolinate (3.96)

Br The title compound was isolated as a side product in the previous reaction as a pale-yellow
~N

B P o_ solid (299 mg, 33%). 'H NMR (400 MHz, DMSO) § 8.03 (s, 1H), 3.85 (s, 3H). A NOESY
NH, O

experiment was performed and no cross-coupling was observed between the amine and the
aromatic proton. This was taken as confirmation of the bromination substitution pattern shown. *Note: the

amine peak was not clearly seen in the "H NMR spectrum.
3-Amino-6-bromo-N-(pentan-3-yl)picolinamide (3.97)

Br Methyl 3-amino-6-bromopicolinate (250 mg, 1.08 mmol) was combined with 1-
| \/N H\(\ ethylpropylamine (1.26 ml, 10.80 mmol) in a microwave reactor vessel and irradiated in a
e © CEM microwave for 34 h at 115 °C. All volatiles were removed and the crude material was
purified by column chromatography, eluting with 10% ethyl acetate/petroleum spirits to give the title
compound as an orange oil (230 mg, 74%). HPLC — rt 8.17 min > 98% purity at 254 nm; LRMS [M+H]"
286.1 m/z (Br’), 288.1 m/z (Br®); HRMS [M+H]" 286.0550 m/z, found 286.0556 m/z (Br’®), 288.0530 m/z,
found 288.0536 m/z (Br®); "H NMR (400 MHz, DMSO) & 7.78 (d, J = 9.4 Hz, 1H), 7.40 (d, J = 8.7 Hz, 1H),
7.14 (d, J = 8.7 Hz, 1H), 6.99 (s, 2H), 3.79 — 3.59 (m, 1H), 1.66 — 1.39 (m, 4H), 0.83 (t, J = 7.4 Hz, 6H); *C

NMR (101 MHz, DMSO) & 166.0, 146.0, 131.2, 128.8, 128.6, 123.2, 51.4, 26.9 (2C), 10.7 (2C).
3-Amino-N-(pentan-3-yl)-6-phenylpicolinamide (3.88)

The title compound was prepared according to General Procedure 3-Al and was irradiated

Ly for 30 min. Title compound was isolated as a dark yellow oil (60 mg, 53%). HPLC — rt
L~ H(\ 8.85 min > 99% purity at 254 nm; LRMS [M+H]* 284.2 m/z; HRMS [M+H]" 284.1757
e m/z, found 284.1760 m/z; *H NMR (400 MHz, DMSO) & 8.13 (d, J = 9.4 Hz, 1H), 8.02 (d,
J=7.8Hz, 2H), 7.86 (d, J = 8.7 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 7.2 Hz, 1H), 7.26 (d, J = 8.7
Hz, 1H), 6.96 (s, 2H), 3.89 — 3.66 (m, 1H), 1.73 — 1.44 (m, 4H), 0.89 (t, J = 7.4 Hz, 6H); *C NMR (101
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MHz, DMSO) 6 167.2, 145.4, 142.1, 138.3, 128.7 (2C), 128.0, 127.7, 125.7, 125.5 (2C), 124.1, 51.2, 27.0

(2C), 10.6 (2C).

5-Bromo-2-phenylpyrimidine-4-carboxylic acid (3.100)

I 108

Synthesis based upon the previously reported procedure by Burger et a
? The hydrochloride salt of benzamidine (1.21 g, 7.76 mmol) was added to anhydrous ethanol

N N

%(OH (76 ml) and cooled to 0 °C. A 2.68 M solution of sodium ethoxide was made by dissolving
sodBirun$(268 mg, 11.64 mmol) in anhydrous ethanol. The sodium ethoxide solution was then added dropwise
to the benzamidine solution. The resulting mixture was allowed to warm to ambient temperature and stirred
under nitrogen for 30 min. Mucobromic acid (1.0 g, 3.88 mmol) was dissolved in anhydrous ethanol with
shaking before gradual addition to the reaction mixture. The resulting solution was then heated to 50 °C for
2.5 h. The reaction mixture was concentrated in vacuo before an aqueous 2 M sodium hydroxide solution
was added to the reaction mixture. The aqueous phase was extracted once with ethyl acetate. The aqueous
phase was then acidified to pH ~ 4 by the addition of an aqueous 1 M hydrochloric acid solution. The
product was then extracted with ethyl acetate three times and the organic layers were combined, washed once
with a saturated aqueous solution of sodium chloride and then dried with magnesium sulphate. All volatiles
were removed to give the title compound as an orange solid (392 mg, 36%). LRMS [M+H]" 279.0 m/z

(Br’), 281.0 m/z (Br*); 'H NMR (400 MHz, DMSO) & 9.22 (s, 1H), 8.49 — 8.24 (m, 2H), 7.69 — 7.43 (m,

3H).
Methyl 5-bromo-2-phenylpyrimidine-4-carboxylate (3.101)

5-Bromo-2-phenylpyrimidine-4-carboxylic acid (263 mg, 1.22 mmol) was dissolved in
? methanol (0.5 ml) and concentrated sulphuric acid (10 pl) was added. The reaction mixture
%(O\ was heated to reflux and the reaction monitored by TLC for completion (~18 h). Once
corBT;pIe(zjte all volatiles were removed in vacuo and the crude material was dissolved in ethyl acetate and

washed with a saturated aqueous solution of sodium bicarbonate. The organic phase was then washed with a
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saturated aqueous solution of sodium chloride before being dried with magnesium sulphate. All of the
volatiles were removed and the crude material was purified by column chromatography, eluting with 10%
ethyl acetate/petroleum spirits to yield the title compound as a yellow solid (139 mg, 63%). HPLC —rt 7.91
min > 99% purity at 254 nm; LRMS [M+H]" 293.0 m/z (Br"®), 295.0 m/z (Br*"); HRMS [M+H]" 292.9921
m/z, found 292.9920 m/z (Br™®), 294.9900 m/z, found 294.9906 m/z (Br®); *H NMR (400 MHz, CDCls) &
8.97 (s, 1H), 8.50 — 8.33 (m, 2H), 7.48 (qdd, J = 6.0, 3.1, 1.3 Hz, 3H), 4.04 (s, 3H); **C NMR (101 MHz,

CDCl;) 6 164.5, 163.3, 161.1, 156.4, 135.8, 131.7, 128.9 (2C), 128.6 (2C), 114.9, 53.5.
5-Bromo-N-(pentan-3-yl)-2-phenylpyrimidine-4-carboxamide (3.102)

? DABAL-Me; (223 mg, 0.87 mmol) was added to anhydrous THF (1 ml) under nitrogen

prior to the addition of 1-ethylpropylamine (90 pl, 0.87 mmol). The reaction mixture was
W \C\ heated to 40 °C for 1 h. Methyl 5-bromo-2-phenylpyrimidine-4-carboxylate (100 mg, 0.44
mmol) was then added and the reaction mixture was heated to reflux for 18 h. Once the reaction was
complete by TLC the reaction mixture was filtered through celite. The filtrate was collected, and all volatiles
removed. The crude material was purified by column chromatography, eluting with 10% ethyl
acetate/petroleum spirits to give the title compound as an off-white solid (79 mg, 63%). HPLC — rt 8.64 min
> 95% purity at 254 nm; LRMS [M+H]* 348.1 m/z (Br™®), 350.1 m/z (Br®"); HRMS [M+H]" 348.0706 m/z,
found 348.0709 m/z (Br’®), 350.0686 m/z, found 350.0691 m/z (Br®"); "H NMR (400 MHz, DMSO) § 9.18
(s, 1H), 8.54 (d, J = 8.8 Hz, 1H), 8.37 (dd, J = 7.5, 2.1 Hz, 2H), 7.57 (dd, J = 4.9, 2.4 Hz, 3H), 3.89 — 3.64
(m, 1H), 1.59 (ddd, J = 12.5, 7.4, 5.0 Hz, 2H), 1.52 — 1.36 (m, 2H), 0.95 (t, J = 7.4 Hz, 6H); *C NMR (101
MHz, DMSO) § 164.2, 161.7, 161.2, 160.5, 135.7, 131.6, 129.0 (2C), 127.9 (2C), 114.3, 52.0, 26.9 (2C),

10.5 (2C).
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5-Amino-N-(pentan-3-yl)-2-phenylpyrimidine-4-carboxamide (3.89)

5-Bromo-N-(pentan-3-yl)-2-phenylpyrimidine-4-carboxamide (30 mg, 0.086 mmol),
? copper sulphate (2 mg, 0.014 mmol) and 28% ammonium hydroxide solution (2 ml) were

N” >N
AN combined in a sealed tube. The reaction mixture was heated to 110 °C and the progress of
G

ke the reaction was monitored by LCMS until the reaction was complete. The reaction
mixture was concentrated in vacuo and then an aqueous 1 M hydrochloric acid solution was added until pH ~
7. The product was extracted with ethyl acetate three times and the subsequent organic layers were
combined, washed once with a saturated aqueous solution of sodium chloride, and dried with magnesium
sulphate. All of the volatiles were removed and the crude material was purified by column chromatography,
eluting with 10% ethyl acetate/petroleum spirits to give the title compound as a yellow oil (11 mg, 46%).
HPLC — rt 8.62 min > 99% purity at 254 nm; LRMS [M+H]" 285.2 m/z; HRMS [M+H]" 285.1710 m/z,
found 285.1707 m/z; *H NMR (400 MHz, DMSO) & 8.55 (s, 1H), 8.46 — 8.24 (m, 3H), 7.48 (t, J = 7.4 Hz,
2H), 7.42 (dd, J = 8.4, 6.0 Hz, 1H), 6.96 (s, 2H), 3.93 — 3.67 (m, 1H), 1.61 (p, J = 7.3 Hz, 4H), 0.89 (t, J =

7.4 Hz, 6H); *C NMR (101 MHz, DMSO) § 166.3, 150.1, 148.6, 141.1, 137.1, 132.6, 129.0, 128.5 (2C),

126.6 (2C), 51.7, 26.9 (2C), 10.8 (2C).
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4. Investigation of the structure-activity relationships

of the pyridyl benzamides against T.b. brucel

4.1. Introduction

The pyridyl benzamides were identified as a class that was well suited to lead optimisation. The initial
screening hit (1.92) had an ECs, of 12 uM against T.b. brucei (Figure 4.1). Under the conditions for the HTS
this compound was initially categorised as inactive. However, 1.92 is a very small molecule, having a MW
of only 212 gmol™, making it a highly optimisable lead compound. Additionally, 1.92 also possesses a low

PSA that has potential for CNS penetration, and a low cLogP that could further aid CNS penetration.*®

N H MW 212

| X PSA(A%) 42

= (0] cLogP 23
1.92

Figure 4.1 Structure and physicochemical profile of the initial screening hit with a low cLogP, PSA and MW

suitable for lead optimisation.

The initial lead compound (1.92) was subjected to a parasite panel the results of which are summarised in
Table 4.1. Subsequent re-testing of the initial hit against T.b. brucei led to a revision of the activity and it
was identified as having an ECs, of 3 uM. The activity observed in T.b. brucei was indicative of activity in
the human subspecies, T.b. rhodesiense. However, 1.92 showed little activity for the related kinetoplastid, T.
cruzi (ECso 180 pM) and only weak activity against the unrelated L. donovani (ECsy 56.1 puM) and P.

falciparum (ECsp 42.2 uM).>*
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Table 4.1 Biological activity profile of 1.92 against a number of parasites.

Parasite ECso (LM) Sl

T.b. brucei 3.0+0.7 28°
T.b. rhodesiense 115 16"
T. cruzi 180 1°

L. donovani axenic 56.1 3
P. falciparum 42.2 4°

& Selectivity relative to HEK293 mammalian cells.

® Selectivity relative to L6 (rat skeletal myoblast) cells.

4.2. Aims

The aim for this section of work was to investigate alterations to the pyridylbenzamide core. This included,
varying the substitutions around the pyridine and tolyl rings as well as amide N-alkylation. The work will be
presented as an initial discussion of the synthesis of these derivatives, a number of analogues constituting the
primary SAR for this series (presented as a publication), before concluding with some additional follow up

work.

4.3. Synthesis of pyridylbenzamide core

As shown in Scheme 4.1, the synthetic versatility of this scaffold allowed ready access to all compounds
targeted. Core assembly was constructed via coupling of an appropriately substituted 2-aminopyridine with
an appropriately substituted benzoic acid or benzoyl chloride. There are numerous conditions for amide
couplings published in the literature though in the course of this project three sets of conditions were

employed depending upon the amines and acids that were being utilised.
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= N.__NH, H ~ \
HOWO(@FU O - . KNJ/NTO(E;R1
4.01 4.02 4.03
Scheme 4.1 Synthesis of pyridyl benzamide derivatives via an amide coupling. There are numerous methods
by which to form an amide bond though three have been employed throughout this chapter: i) R*-PhCOOH,
DIPEA, HBTU, DMF, 18 h, 60 °C; ii) R-PhCOCI, pyridine, 18 h, 25 °C; iii) R'-PhCOOH, EDCI, DMAP,

DMF, 18 h, 30 °C.

Once the pyridyl benzamide had been obtained it was possible to further derivatise these analogues. Typical
variations are highlighted in Scheme 4.2 and consisted of Suzuki and Sonogashira coupling reactions in
order to access analogues similar to 4.05. It was also possible to alkylate the amide —NH using potassium

carbonate and TBAB in acetone, such as with 4.06.

R2
4.04 4.05
R* & |
l
v N N NP¥
. | A R?
S (0]
R2
4.06

Scheme 4.2 Further derivatisation of pyridyl benzamide analogues iii) Suzuki: R*-B(OH),, K,COs, TBAB,
Pd(PPh;),Cl,, 1,4-dioxane, H,0, microwave 130 °C, 15 min; Sonogashira: R*-H, Cul, PPhs,
Pd(PPh,),Cl,/Pd(PPhs),;, DMF, EtsN, microwave 120 °C, 10-40 min; iv) N-alkylation: X-R* K,COs, TBAB,

acetone, 18 h, 25 °C.

4.4, Preliminary SAR

There were three concurrent approaches employed in trying to establish SAR for this series of compounds.

The first involved identification of close analogues in the literature with reported biological activity,
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especially where that activity might have some relevance to trypanosomes (such as targeting succinate
dehydrogenase and other enzymes known to be present in trypanosomes). It was determined that little is
known on the biological activity of 1.92 although it has been reported to have a low level of antifungal

109

activity against a strain of corn-smut (Ustilago maydis).” More potent and wide-ranging antifungal activity

was evident in the closely related 2-methylbenzanilide system.'® Such compounds appeared to act through

inhibition of succinate dehydrogenase (Complex Il in mitrochondria)™®

and this enzyme has been found in
trypanosomes.’® There is known to be crossover activity between fungicides and trypanocides in the
examples of the lanosterol 14a-demethylase inhibitors fenarimol™ and posaconazole.*** This work was

performed by Michelle Gazdik.

The second approach that was adopted involved searching databases of compound biological activities such
as the TCAMS set'*® and PubChem. The latter revealed around a dozen analogues of 1.92 with a variety of
biological activities. This work was largely performed by Michelle Gazdik with assistance from Raphaél

Rahmani.

The third approach was to utilise traditional medicinal chemistry techniques and began by focusing on
modifications and substitutions around the pyridine ring, including removal and isosteric replacement of the
pyridyl nitrogen and N-alkylation of the amide. This work was followed by investigating substitutions
around the tolyl ring and modification, either removal or extension, of the methyl. This work was largely

performed by myself and Michelle Gazdik with assistance from Raphaél Rahmani.

Finally, evidence of additive SAR was sought to see if further increases in potency could be engineered in a
rational way by combining the most active substitutions around the tolyl and pyridinyl moieties. This work

was largely carried out by myself in conjunction with Raphaél Rahmani.

Assessment of predictive ADME parameters revealed that these low MW compounds have favourable
properties for further optimisation. In particular, they have relatively low LogD values, good aqueous
solubility, and low plasma protein binding. Most of the analogues were predicted to have good CNS
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penetration, a key feature for the treatment of second stage HAT. Microsomal degradation was moderate to
quite high across all of the compounds tested. In general, those compounds that had moderate degradation
were substituted at the 4- or 5-position on the pyridine ring. It is possible that the effect of this substitution
pattern is to hinder metabolic oxidation of the adjacent electron rich 6-position. This work was carried out by

collaborators at the Centre for Drug Candidate Optimisation, Monash Institute of Pharmaceutical Sciences.

These studies led to the identification of a compound with an ECs, of 45 nM against the human pathogenic,
T.b. rhodesiense. These compounds appear to be highly selective for T. brucei over other parasites, including
T. cruzi, and they do not display any significant activity against mammalian L6 cells. These analyses were

performed by collaborators at the Swiss Tropical and Public Health Institute.

The full details and conclusions of this preliminary SAR study follow in the form of a published manuscript.
Reprinted with permission from Ferrins, L.; Gazdik, M.; Rahmani, R.; Varghese, S.; Sykes, M. L.; Jones, A.
J.; Avery, V. M.; White, K. L.; Ryan, E.; Charman, S. A.; Kaiser, M.; Bergstrom, C. A. S.; Baell, J. B.
Pyridyl Benzamides as a Novel Class of Potent Inhibitors for the Kinetoplastid Trypanosoma brucei. Journal
of Medicinal Chemistry 2014, 57, 6393-6402. Copyright 2015 American Chemical Society. The complete

supplementary information for this publication can be viewed in Appendix 1.
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4.5. Published manuscript

Declaration for Thesis Chapter 4

Declaration by candidate

In the case of Chapter 4, the nature and extent of my contribution to the work was the following:
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ABSTRACT: A whole-organism screen of approximately B — o H \(Q
87000 compounds against Trypanosoma brucei brucei identified Nalgaton [ @ l

a number of promising compounds for medicinal chemistry ISR | ) favourabio 2 2
optimization. One of these classes of compounds we termed

the pyridyl benzamides. While the initial hit had an ICg of ~Amnetolerated N r 5

8
Pyridine N required, ) .
" Bromo favoured ICsg T.b. brucei: 3.03 M

Fluoro favoured

12 uM, it was small enough to be attractive for further -

P 0 Je Methoxy favoured ‘ H
optimization, and we utilized three parallel approaches to ! \ S ENJ/NY@/
develop the structure—activity relationships. We determined R e ke Z o
that the physicochemical properties for this class are generally Cso T-b. rhodesionse: 0.045 M

favorable with particular positions identified that appear to

block metabolism when substituted and others that modulate solubility. Our most active compound is 79, which has an ICs, of
0.045 uM against the human pathogenic strain Trypanosoma brucei rhodesiense and is more than 4000 times less active against the
mammalian L6 cell line.

B INTRODUCTION poor coordination, and sleep disturbances.” Without treatment
HAT is eventually fatal. There are currently few treatment
options, making this disease a key target for drug discovery.
For treatment of the first stage of HAT, there are currently
two drugs registered for use, as shown in Figure 1: pentamidine
(1) and suramin (2). Pentamidine is used to treat infection
with T.b. gambiense,” while suramm is prescribed to patients
infected with T.b. rhodesiense.”* Neither of these drugs can
cross the BBB, and they both have significant side effects.
Pentamidine has been associated with nephrotoxicity and
diabetes mellitus,® whlle suramin can lead to renal failure and
exfoliative dermatitis.* Melarsoprol (3) was the first drug used
to treat stage two HAT.%” It is effective against both pathogenic
subspec1es, although recently resistance to the drug has been
observed.” There are also significant side effects associated with
its use including reactive encephalopathy, which can be fatal in

Human African trypanosomiasis (HAT) currently affects more
than 20000 people according to the latest report published by
the World Health Organization.! HAT is caused by the
transmission of Trypanosoma brucei spp. by the tsetse fly to
humans, and, as a result, this disease is largely restricted to
Africa where the vector, parasite, and animal reservoirs coexist.”

Infection is with either Trypanosoma brucei gambiense or
Trypanosoma brucei rhodesiense, and the rate of progression of
the disease is subspecies-dependent, with T.b. gambiense being
accountable for 95% of cases and causing a chronic infection,
while Tb. rhodesiense presents as an acute infection.” The
disease has two stages: the first stage is the hemolymphatic
phase where trypanosomes multiply in subcutaneous tissue,
blood, and the lymphatic system, and is accompanied by fever,
headaches, joint pain, and itching.> Stage two is the
neurological phase and occurs when the parasites cross the

blood brain barrier (BBB) and infect the central nervous system Received: February 4, 2014
(CNS). This typically results in behavioral change, confusion, Published: June 30, 2014
<7 ACS Publications  © 2014 American Chemical Society 6393 dx.doi.org/10.1021/jm500191ul J. Med. Chem. 2014, 57, 63936402
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Figure 1. Drugs used for the treatment of human African trypanosomiasis (1-5), fexinidazole (6), now in phase II/1II clinical trials, and SCYX-7158

(7) currently in phase I clinical trials.

3-10% of patients.” Eflornithine (4), effective against T.b.
gambiense,” was registered in 1990 and is less toxic than its
predecessor. More recently, a combination therapy of
nifurtimox (5) and eflornithine (4) (NECT) was introduced,
but it is ineffective against T.b. rhodesiense and the need for
parenteral administration is a drawback.® A number of
compounds have recently entered clinical development for
HAT. Pafuramidine, a constrained analogue of pentamidine,
entered clinical development in 2005 but was abandoned when
liver toxicity and delayed renal insufficiency were identified in
an extended phase 1 trial.” Drugs currently in clinical trials are
fexinidazole (6), a nitroheterocycle that is in phase II/III
clinical trials,'” and the oxaborole, SCYX-7158 (7), which
entered phase I trials in March 2012. The outcome of these
trials is pending."

Fortunately, with the advent of recent public—private
partnerships and related initiatives,' it is anticipated that
improved treatments will emerge for many of the so-called
“neglected” diseases. There are a number of drug discovery
avenues currently being utilized in the search for new
antitrypanosomal drugs, which we have recently reviewed."?
We recently conducted high-throughput screening (HTS)
against T. brucei using a library of 87296 compounds, and
discovered several classes with promising activity.'> One of
these has been progressed to a hit-to-lead medicinal chemistry
optimization program.M Some inhibitor series were not
discussed in the initial HTS publication because they did not
meet predefined selection criteria. One of these was a simple
pyridyl benzamide (8), which was slightly less active than the
other classes with an ICy, value of 12 uM, close to the
predefined activity cutoff value of <10 uM, and a selectivity
index (SI) of 28 relative to HEK 293 cells. However, this
compound was attractive to the medicinal chemists as an
optimization candidate as its physicochemical properties were
deemed to be favorable for development (Figure 2).

6394

210

212
PSA(A’) 42
log P 23

Figure 2. Structure and physicochemical parameters of screening hit 8.

Compound 8 possesses a very low molecular weight of 212 g
mol™', a low polar surface area of 42 A suitable for potential
CNS penetration to treat stage two HAT, an attractively low
lipophilicity (log P of 2.3), and would be neutral at
physiological pH, aiding BBB penetration. The low molecular
weight results in a high ligand efficiency and much scope to
optimize; as such, this compound was selected for development
of structure—activity relationships (SAR). Herein, we report the
results of this investigation.

B RESULTS AND DISCUSSION

Mining the HTS database returned 15 compounds, which were
broadly related to 8. However, these compounds were not
sufficiently similar to develop meaningful SAR. Three parallel
approaches were then employed to establish a focused SAR
investigation. The first of these involved identification of close
analogues in the literature that were associated with previously
reported biological activity. Of particular interest were those
compounds with demonstrated activity against trypanosomes,
or whereby T. brucei possesses a target that the compound had
reported activity against in other organisms. From this search, it
was determined that relatively little was known about the
biological activity of 8, although a low level of antifungal activity
against 2 strain of corn-smut has been reported (Ustilago
maydis)."> The closely related 2-methylbenzanilide system was
reported to have more effective and wide ranging antifungal
activity and demonstrated activity against succinate dehydro-
genase (Complex II in mitrochondria) in corn smut.'® This

dx.doi.org/10.1021/jm500191u | J. Med. Chem. 2014, 57, 6393-6402
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Figure 3. Potential synthetic targets identified in the literature, where pyridyl benzamides 9—15 are counterparts to corresponding benzanilides with

associated antifungal activity.

enzyme has been previously identified in T. brucei procydlic
trypomastigotes.'® There is some precedence for cross-sgaedes
activity of compounds toward fungi and trypanosomes.'”'® We
therefore targeted pyridyl benzamides containing groups
known to impart great potency to fungal succinate dehydrogen-
ase, in case they did so for T. brucei as well.'> These compounds
(9—15 in Figure 3) have lipophilic groups in the S-position (9—
11) or 6-position (12) of the pyridine ring, or on the amide
nitrogen atom (13), while 14 and 15 contain a 2-iodo and 2-
trifluoromethyl, respectively, on the benzamide ring instead of a
methyl group.

The second approach that we adopted comprised searching
databases of compound biological activities such as the TCAMS
set'” and PubChem. A number of analogues were identified
with a variety of biological activities. Those of particular interest
were 16—18 (Figure 4), which were identified as active against

H NH
Ny N |\
Xy T
0

PubChem CID 955825 PubChem CID 9118527
18 18

SONHBU

H‘(@
N N
B
AT

PubChem CID 16354321
17

Figure 4. Compounds 16—18 were identified through searching
PUBCHEM or the TCAMS set.

Plasmodium falciparum. These compounds therefore became
synthetic targets, where any observed activity against T. brucei
could provide information regarding a possible mode of action
for these compounds.

The third approach comprised directed synthesis to develop
the SAR through probing different regions of the molecule with
varying substituents.

As shown in Scheme 1, the synthetic versatility of this
scaffold allowed ready access to all target molecules. Core
assembly was readily constructed via coupling of an
appropriately substituted 2-aminopyridine with an appropri-
ately substituted benzoic acid or benzoyl chloride. In the case of
12, the alkoxy group was introduced prior to an amide
formation in a reaction involving displacement of a labile aryl
halogen with NaH-generated alkoxide in DME. Lipophilic
hydrocarbon substituents in the pyridine ring such as those in
9—11 were introduced with Sonogashira (9) or Suzuki (10, 11)
reactions after coupling, whereas alkylation of the amide
nitrogen atom readily gave 13. In the case of 17,
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Scheme 17
H

! "

Ar'-NH, *+ af-cox —— Aﬂ“j{Arz — 17
0
X=0HorCl 8-16, 1828, 32-45 ._jii
50-61, 63-82, 85-100

62

W

H 73
G Br
Ny N A/ v
29,30,47,49 «—— [\j ——= 31,46, 48, 83, 84
B// 0
r

“(i) X = OH, DIPEA, HBTU, DMF, 60 °C, or EDCI, DMAP, DMEF,
25°C; X = (I, pyridine, 16 h, 25°C; (i) CISO;H, then "BuNH,, (iii)
Mel, K,CO,, TBAB, acetone, 16 h, 25 °C; (iv) alkyne, Cul, PPh,,
Pd(PPh,),ClL,/Pd(PPh,),, DMF, Et;N, microwave 120 °C, 10—40
min; (v) boronic acid, K,CO,, TBAB, Pd(PPh;),Cl,, 1,4-dioxane,
H,0, microwave 130 °C, 15 min.

chlorosulfonylation after coupling followed by reaction with
tert-butylamine was successful.

The biological data for 8—18 are shown in Table 1. Retesting
of a fresh sample of 8 synthesized in-house returned a slightly

Table 1. T.b. brucei Inhibitory Activity of 8—18

D ICy, (M) £ SEM percentage inhibition at 10 yM
8" 3.03 + 0.7 80%
9 12%
10 19%
11 1%
12 <10%
13a 11%
13b 17%
14 38%
15 <10%
16 <10%
17 12%
18 53%

“Selectivity index relative to HEK293 cells is 27.5.

improved ICy, (3.03 uM) than originally obtained (12 yM). It
can be seen quite clearly that the structural changes in general
were detrimental to activity, Our interpretation of these results
is that T. brucei SAR for this class of compound is divergent
from SAR for any other known biological activities.

dx.doi.org/10.1021/jm500191ul L Med. Chem. 2014, 57, 6393-6402
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Table 2. T.b. brucei Inhibitory Activity of SAR Probes of 8 Focusing on the Pyridine and Amide Moieties

H
g M N
N
R 4

u cN " | 0
N N N N__N N
R | | ) N
(o] o (e} = Q =
52 53 2 83

19-51 54-81 [}
D R ICsq (M) = SEM percentage inhibition at 10 uM SI°
19 3-0CH; <10%
20 3-CHy 34%,
21 3-F <10%
22 3-[N <10%
23 4-CN 23=0.04
24 4-[NJ? 35%
25 4-CH, 21401 >37
26 4-Cl 2.1+0.1 =38
27 4-Br 1.8+ 0.01 =41
28 4-F 0.51+0.13 168
29 4-C=CPh 1.7+04 =51
30 4-C=CCH,iPr 1.1+ 0.08 =53
31 4-Ph 2.0+ 0.002 31
32 5-OCH; 3.8+04 =22
33 5-CH; <10%
34 5-F 33%
35 5-[N]° <10%
36 5-CN <10%
37 5-Cl <10%
38 5-Br <10%
39 6-OCH; <10%
40 6-CH; <10%
41 6-F <10%
42 6-CN 1%
43 6-[N]° <10%
44 6-Cl <10%
45 6-Br <10%
46 6-Ph 33%
47 6-C=CCH,iPr <10%
48 6-CH=CH(CH,),CH; 6.0+ 0.07 >3
49 6-C=CPh <10%
50 6-0I1 <10%
51 6-NH, 46=08 >19
52 <10%
53 <10%
54 OC}E' <10%
55 ﬁ: <10%
56 N <10%

[
57 ”t’})—: <10%
58 Ny <10%

| N H
H

59 NN <10%

Lo
60 Y <10%

N“S !
61 ?:\>_;_ <10%
62 18%
63 <10%

“Selectivity relative to HEK293 cells. “[N] = endocydlic nitrogen.

Much more promising were the results from exploring 8
using conventional SAR elaboration. Shown in Table 2 are the
data for compounds with a focus on varying substituents
around the pyridine ring.

Here it can be seen that at the 3-position, methoxy (19),
methyl (20), or fluoro (21) were not well tolerated and neither
was an endocyclic nitrogen (22). In the 4-position, a cyano
(23) was tolerated, an endocyclic nitrogen (24) less so, but in
contrast, good activity accompanied substitution with a range of
hydrophobic groups (25-31), particularly with the 4-fluoro

6396
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(28). The similar activities for the 4-chloro (26) and very bulky
phenylacetylene (29) or phenyl (31) imply this could largely be
a favorable transport effect rather than a specific interaction
with a hydrophobic pocket in an intracellular target site. In the
S-position, methoxy was favorable for activity (32), but methyl
(33), fluoro (34), chloro (37), bromo (38), nitrile (36), or an
endocylic nitrogen (35) were not. As it is hard to envisage that
a methoxy would aid transport, this SAR is consistent with the
methoxy interacting favorably with its target, whether it be
intra- or extracellular. In contrast to substitution at the other

dx.doi.org/10.1021/jm500191u| .. Med. Chem. 2014, 57, 6393-6402
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Table 3. T.b. brucei Inhibitory Activity of a Number of Analogues of the Tolyl Ring

5

6 =~ 4
H |

Ng N \\RZ?.
U o 2

64-91

D R? IC, (M) + SEM percentage inhibition at 10 gM SI¢
64 H 9.07 + 2.2 9.2
65 2-Bt 274 + 1.0 30
66 2-F 35%

67 2-Cl 44%

68 2-OCF, 13%

79 2-Ph <10%

70 2-CH,, 3-F 0.89 + 0.04 94
71 3-F 733 + 2.1 11
72 2-CH,, 3-Cl 0.63 + 0.09 132
73 2-CH,, 3-Br 57+ 02 15
74 2-CH,, 3-CH, 3.5+ 02 24
75 2-CH,, 3-OCH, 10%

76 2-CH,, 3-[N]” 21%

77 2-CHj, 4-F 1.9 + 03 44
78 2-CH,, 4-Cl L1 + 0.09 76
79 2-CH,, 4-Br L1 + 0.06 60
80 2-CH,, 4-OCH, <10%

81 2-CH,, 4-CH, 0.98 + 0.07 85
82 2-CH,, 4-CH=CH(CH),CH, 24%

83 2-CH,, 4-Ph <10%

84 2-CH,, 5-F <10%

85 2-CH,, 5-Br <10%

86 2-CH,, 5-CH, 22%

87 2-CH,, 5-OCH, <10%

88 2-CH,, 5[N]* <10%

89 2-CH,, 6-CH, <10%

90 2-CH,, 6-F 45%

91 2-CH;, 6-[N]” 12%

“Selectivity relative to HEK293 cells. bIN] = endocydlic nitrogen.

positions, no favorable substitution could be found for the 6-
position, even after extensive probing with a variety of diverse
groups (39—51). Perhaps the only exception was 51, where an
amino group appeared to be tolerated with an ICy, of 4.6 M.
Removal of the pyridyl nitrogen as with the benzanilide (52),
and the substitution of the pyridine ring with a range of five-
membered heterocycles (54—61), resulted in the complete loss
of activity and demonstrated that the pyridine ring was essential
for activity. It was thought that replacement of the pyridinyl
nitrogen with a nitrile (53) could overcome the observed loss
of activity as nitriles are known to replace water-mediated
hydrogen-bond bridges involving heterocyclic nitrogens,”
although here such a change resulted in loss of activity. Finally,
it was determined through inactivity of the N-methyl (62) and
reverse amide (63) analogues that the secondary amide was
essential for activity.

The SAR for the tolyl ring was probed next, and the results
are shown in Table 3.

Here, it is observed that the methyl group is important, and
its loss (64) led to a 3-fold decrease in activity as compared to
8. Interestingly, extension of the 2-methyl to a 2-ethyl was well
tolerated, with 65 having an ICy, of 2.74 uM, although fluoro
(66), chloro (67), trifluoromethoxy (68), and phenyl (69)
were not tolerated, complementing the results for 14 and 15 in

6397
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Table 1. Maintaining the 2-methyl group, other positions were
probed, and it can be seen that while a 3-methoxy (75) or
endocyclic nitrogen (76) were not tolerated, a 3-fluoro (70)
was highly favorable for activity with an ICs, of 0.89 uM. The
methyl group was confirmed to be important as its loss from 70
to give des-methyl analogue 71 led to a near 10-fold loss of
activity. Substitution with 3-chloro (72) was favorable with an
ICs; of 0.63 uM, while the 3-methyl (74) and 3-bromo (73)
were significantly less active with respective ICs, values of 3.5
and 5.7 M. This suggests that a small, electron-withdrawing
and hydrophobic group is favorable for activity at the 3-
position. In the 4-position, a methoxy (80) was not tolerated;
fluorine (77), chlorine (78), bromine (79), and methyl (81)
substitution all gave favorable results, with ICy, values of 1.9,
1.1, 1.1, and 098 uM, respectively. In the S-position,
substitution of an endocyclic nitrogen (88) led to a loss of
activity, and similarly fluorine (84), bromine (85), methyl (86),
and methoxy (87) in this position rendered the compounds
inactive. It appears as though this position nestles tightly within
the target’s active site and no manipulation is possible.
Likewise, substitution at the 6-position was unfavorable for
activity with methyl (89), fluorine (90), and an endocyclic
nitrogen (91) leading to a complete loss of activity.

dx.doi.org/10.1021/jm500191ul . Med. Chem. 2014, 57, 6393-6402
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Finally, we looked for evidence of additive SAR to see if
further increases in potency could be engineered in a rational
way. We saw previously (Table 3) that when R* was 2-methyl,
3-fluoro (70) or 2-methyl, 4-fluoro (77), respective IC, values
of 0.89 and 1.9 uM were obtained, which were better than that
for 8 (3.03 uM). Combining the 2-methyl, 3-fluoro, and 4-
fluoro in the one molecule gave a further improvement in
activity, and 92 (Table 4) returned an IC, of 0.41 £M. We also

Table 4. T.b. brucei Inhibitory Activity of Compounds with a
Combination of Favorable Substitution Patterns around the
Pyridyl and Phenyl Rings in Search of Additive SAR

5
6 2 4
K |
6 Ny N X 3
[ i
51//3 o]
R 4

92-100

D R R’ ICso (uM) + SEM SI¢
92 H 3-F, 4-F 0.41 + 0.07 205
93 4-CH, 3-F 0.83 + 0.01 100
94 4-CH, 3-F, 4-F 0.90 + 0.44 93
95 4-Cl 3-F 047 + 0.05 177
96 4-Cl 3-F, 4-F 0.53 + 0.26 160
97 4-F 3-F 0.10 + 0.04 851
98 4-F 3-F, 4-F 0.19 + 024 450
99 5-OCH; 3-F 23402 4
100 5-OCH, 4-F 26+ 02 32

“Selectivity relative to HEK293 cells.

demonstrated earlier (Table 2) that favorable R' substituents
comprised 4-methyl (25), 4-chloro (26), 4-fluoro (28), or 5-
methoxy (32). When R” was kept constant as 2-methyl, 3-
fluoro and combined with these R' substituents, compounds
93,95, 97, and 99 resulted (Table 4). Here, it can be seen that
for 95 this combination was beneficial with an ICy, of 0.47 uM
and even more so for 97 with an IC, of 100 nM and an
improved selectivity profile as compared to 8, while a neutral
effect was observed for 93. Although both 93 and 95 show an
improved SI as compared to 8 (27.5), a 16-fold improvement in
the SI was obtained when a fluorine was substituted at the 4-
position (98), and this compound was significantly more
potent than the others, with an ICy, of 190 nM. However, the
combination involving the 5-methoxy (99) was detrimental to
activity (ICy 2.3 uM). This detrimental effect of the R' 5-
methoxy was also observed when R* comprised 2-methyl, 4-
fluoro (100, IC, 2.6 uM).

To investigate activity against the human pathogenic
subspecies T.b. rhodesiense, the original hit (8) and a selection
of analogues were tested against a panel of parasites including
T.b. rhodesiense, Trypanosoma cruzi, Leishmania donovani, and
Plasmodium falciparum, the causative agents of HAT, Chagas
disease, leishmania, and malaria, respectively. As shown in
Table S, all of the compounds that were potent against T.b.
rhodesiense were also potent against T.b. brucei. However, there
was not a direct correlation, and some compounds, such as 29
and 80, were significantly more potent against the human
pathogenic species T.b. rhodesiense than might be expected
based on their respective activities against T.b. brucei. Indeed,
the activities of these two compounds against T.b. rhodesiense
were very promising with respective ICs, values of 61 and 45
nM. In all cases, the compounds were exquisitely selective for
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Table 5. Biological Activity Profile of Selected Compounds
against a Parasite Panel (IC,, pM)“

T.b. T.b. e L.don. P. falc. Cytotox.
1D brucei rhod.? cruzi axe”! K1¢ L&/
8 3.03 10 152 48 36 156
25 2.1 0.36 173 >133 124 146
26 2.1 0.61 168 168 88 224
29 17 0.061 71 >96 9.7 198
31 2.0 0.97 66 >124 91 70
70 0.89 0.61 198 >131 103 310
79 1.1 0.045 100 >103 48 193
81 0.98 0.24 187 >133 93 283
92 041 0.10 176 >121 17 308
94 0.90 0.64 147 >113 72 223

“Values are means of three experiments, +50%. “T.b. rhodesiense strain
STIB 900, bloodstream form (trypomastigotes). Melarsoprol was used
as a control, ICs, 0.002 pg/mL. “T. cruzi Tulahaen C4 strain,
amastigote stage. Benznidazole was used as a control, ECs, 0.38 ug/
mL. “L. donovani MHOM-ET-67/L82 strain, amastigote stage.
Miltefosine was used as a control, ECy, 0.20 ug/mL. “P. falciparum
3D7 strain, erythrocytic stage. Chloroquine was used as a control, ECy,
0.11 pug/mL.”Rat skeletal myoblast cell L-6 strain. Podophylotoxin was
used as a control, ECy, 0.007 ug/mL.

T. brucei over the other parasites, and they were largely
noncytotoxic with respect to the L6 mammalian cell line.

An assessment of drug-likeness was then made, and various
physicochemical and metabolic parameters for selected
compounds are listed in Table 6. It can be seen that all
compounds are of relatively low molecular weight in the range
226-312 gmol ™. Their polar surface areas are low and well
within the range where good CNS penetration is plausible.””
An in silico prediction model for the potential for CNS
exposure was employed to further assess this possibility.”> Of
the 14 compounds screened, seven were predicted to have high
CNS exposure (nominally defined as a brain to plasma ratio
>0.3), and a further two (41 and 93) had values just below the
nominal cutoff for high CNS penetration. On the basis of these
predictions, this class would be expected to have reasonable
CNS exposure, which could potentially lead to the treatment of
the CNS stage of HAT. That said, CNS penetration is a very
complex phenomenon, given that exposure depends on a
number of factors including protein binding, influx and efflux,
and metabolism,”> and an in vivo assessment of these
compounds is still required. Likewise, distribution coeflicients
were favorable in the range 2.3—4.7 at pH 7.4. Aqueous
solubility for some compounds was very good; for example,
both 42 and 79 had solubilities of greater than 100 xg/mL at
both pH 2 and 6.5. This system was strongly influenced by the
attached substituents such that 29 was very poorly soluble at
1.6—3.1 pug/mL at pH 2 and <1.6 ug/mL at pH 6.5. Plasma
protein binding also varied significantly but was acceptable.
Microsomal degradation was moderate to quite high across all
compounds tested. Compound 29 was relatively metabolically
stable with a predicted Ey; value of 0.51. For this compound,
the pyridine ring is substituted in the 4-position, and it is
possible that the effect is to hinder metabolic oxidation of the
adjacent electron-rich 6-position, which is para to the amide
group. This hypothesis is supported by the observation that the
most metabolically stable compound is 32 with a predicted Ey
of 0.47, where the S-position is blocked by a methoxy group.

The metabolism of compounds 34 and 95 was examined in
greater detail in an effort to determine the key sites of
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Table 6. Key Physicochemical Parameters and in Vitro Metabolic Stability of Selected Compounds

log p* solubility (ug/mL)*
PSA <PPBY
ID MW (A)*  pH74 pH2 pH 6.5 (%)
22 237 65.8 39 63125 6.3-12.5 97.6
23 237 65.8 2.8 50—-100 25-50 64.1
25 226 420 2.8 >100 25-50 70.1
26 247 20 34 25-50 12.5-50 86.6
29 312 420 4.7 1.6=3.1 <16 983
32 242 512 2.5 >100 12.5-25 60.1
34 230 2.0 27 25-50 25-50 56.0
36 237 65.8 39 63-12.5 6.3-12.5 97.5
41 230 420 3.0 >100 >100 67.0
70 230 4.0 2.6 50—-100 25-50 67.9
79 291 420 32 >100 >100 88.1
92 248 420 2.8 50-100 25-50 639
93 244 420 35 >100 25-50 724
95 265 2.0 23 12.5-25 12.5-25 71.7

in vitro CLint predicted CNS

(,uLJ‘min,/mg protein)c micruscme—predicted Ey exposure
rapid non-NADPH mediated metabolism high
82 0.76 high
129 0.83 high
128 0.84 high
27 0.51 high
23 0.47 low
43 0.63 low
rapid non-NADPH mediated metabolism high
191 0.88 low'
58 0.69 low
97 0.79 low
154 0.86 low
237 0.90 low'
254 0.91 high

“Calculated using ACD/Laboratories software, version 9. bMeasured chromatographically. “Kinetic solubility determined by nephelometry. 4Human
plasma protein binding estimated using a chromatographic method. “In vitro intrinsic clearance determined in human liver microsomes and
predicted hepatic extraction ratio calculated from in vitro data. TPredicted B:P values of 0.28, that is, just beneath the nominal cutoff value for high

CNS exposure.
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Figure 5. Structures of putative metabolites of 34 and 95. The dotted lines indicate proposed sites of hydroxylation.

metabolism. Metabolism of 34 (Figure S) in NADPH-
supplemented human microsomal incubations revealed two
mono-oxygenated metabolites (M+16 (I), N-hydroxylation of
the amide bond; and M+16 (II), aromatic hydroxylation of the
tolyl ring) and one bis-oxygenation metabolite (M+32,
dihydroxylation of the tolyl moiety). A putative metabolite
with a molecular ion consistent with oxidative defluorination
(M=2) was also detected; however, the MS/MS signal was too
weak to confirm the structure. In the presence of the dual
cofactors, NADPH and UDPGA, limited glucuronidation of M
+16 (II) and M+32 was observed, while in an incubation
devoid of cofactors, no metabolites were detected, suggesting
that NADPH-mediated hydroxylation to M+16 (I) and (II)
represents the primary metabolic pathways.

Compound 95 was shown to exhibit a high rate of
degradation in NADPH-supplemented human liver micro-
somes (Table 6), and mono-oxygenated (M+16, oxygenation of
the aminopyridine moiety) and bis-oxygenated (M+32, bis-
oxygenation of the aminopyridine moiety) species were
identified (Figure 5). In addition, a putative metabolite with a
molecular ion consistent with N-dearylation (M—111) was
detected; however, the MS/MS signal was too weak to confirm
the structure (Figure 5). In the presence of NADPH and
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UDPGA, extensive glucuronidation of the M+16 and M+32
metabolites was observed (i.e., there was a significant decrease
in the detection of M+16 and M+32 species in conjunction
with the appearance of their respective glucuronide conjugates),
while in microsomal samples devoid of cofactors only a very
small peak (in terms of peak area response) for the M+16
metabolite was seen, suggesting that this metabolite is likely to
be formed via NADPH and, to a lesser extent, non-NADPH-
dependent mechanisms. Overall, oxygenation of the amino-
pyridine region appears to be the major metabolic pathway of
95.

Comparing the metabolite profiles of 34 and 95, the
introduction of an aromatic fluorine (as in 95) appeared to
reduce the susceptibility of that region to metabolism.
However, both compounds were still highly metabolized in
the regions without fluorine substitution.

Another important parameter in assessing the therapeutic
potential of compounds that inhibit growth of trypanosomes, or
indeed any pathogenic parasite, is whether the compounds
actually kill the organism or temporarily inhibit their growth.
Those that are not cidal are generally viewed with less interest
as potential therapeutics. It was therefore determined whether
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these compounds were trypanocidal or trypanostatic using cidal

assays, and the results are shown in Table 7.

Table 7. Percentage of T.b. brucei Trypanosomes Killed
Following Exposure to Compounds over a 72 h Period

percentage of cells killed

D 24 h STDEV 48 h STDEV  72h  STDEV
92 92 6.08 99.95 007 99.9 0
95 64,23 8.73 83.7 240 8.8 0.85
pentamidine 58.1 100 100
puromycin 100 100 100
DMSO 0 0 0

The percentage of T.b. brucei trypanosomes killed following
24, 48, and 72 h exposure to the MIC of 92 and 95 as
compared to the untreated DMSO control is shown in Table 7.
After 24 h incubation with compounds 92 and 95, the number
of viable trypanosomes was reduced by >90 and 60%,
respectively. Following further 24 h incubation, only a small
population of viable trypanosomes remained (<20%), and by
72 h, >98.5% of the trypanosomes had been killed. The
continual decrease and almost complete elimination of viable
trypanosomes following 72 h exposure to the MIC of 92 and
95 indicates that the compounds are trypanocidal. No viable
trypanosomes were detected following 24 and 48 h incubation
with puromycin and pentamidine, respectively.

M CONCLUSIONS

We have described the discovery of a class of pyridyl
benzamides that are novel inhibitors of T.b. brucei and T.b.
rhodesiense. For compound 79, the IC;, value against the
human pathogenic subspecies, T.b. rhodesiense, was 45 nM.
Assessment of predictive ADMET parameters revealed that
these very low molecular weight compounds have very
favorable properties for further optimization. In particular,
they have relatively low log D values, good aqueous solubility,
and low plasma protein binding. Most of the analogues were
predicted to have good CNS penetration, a key feature for the
treatment of second stage HAT. These compounds were
determined to be cidal and not static in their biological action.
Ten compounds have been tested against a panel of parasites,
including T.b. rhodesiense, alongside T. cruzi, P. falciparum, and
L. donovani, and were shown to demonstrate selectivity toward
T. brucei in comparison to the other trypanosome species.
These compounds did not display significant activity against L6
cells. Improvement of the metabolic stability of these
compounds will be a key parameter to optimize during the
next phase of development.

While an efficacy study for these compounds has not yet
been undertaken, it is an important proof of principle
experiment. Given the expense associated with using an animal
model for HAT and the time required to perform the
experiment, further improvement in metabolism is required
before these experiments are performed.

The specific biological target or targets of this series of
compounds remain unknown. However, for some of the more
active compounds, with whole organism ICg;, values of less than
100 nM, it is reasonable to assume that target affinity may be in
the low nanomolar range. Target identification is warranted to
enable the facilitation of the next stage of rational optimization.
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B EXPERIMENTAL SECTION

General Chemistry Experimental. See the Supporting Informa-
tion.

Determination of Purity. Purity was determined using high
performance liquid chromatography (HPLC) carried out either on a
Waters Auto Purification System 3100 with a Waters column
(XBridgePrep C18, 5 ym, OBD, 19 X 100 mm) or on a Waters
Alliance HT 2795 with a Phenomenex column (Luna, 5 gm, C18, 100
A, 150 X 10 mm). The purity of all compounds for biological testing
was >95% in all cases, except where specified otherwise.

B PHYSICOCHEMICAL STUDIES

Solubility Estimates Using Nephelometry. This was
obtained as described previously."** See the Supporting
Information for more information.

Chromatographic Log D Measurement. Partition
coefficients (log D) were estimated as described previously."*
See the Supporting Information for more information.

Chromatographic Protein Binding Estimation. This
was obtained as previously described."”® See the Supporting
Information for more information.

In Vitro Metabolism in Human Liver Microsomes. Data
were obtained as described previously."”** See the Supporting
Information for more information.

Metabolite ID. Each test compound was incubated at 37 °C
with human liver microsomes (XenoTech, lot no. 1210057),
and the reaction was initiated by the addition of an NADPH-
regenerating system as described above. To maximize the
metabolite yield, a high substrate concentration (10 M) and
high microsomal protein concentration (1 mg/mL) were used,
and incubations were conducted for up to 60 min. Samples
without test compound and without NADPH were included as
controls. In addition, a single sample initiated by the addition of
the dual cofactor system (containing the NADPH regeneration
buffer described and UDPGA (mixture A, BD Gentest) in the
presence of 0.025 mg/mL alamethacin) was included (at the 60
min time point) for the qualitative assessment of the potential
for glucuronide formation. Reactions were quenched by protein
precipitation with an equal volume of ice-cold acetonitrile
(containing 0.15 pg/mL diazepam as internal standard), and
then centrifuged for 3 min at 10000 rpm. The supernatant was
removed and analyzed for parent degradation and metabolite
formation by LC/MS (Waters Micromass Xevo G2 QTOF
coupled to a Waters Acquity UPLC). The mobile phase
consisted of an acetonitrile—water gradient (containing 0.05%
formic acid). A Supelco Ascentis Express RP-Amide (50 x 2.1
mm) column was used. MS analyses were conducted in positive
mode electrospray ionization under MSE acquisition mode,
which allows simultaneous acquisition of MS spectra at low and
high collision energies. The identity of putative metabolites was
confirmed by accurate mass and MS/MS fragmentation where
possible.

In Silico Prediction of CNS Exposure. The partial least-
squares projection to latent structures (PLS) model developed
for CNS exposure in 2012%% was applied to 14 representative
compounds. SMILES strings were submitted to the software
Corina 3.0 (Molecular Networks, Erlangen, Germany) to
produce the three-dimensional structures. The resulting
structures were used to calculate a large number of
physicochemical properties and molecular descriptors using
DragonX (Talete, Italy). These descriptors were then
submitted to the PLS model, and the CNS exposure was
predicted. On the basis of the predicted brain to plasma (B:P)
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value, the compounds were classified as showing high CNS
exposure (B:P > 0.3) or low CNS exposure (B:P < 0.3).

B BIOLOGICAL ASSAYS

All in vitro assays were carried out at least twice independently
in singleton. The IC, values are the means of two independent
assays and vary by less than +50%.

P. falciparum Assay. This was undertaken as previously
described."**™* See the Supporting Information for more
information.

L. donovani Axenic Amastigotes Assay. This was
undertaken as previously described.”**** See the Supporting
Information for more information.

T. cruzi Assay. Data were obtained as previously
described."*** See the Supporting Information for more
information.

T. brucei rhodesiense Assay. This was undertaken as
previously described."***** See the Supporting Information
for more information.

Rat Skeletal Myoblast Cytotoxicity Assay. This was
undertaken as previously described."*>*** See the Supporting
Information for more information.

T.b. brucei Assay. This was undertaken as previously
described."***! See the Supporting Information for more
information.

HEK293 Cytotoxicity Assay. This was undertaken as
previously described." See the Supporting Information for more
information.

Cidal Assay. The number of viable trypanosomes remaining
following 24, 48, and 72 h exposure to the minimum inhibitory
concentration (MIC) of compounds was determined by
directly visualizing and counting the number of parasites
present at each time point. The assay was performed as
described previously in detail by Sykes et al."® Briefly, 55 L of
T.b. brucei parasites was added to a black/clear bottomed 384
well microtiter plate and incubated for 24 h at 37 °C/5% CO,.
Compounds were diluted in DMEM medium, and 5 uL of this
dilution was added to assay plates to give the MIC. After 24, 48,
and 72 h incubation at 37 °C/5% CO,, wells were directly
visualized under a microscope, and the number of parasites
remaining was determined by counting a sample of the wells in
a hemocytometer. The cell counts were compared to that of the
positive control, puromycin (MIC1.1S M), and the negative
control DMSO (0.4%), and the percentage of trypanosomes
killed was subsequently determined. The MIC of each
compound was defined as the minimum concentration at
which there was a plateau of activity in the Alamar blue assay
(>95% activity). The experiment was performed in duplicate.

Bl ASSOCIATED CONTENT

© Supporting Information

Experimental procedures for compound synthesis and charac-
terization. This material is available free of charge via the
Internet at http://pubs.acs.org.
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4.6. Post-script: further development of SAR

Throughout the investigations of the pyridine ring a number of analogues with five-membered heterocycles
were synthesised, as shown in the preceding published article. In addition to this the cyclopentyl and thiazole
analogues were also synthesised, as shown in Table 4.2. Replacement of the pyridine with a cyclopentyl
(4.07) led to a complete loss of activity in this assay, though this was not unexpected given the loss of
activity upon removal of the pyridyl nitrogen as previously shown. Replacement with the thiazole (4.08,
compound synthesised by Raphaél Rahmani) led to a compound which had an ECs, of 2.19 uM which was

comparable to the starting compound, 1.92.

Table 4.2 Further replacement of the pyridine.

e

ID R ECso (M) sI®

H
b
407 (N >10

H
4.08 @;YN;: 219+002 38

% Selectivity relative to HEK293 (Human Embryonic Kidney) mammalian cells.

® Compound exhibited < 50% activity at 10.41 pM.

Given the activity of the thiazole analogue new avenues for SAR exploration were opened. In order to
explore this new series a number of amide coupling conditions were trialled in order to identify the most

suitable conditions for the series. The results of this have been summarised in Table 4.3.
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Table 4.3 Optimisation of amide coupling conditions for the thiazole series.

e fi e
SN OH Ny N

N
g/ <\/\S,}/ (o]

4.09 4.10 4.08

Entry Reaction conditions Isolated yield

2-aminothiazole (1.1 eq.), o-toluic acid (1 eq.), DIPEA (2 eq.), BOP Trace amount of

(1eq.), DCM product by LCMS

2-aminothiazole (1.2 eq.), o-toluic acid (1 eq.), HATU (1.2 eq.),
2 29%
DIPEA (2 eq.), DMF, rt, 18 h

2-aminothiazole (1.2 eq.), o-toluic acid (1 eq.), HBTU (1.2 eq.),
3 62%
DIPEA (2 eq.), DMF, rt, 18 h

2-aminothiazole (1 eq.), o-toluic acid (1 eq.), CDI (1 eq.), THF, Trace amount of

rt, 18 h product by LCMS

2-aminothiazole (1 eq.), o-toluic acid (1.2 eq.), EDCI (1.2 eq.),
5 38%
DMAP (0.1 eq.), DMF, 45 °C, 18 h

2-aminothiazole (1.1 eq.), o-toluic acid (1 eq.), EDCI (1.1 eq.), HOBt
6 46%
(1.1 eq.), DIPEA (2.1 eq.), DMF, rt, 18 h

Initially a range of phosphonium salts, BOP (4.11), HBTU (4.12) and HATU (4.13) were trialled (entries 1-
3, Table 4.3). In all of these reactions the acid is first deprotonated by the base before reacting with the
phosphonium salt to generate the activated acylphosphonium species (4.14) and HOBt (when BOP and
HBTU are used) or HOAt (when HATU is used).'** The HOBt/HOAL then readily reacts with the activated
acid forming a reactive ester (4.15) which then undergoes aminolysis.*** This is summarised in Scheme 4.3,
For this series there was a strong preference for HBTU (yield — 62%) with BOP only producing a trace

amount of the desired product by LCMS and HATU yielding 29% of the desired product.
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Scheme 4.3 Mechanism for the amide coupling using HBTU. Base initially abstracts the proton from the o-
toluic acid which can then attack the electron deficient carbon of HBTU. The resulting HOBt anion can then
react with the activated benzoic acid intermediate to form an activated ester. The amine then reacts with the

activated ester to form the desired product.
Carbonyldiimidazole (CDI; 4.16) was also utilised (entry 4, Table 4.3) which forms an acylimidazole

intermediate (4.17) before reacting with the amine, as summarised in Scheme 4.4.**® This route only led to

trace amounts of the product being formed by LCMS.
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Scheme 4.4 Mechanism for the amide coupling using CDI where imidazole (4.18) and carbon dioxide are

produced as by-products in the reaction.

The carbodiimides were further explored utilising solely 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDCI; 4.19) as in entry 5 (Table 4.3) and EDCI in combination with HOBt as in entry 6 (Table 4.3). In this
instance the carbodiimide reacts with the carboxylic acid, forming an O-acylisourea mixed anhydride (4.20)
and the urea by-product 4.22."* This activated ester reacts directly with the amine to give the desired
product. In the presence of solely EDCI this reaction only yielded 38% of the desired product. However, it is
possible to include HOBt in the reaction mixture, which can prevent side reactions from occurring and
increase the overall yield of the reaction.™* The main side reaction involves rearrangement of the O-
acylisourea to the more stable N-acylurea (4.21). In this instance the addition of the HOBt did lead to an
improvement in the yield observed, up to 46%. The mechanism for the amide coupling mediated by EDCI

and HOBt is shown in Scheme 4.5.

222



N N
41/9 ~ @EN /\N)LN/\/\N/
. H H |
4.22
(o) |/\1:N H
= /S/N\Q N\ N
< <\/S O
HZN\rS 4.08
N\

Scheme 4.5 Mechanism for the amide coupling using EDCI and HOBt. When HOBL is excluded from the
reaction mixture it is possible for the O-acylisourea (4.20) to rearrange to the N-acylurea (4.21) which is
more stable and results in the termination of the reaction progress at this step. The urea (4.22) and any

excess carbodiimide reagent are water soluble so can be easily removed from the reaction.

Overall the most favourable conditions for this transformation involved pre-forming the activated ester with
HBTU before reaction with the amine. A number of commercially available analogues were selected in order
to probe the SAR around the thiazole system. The results of this preliminary investigation have been

summarised in Table 4.4,
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Table 4.4 Exploration of the SAR around the thiazole system.

ID R Yield ECso (M) sI?
4.23 4-CH, 59% 1.09 +0.28 76
4.24 4-COOCH; 31% 6.40 +1.10 13
4.25 4-COOH b > 10°
4.26 5-CH; 48% > 10°

# Selectivity relative to HEK293 (Human Embryonic Kidney) mammalian cells.

® Compound synthesised by hydrolysis of the ester of 4.24 using lithium hydroxide in a mixture of THF and
water.

¢ Compound exhibited < 50% activity at 10.41 uM.
¢ Compound exhibited 54% activity at 10.41 pM.

Substitution of the 4-position with a methyl group (4.23, ECs, 1.09 uM) led to a two-fold improvement in the
activity of this series when compared with the unsubstituted thiazole (4.08, ECs, 2.19 uM). Substitution with
a methyl ester (4.24, ECs, 6.40uM) led to a three-fold loss in activity and the corresponding carboxylic acid
derivative (4.25, ECsy > 10 uM) was found to lose all activity in these assays. It is possible that this latter
result could be as a result of poor membrane permeability rather than a loss of interaction with the putative
target of these compounds, though it is not possible to tell at this point. Substitution of the 5-position with a
methyl group (4.26, ECs, > 10 uM) led to a loss of activity in these assays suggesting that the 5-position is
generally unfavourable for substitution. In order to confirm this, a small number of alternative analogues

would also need to be synthesised.
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4.7. Metabolism analysis

Analysis of the metabolism of these thiazole analogues (Table 4.5) revealed that 4.08 had the superior
metabolic profile, with a half-life of 29 min and an in vitro hepatic extraction ratio of 0.70. Both of the
methylated analogues (4.23 and 4.26) were found to have significantly shorter half-lives and higher in vitro

hepatic extraction ratios than 4.08.

Table 4.5 Metabolism evaluation of compounds against human and mouse liver microsomes.

Half-life In vitro CLint Microsome- Clearance
ID Species
(min) (ul/min/mg protein) predicted Ey classification
4.08 Human 29 59 0.70 Intermediate
Human 4 463 0.95 High
4.23
Mouse 2 959 0.95 Very high
Human R 231 0.90 High
4.26
Mouse 2 845 0.95 High

& Calculations based on the initial rate of loss (2-30 min), due to apparent deviation from first-order kinetics.

4.8. Biological analysis of compounds againt T. vivax and T. congolense

A selection of compounds were analysed by researchers at the Swiss Tropical and Public Health Institute as
part of the GALVmed project. The compounds were tested ex vivo against T. vivax and in vivo against T.
congolense which are both causative agents for animal trypanosomiasis in Western and Eastern Africa

respectively.”® Table 4.6 summarises the results of these biological assays.
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Table 4.6 T. vivax and 'T. congolense inhibitory activity of selected compounds.

ID T. vivax ECso (MM)  T. congolense ECs, (UM)

1.92 0.81 2.3

29° 15 1.3

92° 0.044 0.41

97° 0.072 0.64

4.08 0.51 1.8
Diminazene® 0.34 0.25

Isometamidium® 0.0006 0.0006

& Compound number from the J. Med. Chem. manuscript.

® Compound included as a standard control.

In general the compounds tested were shown to have nanomolar inhibition against T. vivax and low
micromolar inhibition against T. congolense. Compound 29 is substituted with a phenylacetylene moiety at
the 4-position of the pyridyl ring, and this addition leads to a 2-fold drop in activity when compared with
1.92 against T. vivax, though there is also a ~two-fold increase in activity when tested against T. congolense.
Substitution of both the pyridyl and tolyl rings with fluorine (92 and 97) led to a significant improvement in
the activity against T. vivax (20- and 10-fold respectively) and T. congolense (6- and 4-fold, respectively).
Replacement of the pyridyl ring with the thiazole moiety (4.08) also led to a moderate improvement in the
activity of the compound against both T. vivax and T. congolense when compared with 1.92. In all cases the

analogues tested were found to be less potent than the control compounds, diminazene and isometamidium.

4.9, Halonitrobenzamides as inhibitors of T.b. brucei

During the course of these investigations data on a related series of halonitrobenzamides was published in
the literature (Figure 4.2)."® Compound 4.27 was serendipitously discovered by the researchers during

routine testing of compounds for antitrypanosomal activity.*® It was found to have an ECs, of 1.5 pM
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against T.b. brucei, though selectivity was an issue (HepG2 ECs, 2.5 uM) as was solubility and
permeability."® Replacement of the fluorine with a chlorine and replacement of the hydrophobic chain with a
chlorine led to the identification of 4.28, which still had low micromolar inhibition against T.b. brucei (ECso

116

1.5 uM) and improved selectivity (ECso > 50 uM), solubility and permeability.

NO, NO,
—_— H
|
/\/\/\/©/ (0] F cl 9) C
4.27 4.28

Figure 4.2 Serendipitous discovery of the halonitrobenzamides through routine testing. Compound 4.27 was
the initial compound identified and after a series of SAR studies 4.28 was identified with maintained potency

and improved selectivity, solubility and permeability.

Further work has since been published that has focused upon elaboration of the SAR around this series of
compounds.™’ After an extensive SAR investigation 4.29 was identified (Figure 4.3). It was found to have an
ECs, of 27 nM against T.b. brucei and in further testing against T.b. rhodesiense and T.b. gambiense it had
ECs, values of 7 nM and 2 nM respectively."” This compound also exhibited excellent selectivity with an

ECs, value of > 25 uM against HEK293 and HEPG2 cell lines."*’

NO, NO, NH

3 = g
ISR ST 6§
cl c «d o ¢
4.28 4.29

Figure 4.3 Identification of 4.29 after an extensive SAR investigation. Compound 4.29 was found to be a
nanomolar inhibitor of T.b. brucei, T.b. rhodesiense and T.b. gambiense it also had good physicochemical

properties and microsomal stability for progression into in vivo studies.

Given the overlap between the halonitrobenzamides and the pyridyl benzamides it was decided to test the

hypothesis that these series could be related. As such, an analogue was designed with a nitro at the 5-position
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of the tolyl ring (4.30, Figure 4.4), which would determine if there was the potential for overlapping SAR
across this compound series. A number of analogues have already been presented to suggest that these two
series were indeed separate with removal of the pyridyl nitrogen leading to an analogue, which had an ECs
of > 10 uM against T.b. brucei (compound 52, J. Med. Chem. manuscript). However, the nitro substituent
appeared to be critical for the activity of the halonitrobenzamides, as such, 4.30 was synthesised and tested
against T.b. brucei. Compound 4.30 was found to be inactive in the assay, confirming the lack of cross-over

activity between the series.

NO,
H
N NT\/EP
‘ N
DN

4.30
T.b. brucei ECgy > 10 pM

Figure 4.4 Introduction of the nitro group led to a complete loss in activity against T.b. brucei.

4.10. Future work

There has been a significant improvement in the inhibitory activity of the compounds in this series, though
the ADME analysis revealed that the metabolism of this series is a key factor to address when progressing
this series further. Given metabolite identification studies revealed that introduction of an aromatic fluorine
at the 5-position of the pyridine ring leads to a reduction in the susceptibility of the region to metabolism, it
would be pertinent to further explore this (Figure 4.5). Hydrolysis of the amide and hydroxylation of the
amide —NH were also described in the preceeding J. Med. Chem. manuscript. Investigation of bulky

substituents at the ortho positions is required to understand if metabolism can be modulated in this way.
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Investigate substitution — U

further in order to
modulate metabolism

Explore bulky sbubstituents
ie isopropyl, cyclopropyl

Figure 4.5 Concepts identified for consideration in future synthetic programs.

4.11. Experimental

General Procedure 4-Al: Amide coupling

Relevant benzoic acid (1.0 eq.) was dissolved in dichloromethane (0.5 M final concentration) and catalytic
DMF added. The suspension was cooled under nitrogen in an ice bath to 0 °C prior to the gradual addition of
oxalyl chloride (1.1 eq.). The reaction was allowed to react until no further effervescence was observed at
which point all volatiles were removed under reduced pressure. The residue was again cooled to 0 °C in an
ice bath and tetrahydrofuran added (0.5 M final concentration) before gradual addition of the relevant amine
(1.0 eq.) and pyridine (2.0 eq.). The reaction mixture was stirred under nitrogen and allowed to warm to
ambient temperate and stirred for 18 h. The reaction was acidified with 1.0 M aqueous hydrochloric acid
solution and extracted with ethyl acetate. Purification was performed by recrystallisation from cyclohexane

and gave the desired pyridyl benzamide.

General Procedure 4-A2: Amide coupling

To a solution of the amine (1.0 eq.) in DMF (0.5 M final concentration) was added the benzoic acid (1.2 eq.),
EDCI (1.2 eq.) and DMAP (0.1 eq.). The reaction mixture was stirred at 30 °C for 18 h. Water
(approximately 1 ml) was added to the reaction mixture and it was transferred to the fridge overnight. The

resulting precipitate was filtered and gave the desired pyridyl benzamide.

General Procedure 4-A3: Amide coupling
To a solution of the benzoic acid (1.0 eq.) in DMF (0.5 M final concentration) was added HBTU (1.2 eq.),
and DIPEA (5.0 eq.). The reaction was allowed to stir at ambient temperature for 10 min before addition of
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the amine (2.0 eq.). The reaction mixture was stirred at 60 °C for 18 h. Water (approximately 1 ml) was
added to the reaction mixture and it was transferred to the fridge for 18 h. The resulting precipitate was

filtered and gave the desired pyridyl benzamide.

General Procedure 4-B1: Suzuki coupling

Relevant brominated pyridyl benzamide (1.0 eq.), potassium carbonate (4.0 eq.), relevant phenylboronic acid
(or its’ pinacol ester as specified) (1.2 eq.), TBAB (0.1 eq.), PdCI, (0.05 eq.) and dppf (0.055 eq.) were
combined in a microwave reactor vessel with 4:1 dioxane, and water (0.5 M final concentration) were added.
The reaction mixture was irradiated in a CEM microwave at 130 °C for the time specified. The reaction was
diluted with ethyl acetate and filtered through celite and the filtrate collected. The solvent was removed to
give the crude product that was purified by column chromatography, eluting with 10% ethyl

acetate/petroleum benzine to give the desired product.

N-(4-Fluoropyridin-2-yl)-2-methylbenzamide (28; J. Med. Chem. manuscript)

H Title compound prepared according to General Procedure 4-A3 as an off-white solid (54
RNJ/NTO(EP mg, 13%). HPLC — rt 6.36 min > 98% purity at 254 nm; LRMS [M+H]" 231.0 m/z; HRMS
F [M+H]" 231.0928 m/z, found 231.0926 m/z; *H NMR (400 MHz, DMSO) & 11.08 (s, 1H),
8.39 (dd, J = 9.3, 5.7 Hz, 1H), 8.04 (dd, J = 12.0, 2.4 Hz, 1H), 7.51 — 7.43 (m, 1H), 7.39 (td, J = 7.5, 1.4 Hz,
1H), 7.34 — 7.22 (m, 2H), 7.10 (ddd, J = 8.2, 5.7, 2.4 Hz, 1H), 2.39 (s, 3H); *C NMR (101 MHz, DMSO) &
168.9, 168.9 (J c.r = 258 Hz), 154.4 (J c¢ = 11 Hz), 150.7 (J c.r = 8 Hz), 136.0, 135.5, 130.6, 130.1, 127.6,

125.6, 107.7 (J c.¢ = 17 Hz), 101.3 (J c.¢ = 23 Hz), 19.5.
N-(2-Cyanophenyl)-2-methylbenzamide (53; J. Med. Chem. manuscript)

N Title compound prepared according to General Procedure 4-Al as a white solid (55%).
H

©/N Oﬂ % HPLC — rt 6.68 min > 97% purity at 254 nm; LRMS [M+H]" 237.2 m/z; HRMS [M+H]"

237.1022 m/z, found 237.1022 m/z; "H NMR (400 MHz, DMSO) & 10.58 (s, 1H), 7.88 (dd, J = 7.8, 1.3 Hz,
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1H), 7.82 — 7.68 (m, 1H), 7.68 — 7.51 (m, 2H), 7.44 (td, J = 7.7, 1.2 Hz, 2H), 7.39 — 7.26 (m, 2H), 2.47 (s,
3H); ®C NMR (101 MHz, DMSO) & 168.0, 140.1, 135.9, 135.8, 133.8, 133.1, 130.7, 130.1, 127.4, 126.5,

126.3,125.7, 117.0, 109.0, 19.4.
N-(Isoxazol-3-yl)-2-methylbenzamide (54; J. Med. Chem. manuscript)

! Title compound prepared according to General Procedure 4-Al as an off-white solid (226
NLN\O mg, 61%). HPLC — rt 5.82 min > 99% purity at 254 nm; LRMS [M+H]" 203.2 m/z;
HRMS [M+H]" 203.0815 m/z, found 203.0813 m/z; 'H NMR (400 MHz, DMSO) & 11.35 (s, 1H), 8.83 (d, J
= 1.7 Hz, 1H), 7.52 — 7.45 (m, 1H), 7.40 (td, J = 7.5, 1.3 Hz, 1H), 7.33 — 7.27 (m, 2H), 7.02 (s, 1H), 2.38 (s,
3H); B3C NMR (101 MHz, DMSO) 6 167.9, 160.2, 157.8, 135.9, 135.4, 130.8, 130.4, 127.7, 125.7, 99.6,

19.5.
2-Methyl-N-(1,3,4-thiadiazol-2-yl)benzamide (59; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-Al as a pale-yellow solid (108
%Hm\/% mg, 27%). HPLC — rt 5.55 min > 99% purity at 254 nm; LRMS [M+H]" 220.1 m/z; HRMS
[M+H]" 22(?(‘)539 m/z found 220.0534 m/z; "H NMR (400 MHz, DMSO) & 9.24 (s, 1H), 7.68 — 7.53 (m,
1H), 7.46 (td, J = 7.6, 1.3 Hz, 1H), 7.33 (ddd, J = 9.9, 5.3, 0.6 Hz, 2H), 2.40 (s, 3H); *C NMR (101 MHz,

DMSO) & 167.5, 158.9, 149.0, 136.6, 133.5, 131.0, 130.9, 128.3, 125.8, 19.6.
N-(o-Tolyl)picolinamide (63; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A2 as a colourless solid (222
OA @ mg, 52%). HPLC - rt 7.32 min > 99% purity at 254 nm; LRMS [M+H]" 213.1 m/z; HRMS
[M+H]" 213.1022 m/z, found 213.1023 m/z; "H NMR (400 MHz, DMSO) & 10.26 (s, 1H), 8.74 (ddd, J = 4.8,
1.6, 0.9 Hz, 1H), 8.17 (dt, J = 7.8, 1.1 Hz, 1H), 8.08 (td, J = 7.7, 1.7 Hz, 1H), 7.85 (dd, J = 7.9, 0.8 Hz, 1H),
7.69 (ddd, J = 7.5, 4.8, 1.3 Hz, 1H), 7.26 (dd, J = 18.1, 7.6 Hz, 2H), 7.12 (td, J = 7.4, 1.2 Hz, 1H), 2.31 (s,
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3H); ®C NMR (101 MHz, DMSO) & 161.9, 149.6, 148.6, 138.3, 136.0, 130.4, 130.3, 127.1, 126.3, 125.0,

123.1,122.2, 17.5.

2-Fluoro-N-(pyridin-2-yl)benzamide (66; J. Med. Chem. manuscript)

N.__N

~

HW/Q Title compound prepared according to General Procedure 4-A2 as white needles (26%).
J 6 & HPLC - rt 4.60 min > 99% purity at 254 nm; LRMS [M+H]" 217.2 m/z; HRMS [M+H]"

|
217.0722 m/z, found 217.0782 m/z; *H NMR (400 MHz, DMSO) & 10.77 (s, 1H), 8.37 (ddd, J = 4.9, 1.9, 0.9
Hz, 1H), 8.20 (d, J = 8.4 Hz, 1H), 7.86 (ddd, J = 8.4, 7.5, 1.9 Hz, 1H), 7.71 (td, J = 7.5, 1.7 Hz, 1H), 7.59
(dddd, J = 8.4, 7.2, 5.3, 1.8 Hz, 1H), 7.40 — 7.26 (m, 2H), 7.18 (ddd, J = 7.4, 4.9, 1.0 Hz, 1H); *C NMR (101
MHz, CDCl3) & 160.6 (J ¢ = 247 Hz), 161.8 (J ¢ = 3 Hz), 151.4, 148.1, 138.6, 134.3 (J ¢ = 10 Hz), 132.2

(J cr=2Hz), 125.2 (J o = 3 Hz), 121.3 (J cr = 11 Hz), 120.3, 116.5 (J ¢ = 24 Hz), 114.8.

3-Fluoro-2-methyl-N-(pyridin-2-yl)benzamide (70; J. Med. Chem. manuscript)

HY@ Title compound prepared according to General Procedure 4-A2 as a pale-yellow solid
N N
(J 7 F (20%). LRMS [M+H]" 231.1 m/z; HRMS [M+H]* 231.0928 m/z, found 231.0930 m/z;

'H NMR (400 MHz, DMSO) & 10.87 (s, 1H), 8.35 (ddd, J = 4.9, 1.9, 0.8 Hz, 1H), 8.18 (d, J = 8.3 Hz, 1H),
7.88 —7.78 (m, 1H), 7.38 — 7.22 (m, 3H), 7.16 (ddd, J = 7.3, 4.9, 1.0 Hz, 1H), 2.28 (d, J = 2.2 Hz, 3H); **C
NMR (101 MHz, DMSO) 8 167.2 (J c.r = 4 Hz), 160.5 (J c.r =24 4 Hz), 151.8, 148.1, 138.9 (J c.r = 4 H2),
138.1, 127.3 (J c¢ = 8 Hz), 123.4 (J c¢ = 4 Hz), 122.3 (J c¢ = 8 Hz), 119.9, 116.4 (J c¢ = 23 Hz), 114.3,

11.3 (J C-E—= 5 HZ)

4-Fluoro-2-methyl-N-(pyridin-2-yl)benzamide (77; J. Med. Chem. manuscript)

H

N

=

[M+H]* 231.0928 m/z, found 231.0937 m/z; "H NMR (400 MHz, DMSO) & 10.78 (s, 1H), 8.34 (ddd, J =

F Title compound prepared according to General Procedure 4-A2 as an off-white solid
YQ/ (24%). HPLC rt 4.97 min > 99% purity at 254 nm; LRMS [M+H]" 231.1 m/z; HRMS
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4.9, 1.9, 0.9 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.93 — 7.73 (m, 1H), 7.54 (dd, J = 8.5, 6.0 Hz, 1H), 7.27 —
7.13 (m, 2H), 7.13 — 7.05 (m, 1H), 2.40 (s, 3H); 3C NMR (101 MHz, DMSO) & 167.6, 162.6 (J c.r = 247
Hz), 152.1, 148.0, 139.1 (J c.r = 9 Hz), 138.1, 132.9 (J ¢+ = 3 Hz), 130.1 (J c.r = 9 Hz), 119.8, 117.1 (J c.¢ =

21 Hz), 114.3, 112.3 (J c.r = 21 Hz), 19.5 (J ¢ = 1 H2).

4-Chloro-2-methyl-N-(pyridin-2-yl)benzamide (78; J. Med. Chem. manuscript)

c Title compound prepared according to General Procedure 4-A2 as a pale-orange solid

H
U YQ/ (50%). HPLC — rt 6.81 min > 99% purity at 254 nm; LRMS [M+H]" 247.1 m/z; HRMS
[M+H]* 247.0633 m/z, found 247.0638 m/z; ‘H NMR (400 MHz, DMSO) & 10.83 (s, 1H), 8.35 (ddd, J =
4.9, 1.9, 0.8 Hz, 1H), 8.17 (d, J = 8.3 Hz, 1H), 7.89 — 7.77 (m, 1H), 7.49 (d, J = 8.2 Hz, 1H), 7.40 (d, J = 1.7
Hz, 1H), 7.33 (dd, J = 8.2, 1.7 Hz, 1H), 7.16 (ddd, J = 7.3, 4.9, 1.0 Hz, 1H), 2.38 (s, 3H); *C NMR (101

MHz, DMSO) 6 167.5, 151.9, 148.0, 138.1 (2C), 135.2, 134.2, 130.1, 129.4, 125.4, 119.9, 114.3, 19.1.

2,4-Dimethyl-N-(pyridin-2-yl)benzamide (81; J. Med. Chem. manuscript)

T(@/ Title compound prepared according to General Procedure 4-A3 as a pale-orange solid
O/ (25%). HPLC — rt 6.55 min > 97% purity at 254 nm. LRMS [M+H]" 227.2 m/z; HRMS

[M+H]* 227.1179 m/z, found 227.1180 m/z; ‘H NMR (400 MHz, DMSO) & 10.62 (s, 1H), 8.34 (ddd, J =
4.9,1.9, 0.8 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.86 — 7.75 (m, 1H), 7.39 (d, J = 7.7 Hz, 1H), 7.16 — 7.01 (m,

3H), 2.37 (s, 3H), 2.31 (s, 3H); *C NMR (101 MHz, DMSO) & 168.4, 152.1, 147.9, 139.5, 138.0, 135.6,

133.4,131.2, 127.71, 126.0, 119.6, 114.2, 20.8, 19.5.
(E)-2-Methyl-4-(3-methylbut-1-en-1-yl)-N-(pyridin-2-yl)benzamide (82; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-B1l using the

H
Ny N boronic acid pinacol ester as a white solid (37%). LRMS [M+H]* 281.2 m/z;
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HRMS [M+H]" 281.1648 m/z, found 281.1656 m/z; *H NMR (400 MHz, DMSO) & 10.68 (s, 1H), 8.43 —
8.27 (m, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.94 — 7.75 (m, 1H), 7.45 (t, J = 8.6 Hz, 1H), 7.28 (dd, J = 17.3, 9.3
Hz, 2H), 7.21 — 7.08 (m, 1H), 6.50 — 6.32 (m, 2H), 2.39 (s, 3H), 2.29 — 2.10 (m, 2H), 1.58 — 1.43 (m, 2H),
0.94 (g, J = 7.7 Hz, 3H); *C NMR (101 MHz, DMSO) & 168.3, 152.2, 148.0, 138.9, 138.1, 136.1, 134.5,

132.1,129.1, 128.1, 128.0, 122.9, 119.7, 114.3, 34.6, 21.9, 19.6, 13.6.
3-Methyl-N-(pyridin-2-yl)-[1,1'-biphenyl]-4-carboxamide (83; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-B1 as a white solid

. H O (20%). HPLC — rt 6.51 min > 99% purity at 254 nm; LRMS [M+H]* 289.2 m/z ;

\
~ 0 HRMS [M+H]" 289.1335 m/z, found 289.1342 m/z; *H NMR (400 MHz, DMSO) &

10.76 (d, J = 20.1 Hz, 2H), 8.37 (d, J = 3.8 Hz, 2H), 8.22 (d, J = 8.3 Hz, 2H), 7.84 (dt, J = 23.5, 8.1 Hz, 2H),
7.70 (t, J = 12.9 Hz, 4H), 7.67 — 7.55 (m, 6H), 7.50 (t, J = 7.6 Hz, 4H), 7.41 (t, J = 7.3 Hz, 2H), 7.16 (dd, J =
7.0, 5.1 Hz, 2H), 2.48 (s, 5H); *C NMR (101 MHz, DMSO) § 168.3, 152.1, 148.0, 1415, 139.4, 138.1,

136.3, 135.3, 129.0, 128.8, 128.3, 127.9, 126.8, 123.8, 119.8, 114.3, 19.7.

3,4-Difluoro-2-methyl-N-(4-methylpyridin-2-yl)benzamide (94; J. Med. Chem. manuscript)

H
N N

N

=

F Title compound prepared according to General Procedure 4-A2 which was further
TO(QF purified by recrystallization with cyclohexane to give white needles (26 mg, 5%). HPLC
— 1t 5.32 min > 99% purity at 254 nm; LRMS [M+H]* 263.1 m/z; HRMS [M+H]*

263.0990 m/z, found, 263.0992 m/z; *H NMR (400 MHz, DMSO) & 10.82 (s, 1H), 8.31 —8.13 (m, 1H), 8.03
(s, 1H), 7.46 — 7.22 (m, 2H), 7.01 (ddd, J = 5.0, 1.4, 0.6 Hz, 1H), 2.35 (s, 3H), 2.33 (d, J = 2.6 Hz, 3H); °C
NMR (101 MHz, DMSO) & 166.4 (J c¢ = 2 Hz), 151.9, 150.4 (J c.r = 233 Hz), 149.0, 148.0 (J c.r = 228 Hz),
134.2,125.6 (J c.r = 14 Hz), 124.1 (J cr = 14 Hz), 121.0, 114.7, 1144 (J cr = 23 Hz), 20.9, 115 J cr =5

Hz).
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N-(4-Chloropyridin-2-yl)-3,4-difluoro-2-methylbenzamide (96; J. Med. Chem. manuscript)

F Title compound prepared according to General Procedure 4-A2 with further purification
H
N
| i Finvolving dissolution of the crude material in ethyl acetate and washing with saturated
=
cl sodium bicarbonate solution before a recrystallization from cyclohexane to give the title

compound as white needles (26 mg, 5%). HPLC — rt 7.76 min > 95% purity at 254 nm; LRMS [M+H]" 283.1
m/z; HRMS [M+H]" 283.0444 m/z, found 283.0446 m/z; *H NMR (400 MHz, DMSO) § 11.21 (s, 1H), 8.36
(d, J = 5.4 Hz, 1H), 8.28 (d, J = 1.4 Hz, 1H), 7.47 — 7.23 (m, 3H), 2.33 (d, J = 2.4 Hz, 3H); *C NMR (101
MHz, DMSO) & 166.8 (J c.r = 3 Hz), 153.0, 151.8 (J c.r = 243 Hz), 149.6, 148.0 (J c.r = 238 Hz), 144.0,
133.6 (J c.r = 2 Hz), 125.8 (J o.r = 14 Hz), 124.4 (J c.r = 8 Hz), 120.0, 114.4 (J c.¢ = 17 Hz), 113.8, 11.5 (J .

r=4 HZ)
3-Fluoro-N-(4-fluoropyridin-2-yl)-2-methylbenzamide (97; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A2 as a colourless solid (20

QIJ/HE(EP\F mg, 10%). HPLC — rt 6.81 min > 99% purity at 254 nm; LRMS [M+H]" 249.1 m/z,
F HRMS [M+H]" 249.0834 m/z, found 249.0832 m/z; *H NMR (400 MHz, DMSO) &
11.23 (s, 1H), 8.41 (dd, J = 9.3, 5.7 Hz, 1H), 8.04 (dd, J = 11.9, 2.4 Hz, 1H), 7.44 — 7.23 (m, 3H), 7.13 (ddd,
J=8.2,5.7, 2.4 Hz, 1H), 2.28 (d, J = 2.2 Hz, 3H); *C NMR (101 MHz, DMSO) & 168.9 (J c.r = 259 Hz),
167.6, 160.5 (J c.r = 244 Hz), 154.1 (J o = 12 HZ), 150.8 (J c.c = 9 HZ), 1385 (J cr = 4 Hz), 127.3 (J e =9
Hz), 123.6 (J c.r = 23 Hz), 122.5 (J c¢ = 18 Hz), 116.7 (J c.r = 23 Hz), 107.9 (J c.r = 18 Hz), 101.4 (J ¢ =

23 Hz), 11.3 (J ¢ = 5 H2).
3,4-Difluoro-N-(4-fluoropyridin-2-yl)-2-methylbenzamide (98; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A2 with further purification

F
N HT{EP: involving dissolution of the crude material in ethyl acetate and washing with saturated
(6]
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sodium bicarbonate solution before a recrystallisation from cyclohexane to give the title compound as white
needles (38 mg, 7%). HPLC — rt 7.07 min > 99% purity at 254 nm; LRMS [M+H]" 267.1 m/z; HRMS
[M+H]* 267.0740 m/z, found 267.0742 m/z; *H NMR (400 MHz, DMSO) & 11.25 (s, 1H), 8.41 (dd, J = 9.2,
5.7 Hz, 1H), 8.02 (dd, J = 11.9, 2.4 Hz, 1H), 7.48 — 7.26 (m, 2H), 7.13 (ddd, J = 8.2, 5.7, 2.4 Hz, 1H), 2.34
(d, J = 2.6 Hz, 3H); *C NMR (101 MHz, DMSO) & 170.2, 167.6, 166.8 (J c.r = 3 Hz), 152.9 (J c.r = 237
Hz), 150.8 (J c.r =8 Hz), 148.1 (J cr = 245 Hz), 133.6, 125.8 (J cr = 14 Hz), 124.4 J cr=8Hz), 1144 J .

£ =17 Hz), 108.0 (J c.r = 17 Hz), 101.4 (J ¢ = 23 Hz), 11.5 (J cr = 4 Hz).

4-Fluoro-N-(5-methoxypyridin-2-yl)-2-methylbenzamide (100; J. Med. Chem. manuscript)

’ F Title compound prepared according to General Procedure 4-A2 as a beige solid
o/QN/j/NTo(Q (30%). HPLC — rt 5.75 min > 99% purity at 254 nm; LRMS [M+H]" 261.1 m/z;
| HRMS [M+H]" 261.1034 m/z, found 261.1040 m/z; 'H NMR (400 MHz, DMSO) &
10.65 (s, 1H), 8.09 (dd, J = 11.0, 6.0 Hz, 2H), 7.50 (ddd, J = 12.1, 8.7, 4.6 Hz, 2H), 7.22 — 6.99 (m, 2H),
3.83 (s, 3H), 2.40 (s, 3H); *C NMR (101 MHz, DMSO) & 167.0, 162.4 (J c.r = 247 Hz), 152.4, 145.5, 139.0

(J ¢ = 9 Hz), 134.4, 133.1, 129.9 (J c.r = 9 Hz), 123.1, 117.0 (J c.r = 21 Hz), 115.1, 112.2 (J ¢ = 22 H2),

55.8, 19.5.
N-Cyclopentyl-2-methylbenzamide (4.07)

o Title compound prepared according to General Procedure 4-A2 as a colourless solid (83
g"‘%—Q mg, 20%). HPLC — rt 6.63 min > 99% purity at 254 nm; LRMS [M+H]" 204.2 m/z; HRMS
[M+H]* 204.1383 m/z, found 204.1383 m/z; "H NMR (400 MHz, DMSO) & 8.17 (d, J = 6.9 Hz, 1H), 7.39 —
7.05 (m, 4H), 4.30 — 4.06 (m, 1H), 2.30 (s, 3H), 1.98 — 1.74 (m, 2H), 1.74 — 1.59 (m, 2H), 1.59 — 1.41 (m,
4H); 3C NMR (101 MHz, DMSO) & 168.6, 137.8, 134.8, 130.2, 128.9, 127.0, 125.4, 50.6, 32.2, 23.6, 19.2.

*Note: there are multiple overlapping carbons in the **C NMR.
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2-Methyl-N-(4-methylthiazol-2-yl)benzamide (4.23)

Title compound prepared according to General Procedure 4-A3 as a pale-yellow solid (199

@jg“w? mg, 59%). HPLC — rt 6.69 min > 99% purity at 254 nm; LRMS [M+H]* 233.1 m/z; HRMS
[M+H]* 233.0743 m/z, found 233.0739 m/z; ‘H NMR (400 MHz, CDCls) & 7.57 — 7.49

(m, 1H), 7.43 (td, J = 7.6, 1.4 Hz, 1H), 7.35 — 7.25 (m, 2H), 5.86 (d, J = 1.0 Hz, 1H), 2.46 (s, 3H), 2.25 (d, J
= 1.2 Hz, 3H); *C NMR (101 MHz, CDCls) § 167.8, 158.5, 137.2, 134.7, 133.4, 131.3, 130.8, 127.9, 126.8,

126.0, 20.0, 11.6. *Note: the —~NH peak is missing from the *H NMR.

Methyl 2-(2-methylbenzamido)thiazole-4-carboxylate (4.24)

Title compound prepared according to General Procedure 4-A3 though the material
H
[P\ N__s
i 1}/@ required further purification by column chromatography, eluting with 2-5% ethyl

&2 acetate/dichloromethane to yield the title compound as an off-white solid (311 mg,

31%). HPLC — rt 7.07 min > 98% purity at 254 nm; LRMS [M+H]* 277.1 m/z; HRMS [M+H]* 277.0641
m/z, found 277.0637 m/z; *H NMR (400 MHz, CDCl3) § 9.99 (s, 1H), 7.86 (s, 1H), 7.42 (ddd, J = 9.5, 8.8,
4.5 Hz, 2H), 7.32 — 7.26 (m, 1H), 7.21 (dd, J = 7.6, 0.5 Hz, 1H), 3.80 (s, 3H), 2.55 (s, 3H); *C NMR (101

MHz, CDCl3) 6 167.2, 161.8, 158.5, 141.5, 138.5, 132.5, 132.1, 132.0, 127.2, 126.3, 122.6, 52.4, 20.5.

2-(2-Methylbenzamido)thiazole-4-carboxylic acid (4.25)

Methyl 2-(2-methylbenzamido)thiazole-4-carboxylate (95 mg, 0.34 mmol) was

%H\M/% dissolved in tetrahydrofuran (0.3 ml) and lithium hydroxide (17 mg, 0.72mmol) was
OH dissolved in water (0.9 ml). The ester solution was added dropwise to the aqueous

lithium hydroxide solution. The reaction mixture was stirred for 60 min and LCMS showed complete
hydrolysis. The reaction mixture was quenched by addition of an aqueous 1.0 M hydrochloric acid solution
to acidic pH and a precipitate was observed. The precipitate was removed by filtration and air dried to yield

the title compound as a colourless solid (87 mg, 98%). HPLC - rt 6.31 min > 96% purity at 254 nm; LRMS
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[M+H]" 263.1 m/z; HRMS [M+H]* 263.0485 m/z, found 263.0482 m/z; 'H NMR (400 MHz, Acetone) &
11.21 (s, 1H), 8.00 (s, 1H), 7.74 (d, J = 7.9 Hz, 1H), 7.51 — 7.40 (m, 1H), 7.39 — 7.26 (m, 2H), 2.52 (s, 3H);
B3C NMR (101 MHz, DMSO) & 167.8, 162.4, 158.1, 142.2, 136.6, 133.4, 130.9, 128.2, 125.7, 122.5, 19.7.
*Note: the —OH peak is missing from the *"H NMR and there is a missing carbon from the *C NMR which is

assumed to be overlapping with another signal.
2-Methyl-N-(5-methylthiazol-2-yl)benzamide (4.26)

Title compound prepared according to General Procedure 4-A3 as an off-white solid (93

H

N
I W,j}/ mg, 48%). HPLC — rt 6.96 min > 95% purity at 254 nm; LRMS [M+H]" 233.1 m/z;

HRMS [M+H]* 233.0743 m/z, found 233.0733 m/z; *H NMR (400 MHz, CDCly) & 7.45 (dd, J = 7.7, 1.2 Hz,
1H), 7.37 (td, = 7.5, 1.3 Hz, 1H), 7.26 (s, 1H), 7.21 — 7.13 (m, 1H), 6.44 (d, J = 1.0 Hz, 1H), 2.50 (s, 3H),
1.72 (d, J = 1.0 Hz, 3H); *C NMR (101 MHz, CDCl3) & 167.5, 159.2, 147.1, 137.8, 133.7, 131.6, 131.4,

127.9, 126.1, 108.0, 20.2, 15.9. *Note: the —-NH peak is missing from the 'H NMR.
2-Methyl-5-nitro-N-(pyridin-2-yl)benzamide (4.30)

NO, Title compound prepared according to General Procedure 4-Al as colourless needles (13

N HT\/EP mg, 2%). HPLC — rt 5.13 min > 98% purity at 254 nm; LRMS [M+H]" 258.2 m/z; HRMS
[M+H]" 258.0873 m/z, found 258.0875 m/z; *H NMR (400 MHz, CDCl;) & 9.11 (s, 1H),

8.37 (d, J = 2.4 Hz, 1H), 8.32 (d, J = 8.3 Hz, 1H), 8.20 (dd, J = 8.4, 2.4 Hz, 1H), 7.98 (d, J = 4.2 Hz, 1H),
7.75 (ddd, J = 8.4, 7.4, 1.9 Hz, 1H), 7.43 (d, J = 8.5 Hz, 1H), 7.02 (ddd, J = 7.4, 5.0, 1.0 Hz, 1H), 2.60 (s,
3H); BC NMR (101 MHz, CDCly) 6 166.0, 151.3, 147.8, 146.1, 144.7, 138.9, 137.0, 132.5, 125.2, 122.3,

120.6, 114.6, 20.3.
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5. Investigation of the structure-activity relationships

of the phenylthiazole amide against T.b. brucei

5.1. Introduction

The phenylthiazole amide (130) was identified with an activity of 0.79 uM against T.b. brucei and a
selectivity index of > 96 with respect to mammalian HEK293 cells.” Compound 130 possesses a number of
desirable properties in addition to its good activity and high selectivity, which make it an ideal compound for
further study. It was shown to have a low molecular weight of 306 gmol™ and a highly optimisable structure.
Compound 130 also possesses a low PSA of 42 A? that is indicative of a compound’s ability to cross the
BBB®® and a favourable cLogP of 3.4, which is known to influence the metabolism of compounds.®® As a

result, 130 was selected for further lead optimisation and entered a hit-to-lead optimisation program.

F MW 306
PSA(A?) 42
cLogP 3.4
s g
\
N /
0
HN
130

Fig 38. FMC review
Figure 5.1 Structure and physicochemical properties of 130 with a low cLogP, PSA and MW making it a

suitable candidate for lead optimisation.

Testing of this compound against a wider parasite panel showed that it had potent activity against the human
infective T.b. rhodesiense (ECsy 1.47 pM). Compound 130 also showed good activity against the closely
related T. cruzi (ECs, 2.32 uUM). The activity was significantly weaker for the unrelated parasites L. donovani

and P. falciparum. These results are summarised in Table 5.1.
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Table 5.1 Biological activity profile of 130 against a number of parasites.

Parasite ECso (nM) Sl
T.b. brucei 0.79 £0.08 > 96°
T.b. rhodesiense 1.47 £0.39 42.3°
T. cruzi 2.32 £0.06 26.8"
L. donovani axenic 46.1+22.4 1.35°
P. falciparum 354 +2.75 1.76"

% Selectivity relative to HEK293(human embryonic kidney) cells.

® Selectivity relative to L6 (rat skeletal myoblast) cells.

5.2. Aims

The aim for this section was to investigate modifications of the thiazole core and the ethyl linker region. The
work will be presented in a number of sections. Initially, an in depth analysis of the historical work will be
presented. This will be followed by a discussion around the design and synthesis of a number of 6-membered
heterocyclic core changes, such as a pyridine or pyrimidine ring, before moving on to the methylation of

each position of the ethyl linker and the introduction of a cyclopropane group.

5.3. Historical work completed

A significant number of analogues have already been generated on this class of compound by previous

researchers. A summary of this work follows.

Initially investigations centred around the acyl substituent and are summarised in Table 5.2. The synthetic
precursors 5.01 and 5.02 were tested and both were found to be inactive, emphasising the importance of the

acyl moiety. Replacement of the tert-butyl group with either a methyl group (5.04), ethyl group (5.05), or
y y. Rep yl group yl group yl group
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complete removal (5.03) led to a complete loss in activity whilst the isopropyl group (5.06, ECsy 5.3 uM)
demonstrated a six-fold decrease in activity against T.b. brucei. Compound 5.07 showed a two-fold loss in
activity though this was due to the removal of the fluorine from the left hand phenyl ring. Bulkier functional
groups such as the phenyl (5.08, ECsy 0.55 uM), cyclohexyl (5.09, ECs, 0.31 uM) and cyclopentyl (5.10,
ECs 0.25 pM) groups were all favourable for activity, suggesting that this region of the molecule is
interacting with a hydrophobic pocket. However, there was a ceiling observed to this activity, with the
benzyl group (5.14) and larger, ring fused analogues (5.15 — 5.17) leading to a complete loss of activity.
Given the activity of the cyclopentyl group, a range of 5-membered heterocycles were also explored. The 2-
and 3-thiophenecarboxamides (5.18 and 5.27 respectively) maintained activity when compared with 5.08.
The 2- and 3-furans (5.19 and 5.28 respectively) were also active, though 5.28 was 2-fold more active,
indicating that an electronegative or electron withdrawing substituent at this position is favourable.
Substitution of the 2-furan with a 5-methyl group (5.24) was well tolerated with a further improvement in the
activity (ECso 0.13 uM). Yet, substitution with a 3-methyl group (5.23, ECs 1.9 uM) or 3-bromo group
(5.25, ECx 2.5 uM) led to a loss of activity. Introduction of a hydrogen bond donating pyrrole (5.20, ECs,
1.6 uM) saw an approximately three-fold decrease in activity when compared with 5.08, while the thiazole
(5.26, ECsy 1.2 uM) was two-fold less active. Introduction of the oxazole (5.21) led to a complete loss of
activity, yet the isoxazole (5.22, ECsy 0.74 puM) was well tolerated as expected, given the preference for

electronegative atoms at the 2- and 3-positions.
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Table 5.2 Replacement of the acyl substituent with alkyl, aromatic and heteroaromatic analogues.

O
2 >\‘R
prﬁi saalpes e
o

5.01 5.02

D R ECs, pM (ST) ID R ECs UM (SI9)

5.01 > 10° 5.15 ~ > 10°

5.02 > 10b 516 ° > 10°
(@]

5.03 H > 10° 5.17 \/©[ > > 10°
. o

5.04 -CH, > 10° 5.18 5 035401741
505  -CH,CHs > 10° 5.19 5 0.80+0.11 (77)
¥ ¥ N
5.06 T 53+025(16)  5.20 i 1.6+ 043 (13)
5.07 \ﬁ< 17+£0.09(50) 521 \f[ob > 10P
. 7+0. : ;
P N
5.08 0.55 (151) 5.22 Mo 0.74£002(113)

5.09 ¢ O 0314010281) 523 [ )— 1.9+ 025 (22)

N ~s 0O
5.10 5@ 0.25+0.02(329)  5.24 ’j“\\/) 0.13 % 0.0 (666)

. Y0
5.11 ¢ @ 50+024(17)  5.25 Q 254007 (12)

\;é N
5.12 \%Aj 55+0.05(15)  5.26 AN 1.2 +0.02 (68)

H

4 §
5.13 /& > 10° 5.27 f@s 0.23 +0.03 (179)
b \; =
514 5/@ >10 5.28 Tl 035£005(240)

# Selectivity relative to HEK293(human embryonic kidney) cells.

® Compound exhibited < 50% activity at 10.41 pM.
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Given the improved potency shown by 5.08, exploration of the SAR around the right hand side phenyl ring

was undertaken (Table 5.3). It was immediately apparent that substitution of the 4-position was generally

unfavourable for activity, though the 4-fluoro group was well tolerated (5.28, ECs, 0.77 UM). The 3- and 4-

positions tolerated substitution though there was a loss of potency when the substituent was electron

donating (5.31-5.33 and 5.38-5.40) with the most potent substitution shown to be the 3-nitrile (5.41, ECs,

0.13 uM) with a four-fold improvement over 5.08.

Table 5.3 Exploration of the SAR around the phenyl ring of the benzamide.

ID R ECso pM (SI?) 1D R' ECso pM (SI?)
5.29 2-F 0.47 £ 0.06 (44) 5.39 3-OH > 10°

5.30 2-Cl 1.5+0.31 (29) 5.40 3-OCH; 1.9+ 0.30 (26)
5.31 2-CH; 3.3+£0.8(2.5) 5.41 3-CN 0.13+0.01 (387)
5.32 2-OH 2.3+0.09 (18) 5.42 3-[N 0.76 = 0.28 (110)
5.33 2-OCH; 10.6 + 3.6 (2.0) 5.43 4-F 0.77 +£0.19 (54)
5.34 2-CN > 10° 5.44 4-Cl >10°
5.35 2-[N]¢ 0.3 +0.01 (139) 5.45 4-CH; > 10°
5.36 3-F 0.19 £ 0.01 (444) 5.46 4-OCH; > 10°
5.37 3-Cl 0.42 = 0.04 (200) 5.47 4-CN > 10°
5.38 3-CH; 3.9+0.81 (21) 5.48 4-[N]° 14.1 £0.66 (3)

& Selectivity relative to HEK293(human embryonic kidney) cells.

® Compound exhibited < 50% activity at 10.41 uM.

¢ Denotes an endocyclic nitrogen.

Given that the thiazole moiety is known to be metabolically labile,*® a range of 5-membered heterocycles

were synthesised and combined with some of the active right hand side substituents that were previously
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identified. These have been summarised in Table 5.4. Replacement of the thiazole group with a pyrazole
group (5.49-5.51) was well tolerated, however a range of triazoles (5.52-5.60) and the tetrazole (5.61-5.63)
were found to be inactive against T. brucei. Whilst 5.58-5.63 also contain a nitrogen in the same position as
both the thiazole and pyrazole cores it is possible that the putative target has both a hydrophilic and
hydrophobic face and the additional nitrogen atoms may lead to unfavourable interactions here. Further

investigations would be required in order to confirm this.

Table 5.4 Heterocyclic core modifications.

AA 0
KO,
O Prmy
ECs (SD)

§ ks
R= ;O R= @ R= 'f‘oj<

Ph«@N_ﬁ 549 1.1+0.03(39) 550 033+0.12(125) 551 1.6+0.50(13)

LHS

Pty | 552 >10° 5.53 >10° 5.54 >10°
Ph—Nlil;NL s | 556 >10° 5.57 > 10° 5.58 >10°
Ph’<\'\:l e g |55 > 10 5.60 >10° 5.61 >10°
Ph"é\:\l N | 562 > 10 5.63 > 10P 5.64 > 10°

# Selectivity relative to HEK293(human embryonic kidney) cells.

® Compound exhibited < 50% activity at 10.41 uM.

A number of carbamates and ureas were also synthesised in place of the right hand side phenyl ring (Table
5.5). Compound 5.64 was a synthetic intermediate and showed no activity against T.b. brucei, which is
consistent with the previous observations of large acyl substituents losing activity. However, moving from

the tert-butyl to the isopropyl carbamate (5.65, ECs, 0.22 uM) saw restoration of activity of these
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compounds. Yet replacement of the isopropyl carbamate (5.65) with the N-isopropylurea carbamate (5.66)
saw a four-fold loss in activity. Removal of the hydrogen bond donor with the N,N-diethylurea (5.67) saw a
restoration of the activity, which led to the synthesis of a range of exocyclic ureas. It was found that the
piperidine (5.69) moiety was highly favoured for both activity and selectivity, the pyrrolidine group (5.68)
was almost two-fold less active and the azepane group (5.70) was three-fold less active. Introduction of the

oxygen in the morpholine analogue (5.71) again saw a loss in activity.

Table 5.5 Carbamate and urea analogues of the acyl moiety.

(0]
"
\
o
D R ECy@M)  SF D R ECso UM SIF
564 gk > 10 568 V) 005+004 1735

565 ¢ b 02w002 385 569 ¢ “O 0.028+0.00 2966

566 fd 0.90+003 93 570 ﬁ”@ 0.09 + 0.02 943
H
567 ‘N> 0.26 + 0.03 320 571 N 0.69 +0.22 127
. K . . . K/O » - .

? Selectivity relative to HEK293(human embryonic kidney) cells.

® Compound exhibited < 50% activity at 10.41 pM.

In order to assess the drug-likeness of these compounds a number of physicochemical and metabolic
parameters were measured. All of the compounds were of relatively low molecular weight in the range of
291-326 gmol™. The PSA values were well within the range where good CNS penetration is plausible.®
Distribution coefficients at pH 7.4 were also favourable and in the range of 2.8-3.6. The aqueous solubility of
some compounds was very good; compound 5.50 in particular had solubilities of greater than 100 pg/ml at
both pH 2 and 6.5. In general the thiazole core negatively influenced the solubility of the compounds, such as

compounds 5.24 and 5.23, which were both found to be very poorly soluble at both pH 2 and 6.5. Plasma
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protein binding was acceptable for this series in general. The microsomal degradation was quite high for all
compounds tested and this was reflected in the in vitro clearance and measured degradation half-life for each

of the analogues.

Table 5.6 Key physiochemical parameters and in vitro metabolic stability of selected compounds.

In vitro
LogD Solubility (ug/ml)° Half-
PSA CLint Microsome-
MW (pH cPPB?  life
(A%? (ul/min/mg  predicted E
7.4)° pH 2 pH 6.5 (min)
protein)®
5.10 30042 70.2 3.2 12.5-25.0 125-25.0 90.6 6 296 0.92
5.26 31541 549 3.0 25-50 25-50 90.6 27 65 0.72
5.24 31239 551 3.5 6.3-125 6.3-125 95.1 4 484 0.95
5.36 326.39 42.0 3.6 6.3-12.5 >100 96.1 4 473 0.95
5.23 31239 551 3.4 3.1-6.3 3.1-6.3 94.6 4 446 0.95
5.69 31543 452 3.2 50-100 25-50 90.1 7 244 0.91
550 291.35 46.9 3.0 >100 >100 89.1 9 193 0.88
5.68 30141 452 2.8 >100 50-100 85.5 10 177 0.88

& Calculated using ACD/Laboratories software, version 9.
® Measured chromatographically.
¢ Kinetic solubility determined by nephelometry.
¢ Human plasma protein binding estimated using a chromatographic method.

¢ In vitro intrinsic clearance determined in human liver microsomes and predicted hepatic extraction ratio
calculated from in vitro data.

Given the rapid metabolism of this class of compounds a study was undertaken to identify the primary
metabolites of this series (Figure 5.2). In general both compounds 5.26 and 5.36 were highly susceptible to

oxygenation or deamination of the ethylphenylthiazole moiety.
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For compound 5.26 two putative mono-oxygenated metabolites were observed and denoted as M+16 (I) and
M+16 (I1). M+16 (1) was consistent with oxygenation of the phenylthiazole moiety while M+16 (II) was
likely derived from hydroxylation of the ethylene bridge. An additional M+32 peak was also observed,
however the MS/MS spectrum was too weak to allow for structural confirmation. A peak of M-110 was
detected and was consistent with oxidative deamination at the ethylene bridge. Similarly, compound 5.36
exhibited a high rate of degradation with two M+16 metabolites observed. These were again consistent with
oxygenation of the phenyl thiazole and ethyl linker. However, an additional metabolite was observed (M+32)
that was consistent with the bis-oxygenation of the phenylthiazole moiety. Oxidative deamination was also
observed with this compound (M-121) and a further metabolite of M-105 was also observed, which is
thought to be the oxygenation of the M-121 metabolite, though the MS/MS spectrum was too weak to

confirm this.

Both 5.26 and 5.36 exhibited a high rate of degradation in the presence of NADPH and NADPH combined
with UDPGA with approximately 66% and 100% of parent compound lost in 60 min respectively. When the
sample was analysed without the presence of cofactors, only 9% and 16% of parent compound was lost
respectively over 60 min, suggesting that the ethylphenyl thiazole moiety was most susceptible to NADPH

mediated metabolism.

,,,,,,,,,,,,,,,,, J

M+32 M+16 (1) M+16 (1)

M-121

Figure 5.2 Metabolites of 5.26 and 5.36 where the dotted lines denote areas of proposed metabolism.
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Given the activity of the pyrazole core (5.49-5.51) and the apparent metabolic instability of the thiazole core,
a number of substituted pyrazoles were synthesised in combination with the piperidine urea side chain (Table
5.7). Substitution of the 4-position with a bromo (5.73) or chloro (5.74) led to a significant decrease in the
activity. Yet substitution of the 5-position with a methyl (5.75) was well tolerated. Combination of the 4-
chloro and 5-methyl (5.76) led to an overall 6.5-fold decrease in activity. Synthesis of a regioisomer of the
thiazole core (5.77) led to an analogue that was well tolerated with only a two-fold decrease in activity when
compared with 5.69. The regioisomer of the pyrazole core (5.78) exhibited a two-fold improvement in its

activity compared with 5.72.

Table 5.7 Further heterocyclic core modifications

D LHS ECso (LM) SI®
5.72 Ph*(\:‘Nﬁ 0.12 + 0.006 680
Br
5.73 o ,gﬁ 23 +0.08 36
NN
Cl
5.74 o ,gﬁ 214023 20
NN
5.75 f( 0.16 £ 0.03 520
Ph \N/N';{
Cl
5.76 " ,ﬁ( 1.140.20 39
NN
S
5.77 Ph /N/)\ " 0.05 + 0.01 1662
5.78 el 0.05£001 1549

% Selectivity relative to HEK293(human embryonic kidney) cells.
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A variety of substitutions around the right hand side phenyl ring have also been explored on both the thiazole
and pyrazole cores (Table 5.8). The 2-position was favourable for substitution with small hydrophobic
groups such as a fluorine (5.79, 5.80) and methyl (5.81, 5.82). Whilst substitution with a nitrile and methoxy
was tolerated for the thiazole core (5.83 and 5.85) a significant decrease in activity was observed for the
pyrazole core (5.84 and 5.86). This was likely caused as a result of the difference in conformation generated
by the core change. The 3-position is also favourable for substitution by a small hydrophobic group with
both fluorine (5.87 and 5.88) and chlorine groups (5.89 and 5.90) showing increases in potency, with the
slightly smaller fluorine being more effective for both cores. Introduction of a nitrile group (5.91) led to a
moderate two-fold increase in activity for the thiazole core though there was a corresponding three-fold
decrease in the activity for the pyrazole core (5.92). Substitution with a methoxy (5.93 and 5.94) was
unfavourable for both cores. The 4-position tolerates substitution with a fluorine (5.95 and 5.96), yet larger
substituents such as chlorine (5.99 and 5.100) or methyl groups (5.97 and 5.98) both led to a significant
decrease in activity across both cores. Introduction of the nitrile (5.101 and 5.102) and methoxy (5.103 and
5.104) substituents were again generally unfavourable for activity. Combination of the 2-fluoro and 4-fluoro
in an effort to gain additive SAR produced mixed results with the thiazole core (5.105) showing no
improvement in activity while the pyrazole core (5.106) showed a small improvement in the activity when

compared with the singly substituted parents.
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Table 5.8 Exploration of the SAR around the left hand side phenyl ring against T.b. brucei.

(0] (0]
i )
S "

7 " 7 "
N5 Core A 5 Core B

R? R?

ID R’ Core ECs, (uM) ID R’ Core ECsy (uM)
5.69 A 0.028 + 0.00 5.93 A 0.67 +0.06
H 3-OCH,
5.72 B 0.12 + 0.006 5.94 B 12+0.13
5.79 A 0.02 + 0.00 5.95 A 0.06 + 0.00
2-F 4-F
5.80 B 0.10+0.10 5.96 B 0.06 + 0.00
5.81 A 0.19 +0.07 5.97 A 3.7+0.53
2-CH; 4-CH;
5.82 B 0.35+0.11 5.98 B 53+1.45
5.83 A 0.56+0.11 5.99 A 1.5+0.21
2-CN 4-Cl
5.84 B 4.7 +0.69 5.100 B 12+0.13
5.85 A 0.50 + 0.07 5.101 A 0.33 +0.06
2-OCH, 4-CN
5.86 B 2.6+0.58 5.102 B >10°
5.87 A 0.05 + 0.00 5.103 A >10°
3-F 4-OCH,
5.88 B 0.07 +0.03 5.104 B 7.1+1.78
5.89 A 0.16 + 0.04 5.105 A 0.02 + 0.00
3-Cl 2-F, 4-F
5.90 B 0.13 +0.01 5.106 B 0.045 + 0.005
5.91 A 0.28 +0.01
3-CN
5.92 B 0.35+0.10

% Compound exhibited < 50% activity at 10.41 uM.

Analysis of the metabolism of these analogues (Table 5.9) revealed that no improvement in the metabolic
stability had been obtained through altering the thiazole or substituting the phenyl ring. All of the analogues
exhibited high to very high rates of degradation in both human and mouse liver microsomes and with these

results the compounds would be expected to be subject to rapid hepatic clearance in vivo. There was also no
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measurable degradation in the control (devoid of cofactors) incubations suggesting that the main mode of

metabolism is NADPH mediated.

Table 5.9 Metabolism evaluation of compounds in human and mouse liver microsomes.

Half-life In vitro CLint Microsome- Clearance
ID Species
(min) (u/min/mg protein) predicted Ey classification
Human 11 160 0.86 High
5.37
Mouse 18 1731° 0.97° Very high
Human 10 176 0.87 High
5.69
Mouse 18 2501° 0.98° Very high
Human 8 225 0.90 High
5.64
Mouse 18 2296° 0.98? Very high
Human 4 439 0.95 High
5.29
Mouse Rapid degradation® Very high
Human 4 445 0.95 High
5.33
Mouse Rapid degradation” Very high
Human 20 85 0.77 High
5.96
Mouse 2¢ 875 0.95° High
Human 16 107 0.81 High
5.75
Mouse Rapid degradation” Very high
Human 15 119 0.83 High
5.21
Mouse 1° 1604° 0.97° Very high
Human 13 129 0.84 High
5.24
Mouse Rapid degradation® Very high

% No measurable concentrations were detected past 5 min, therefore degradation parameters were estimated
using the initial two time points (ie 2 and 5 min) only, hence values reported are approximate only.

® No measurable concentrations were detected past the first time point (ie 2 min) due to rapid NADPH-

dependent degradation, hence clearance parameters could not be determined.
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5.4. Biological analysis of compounds active against T. vivax and T. congolense

A selection of compounds were analysed by researchers at the Swiss Tropical and Public Health Institute as
part of the GALVmed project. The compounds were tested ex vivo against T. vivax and in vivo against T.
congolense, which are both causative agents for animal trypanosomiasis in Western and Eastern Africa

respectively.*® Table 5.10 summarises the results of these biological assays.

Table 5.10 T. vivax and T. congolense inhibitory activity of selected compounds.

ID T. vivax EC5, (UM)  T. congolense ECs, (LM)
5.75 0.086 0.067
5.24 1.0 0.25
5.10 0.73 0.28
5.72 0.11 0.071
5.37 4.1 44
Diminazene® 0.34 0.25
Isometamidium? 0.0006 0.0006

& Compound included as a standard control.

In general all of the compounds tested exhibited nanomolar inhibition of both T. vivax and T. congolense
with one notable exception. Compound 5.37 (3-Cl-phenyl thiazole) was found to have ECs, values of 4.1 pM
and 44 uM against T. vivax and T. congolense, respectively. Given the activity for the other thiazole core
analogues (compounds 5.24 and 5.10) it would appear that the substituted phenyl is responsible for the loss
of activity. The most potent compounds identified against T. vivax and T. congolense were 5.75 (ECs, of
0.086 UM and 0.067 uM against T. vivax and T. congolense, respectively) and 5.72 (ECs, of 0.11 uM and
0.071 pM against T. vivax and T. congolense, respectively). Given the only structural difference between
5.72 and 5.75 is the methyl on the pyrazole core it is unsurprising that these compounds would be equipotent.

Both 5.72 and 5.75 were shown to be more potent than diminazene across both parasite subspecies.
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Diminazene and isometamidium are routinely used in the treatment of animal trypanosomiasis though both

have a multitude of side effects associated with their use.* %2

5.5. Changes to the thiazole core

Given the poor metabolic stability of this series a number of analogues were envisioned that may lead to an
improvement in the overall stability. This consisted of two major areas of work that are discussed below. The
first focused on examining alternative core structures, primarily focusing on 6-membered heterocycles. The
second area was looking at substituting the linker and constraining it in such a way as to prevent metabolism.

These are summarised in Figure 5.3.

H
%HTNO ©/©/\/NTO(N® Q@WHTNO
Pz O _N (0]

5.107 5.108 5.109

Figure 5.3 Core changes that were identified as replacements for the thiazole moiety.

5.5.1. 2,6-Disubstituted pyridine core

The synthesis of the 2,6-disubstituted pyridine core was initially planned in accordance with Scheme 5.1.
The first step was to be a Suzuki coupling between 2,6-dibromopyridine and phenylboronic acid in order to
introduce the aromatic group on the left hand side of the compound. A number of possible routes to
introduce the side chain were envisaged including the use of a Grignard reagent. The higher reactivity of
alkyl magnesium compounds relative to that of other magnesium species (alkenyl, aryl or heteroaryl) along
with the known elimination of ethyl linked Grignard species™® meant an alternative route was sought. A
Heck coupling was employed utilising methyl acrylate, which could in turn be reduced and the ester

hydrolysed. Once the carboxylic acid was obtained it would be possible to perform a Curtius rearrangement
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in the presence of tert-butanol to give the Boc protected amine. Subsequent Boc deprotection would allow

the synthesis of the final product.

Br N Br o
‘ N - N\ Br . N\ N o~
% \ \
= =
5.110 5.111 5.112
(0] O
N N
> S o~ > s OH
= =
5.13 5.114
N H O N NH
> X e N 2
| TR |
= O =
5.115 5.116
B T
Pz (e}
5.107

Scheme 5.1 Proposed synthesis for the 2,6-disubstituted pyridine core.

In order to install the aromatic group a Suzuki coupling had initially been planned as the first step. The
Suzuki coupling could lead to the desired mono phenyl substituted pyridine (5.111) or the disubstituted
phenyl product (5.117) as shown in Scheme 5.2. After trialling conditions previously reported in the
literature it became apparent that optimisation was required in order to minimise the formation of the

undesired side product, 5.117.

5.110 5.111 5.117
Scheme 5.2 Suzuki coupling of 2,6-dibromopyridine with phenylboronic acid led to the isolation of both the

desired product (5.111) and side-product (5.117).
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A variety of reaction conditions were trialled in order to minimise the formation of the side-product, as
shown in Table 5.11. This was imperative as all three compounds (starting material, product and side-
product) were non-polar and had high R values when using pure petroleum spirits as the mobile phase,
making their separation by column chromatography difficult. Indeed, it was found that the most effective
way to separate the desired product from the side-product was through preparative HPLC which was time
consuming and resulted in a poor recovery of material. A literature search surrounding the Suzuki coupling
of 2,6-dibromopyridine (5.111) with phenylboronic acid revealed numerous conditions, though none
reported the formation of side-product or purification conditions. The initial conditions involved heating all
of the materials in a CEM microwave at 130 °C for 30 mins (entry 1, Table 5.11). However, these conditions
were found to be too harsh and a greater percentage of 5.117 was observed. A reduction in the temperature to
70 °C saw the desired product dominate the reaction mixture though there was still 28% of 5.117 by LCMS
analysis (entry 2, Table 5.11). A further reduction in the temperature to 40 °C led to an improvement in the
ratio of 5.110:5.111:5.117 (entry 3, Table 5.11). Reducing the length of reaction time to 15 min led to 29%
of the starting material remaining (entry 4, Table 5.11) though this could be reduced to just 10% after 30 min
(entry 4, Table 5.11). These conditions were found to be scalable though a longer reaction time was required
in order to minimise the amount of starting material remaining (entry 6, Table 5.11). It was possible to
recover the starting material however the product and side-product were not separable and as such, the
material was used directly in the next step where the side-product could then be removed by column

chromatography.
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Table 5.11 Optimisation of the reaction conditions for the initial Suzuki coupling between 2,6-

dibromopyridine and phenylboronic acid.

Reaction conditions® Percentage of material®
Eqg. _
phenylboronic TemF:el’ature Tlr'ne > \ N/\ > | Ny B O ‘ Ny O
°C) (min) Z _
acid
1° 1.2 130 30 0 45 55
2 1.2 70 30 3 69 28
3 1.2 40 30 14 75 11
4 1.0 40 15 29 65 6
5 1.0 40 30 10 75 15
6’ 1.0 40 60 21 70 9

#1 eq. 2,6-dibromopyridine (0.21 mmol), 4 eq. potassium carbonate, 0.1 eq. tetra-n-butylammonium
bromide, 0.05 eq. PdCl,(dppf), dioxane, water.

® determined by LCMS analysis.
¢ reaction performed in CEM microwave.

4 reaction performed on 8.44 mmol of 2,6-dibromopyridine.

Reaction between 2-bromo-6-phenylpyridine (5.111) and methyl acrylate (5.118) was successfully achieved
in good yield. It was possible to get either the cis- or trans-isomer as a result of this reaction, though analysis
of the coupling constants in the "H NMR revealed a J value of 16 Hz, which was consistent with the trans-
isomer as shown. The subsequent reduction utilising the H-cube® with a 10% Pd/C CatCart® led to 5.113 in
good yield. The ester hydrolysis with lithium hydroxide in water and THF led to the intermediate, 5.114,
though there was a decrease in the yield. It was found that the yield for this reaction was lower than expected
as a significant amount of product remained in the aqueous phase and was unable to be extracted despite
carefully controlling the pH or varying the solvent used for the extraction. This is likely due to the

zwitterionic nature of 5.114 with the basic pyridine and the carboxylic acid.
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Et3N, Pd(OAC)z,

tri(o-tolyl)phosphine H-cube
N\ Br _ O\ N\ O/
P Y ACN, 90°C, P
o microwave
5.111 5.118 5.112 5.113
73% 72%
LiOH Q
P NS OH
H,O, THF \
Pz
5.114

55%
Scheme 5.3 Heck coupling of 2-bromo-6-phenylpyridine with methyl acrylate followed by reduction of the

alkene and ester hydrolysis to yield intermediate 5.114.

In order to overcome the need for an aqueous hydrolysis, 2-bromo-6-phenylpyridine (5.111) was reacted
with benzyl acrylate (5.119) instead to give 5.120. Analysis of the coupling constants in the '"H NMR
revealed a J value of 16 Hz which is also consistent with the trans-isomer as shown (Scheme 5.4). This could
then be converted in one step to the desired intermediate, 5.114 through treatment with 5% Pd/C in an

atmosphere of hydrogen gas in good yield.

Et3N, Pd(OAc),, o
N\ Br O\/© tri(o-tolyl)phosphine N\ S o
= o

microwave

5.111 5.119 5.120
50%
5% Pd/C, H, . 0
- =
EtOH, 60°C > OH
=
5.114

70%
Scheme 5.4 Heck coupling of 2-bromo-6-phenylpyridine with benzyl acrylate followed by simultaneous

reduction of the alkene and ester hydrolysis to yield intermediate 5.114.

The carboxylic acid could then be converted to the tert-butyl carbamate (5.115) through the Curtius

rearrangement with diphenylphosphoryl azide, and triethylamine at reflux in tert-butanol (Scheme 5.5).
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DPPA, Et3N, -BuOH H

N N N (0]
o OH ~— L S g j<

= P o

5.114 5.115

26%

Scheme 5.5 Curtius rearrangement of 5.114 to give the tert-butyl carbamate, 5.115.

Deprotection of the Boc group was achieved by refluxing 5.115 in acetonitrile with para-toluenesulfonic
acid. This yielded the desired amine as the salt and by 'H NMR it was possible to quantify the number of
salts that were present. This compound was then utilised to install the piperidine urea (5.122), or amide
coupled to cyclohexylcarboxylic acid or cyclopentylcarboxylic acid in order to synthesise 5.123 and 5.124,

respectively (Scheme 5.6).

-0
o.u _
TsOH % O\‘Cs‘)
—_—
| b j< ACN, A H. i
= o) N NH;
‘ N
=
5.115 5.121
73%
1. p-nitrophenyl chloroformate, H
Et;N, DCM, rt N\ NoN
2. Piperidine, rt \
=
5.122
40%
Cyclohexylcarboxylic acid
EDCI, DMAP, EtzN % p
5.123
67%
Cyclopentylcarboxylic acid
EDCI, DMAP, Et;N % T(O
5.124

94%

Scheme 5.6 Deprotection of the amine and the subsequent synthesis of analogues 5.122-5.124.

Table 5.12 summarises the biological activity of the 2,6-disubstituted pyridine core analogues against T.b.
brucei.
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Table 5.12 Biological activity of analogues with a 2,6-disubstituted pyridine core against T.b. brucei.

N N R
B b
= (@]
ID R ECso (UM) SI?
5115 4k >10°
51220  ° NO 0.17 +0.06 489
5.123 ﬁo 151 +0.29 55
5.124 j@ 0.81+0.14 103

% Relative to HEK293 (Human Embryonic Kidney) mammalian cells.

® Compound exhibited < 50% activity at 10.41 pM.

Combination of the 2,6-disubstituted core and the tert-butyl carbamate (5.115) led to a complete loss of
activity in this assay as it did in combination with the thiazole core (5.64; ECsq > 10 uM). In combination
with the piperidine (5.122) a six-fold decrease in the activity was observed against T.b. brucei (5.69; ECs
0.028 uM) whilst a five-fold and three-fold loss in activity was observed when combined with the
cyclohexyl (5.123) (5.09; ECsq 0.31 uM) or cylcopentyl groups (5.124) (5.10; ECs, 0.25 uM) respectively,

when compared with the similarly substituted thiazole core.

5.5.2. 2,5-Disubstituted pyridine core

Synthesis of the 2,5-disubstituted core was achieved following the previously established synthesis for the
2,6-disubstituted analogues as discussed and as summarised in Scheme 5.7. The only variation to the
synthetic scheme was with the Suzuki coupling, where previously established literature conditions were
employed utilising Pd(PPhs), in the presence of sodium carbonate and a mixed solvent system of

tetrahydrofuran and water.™*® This led to the clean isolation of 5.127 with the regiochemistry as shown in
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Scheme 5.7, this could then be reacted with benzyl acrylate (5.119) in a Heck coupling to give 5.128 in
reasonable yields. The subsequent reduction and ester hydrolysis occurred in good yield before the Curtius
rearrangement. The yield for this reaction was low though the subsequent Boc deprotection occurred in
guantitative yields and the amine could then be reacted with a variety of carboxylic acids to form the amides
5.133-5.134 or the urea could be formed with either pyrrolidine or piperidine as in 5.108 and 5.132,

respectively.

Na,COs, EtzN, Pd(OAc),
Br. N\ © Pd(PPhgz)4 N \/© tri(o- tOlyl)phosphme \/@
‘ B ——— AN = O
ACN, 90°C,
Z Br THF/HO, | = W microwave
oy 75°C.18h o)

Ho™® Br
5.125 5.126 5.127 5.119 5.128
48% 56%
5% Pd/C, H, N DPPA, EtsN, £-BuOH N
—_—— N AN O
EtOH, 50°C P oH A | ) k
N~ O
S H
5.129 5.130
64% 34%
0

F _
50:50 TFA/DCM N F%O 1. p-nitrophenyl chloroformate, N
‘ = F Et;N, DCM, rt | X i
= + —
NH3 2. Piperidine, rt N I\O
5.131 5.132

Quantitative 25%

. p-nitrophenyl chloroformate, N
EtzN, DCM, rt N (0]
(A
2. Pyrrolidine, rt N

5.108
26%

Cyclohexylcarboxylic acid N
EDCI, DMAP, Et3N ‘ A o
7 N
H

-

DMF
5.133
21%
Cyclopentylcarboxylic acid
EDCI, DMAP, Et3N N
» i
DMF
7 N
H
5.134

58%
Scheme 5.7 Synthesis for the 2,5-disubstituted pyridine core analogues.
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Table 5.13 summarises the biological activity of the 2,5-disubstituted pyridine core analogues against T.b.

brucei.

Table 5.13 Biological activity of analogues with the 2,5-disubstituted pyridine core against T.b. brucei.

» i
& NAR
H
ID R ECso (UM)
IN a
5.108 Q > 10

5.132 f‘“@ > 10°
5133 ° O > 10°
5.134 ;’SD > 10?

# Compound found to have < 50% activity at 10.41 puM.

In all cases the 2,5-substitution pattern led to a loss of activity against T.b. brucei in this assay. This suggests
that the angle of the substituents generated by this substitution pattern renders the analogues unable to

interact appropriately with the putative target.

5.5.3. Pyridazine core

The synthesis of the pyridazine core was initially designed to follow the synthetic route developed for the
pyridine core. As such a Suzuki coupling was carried out between 2,4-dichloropyrimidine and phenylboronic
acid as shown in Scheme 5.8.%° Only the desired product with the regiochemistry shown was observed with
the 2-chloro being unreactive under these conditions. A Heck coupling with benzyl acrylate was then
trialled; however there was no desired product observed by TLC or LCMS and the starting material was

recovered from the reaction mixture. Numerous conditions focusing on different acrylates (entries 6-10,
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Table 5.14), Sonogashira coupling (entries 1-5, Table 5.14), varying the temperature of the reaction and
halogen exchange to the iodo (Scheme 5.9) were employed in order to obtain the desired intermediate. Only
once did the tert-butyl acrylate successfully couple to give the desired product and in subsequent reactions it

proved to be difficult to reproduce the results. As such, an alternative synthesis was sought.

EtN, Pd(OAC),
NaZC03 Pd(PPhj), tri(o- tonI phosphlne
Cl N\ Cl
I TACN.H0, ACN 90°C,
N /B\ /N
HO™ " “OH

90°C microwave

5.135 5.126 5.136 5.119 5. 137
47%

Scheme 5.8 Attempted synthesis of the pyridazine core analogues.

N Cl 57% HI N |
5.136 5.138

65%

Scheme 5.9 Halogen exchange to produce the more activated iodo intermediate, 5.138.
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Table 5.14 Reaction conditions for the Sonogashira and Heck coupling reactions attempted on the

pyridazine system.

Entry

Reaction conditions

Outcome with starting material

N Cl N |
QO/ Y

[

Methyl propiolate (1.1 eg.), PdCIl,(PPhs), (0.05 eq.), PPh;
(0.1 eq.), EtzN (3 eq.), Cul (0.1 eq.), DMF, 90 °C,
microwave

No reaction -

N

Methyl propiolate (1.1 eg.), PdCl,(PPhs), (0.05 eq.), PPhs
(0.1 eq.), EtsN (3 eq.), Cul (0.1 eq.), PBuz.BF4 (0.1 eq.),
DMF, 90 °C, microwave

No reaction -

w

Methyl propiolate (1.2 eq.), PdCl,(PPhs), (0.05 eq.), PPh;
(0.1 eq.), EtsN (3 eq.), PBus.BF4 (0.1 eq.), Cul (0.1 eq),
DMF, rt

Decomposition of
materials®

Methyl propiolate (1.2 eg.), PdCl,(PPhs), (0.05 eq.), PPh;
(0.1 eq.), DIPEA (5 eq.), PBus.BF, (0.1 eq.), Cul (0.1 eq.),
DMF, rt

- No reaction

Methyl propiolate (1.1 eq.), PdCl,(PPhs), (0.05 eq.), PPh;
(0.1 eq.), DIPEA (5 ¢€q.), Cul (0.1 eq.), PBus.BF, (0.1 eq.),
DMF, 90 °C, microwave

- SM degraded

Methyl acrylate (1.2 eq.), Pd(OACc), (0.1 eq.), tri(o-
tolyl)phosphine (0.1 eq.), EtsN (4 eq.), ACN, 90 °C,
microwave

No reaction -

Methyl acrylate (1.2 eq.), Pd(OAc), (0.1 eq.), tri(o-
tolyl)phosphine (0.1 eq.), EtzN (4 eq.), PBuz.BF, (0.2 eq.),
DMF, 90 °C, microwave

No reaction -

Benzyl acrylate (3 eq.), Pd(OAc); (0.2 eq.), tri(o-
tolyl)phosphine (0.3 eq.), DIPEA (4 eg.), ACN, 90 °C,
microwave

No reaction -

Tert-butyl acrylate (1.2 eq.), Pd(OAc); (0.1 eq.), tri(o-
tolyl)phosphine (0.1 eq.), EtzN (4 eq.), PBuz.BF,4 (0.2 eq.),
ACN, 90 °C, microwave

32% of desired

SM degraded
product isolated? g

10

Tert-butyl acrylate (1.2 eq.), Pd(OAc); (0.1 eq.), tri(o-
tolyl)phosphine (0.1 eq.), EtzN (4 eq.), PBuz.BF,4 (0.2 eq.),
ACN, 70 °C, microwave

Trace amount of
- product by
LCMS

% Repetition of these conditions failed to yield the desired product and starting material was recovered.

® Appears to be reaction between methyl propiolate and triethylamine.
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As an alternative a Stille coupling was employed with tributyl(vinyl) tin at reflux for 18 h (Scheme 5.10).
This led to the isolation of the vinyl pyrimidine intermediate, 5.139, in excellent yields. A subsequent
intermolecular hydroamination could be performed with benzylamine in ethanol with a catalytic amount of
acetic acid to give 5.141. However, at this point numerous conditions were employed in order to try to cleave
the benzyl group. This included 5% Pd/C at both ambient temperature and with heat, platinum oxide as the
catalyst and the Parr reactor though none of these methods were successful. As a result, an alternative

synthetic route was sought in order to install the free amine.

Tributyl(vinyl)tin,
o PA(OAc) PPhg " HoN c. AcOH N H\/©
SN
\ \\( THF \ \ﬁ/\ EtOH, A | W
=N A, 18h =N N

5.136 5.139 5.140 5.141
83% 30%
—
‘ NW NH,
N
5.142

Scheme 5.10 Synthesis of the benzylamine intermediate 5.141 after the Stille coupling of 5.136 with

tributyl(vinyl) tin.

In an effort to access the free amine a literature synthesis was adapted that involved combining 5.139 in a
sealed tube with ammonium hydroxide and ethanol (Scheme 5.11).?* However, this led to the formation of
significant quantities of the dimer, 5.143. Through a series of optimisations it was found that the formation
of the dimer could be significantly reduced by diluting the reaction mixture to a final concentration of 0.08
M (Table 5.15). Removal of 5.143 from the reaction mixture was readily achieved by precipitating it as the
HCI salt upon acidification of the organic phase. Subsequent neutralisation gave ready access to the free

amine.
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NH,OH, EtOH H
N _— N NH N N N
\ 2
\ \W/\ 70°C, sealed tube \ - ‘ W \/\‘/ )

5.139 5.142 5.143
Scheme 5.11 Synthesis of the free amine intermediate (5.142) via reaction with ammonium hydroxide and

ethanol.

Table 5.15 Optimisation of the reaction conditions for the initial Suzuki coupling.

Percentage of material®

H
Reaction conditions Ph._Ng Ph. Ny NH,  PISNS N Ny Ph
o ot U
— ~

50:50 NH,OH and EtOH
Concentration: 0.44 M
Time: 48 h
Temperature: 70 °C
50:50 NH,OH and EtOH
concentration: 0.44 M
Time: 12 h
Temperature: 80 °C
50:50 NH,OH and EtOH
concentration: 0.77 M
Time: 32 h
Temperature: 80 °C
NH,OH concentration: 0.28
M
Time: 8 h
Temperature: 80 °C
50:50 NH,OH and EtOH
concentration: 0.20 M

. 1 68 24
Time: 18 h
Temperature: 70 °C
50:50 NH.,OH and EtOH
concentration: 0.08 M
6 72 24 3

Time: 48 h
Temperature: 70 °C

& determined by LCMS analysis
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Once the free amine (5.142) had been successfully obtained it was possible to then convert it into the amides
(5.145 and 5.147) shown in Scheme 5.12 in reasonable yields. Synthesis of the urea analogues was also
attempted however, the reaction failed to yield any product and further work could not be carried out due to

time constraints.

N \H EDCI DMAP T(O
2 HO
\ \7\‘/\/ o DMF 40°C W
~

5.142 5.144 5.145
27%
EDCI DMAP
HO
DMF 40 °C
o
5.146 5.147

16%

Scheme 5.12 Synthesis for the pyridazine core analogues.

Table 5.16 summarises the biological activity of the pyridazine core analogues against T.b. brucei. Both the
cylcohexyl (5.147) and cyclopentyl (5.145) gave analogues that were significantly less active than the
thiazole comparators. The cyclopentyl analogue (5.145) led to a ~45-fold loss in activity compared with 5.10
(ECsp 0.25 pM). While the cyclohexyl analogue (5.147) led to a ~17-fold loss in activity compared with 5.09
(ECs 0.31 uM). As such, it appears that the addition of the endocyclic nitrogen is largely responsible for the
significant decrease in activity when the results are compared with the 2,6-disubstituted pyridine core

analogues (5.124; cyclopentyl; ECsy 0.81 uM) (5.125; cyclohexyl; ECgo 1.51 uM).
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Table 5.16 Biological activity of analogues with a pyridazine core against T.b. brucei.

N R
| ST
_N (@]
ID R ECso (UM) SI?
5.145 'j\o 11.2 +1.69 7

5.147 ¢ O 5.37 + 1.50 16

% Relative to HEK293 (Human Embryonic Kidney) mammalian cells.

5.6. Linker modifications

Numerous modifications to the linker were originally envisioned though two were chosen as the focus for
this work. Initially methylation of the linker at both of the methylene positions was chosen as well as the

introduction of a cyclopropane. A description of this work follows.

5.6.1.Methylation of the ethyl linker

Initially, synthesis of analogues with a methyl at each position of the linker was attempted. The alkylation of
a pyrazole has been widely reported in the literature and can proceed via a variety of routes. Such routes
involve the reaction between a pyrazole and an aliphatic alcohol either in the presence of

123

triphenylphosphine'? or as the activated mesylate’® and are well known. Alternatively, an aliphatic halide

124125 5 3 Michael

can be reacted with a pyrazole in the presence of base to achieve the desired product,
addition utilising a variety of Michael acceptors.*”® **' In this instance the synthesis of the methylated linker

analogues were achieved through a Michael addition.

Reaction between 3-phenyl-1H-pyrazole (5.148) and methyl methacrylate (5.149) led to the methyl ester
(5.150) in good vyields as shown in Scheme 5.13. The subsequent ester hydrolysis was accomplished using
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lithium hydroxide in water and THF, prior to the Curtius rearrangement in tert-butanol to give the Boc
protected amine (5.151). The Boc group could be removed using TFA in DCM at room temperature for 2 h
prior to the urea formation with para-nitrophenyl chloroformate in dichloromethane and with triethylamine

and piperidine to give the desired product (5.154).

 NH % DBU
N _ >
O/
ACN, 50°C, 18 h

5.148 5.149

)

DPPA, Et3N, t-BuOH

A

5.153
Quantitative

O
ne,
1. p-nitrophenyl chloroformate, }NH
N

Et;N, DCM, rt

2. Piperidine, rt

5.154
29%

Scheme 5.13 Synthesis of the racemic methylated linker from 3-phenyl-1H-pyrazole and methyl

methacrylate.

The same synthetic procedure could be followed in order to obtain the alternate methylated regioisomer

(5.160) when starting from 3-phenyl-1H-pyrazole (5.148) and methyl crotonate (5.155) (Scheme 5.14).
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- o)
~ NH DBU
N Mo/ — >
ACN, 50°C,

18 h

5.148 5.155

O>\—o
NH )v

DPPA, Et3N, -BuOH

A

5.159
Quantitative

1. p-nitrophenyl chloroformate,
Et;N, DCM, rt

2. Piperidine, rt

5.160
13%

Scheme 5.14 Synthesis of the racemic methylated linker from 3-phenyl-1H-pyrazole and methyl crotonate.

Following a similar synthesis to one proposed in the literature'®®

it was possible to access the dimethylated
linker analogue (5.164) by reacting 3-phenyl-1H-pyrazole (5.148) and 2-methyl-1-nitroprop-1-ene (5.161) in
the presence of DBU to give the nitro intermediate (5.162) (Scheme 5.15). Reduction of the nitro to the
amine was could be performed utilising 5% Pd/C and hydrogen gas, or using zinc powder in the presence of

ammonium chloride. The urea could then be obtained through reaction with para-nitrophenyl chloroformate

in dichloromethane with triethylamine and piperidine to give 5.164.

_ NH /k/‘c‘) DBU
~ N‘:
N S o _ >
ACN,
50°C, 18 h

1. p-nitrophenyl chloroformate,
Et;N, DCM, rt

5.163
Quantitative

2. Piperidine, rt

5.164
17%

Scheme 5.15 Synthesis of the dimethylated linker from 5.148 and 5.161.
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Table 5.17 summarises the biological activity of compounds 5.154, 5.160, and 5.164 against T.b. brucei.
Compound 5.154 demonstrated a ~five-fold decrease in activity when compared with 5.72 while 5.160
exhibited a ~two-fold loss in activity against T.b. brucei when compared with 5.72. Compound 5.164
exhibited a further 2.5-fold loss in activity compared with 5.160, which suggested that both of the methyl

groups are not equal in terms of interactions within the active site of the putative target.

Table 5.17 Biological activity of the racemic methyl and dimethyl linker analogues against T.b. brucei.
ID Structure ECso (UM) SI?

(0]

2
5.72 Q/ENIN” 0.12 +0.006 681
N

O
PN
5.154 Q/EN} NH D 0.64 +0.12 131
N

(0]
5.160 _ 0.23+£0.04 358
o

(0]
N
b @
5.164 ©/E\N{ 0.59 +0.09 142
N

% Relative to HEK293 (Human Embryonic Kidney) mammalian cells.

Given these results, a synthetic procedure was designed in order to access the four enantiomers of
compounds 5.154 and 5.160 utilising enantiopure starting materials. This could be achieved by reacting 3-
phenyl-1H-pyrazole (5.148) with either 5.165 (Scheme 5.16) or 5.169 (Scheme 5.17). This reaction
proceeded in relatively low yields, however sufficient material was obtained in order to progress with the
synthesis. The Boc group could be cleaved using TFA in DCM in quantitative yields prior to the urea
formation. The yield of the reaction between the amine and p-nitrophenyl chloroformate could be

significantly improved by utilising a 50:50 mixture of dichloromethane and tetrahydrofuran and cooling the
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reaction mixture to 0 °C prior to addition and maintaining this temperature until the addition was complete.
The resultant products were both found to have an excellent enantiomeric excess of 98% and 99%

respectively, as determined by chiral HPLC.

F

= “—NHBoc i
— NH Cs,CO4 = NI TFA _— INH3 o
’ _ —_—
N ~_NHBoc =\ < N F -
MsO™ ™ DMF, 50°C, 3 h DCM, rt N . o

5.148 5.165 5.166 5.167
44% Quantitative

(0]
3 >\*N )
1. p-nitrophenyl chloroformate, —NH
Et;N, DCM _ ,NI
N
2. Piperidine, rt
5.168
26%

98% ee

Scheme 5.16 Synthesis of the S enantiomer of compound 5.167

N
~ WH Cs,CO4 = N}NHBOC TFA - }NHs 0
N NHBoc =~ =\ <N F -
MsOA‘/ DMF, 50°C, DCM, rt N ] o
3h

5.148 5.169 5.170 5.171
42% Quantitative

O>\»N
P )

1. p-nitrophenyl chloroformate,
EtzN, DCM, THF, 0°C
2. Piperidine, rt

Scheme 5.17 Synthesis of the R enantiomer of compound 5.171

5.172
81%
99% ee

Synthesis of chirally pure forms of the alternative regioisomer was synthetically more challenging. Reaction
between 3-phenyl-1H-pyrazole (5.148) with either (S)-1-((tert-butoxycarbonyl)amino)propan-2-yl
methanesulfonate (5.173) or (R)-1-((tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate (5.177), as

shown in Scheme 5.18, led in each case to the formation of apparently two products with different R; values.
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- CSQCO3

- NH _/—NHBoc S
N MsO—, DMF, 50°C, 18 h
5.148 5.173 5.174 5.176
12% 29%
Product 1 Product 2

NHBoc
/N_/_

—

- NH NHBoc
N Mso—( Cs,CO;4
B — e

DMF, 50°C, 18 h

5.148 5.177 5.178 5.180
19% 21%
Product 1 Product 2

5179 -8 5.179 -R

Scheme 5.18 Attempted synthesis of chirally pure precursors of 5.160 with unexpected distribution of

products and by-products.

Product 1 was later shown to comprise an enantiomeric mixture that matched the expected alkylation product
in terms of both mass spectrometry and *H NMR analysis. Whilst product 2 also matched the alkylation

product by mass spectrometry analysis it differed by "H NMR analysis and an analysis of the spectra follows.

In Figure 5.4a the spectra of product 1 is shown. There are cross-peaks present between the —CH and the —

CHjs on the linker (shown in red), and between the —CH and both —CH, groups (shown in green) as expected.
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Furthermore, there is a cross-peak observed between the -NH and both —CH, protons (shown in black),
which indicates that the methine and the —NH are adjacent to one another. In Figure 5.4b the spectra of
product 2 is shown. Here, a clear cross-peak is observed between both the —CH and the —CHj; of the linker.
There is also an additional cross peak between the —CH and one of the —CH, protons but more diagnostically
there is a cross peak between the —CH and the —NH protons (shown in purple), which can only occur if the —
CH, and consequently the methyl, are adjacent to the —NH. On this basis we assigned product 1 as the

desired N-alkylated regioisomer and product 2 as the alternative regioisomer.
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Figure 5.4 COSY spectra of the two products obtained from the reaction of 3-phenyl-1H-pyrazole with (R)-
1-((tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate. Red: —CH to —CHj; cross-coupling; green: —

CH to —CH, cross-coupling; black: -NH to —CH, cross-coupling; purple: —CH to —NH cross-coupling.
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In order for this rearrangement in product 2 to occur we propose a mechanism whereby the amide —NH is
deprotonated under the basic conditions and subsequently attacks and eliminates the mesylate group to form
an aziridine intermediate (Scheme 5.19). Taking the reaction between 5.148 and 5.177 as an example, this
would lead to inversion of the chiral centre to give the R aziridine as shown, which upon attack by the
pyrazole anion at the less hindered methylene carbon would lead to product 5.180 with retention of the

aziridine chirality. This mechanism explains the observation of apparent methyl migration.

It may also be anticipated that some attack of the methine carbon in the aziridine is possible and this would
result in chiral re-inversion, which would lead to the expected regioisomer (5.179 - R) although of opposite
chirality to that expected. If alkylation by the intended mechanism was concomitant with aziridine formation,

this would explain the observation of both R and S enantiomers.

BOCD &
> _ g
’/\_ - IN\/\NHBOC
— N’N — N
Ly
l:lBoc

5.180

5.177

L =

: NHBoc
) i
N . — N
N
Y

©/'\) 5179 -R

Scheme 5.19 Proposed mechanism of the aziridine formation and subsequent ring opening by the

nucleophile from both faces leading to the two products observed.

At this point it was unknown that product 1 was a mixture of enantiomers and it was taken through the
remainder of the synthetic procedure where the Boc group could be cleaved using TFA in DCM in
quantitative yields. The piperidine urea (5.182 - M and 5.184 - M) could then be formed via reaction with p-
nitrophenyl chloroformate in DCM with triethylamine and piperidine in reasonable yields (Scheme 5.20 and

5.21 respectively).
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N
NH
= NHBoc TFA = ,N{ * 0
v — N e L
o> o

=N DCM, rt

F

5.174 5.181
Quantitative

O
1. p-nitrophenyl chloroformate, >‘N )

O
2N
EtsN, DCM, rt NH NH
3 = N4<> AND — NI
2. Piperidine, rt =N =N >

5.182-M
74% ee

Scheme 5.20 Synthesis of 5.182 — M which was found to contain a mixture of the R and S enantiomers by

chiral HPLC analysis.

.
NH

- NHBoc TFA = ,N{ o

v — e A

o1 o

=N DCM, rt

F

5.178 5.183
Quantitative

Q < > o)
1. p-nitrophenyl chloroformate, >’N %NQ

Et;N, DCM, rt NH NH
3 =N/ wo N
2. Piperidine, rt N B =N

5184 -M
70% ee

Scheme 5.21 Synthesis of 5.184 — M which was found to contain a mixture of the R and S enantiomers by

chiral HPLC analysis.

It was at this point that analysis of 5.182 - M and 5.184 - M was undertaken by chiral HPLC and this
revealed the presence of two compounds of the expected molecular weight. Compound 5.182 - M was found
to have a minor peak with a retention time of 5.59 min and a major peak with a retention time of 6.45 min
and the enantiomeric excess (ee) was determined as 74%. By chiral HPLC compound 5.184 - M was shown
to have a major peak at 5.58 min and a minor peak at 6.43 min and it was determined that there was an

overall ee of 70%. In order to test both the R and S enantiomers they were separated by chiral HPLC after
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investigating numerous mobile and stationary phases to yield 5.185 and 5.186 each with > 99.9% ee (Scheme

5.22 and 5.23 respectively).

NH NH
= N{ AND N

5.182-M
74% ee

o}»ND

O,
YN
Al - e

5.185
>99.9% ee

Scheme 5.22 Subsequent purification of 5.182 - M by chiral HPLC led to the isolation of 5.185 though

definitive assignment of the chiral centre as R or S is not possible.

O 3

5.184 -M

70% ee

o o}

) 2N
NH NH
— N OR _ N{
N - \N,
5.186
>99.9% ee

Scheme 5.23 Subsequent purification of 5.184 - M by chiral HPLC led to the isolation of 5.186 though

definitive assignment of the chiral centre as R or S is not possible.

As the rearrangement by-product (5.176 and 5.180) was the major product obtained, it has been assumed that

the aziridine mechanism predominated. Taking 5.177 by way of example and as shown in Scheme 5.19, this
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would furnish the methyl migration product, 5.180 via inversion of the chiral centre. Conversely, the
expected regioisomer 5.179 would represent a double inversion and be of R chirality. How do we therefore
explain the presence of the opposite enantiomer of 5.179? The most plausible reason is that in addition to
aziridine-mediated alkylation, some conventional Sy2-mediated alkylation took place involving direct attack
by the pyrazole anion on 5.177 with single inversion of the chiral centre as shown in Scheme 5.24 to yield

5179 -S.

N-N
— NHBoc
< NHBoc — = - NI
MsO N P
X
5.177 5.179 -S

Scheme 5.24 The Sy2 mechanism for the alkylation of the pyrazole -NH by which the racemisation occurs of

the methyl group on the linker region.

It cannot be ruled out that the situation is further complicated by participation of an Sy1-mediated alkylation
where the mesylate is eliminated to generate a highly reactive carbocation. As shown in Scheme 5.25, it is
likely that this would give rise to the racemic aziridine as the dominant alkylating species that would arise
through intramolecular attack rather than a mechanism involving intermolecular attack of the carbocation by

anionic pyrazole species. This would then give rise to the racemic 5.152 and 5.158.
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Scheme 5.25 The Sy1 mechanism for the alkylation of the pyrazole -NH by which the racemisation occurs of

the methyl group on the linker region.

Further support for the mechanisms that give rise to the observed product distribution could be provided
through x-ray crystallographic identification of the chirality of one set of reaction products, such as 5.175 -

R, 5.175-Sor5.179 - S, 5.179 - R although this has not be undertaken during the course of this thesis.

Table 5.18 summarises the biological activity of the enantiopure methylated analogues against T.b. brucei.
Compound 5.172 displays only modest activity against T.b. brucei, however the corresponding S enantiomer
(5.167) was found to be equipotent with the unmethylated pyrazole 5.72 (ECso 0.12 uM). Compounds 5.186
and 5.185 were similarly active, however neither analogue was as active as the racemic compound (5.160;
ECso 0.23 uM). Whilst it is possible that each of the enantiomers is acting on a unique target and producing
an additive effect in the racemate, or this could have arisen due to assay variation though this issue is yet to

be fully resolved.
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Table 5.18 Biological activity of the enantiopure methylated linker analogues against T.b. brucei.

ID Structure ECs (UM) SI?
O,
>\‘ND
5.168 Q/ENIN“ 0.19 +0.05 443
N
@)
N
5.172 Q/EN)‘ NH 3.44+0.91 24
N
(0] 0}
O O
5.185" @/EN{ N OR Q/ENI N 0.57+0.10 147
N N z
5.186" 0.66 +0.11 127

(@] (@]
o =

% Relative to HEK293 (Human Embryonic Kidney) mammalian cells.

b Definitive structure was unable to be determined.

5.6.2.Cyclopropane linker

Finally, synthesis of a constrained linker was attempted on the pyridine system with the introduction of a
cyclopropane. Initially the Corey-Chaykovsky reaction was attempted. Compound 5.120 was treated with
trimethylsulfoxonium iodide with sodium hydride in order to generate the sulphur ylide, which is then able to
react with an enone to form the cyclopropane. However, this failed to yield the desired product with only
starting material recovered. The Simmons-Smith reaction was utilised where 5.120 was treated with a
solution of diethylzinc and diiodomethane, however there was no reaction and the starting material was
recovered. As an alternative synthesis a Stille coupling between 2-bromo-6-phenylpyridine (5.111) and
tributyl(vinyl)tin was performed in order to obtain 2-phenyl-6-vinylpyridine (5.188). Compound 5.188 was
then treated with ethyldiazoacetate at reflux overnight to give the desired product, which could be separated

with column chromatography to give both of the stereoisomers, 5.189 and 5.190 (Scheme 5.26). These
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isomers could be characterised by *H NMR analysis in order to confirm the relative stereochemistry around

Trimethylsulfoxonium iodide,
NaH N (o)
N
DMSO | Pz (0}

the cyclopropane.

5.120 5.187
Diethylzinc, diiodomethane
N (o}
‘ N
= o)
5.187
Tributyl(vinyl)tin, ) A
Pd(OAc),, PPhg Ethyl diazoacetate AN
\ e THF \ S B ST ~
A, 18 h
Z A, 18h 7 Z
5.189
5.111
5.188 449,
82%
™ N
= 0]
5.190

Scheme 5.26 Synthesis of the cyclopropyl linker via reaction of 2-phenyl-6-vinylpyridine with ethyl

diazoacetate.

It has been well documented that it is possible to determine the cis- and trans- structures of aryl-carboxy
disubstituted cyclopropanes via analysis of the *H NMR.'® It was reported in the literature that the coupling
constant of two vicinal protons that are in a cis- relationship falls in the range of 8-9 Hz, while two vicinal
protons in a trans- relationship fall in the range of 4-6 Hz.'* It has also been noted that for the trans-isomer,

the most deshielded signal is observed to be a doublet of doublet of doublets (ddd), while for the cis-isomer

the most deshielded signal is a quadruplet (g)."*
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Figure 5.5 *H NMR of one of the isolated cyclopropane regioisomers. Through analysis of the *H NMR it

was determined that it was the trans- regioisomer.

Analysis of the 'H NMR in Figure 5.5 revealed the coupling constants shown in Table 5.19. Upon
examination of H, (Figure 5.6) it could be seen that there was a coupling constant of 4 Hz, consistent with a
trans- relationship with H;. There was also a coupling constant of 9 Hz, representative of the cis- relationship
with Hsg and a coupling constant of 6 Hz, representative of the trans- relationship to Hs,. Examination of the
coupling constants for H; also showed two protons in a trans- relationship, H, and Hss, in addition to
displaying a cis- relationship with the H;, proton. These previous results were confirmed through analysis of
the Hs, and H;p coupling constants. Hs, was trans- with H, though it was cis- with H; and conversely Hsg

was cis- with H, and it was trans- with H. Therefore, H; and H, were in a trans- relationship.
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Table 5.19 Coupling values present between the protons in the *H NMR of the cyclopropyl intermediate

5.190.
Peak Proton assignment  J value (Hz) Coupling
4 Trans
A H; 5 Trans
9 Cis
4 Trans
B H; 6 Trans
9 Cis
3 Gem
C Hsp 6 Trans
9 Cis
3 Gem
D H;, 5 Trans
9 Cis

Figure 5.6 The relationship between all protons of the cyclopropyl as determined by the coupling constants

from the *H NMR showing that the relative stereochemistry of this compound is the trans- isomer.

283



Further clarification of the structure of this intermediate was obtained when crystals were successfully grown
through slow evaporation from a mixture of ethyl acetate and petroleum spirits. The crystals were analysed
by Dr. Robert Gable at the University of Melbourne, confirming the trans- relationship across the

cyclopropyl and showing the planar nature of the phenyl and pyridine rings as shown in Figure 5.7.
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Figure 5.7 Crystal structure of ethyl (1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (5.190).
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Figure 5.8 *H NMR of one of the isolated cyclopropane regioisomers. Through analysis of the *H NMR it

was determined that it was the cis- regioisomer.

Analysis of the '"H NMR in Figure 5.8 revealed the coupling constants shown in Table 5.20. The coupling
constants present in the most deshielded proton, H, (Figure 5.9) were not sufficiently different to enable full
interpretation of the data. However, it should be noted that the coupling constants observed in the proposed
quadruplet were not all equal. Thus highlighting the hidden couplings present between the H, proton and the
surrounding protons of the cyclopropyl. Examination of the coupling constants for H; showed two protons in
a cis- relationship, H, and Hsg, in addition to displaying a cis- relationship with the Hs, proton. Analysis of
the H;, and Hs coupling constants confirmed the relative stereochemistry of the cyclopropyl as Hs, was
trans- with both H, and H, and conversely Hsg cis- with both H, and H,. Therefore, H, and H, were in a cis-

relationship.
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Table 5.20 Coupling values present between the protons in the *H NMR of the cyclopropyl intermediate

5.189.
Peak Proton assignment  J value (Hz) Coupling
9
A H, 8
9
6 Trans
B H, 8 Cis
9 Cis
5 Gem
C Hs, 6 Trans
7 Trans
5 Gem
D Hsp 8 Cis
9 Cis

Figure 5.9The relationship between all protons of the cyclopropyl as determined by the coupling constants

from the *H NMR showing that the relative stereochemistry of the compound was the cis- isomer.
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Hydrolysis of the ester could be performed in good vyields using lithium hydroxide in water and
tetrahydrofuran. Given the presence of the basic pyridine and the carboxylic acid it was not surprising that
this intermediate was water soluble and the recovery from the aqueous phase was difficult even with careful
control over the pH. The Curtius rearrangement was then performed in order to synthesise the Boc protected

amine (5.192; Scheme 5.27).

LiOH DPPA, Et;N, -BuOH AN i k
, Et3N, -
‘ N\ \\\‘%ro\/ ‘ N\ \\\‘NOH ‘ N\ o N)'LO
P 8 H,0, THF P J A P H

5.190 5.191 5.192
64% 22%

Scheme 5.27 Synthesis of the trans- Boc protected cyclopropyl intermediate.

Subsequent cleavage of the Boc group proved to be difficult. A variety of conditions were trialled and
included trifluoroacetic acid in dichloromethane, p-toluenesulfonic acid in refluxing acetonitrile,
hydrochloric acid in dioxane and hydrochloric acid in ether, however in all cases the product appeared to

degrade by LCMS and 'H NMR analysis.

The pyrazole and thiazole cores had all previously been tested with the isopropyl side chain given the
activity observed in conjunction with the thiazole core (5.65, ECso 0.22 uM). As such, the isopropyl
carbamate analogues (5.194 and 5.195) were synthesised via a Curtius rearrangement with distilled

isopropanol as the solvent (Scheme 5.28).

DPPA, Et3N, (0]
LiOH i
N A o N A OH isopropanol N A )k J\
B ¢ H,0, THF | | . B N ©
= o] 2 = o] =
5.189 5.193 5.194
35% 58%
DPPA, Et;N, o
isopropanol J\
s ‘NAWVOH - s \\\\A\N)ko
= o] _ H
5.191 5.195

63%
Scheme 5.28 Synthesis of the isopropyl analogues, 5.193 and 5.194.
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These analogues were tested for their biological activity against T.b. brucei and the results are summarised in

Table 5.21.

Table 5.21 Biological activity of the racemic cyclopropyl linker analogues tested against T.b. brucei.

ID Structure ECs (LM)
O
5.192 Ny \\\‘AN*0J< > 10°
\ P H
A (o]
5.194 Ny "’Nko/j\ > 10°
| P H
(@]
5.195 M »A\NJKOK > 10°
H
%

4 Compound found to have < 50% activity at 10.41 puM.

In all cases the addition of the cyclopropyl to the linker region led to a complete loss of activity. Given the
activity of the methylated linker analogues (5.154, 5.160 and 5.164) it is unlikely that the added bulk of the
cyclopropyl is compromising the ability of the compound to interact with the putative binding site. It is
possible that the conformational restraint, and consequently, the loss of flexibility around the linker is

preventing the necessary conformation for potent activity being adopted in the putative binding site.

5.7. Metabolism analysis

Analysis of the metabolism of these analogues (Table 5.22) revealed no improvement in the metabolic
stability had been obtained through methylation of the ethyl linker or replacement of the thiazole with the
pyridine. All of the analogues exhibited high to very high rates of degradation in both human and mouse
liver microsomes and with these results the compounds would be expected to be subject to rapid hepatic
clearance in vivo. Compounds 5.145 and 5.194 were the exception with microsome predicted Ey ratios in the

intermediate range when tested in human liver microsomes, though both of these analogues were found to be
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inactive against T.b. brucei. In general there was also no measurable degradation in the control (devoid of

cofactors) incubations suggesting that the main mode of metabolism is NADPH mediated for this series.

Table 5.22 Metabolism evaluation of compounds using human or mouse liver microsomes

Half-life In vitro CLn Microsome- Clearance
ID Species
(min) (Ul/min/mg protein) predicted Ey classification
Human 11 164 0.87 High
5.122
Mouse Rapid degradation® Very high
Human 4 463 0.95 High
5.133
Mouse <2 > 875 >0.95 Very high
Human 48 36 0.59 Intermediate
5.145
Mouse < 2°¢ > 875 >0.95 Very high
Human 9 184 0.88 High
5.154
Mouse 1¢ 2296 0.98 High
Human 12 140 0.85 High
5.160
Mouse 2° 971 0.95 High
Human 49 36 0.59 Intermediate
5.194
Mouse 7 257 0.85 High

% No measurable concentrations were detected past the first time point (ie 2 min) due to rapid NADPH-

dependent degradation, hence clearance parameters could not be determined.

® Estimate only — calculated metabolism parameters based on first 2-time points (ie 2 and 5 min) due to

rapid degradation.

¢ Apparent non-NADPH mediated degradation in metabolism control samples. A putative amide hydrolysis
product with m/z [M+H] of 200 was detected. A putative mono-oxygenated product with m/z [M+H] of 312

was detected.

¢ No measurable concentrations were detected past 5 min, therefore degradation parameters were estimated
using the initial two time points (ie 2 and 5 min) only, hence values reported are approximate only.
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5.8. Phenylthiazoles in the literature

Recently, a high-cell phenotypic assay of the GlaxoSmithKline (GSK) diversity set of 1.8 million
compounds was screened against T.b. brucei, T. cruzi and L. donovani.”®® Activity of the hits was confirmed
in intracellular anti-parasiticidal assays and the potential for cytotoxicity was assessed. As a result of these
assays three anti-kinetoplastid compound boxes containing ~200 compounds each were compiled. Analysis
of the hits revealed a number of compounds with structural similarity to the class of compounds described
herein. These compounds have been assigned to both the HAT and Chagas boxes. As such, it is possible that

drug discovery efforts could begin by other researchers in the near future.

5.9. Future work

Given the activity of 5.168 further modifications to the linker to investigate various substituents is required.
It has been well documented that fluorine substitution can induce a conformational change and block

metabolism.**

Whilst the methylated linker analogues didn’t generally improve metabolic stability,
changing the substituent to fluorine as previously mentioned, trifluoromethyl or extending the substituent to
an ethyl or isopropyl may alter this. Given the racemic nature of these analogues the racemic material could

initially be tested and then the enantiomers could be isolated and tested individually if interesting activity is

observed.

Further modifications to the core thiazole could also be envisaged, whereby a bicyclic system could be
introduced. As depicted in Figure 5.10 numerous possibilities are available given the activity of both the
pyrazole and pyridine cores. These cores could be coupled to either a 5 or 6 membered ring which could

affect interactions within the putative target.
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5.198 5.199

Figure 5.10 Bicyclic analogues which could be targeted in an effort to improve the metabolic stability of this

series.

5.10. Experimental

Given the nature of some of the analogues made within this series, variations to the HPLC method were
necessary in order to detect the product. These compounds have been denoted with either ‘Hydrophilic
HPLC’ or ‘Hydrophobic HPLC’ depending on the variation. For the ‘Hydrophilic HPLC’ method the sample
was eluted using a gradient of 5 — 100% of solvent B in solvent D where solvent B: 0.1% formic acid in
ACN, and solvent D: 0.1% formic acid in water (5-100% B [7 min], 100% [2 min]; 0.5 ml/min). For the
‘Hydrophobic HPLC’ method the sample was eluted using a gradient of 15 — 100% of solvent B in solvent D

(15-80% B [2 min], 80-100% [6 min], 100% [1 min], 100-5% [3 min]; 0.5 ml/min).

N-(2-(2-Phenylthiazol-4-yl)ethyl)isoxazole-3-carboxamide (5.22)

@\r O>L<Nj To a solution of the 2-(2-phenylthiazol-4-yl)ethan-1-amine (80 mg, 0.39 mmol) in
/N NH = . _1_ - -

sjf DMF (1 ml) was added the 1,2-oxazole-3-carboxylic acid (53 mg, 0.47 mmol),
EDCI (91 mg, 0.47 mmol) and DMAP (5 mg, 0.04 mmol). The reaction mixture was stirred at 45 °C for 18
h. Water (approximately 2 ml) was added to the reaction mixture and the product extracted with ethyl acetate

three times. The organic layers were combined and dried with magnesium sulphate. All of the volatiles were

remove in vacuo and the crude material was purified by column chromatography, eluting with 10% ethyl
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acetate/petroleum spirit to obtain the desired product as a pale-orange oil (17 mg, 15%). LRMS [M+H]"
300.1 m/z; HRMS [M+H]" 300.0801 m/z, found 300.0802 m/z; "H NMR (400 MHz, DMSO) & 9.08 (d, J =
1.7 Hz, 1H), 8.94 (t, J = 5.6 Hz, 1H), 8.06 — 7.81 (m, 2H), 7.58 — 7.45 (m, 3H), 7.44 (s, 1H), 6.88 (d, J = 1.7

Hz, 1H), 3.63 (dd, J = 13.1, 7.2 Hz, 2H), 3.03 (t, J = 7.2 Hz, 2H).
4-Bromo-N-(2-(2-phenylthiazol-4-yl)ethyl)furan-2-carboxamide (5.25)

To a solution of the 2-(2-phenylthiazol-4-yl)ethan-1-amine (80 mg, 0.39 mmol)
|

(0] O
: YWNH Br in DMF (1 ml) was added the 4-bromo-2-furoic acid (90 mg, 0.47 mmol),

S
EDCI (91 mg, 0.47 mmol) and DMAP (5 mg, 0.04 mmol). The reaction mixture was stirred at 45 °C for 18

h. Water (approximately 2 ml) was added to the reaction mixture and the product extracted with ethyl acetate
three times. The organic layers were combined and dried with magnesium sulphate. All of the volatiles were
remove in vacuo and the crude material was purified by column chromatography, eluting with 10% ethyl
acetate/petroleum spirit to obtain the desired product as a colourless solid (13 mg, 9%). LRMS [M+H]"
377.1 m/z (Br™), 379.1 m/z (Br*); HRMS [M+H]* 376.9954 m/z, found 376.9960 m/z (Br'®), 378.9934 m/z,
found 378.9940 m/z (Br®"); "H NMR (400 MHz, DMSO) & 8.62 (t, J = 5.7 Hz, 1H), 8.11 (d, J = 0.8 Hz, 1H),
7.99 — 7.81 (m, 2H), 7.59 — 7.45 (m, 3H), 7.42 (s, 1H), 7.24 (d, J = 0.8 Hz, 1H), 3.58 (dd, J = 13.1, 7.1 Hz,

2H), 3.00 (t, J = 7.2 Hz, 2H).
2-Bromo-6-phenylpyridine (5.111)

2,6-Dibromopyridine (2 g, 8.44 mmol), phenylboronic acid (1.03 g, 8.44 mmol), potassium
N Br

AN

| P carbonate (4.67 g, 33.77 mmol) and TBAB (271 mg, 0.84 mmol) were combined in a
mixture of 1,4-dioxane (16 ml) and water (4 ml). The reaction mixture was degassed by bubbling nitrogen
through for 30 min prior to the addition of PdCl,(dppf) (62 mg, 0.084 mmol). The reaction mixture was
stirred at 40 °C for 1 h before being filtered through celite. The filtrate was collected and the solvent
removed. The crude material was then purified by column chromatography, eluting with 100% petroleum
spirits to give the title compound as a colourless solid (1.85 g, 93%). "H NMR (400 MHz, DMSO) & 8.56
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(dd, J = 6.3, 2.4 Hz, 1H), 8.36 — 8.18 (m, 2H), 8.16 — 8.00 (M, 2H), 7.61 — 7.53 (M, 2H), 7.53 — 7.45 (m, 1H);

BC NMR (101 MHz, DMSO) § 155.9, 155.5, 139.0, 138.9, 129.8, 129.3 (2C), 127.1 (2C), 121.0, 119.8.
2,6-Diphenylpyridine (5.117)

O O The title compound was isolated as a side product of the previous reaction as a colourless
N
\ solid. 'H NMR (400 MHz, DMSO) & 8.36 — 8.13 (m, 4H), 8.13 — 7.85 (m, 3H), 7.67 —

=

7.50 (m, 4H), 7.50 — 7.43 (m, 2H).
Methyl (E)-3-(6-phenylpyridin-2-yl)acrylate (5.112)

o 2-Bromo-6-phenylpyridine (300 mg, 1.28 mmol), methyl acrylate (138 pl, 1.54

N

\ /\ o7 mmol), triethylamine (680 pl, 5.12 mmol), tri(o-tolyl)phosphine (40 mg, 0.13 mmol)
and Pd(OAC); (29 mg, 0.13 mmol) were combined in acetonitrile (2.5 ml). Nitrogen was bubbled through the
reaction mixture before being placed in a CEM microwave at 90 °C for 1 h. The reaction was monitored by
TLC and once complete it was diluted with ethanol and filtered through celite. The filtrate was collected and
all of the volatiles were removed. The crude material was purified by column chromatography, eluting with
0-5% ethyl acetate/petroleum spirit to give the title compound as an off-white solid (223 mg, 73%). HPLC —
rt 8.04 min > 99% purity at 254 nm; LRMS [M+H]" 240.2 m/z; HRMS [M+H]" 240.1019 m/z, found
240.1023 m/z; *H NMR (400 MHz, DMSO) & 8.20 — 8.11 (m, 2H), 7.99 (dt, J = 15.3, 7.4 Hz, 2H), 7.75 (d, J
= 15.7 Hz, 1H), 7.71 (dd, J = 7.4, 0.9 Hz, 1H), 7.56 — 7.43 (m, 3H), 7.06 (d, J = 15.7 Hz, 1H), 3.77 (s, 3H);
3C NMR (101 MHz, DMSO) § 166.4, 156.1, 151.8, 143.8, 138.4, 138.1, 129.5, 128.9 (2C), 126.7 (2C),

123.6,121.4,121.3,51.7.
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Methyl 3-(6-phenylpyridin-2-yl)propanoate (5.113)

o Methyl (E)-3-(6-phenylpyridin-2-yacrylate (223 mg, 0.93 mmol) was dissolved in a

Ohed
=

ThalesNano H-Cube® with a 10% Pd/C CatCart®. The reaction was monitored by LCMS until no more

50% solution of ethyl acetate in ethanol (50 ml). This was loaded on to a

starting material was present and the solvent was removed under reduced pressure to give the title compound
as a yellow oil (163 mg, 72%). HPLC — rt 4.92 min > 99% purity at 254 nm; LRMS [M+H]" 242.2 m/z;
HRMS [M+H]" 242.1176 m/z, found 242.1176 m/z; ‘*H NMR (400 MHz, DMSO) & 8.17 — 7.96 (m, 2H),
7.78 (dd, J = 6.4, 2.5 Hz, 2H), 7.57 — 7.36 (m, 3H), 7.32 — 7.15 (m, 1H), 3.60 (s, 3H), 3.10 (t, J = 7.1 Hz,
2H), 2.82 (t, J = 7.1 Hz, 2H); *C NMR (101 MHz, DMSO) & 173.1, 159.3, 155.1, 138.7, 137.5, 129.0, 128.7

(2C), 126.5 (2C), 121.6, 117.7, 51.3, 32.0, 32.0.
Benzyl (E)-3-(6-phenylpyridin-2-yl)acrylate (5.120)

o 2-Bromo-6-phenylpyridine (1.69 g, 7.22 mmol), benzyl acrylate (1.35 ml, 8.66

| N/\ h 0@ mmol), tri(o-tolyl)phosphine (220 mg, 0.72 mmol) and triethylamine (3.85 ml,
28.88 mmol) were all combined in acetonitrile (5 ml). The reaction mixture was degassed by bubbling
nitrogen through it for 2 min prior to the addition of palladium acetate (162 mg, 0.72 mmol). The reaction
mixture was transferred to a CEM microwave for 3 h at 90 °C. The reaction was complete by TLC and the
reaction mixture was filtered through celite and the filtrate collected. All of the volatiles were removed in
vacuo and the crude material was purified by column chromatography, eluting with 0-10% ethyl
acetate/petroleum spirits to yield the title compound as a yellow oil (1.13 g, 50%). Hydrophobic HPLC — rt
3.77 min > 92% purity at 254 nm; LRMS [M+H]" 316.2 m/z; HRMS [M+H]" 316.1332 m/z, found 316.1336
m/z; *H NMR (400 MHz, CDCls) & 8.09 — 8.01 (m, 2H), 7.81 — 7.68 (m, 3H), 7.52 — 7.27 (m, 9H), 7.15 (d, J
= 15.6 Hz, 1H), 5.27 (s, 2H); *C NMR (101 MHz, CDCl3) § 166.9, 157.5, 152.5, 144.2, 138.9, 137.7, 136.1,
1295, 128.9, 128.8, 128.4, 127.1, 123.0, 122.2, 121.2, 66.6. *Note: there are multiple equivalent carbons in

the NMR which are overlapping.
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3-(6-Phenylpyridin-2-yl)propanoic acid (5.114)

o Methyl 3-(6-phenylpyridin-2-yl)propanoate (160 mg, 0.66 mmol) was dissolved in

N
‘\ OH

=

THF (0.5 ml) and lithium hydroxide (32 mg, 1.32 mmol) was dissolved in water (1.3
ml). The methyl 3-(6-phenylpyridin-2-yl)propanoate solution was added dropwise to the lithium hydroxide
solution and the reaction mixture was left to stir for 1 h. The progress of the reaction was monitored by
LCMS and, once complete, the reaction was quenched by the gradual addition of an aqueous 1 M
hydrochloric acid solution to pH ~ 7. The product was then extracted three times with ethyl acetate and the
organic layers were combined and washed with a saturated aqueous solution of sodium chloride and dried
with magnesium sulphate. Removal of solvent in vacuo yielded the title compound as a pale-yellow oil (83

mg, 55%).

The title compound can also be prepared from benzyl (E)-3-(6-phenylpyridin-2-yl)acrylate (1.1 g, 3.49
mmol), which was dissolved in a 50% solution of ethyl acetate in ethanol (40 ml). This was loaded on to a
ThalesNano H-Cube® with a 10% Pd/C CatCart®. The reaction was monitored by LCMS until no more
starting material was present and the solvent was removed under reduced pressure to give the title compound

as a colourless solid (505 mg, 64%).

Alternatively, the title compound can be prepared from benzyl (E)-3-(6-phenylpyridin-2-yl)acrylate (495 mg,
1.57 mmol), which is dissolved in ethanol (12 ml) and 5% Pd/C (8 mg, 0.8 mmol) was added. The reaction
was then placed under an atmosphere of hydrogen. The reaction mixture was stirred at 60 °C for 18 h, at
which point both TLC and LCMS confirmed that the reaction was complete. The reaction mixture was then
filtered through celite and the solvent removed in vacuo. The crude material was then purified by column
chromatography, eluting with 40-50% ethyl acetate/petroleum spirits to give the title compound as a

colourless solid (248 mg, 70%).

Hydrophobic HPLC — rt 2.02 min > 90% purity at 254 nm; LRMS [M+H]" 228.2 m/z; HRMS [M+H]"
228.1019 m/z, found 228.1020 m/z; *H NMR (400 MHz, CDCl3) 6 7.87 — 7.76 (m, 3H), 7.67 — 7.60 (m, 1H),
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7.52 — 7.41 (m, 3H), 7.21 (d, J = 7.5 Hz, 1H), 3.32 — 3.14 (m, 2H), 2.97 — 2.82 (m, 2H); *C NMR (101
MHz, CDCly) 6 174.7, 159.6, 157.1, 139.5, 137.4, 130.0, 129.3 (2C), 127.5 (2C), 122.3, 120.4, 34.6, 31.4.

*Note: the —OH peak is missing from the *H NMR.
Tert-butyl (2-(6-phenylpyridin-2-yl)ethyl)carbamate (5.115)

H 3-(6-Phenylpyridin-2-yl)propanoic  acid (100 mg, 044 mmol),
N

N

N (0]
| _ I j< diphenylphosphoryl azide (115 pl, 0.53 mmol) and triethylamine (70 pul, 0.53
mmol) were combined in anhydrous tert-butanol (1 ml) and the reaction mixture was heated to reflux for 5 h.
A saturated aqueous solution of sodium bicarbonate was added and the reaction mixture turned cloudy. The
product was extracted with ethyl acetate three times and the organic layers were combined and washed once
with a saturated aqueous solution of sodium chloride. The organic phase was then dried with magnesium
sulphate before all of the volatiles removed and the crude material purified by column chromatography,
eluting with 5-15% ethyl acetate/petroleum spirits. The title compound was obtained as a colourless oil (34
mg, 26%). HPLC — rt 5.81 min > 99% purity at 254 nm; LRMS [M+H]" 299.2 m/z; HRMS [M+H]"
299.1754 m/z, found 299.1756 m/z; *H NMR (400 MHz, CDCls) § 7.99 (dd, J = 5.2, 3.3 Hz, 2H), 7.66 (t, J =
7.7 Hz, 1H), 7.57 (d, J = 7.5 Hz, 1H), 7.49 — 7.42 (m, 2H), 7.42 — 7.36 (m, 1H), 7.08 (d, J = 7.5 Hz, 1H),
5.50 (s, 1H), 3.60 (dd, J = 12.2, 6.0 Hz, 2H), 3.02 (t, J = 6.3 Hz, 2H), 1.42 (s, 9H); *C NMR (101 MHz,
CDCl3) 6 159.6, 156.9, 156.2, 139.5, 137.4, 129.1, 128.9 (2C), 127.0 (2C), 122.0, 118.3, 39.9, 37.6, 28.6

(3C).

2-(2-Ammonioethyl)-6-phenylpyridin-1-ium 4-methylbenzenesulfonate (5.121)

_O‘(‘s)‘ 9 Tert-butyl (2-(6-phenylpyridin-2-yl)ethyl)carbamate (34 mg, 0.11 mmol) was
20 ‘é\\
/©/ /©/ O dissolved in acetonitrile (220 ul) and para-toluenesulfonic acid (65 mg, 0.34
He +
‘ NS NHs mmol) was added. The reaction mixture was heated to reflux and the progress
=

of the reaction was monitored by LRMS. After ~ 2 h the reaction was complete and the reaction mixture was
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transferred to the fridge. The resultant precipitate was filtered and washed with ether to give the title
compound as a colourless solid (41 mg, 73%). LRMS [M+H]" 199.1 m/z; '"H NMR (400 MHz, DMSO) §
8.08 (dd, J = 8.2, 1.2 Hz, 2H), 7.94 — 7.85 (m, 2H), 7.85 — 7.73 (m, 2H), 7.61 — 7.39 (m, 6H), 7.32 (dd, J =
6.3, 1.9 Hz, 1H), 7.11 (d, J = 7.8 Hz, 4H), 3.32 (dd, J = 12.9, 6.8 Hz, 2H), 3.12 (t, J = 7.3 Hz, 2H), 2.29 (s,

6H).

N-(2-(6-Phenylpyridin-2-yl)ethyl)piperidine-1-carboxamide (5.122)

2-(2-Ammonioethyl)-6-phenylpyridin-1-ium 4-methylbenzenesulfonate (41 mg,
%Hﬁg'@ 0.08 mmol) was dissolved in anhydrous dichloromethane (1 ml) and
triethylamine (40 ul, 0.26 mmol) was added (solution 1). In a separate flask para-nitrophenyl chloroformate
(24 mg, 0.12 mmol) was dissolved in dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then
added dropwise to solution 2 and the reaction mixture was stirred for 2 h at ambient temperature. After 2 h
piperidine (20 pl, 0.16 mmol) was added to the reaction mixture which was allowed to stir at ambient
temperature for 18 h. All volatiles were removed in vacuo and the crude material was purified by column
chromatography, eluting with 30% ethyl acetate/dichloromethane. This yielded the title compound with
contaminants, as such the material was further purified by column chromatography, eluting with 25% ethyl
acetate/petroleum spirits. This gave the title compound as a colourless oil (10 mg, 40%). LRMS [M+H]"
310.2 m/z; HRMS [M+H]" 310.1914 m/z, found 310.1916 m/z; *H NMR (400 MHz, CDCl;) & 8.07 — 7.85
(m, 2H), 7.67 (t, J = 7.7 Hz, 1H), 7.61 — 7.51 (m, 1H), 7.51 — 7.32 (m, 3H), 7.10 (d, J = 7.0 Hz, 1H), 6.11 (s,
1H), 3.64 (dt, J = 6.0, 5.0 Hz, 2H), 3.27 — 3.12 (m, 4H), 3.12 — 2.95 (m, 2H), 1.53 — 1.43 (m, 2H), 1.43 —
1.29 (m, 4H); C NMR (101 MHz, CDCly) & 160.7, 158.1, 156.9, 139.7, 137.6, 129.1, 128.8 (2C), 127.1

(2C), 122.0, 118.5, 44.9 (2C), 40.5, 37.2, 25.6 (2C), 24.6.
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N-(2-(6-Phenylpyridin-2-yl)ethyl)cyclohexanecarboxamide (5.123)

N

N

=

2-(2-Ammonioethyl)-6-phenylpyridin-1-ium 4-methylbenzenesulfonate (21 mg,
HT(O 0.11 mmol) was dissolved in anhydrous N,N-dimethylformamide (0.5 ml) and
cyclohexanecarboxylic acid (15 pl, 0.13 mmol), triethylamine (150 ul, 1.06 mmol), EDCI (20 mg, 0.13
mmol) and DMAP (2 mg, 0.01 mmol) were added. The resulting mixture was then heated to 40 °C for 18 h.
The reaction mixture was concentrated in vacuo and the crude material purified by column chromatography,
eluting with 0-15% ethyl acetate/dichloromethane. The title compound was obtained as an off-white solid
(22 mg, 67%). LRMS [M+H]" 309.2 m/z; HRMS [M+H]* 309.1961 m/z, found 309.1961 m/z; ‘H NMR
(400 MHz, CDCl3) 6 7.99 — 7.93 (m, 2H), 7.68 (t, J = 7.7 Hz, 1H), 7.58 (dd, J = 7.9, 0.8 Hz, 1H), 7.50 — 7.36
(m, 3H), 7.10 (d, J = 7.6 Hz, 1H), 6.95 (s, 1H), 3.75 — 3.64 (m, 2H), 3.07 — 2.98 (m, 2H), 2.02 (tt, J = 11.8,
3.5 Hz, 1H), 1.92 — 1.86 (m, 1H), 1.84 — 1.53 (m, 7H), 1.50 — 1.34 (m, 2H); **C NMR (101 MHz, CDCls) &
180.9, 176.3, 159.9, 156.9, 137.8, 129.2, 128.9 (2C), 127.1 (2C), 122.1, 118.7, 45.8, 43.0, 38.7, 36.7, 29.8,

29.0, 25.9, 25.5.
N-(2-(6-Phenylpyridin-2-yl)ethyl)cyclopentanecarboxamide (5.124)

2-(2-Ammonioethyl)-6-phenylpyridin-1-ium 4-methylbenzenesulfonate (21 mg,

ZT

| NS 0.11 mmol) was dissolved in anhydrous N,N-dimethylformamide (0.5 ml) and

= (6]

cyclopentanecarboxylic acid (14 ul, 0.13 mmol), triethylamine (150 ul, 1.06 mmol), EDCI (20 mg, 0.13
mmol) and DMAP (2 mg, 0.01 mmol) were added. The resulting mixture was then heated to 40 °C for 18 h.
The reaction mixture was concentrated in vacuo and the crude material purified by column chromatography,
eluting with 0-15% ethyl acetate/dichloromethane. The title compound was obtained as a colourless solid (29
mg, 94%). LRMS [M+H]" 295.2 m/z; HRMS [M+H]" 295.1805 m/z, found 295.1807 m/z; '"H NMR (400
MHz, CDCl5) & 8.05 — 7.91 (m, 2H), 7.69 (t, J = 7.7 Hz, 1H), 7.63 — 7.55 (m, 1H), 7.51 — 7.37 (m, 3H), 7.11
(d, J = 7.5 Hz, 1H), 6.78 (s, 1H), 3.81 — 3.64 (m, 2H), 3.14 — 3.01 (m, 2H), 2.55 — 2.37 (m, 1H), 1.87 — 1.53
(m, 8H); *C NMR (101 MHz, CDCly) § 176.2, 159.9, 156.8, 139.5, 137.6, 129.2, 128.9 (2C), 127.0 (2C),
122.0,118.4, 46.2, 38.7, 36.9, 30.5 (2C), 25.9 (2C).

298



5-Bromo-2-phenylpyridine®*® (5.127)

2,5-Dibromopyridine (2 g, 8.44 mmol), phenyl boronic acid (1.03 g, 8.44 mmol) and sodium
%Br carbonate (1.79 g, 16.88 mmol) were added to a mixture of tetrahydrofuran (12 ml) and
water (12 ml). The reaction mixture was degassed by bubbling nitrogen through it for 10 min prior to the
addition of Pd(PPhs), (178 mg, 0.17 mmol). The reaction mixture was heated to 75 °C for 18 h. The reaction
mixture was then filtered through celite and the filtrate was collected and all volatiles were removed. The
residue was dissolved in a mixture of water and dichloromethane. The dichloromethane layer was isolated
and the aqueous phase was then re-extracted with dichloromethane. The organic layers were combined and
dried with magnesium sulphate. All of the volatiles were removed and the crude material was purified by
column chromatography, eluting with 10-20% ethyl acetate/petroleum spirits. The title compound was
obtained as a colourless solid (446 mg, 48%). LRMS [M+H]" 234.1 m/z (Br’®), 236.1 m/z (Br*"); '"H NMR
(400 MHz, CDCls) & 8.72 (dd, J = 2.4, 0.7 Hz, 1H), 8.02 — 7.89 (m, 2H), 7.85 (dd, J = 8.5, 2.4 Hz, 1H), 7.61
(dd, J = 8.5, 0.7 Hz, 1H), 7.54 — 7.32 (m, 3H); *C NMR (101 MHz, CDCl;) & 156.1, 150.8, 139.5, 138.3,

129.5, 129.0 (2C), 126.9 (2C), 121.8, 119.5.
Benzyl (E)-3-(6-phenylpyridin-3-yl)acrylate (5.128)

5-Bromo-2-phenylpyridine (1 g, 4.27 mmol), benzyl acrylate (785 pl, 5.13

N

| /\ P o\/© mmol), tri(o-tolyl)phosphine (131 mg, 0.43 mmol) and triethylamine (2.25 ml,

o 17.09 mmol) were combined in acetonitrile (8 ml). The reaction mixture was
thoroughly degassed by bubbling nitrogen through for 5 min prior to the addition of palladium acetate (97
mg, 0.43 mmol). The reaction mixture was transferred to a CEM microwave for 3 h at 90 °C. The reaction
mixture was filtered through celite and the filtrate was collected and all of the volatiles were removed. The
crude material was purified by column chromatography, eluting with 5-10% ethyl acetate/petroleum spirits
to yield the title compound as a colourless solid (756 mg, 56%). HPLC — rt 7.92 min > 92% purity at 254
nm; LRMS [M+H]* 316.2 m/z; HRMS [M+H]" 316.1332 m/z, found 316.1336 m/z; 'H NMR (400 MHz,
CDCls) & 8.78 (d, J = 2.1 Hz, 1H), 8.12 — 7.95 (m, 2H), 7.88 (dd, J = 8.3, 2.3 Hz, 1H), 7.82 — 7.66 (m, 2H),
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7.54 — 7.28 (m, 8H), 6.56 (d, J = 16.1 Hz, 1H), 5.26 (s, 2H); *C NMR (101 MHz, CDCls) & 166.4, 158.8,
150.0, 141.5, 138.6, 136.0, 135.1, 129.8, 129.0, 128.8, 128.6, 128.5, 127.1, 120.5, 119.5, 66.8. *Note: there

are multiple carbons overlapping in the NMR.
3-(6-Phenylpyridin-3-yl)propanoic acid (5.129)

Benzyl (E)-3-(6-phenylpyridin-3-ylacrylate (1 g, 3.17 mmol) was dissolved in

| P on ethanol (25 ml) and 5% Pd/C (17 mg, 0.16 mmol) was added prior to the reaction

being flushed with hydrogen gas. The reaction mixture was stirred at 50 °C and

monitored by TLC and LCMS. Once completed, the reaction mixture was filtered through celite and the
solvent removed in vacuo. The crude material was purified by column chromatography, eluting with 25-40%
ethyl acetate/petroleum spirits + 1% acetic acid. The appropriate fractions were collected and washed three
times with an aqueous saturated sodium bicarbonate solution. All of the volatiles were removed in vacuo to
give the title compound as a cloudy oil (462 mg, 64%). Hydrophilic HPLC — rt 8.05 min > 99% purity at 254
nm; LRMS [M+H]* 228.2 m/z; HRMS [M+H]" 228.1019 m/z, found 228.1019 m/z; *H NMR (400 MHz,
CDCly) & 8.60 (s, 1H), 8.00 — 7.81 (m, 2H), 7.65 (dd, J = 3.9, 1.9 Hz, 2H), 7.53 — 7.31 (m, 3H), 3.00 (t, J =
7.4 Hz, 2H), 2.71 (dd, J = 8.6, 6.2 Hz, 2H); *C NMR (101 MHz, CDCly) § 177.0, 155.6, 149.0, 138.5, 137.9,
134.8, 129.3, 129.0 (2C), 127.2 (2C), 121.2, 35.2, 27.7. *Note: carboxylic acid proton not visible by ‘H

NMR.
Tert-butyl (2-(6-phenylpyridin-3-yl)ethyl)carbamate (5.130)

3-(6-Phenylpyridin-3-yl)propanoic  acid (462  mg, 2.03  mmol),

| i k diphenylphosphoryl azide (525 pl, 2.44 mmol) and triethylamine (325 pl, 2.44
N0

mmol) were combined in anhydrous tert-butanol (5 ml) and the reaction mixture

was heated to reflux for 18 h. A saturated aqueous solution of sodium bicarbonate was added and the product

was extracted with ethyl acetate twice. The organic layers were combined and washed once with a saturated

aqueous solution of sodium chloride. The organic phase was then dried with magnesium sulphate before all
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of the volatiles were removed and the crude material purified by column chromatography, eluting with 5-
10% ethyl acetate/petroleum spirits. The title compound was obtained as a colourless solid (205 mg, 34%).
Hydrophobic HPLC — rt 2.17 min > 88% purity at 254 nm; LRMS [M+H]" 299.2 m/z; HRMS [M+H]"
299.1754 m/z, found 299.1715 m/z; *H NMR (400 MHz, CDCls) § 8.50 (d, J = 1.8 Hz, 1H), 8.06 — 7.86 (m,
2H), 7.66 (dd, J = 8.1, 0.5 Hz, 1H), 7.57 (dd, J = 8.0, 1.6 Hz, 1H), 7.49 — 7.41 (m, 2H), 7.41 — 7.34 (m, 1H),
4.63 (s, 1H), 3.51 — 3.22 (m, 2H), 2.82 (t, J = 6.9 Hz, 2H), 1.41 (s, 9H); *C NMR (101 MHz, CDCl;) &

156.0, 155.9, 150.1, 139.2, 137.3, 133.0, 129.0, 128.9 (2C), 126.9 (2C), 120.5, 41.6, 33.3, 28.5 (3C).

2-(6-Phenylpyridin-3-yl)ethan-1-amine (5.131)

o  Tert-butyl (2-(6-phenylpyridin-3-yl)ethyl)carbamate (205 mg, 0.69 mmol) was

Ny OFE © added to a 50:50 mixture of trifluoroacetic acid:dichloromethane (4 ml). The
reaction mixture was stirred at ambient temperature for 18 h and TLC showed

complete disappearance of starting material. All of the volatiles were removed and the residue was washed
with toluene three times. This gave the title compound as a dark yellow oil which was used directly. LRMS
[M+H]* 199.2 m/z; *H NMR (400 MHz, CDCly) & 8.83 (s, 1H), 8.34 (dd, J = 8.4, 1.8 Hz, 1H), 8.01 (d, J =
8.4 Hz, 2H), 7.91 — 7.73 (m, 2H), 7.71 — 7.45 (m, 2H), 3.42 (d, J = 1.3 Hz, 2H), 3.28 — 3.19 (m, 2H), 3.13 (d,

J =25.1Hz, 2H).

N-(2-(6-Phenylpyridin-3-yl)ethyl)pyrrolidine-1-carboxamide (5.108)

2-(6-Phenylpyridin-3-yl)ethan-1-amine (35 mg, 0.17 mmol) was dissolved in

\ NiN anhydrous dichloromethane (0.5 ml) and triethylamine (125 pl, 1.70 mmol)
" added (solution 1). In a separate flask para-nitrophenyl chloroformate (69 mg,

0.34 mmol) was dissolved in dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then added
dropwise to solution 2 and the reaction mixture was stirred for 2 h at ambient temperature. After 2 h
pyrrolidine (30 ul, 0.34 mmol) was added to the reaction mixture which was allowed to stir at ambient

temperature for 18 h. All of the volatiles were removed in vacuo and the crude material was purified by
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column chromatography, eluting with 0-60% ethyl acetate/dichloromethane. The title compound was
obtained as a colourless solid (13 mg, 26%). HPLC — rt 5.02 min > 96% purity at 254 nm; LRMS [M+H]"
296.2 m/z; HRMS [M+H]* 296.1757 m/z, found 296.1761 m/z; '"H NMR (400 MHz, CDCl;) & 8.51 (d, J =
1.7 Hz, 1H), 8.04 — 7.83 (m, 2H), 7.73 — 7.53 (m, 2H), 7.51 — 7.30 (m, 3H), 4.27 (s, 1H), 3.50 (dd, J = 12.9,
6.8 Hz, 2H), 3.26 (t, J = 6.3 Hz, 4H), 2.86 (t, J = 6.9 Hz, 2H), 1.93 — 1.75 (m, 4H); *C NMR (101 MHz,
CDCl,) & 156.8, 155.7, 150.0, 139.2, 137.5, 133.6, 129.0, 128.9 (2C), 126.9 (2C), 120.6, 45.6, 41.7, 33.7,

25.7. *Note: there are multiple equivalent carbons which are overlapping in the *C NMR.
N-(2-(6-Phenylpyridin-3-yl)ethyl)piperidine-1-carboxamide (5.132)

2-(6-Phenylpyridin-3-yl)ethan-1-amine (35 mg, 0.17 mmol) was dissolved in
\ NiN anhydrous dichloromethane (0.5 ml) and triethylamine (125 pl, 1.70 mmol) was

added (solution 1). In a separate flask para-nitrophenyl chloroformate (69 mg,
0.34 mmol) was dissolved in dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then added
dropwise to solution 2 and the reaction mixture was stirred for 2 h at ambient temperature. After 2 h
piperidine (35 pl, 0.34 mmol) was added to the reaction mixture which was allowed to stir at ambient
temperature for 18 h. All of the volatiles were removed in vacuo and the crude material was purified by
column chromatography, eluting with 0-60% ethyl acetate/dichloromethane. The title compound was
obtained as a colourless solid (13 mg, 26%). HPLC — rt 5.01 min > 97% purity at 254 nm; LRMS [M+H]"
310.2 m/z; HRMS [M+H]" 310.1914 m/z, found 310.1913 m/z; *H NMR (400 MHz, CDCl;) & 8.51 (d, J =
1.7 Hz, 1H), 8.03 — 7.88 (m, 2H), 7.67 (dd, J = 8.1, 0.6 Hz, 1H), 7.60 (dd, J = 8.1, 2.3 Hz, 1H), 7.49 — 7.42
(m, 2H), 7.41 — 7.35 (m, 1H), 4.51 (s, 1H), 3.49 (dd, J = 12.8, 6.9 Hz, 2H), 3.33 — 3.22 (m, 4H), 2.86 (t, J =
6.9 Hz, 2H), 1.68 — 1.42 (m, 6H); *C NMR (101 MHz, CDCl,) & 157.6, 155.7, 150.0, 139.1, 137.6, 133.7,
129.0, 128.9 (2C), 126.9 (2C), 120.6, 45.0, 42.0, 33.5, 25.7, 24.5. *Note: there are multiple equivalent

carbons which are overlapping in the *C NMR.
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N-(2-(6-Phenylpyridin-3-yl)ethyl)cyclohexanecarboxamide (5.133)

2-(6-Phenylpyridin-3-yl)ethan-1-amine (35 mg, 0.17 mmol) and triethylamine

\

\ i (125 pl, 1.70 mmol) were combined in DMF (500 pl) and pre-stirred for 2 min.
N
H

The cyclohexanecarboxylic acid (25 pl, 0.20 mmol), EDCI (32 mg, 0.20 mmol),
and DMAP (2 mg, 0.02 mmol) were then added. The reaction mixture was heated to 40 °C and monitored by
TLC and LCMS analysis. After 18 h the reaction was complete and all of the volatiles were removed. The
crude material was purified by column chromatography, eluting with 0-15% ethyl acetate/dichloromethane to
give the title compound as a colourless solid (11 mg, 21%). HPLC — rt 5.40 min > 99% purity at 254 nm;
LRMS [M+H]* 309.2 m/z; HRMS [M+H]* 309.1961 m/z, found 309.1961 m/z; *H NMR (400 MHz, CDCl5)
§8.50 (d, J = 1.7 Hz, 1H), 8.03 — 7.87 (m, 2H), 7.69 (d, J = 8.0 Hz, 1H), 7.60 (dd, J = 8.1, 2.2 Hz, 1H), 7.53
—7.35 (m, 3H), 5.52 (s, 1H), 3.52 (g, J = 6.8 Hz, 2H), 2.85 (t, J = 6.8 Hz, 2H), 2.09 — 1.94 (m, 1H), 1.94 —
1.68 (m, 5H), 1.48 — 1.28 (m, 2H), 1.28 — 1.06 (m, 3H); *C NMR (101 MHz, CDCls) § 176.4, 155.9, 149.9,
139.0, 137.6, 133.2, 129.1, 129.0 (2C), 127.0 (2C), 120.7, 45.7, 40.3, 32.8, 25.8. *Note: there are multiple

equivalent carbons which are overlapping in the **C NMR.
N-(2-(6-Phenylpyridin-3-yl)ethyl)cyclopentanecarboxamide (5.134)

2-(6-Phenylpyridin-3-yl)ethan-1-amine (35 mg, 0.17 mmol) and triethylamine

\ Nj\o (125 pl, 1.70 mmol) were combined in DMF (500 pl) and pre-stirred for 2 min.
" The cyclopentanecarboxylic acid (25 ul, 0.20 mmol), EDCI (32 mg, 0.20 mmol),

and DMAP (2 mg, 0.02 mmol) were then added. The reaction mixture was heated to 40 °C and monitored by
TLC and LCMS analysis. After 18 h the reaction was complete and all of the volatiles were removed. The
crude material was purified by column chromatography, eluting with 0-15% ethyl acetate/dichloromethane to
give the title compound as a colourless solid (29 mg, 58%). HPLC — rt 5.08 min > 99% purity at 254 nm;
LRMS [M+H]" 295.2 m/z; HRMS [M+H]" 295.1805 m/z, found 295.1803 m/z; *H NMR (400 MHz, CDCls)
§8.51 (d, J = 1.7 Hz, 1H), 8.03 — 7.87 (m, 2H), 7.69 (dd, J = 8.1, 0.6 Hz, 1H), 7.62 (dd, J = 8.1, 2.2 Hz, 1H),
7.51—7.43 (m, 2H), 7.41 (dt, J = 9.6, 4.3 Hz, 1H), 5.53 (s, 1H), 3.53 (g, J = 6.8 Hz, 2H), 2.86 (t, J = 6.9 Hz,
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2H), 2.55 — 2.31 (m, 1H), 1.99 — 1.61 (m, 6H), 1.53 (tdd, J = 6.9, 4.2, 1.7 Hz, 2H); *C NMR (101 MHz,
CDCly) & 176.5, 155.9, 149.9, 139.1, 137.5, 133.1, 129.1, 128.9 (2C), 126.9 (2C), 120.6, 46.0, 40.4, 32.8,

30.6, 26.0.

2-Chloro-4-phenylpyrimidine (5.136)

Synthesis was based upon a procedure by Brown et al.**
QC:TN/C' 2,4-Dichloropyrimidine (5.0 g, 33.57 mmol) was dissolved in acetonitrile (60 ml) prior to the
addition of water (15 ml). To this was added phenylboronic acid (4.09 g, 33.57 mmol) and sodium carbonate
(14.23 g, 134.28 mmol). The reaction mixture was degassed for 10 min by bubbling nitrogen through it
before addition of Pd(PPh3), (354 mg, 0.34 mmol). The reaction mixture was stirred under nitrogen at 90 °C
for 18 h. The reaction mixture was then filtered through celite and the filtrate collected. The solvent was
removed in vacuo and the crude material was purified by column chromatography, eluting with 10-15%
ethyl acetate/petroleum spirits to give the title compound as a colourless solid (2.98 g, 47%). LRMS [M+H]"
191.1 m/z; *H NMR (400 MHz, CDCl) 6 8.62 (d, J = 5.3 Hz, 1H), 8.16 — 7.99 (m, 2H), 7.63 (d, J = 5.3 Hz,
1H), 7.50 (qdd, J = 6.0, 3.2, 1.4 Hz, 3H); *C NMR (101 MHz, CDCly) § 167.3, 160.0, 135.2, 132.1, 129.3

(2C), 127.6 (2C), 115.3. *Note: there are multiple equivalent carbons which are overlapping in the *C NMR.

2-lodo-4-phenylpyrimidine (5.138)
Synthesis adapted from Giblin et al.**

\ N/TI Hydroiodic acid (5 ml) was cooled to 0 °C prior to the addition of 2-chloro-4-
phenylpyrimidine (500 mg, 2.62 mmol). The reaction mixture was maintained at 0 °C and the reaction was
monitored by LRMS. After ~ 6 h there was no further decrease in the amount of starting material though a
by-product was observed. The reaction mixture was added dropwise to an aqueous 10% solution of sodium
carbonate and was then decolourised by addition of potassium thiosulphate. The product was extracted with
ethyl acetate (three times) and the organic layers combined, dried with magnesium sulphate and all volatiles
removed in vacuo. The crude material was then purified by column chromatography, eluting 10% ethyl
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acetate/petroleum spirits to give the title compound as a pale-orange solid (478 mg, 65%). LRMS [M+H]"
283.1 m/z; *H NMR (400 MHz, CDCls) & 8.43 (d, J = 5.3 Hz, 1H), 8.11 — 7.97 (m, 2H), 7.66 (d, J = 5.3 Hz,

1H), 7.57 — 7.42 (m, 3H).
4-Phenyl-2-vinylpyrimidine (5.139)

2-Chloro-4-phenylpyrimidine (400 mg, 2.10 mmol), tributyl(vinyl)tin (1.3 ml, 4.62 mmol),

\ '\j/\ palladium acetate (71 mg, 0.32 mmol) and triphenylphosphine (165 mg, 0.63 mmol) were
combined in tetrahydrofuran (4 ml) and the reaction mixture was heated to reflux for 18 h. The reaction
mixture was filtered through celite and the filtrate was collected. All of the volatiles were removed in vacuo
and the crude material was purified by column chromatography, eluting with 50-75% ethyl acetate/petroleum
spirits. The title compound was obtained as an orange oil (316 mg, 83%). HPLC — rt 7.28 min > 97% purity
at 254 nm; LRMS [M+H]* 183.2 m/z; HRMS [M+H]" 183.0917 m/z, found 183.0919 m/z; ‘H NMR (400
MHz, CDCls) 6 8.71 (d, J = 5.3 Hz, 1H), 8.18 — 8.02 (m, 2H), 7.60 — 7.42 (m, 4H), 6.95 (dd, J = 17.3, 10.5
Hz, 1H), 6.72 (dd, J = 17.3, 1.8 Hz, 1H), 5.75 (dd, J = 10.5, 1.8 Hz, 1H); *C NMR (101 MHz, CDCl;) &

164.5, 164.0, 157.7, 137.0, 137.0, 131.1, 129.1 (2C), 127.3 (2C), 123.9, 114.9.

N-Benzyl-2-(4-phenylpyrimidin-2-yl)ethan-1-amine (5.141)

\/@ 4-Phenyl-2-vinylpyrimidine (200 mg, 1.10 mmol) was dissolved in ethanol (2.5
W/\/

ml). Acetic acid (150 pl, 2.64 mmol) and benzylamine (240 pl, 2.20 mmol) were
added to the reaction mixture and the resulting solution was heated to reflux. The reaction was followed by
TLC until complete (~36 h), at which point all of the volatiles were removed. The residue was re-dissolved
in ethyl acetate and washed once with a 5 M aqueous sodium hydroxide solution. The volatiles were
removed in vacuo and the crude material purified by column chromatography, eluting with 0-10%
methanol/dichloromethane. The title compound was obtained as an orange oil (95 mg, 30%). '"H NMR (400
MHz, CDCls) & 8.66 (d, J = 5.3 Hz, 1H), 8.08 — 7.96 (m, 2H), 7.59 — 7.39 (m, 4H), 7.36 — 7.25 (m, 4H), 3.90
(s, 2H), 3.33 = 3.26 (m, 2H), 3.25 — 3.17 (m, 2H); ©*C NMR (101 MHz, CDCl3)  169.8, 164.2, 157.7, 139.4,
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136.8, 131.1, 129.1 (2C), 128.6 (2C), 128.5 (2C), 127.3 (2C), 114.5, 53.7, 47.3, 38.7. *Note: there are two
aromatic protons missing from the '"H NMR spectrum. There are multiple equivalent carbons which are

overlapping in the **C NMR.

2-(4-Phenylpyrimidin-2-yl)ethan-1-amine (5.142)

4-Phenyl-2-vinylpyrimidine (86 mg, 0.47 mmol) was added to a solution of
©\RN;N/\/NH2 ammonium hydroxide (3 ml) and ethanol (3 ml) in a sealed tube. The resulting reaction
mixture was heated to 70 °C and monitored by LCMS. After 48 h there was minimal starting material
remaining and mostly the desired product present. The reaction mixture was diluted with ethyl acetate and
washed with an aqueous 2 M solution of hydrochloric acid. Any precipitate was filtered off at this stage. The
aqueous phase was then collected and basified with an aqueous 5 M solution of sodium hydroxide and the
product was extracted with ethyl acetate three times. The organic layers were combined and dried with
magnesium sulphate to yield the title compound as a brown oil (71 mg, 76%) which was used without further
purification. LRMS [M+H]" 200.1 m/z; 'H NMR (400 MHz, DMSO) & 8.74 (dd, J = 25.6, 5.3 Hz, 1H), 8.23
—8.13 (m, 2H), 7.85 (dd, J = 27.7, 5.4 Hz, 1H), 7.61 — 7.46 (m, 3H), 3.33 (bs, 2H), 3.20 — 2.93 (m, 4H); **C
NMR (101 MHz, DMSO) & 169.5, 162.4, 158.1, 136.3, 131.0, 129.0 (2C), 127.0 (2C), 114.3, 56.0 (2C).

*Note: there are multiple equivalent carbons which are overlapping in the *C NMR.
N-(2-(4-Phenylpyrimidin-2-yl)ethyl)cyclopentanecarboxamide (5.145)

2-(4-Phenylpyrimidin-2-yl)ethan-1-amine (20 mg, 0.10 mmol),
Ny NT(O
\ 1/\/ J cyclopentanecarboxylic acid (13 pl, 0.12 mmol), EDCI (19 mg, 0.12 mmol) and
DMAP (1 mg, 0.01 mmol) were combined in DMF (500 pl). The reaction mixture was heated to 40 °C and
monitored by TLC and LCMS analysis. After 18 h the reaction was complete and all of the volatiles were
removed. The crude material was purified by column chromatography, eluting with 10% ethyl
acetate/petroleum spirits to give the title compound as an off-white solid (8 mg, 27%). HPLC — rt 5.97 min >

98 % purity at 254 nm; LRMS [M+H]* 296.2 m/z; HRMS [M+H]* 296.1757 m/z, found 296.1758 m/z; *H
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NMR (400 MHz, CDCl;) § 8.69 (d, J = 5.4 Hz, 1H), 8.15 — 7.98 (m, 2H), 7.56 (d, J = 5.4 Hz, 1H), 7.53 —
7.43 (m, 3H), 6.60 (s, 1H), 3.80 (dd, J = 12.0, 5.8 Hz, 2H), 3.28 — 3.14 (m, 2H), 2.56 — 2.39 (m, 1H), 1.86 —
1.53 (m, 8H); *C NMR (101 MHz, CDCly) & 176.2, 169.6, 164.2, 157.7, 136.7, 131.3, 129.2 (2C), 127.3

(2C), 114.7, 46.2, 38.6, 37.4, 30.5 (2C), 26.0 (2C).

N-(2-(4-Phenylpyrimidin-2-yl)ethyl)cyclohexanecarboxamide (5.147)

! 2-(4-Phenylpyrimidin-2-yl)ethan-1-amine (20 mg, 0.10 mmol),
Q@WNTO(O cyclohexanecarboxylic acid (15 pl, 0.12 mmol), EDCI (19 mg, 0.12 mmol) and
DMAP (1 mg, 0.01 mmol) were combined in DMF (500 pl). The reaction mixture was heated to 40 °C and
monitored by TLC and LCMS analysis. After 18 h the reaction was complete and all of the volatiles were
removed. The crude material was purified by column chromatography, eluting with 10% ethyl
acetate/petroleum spirits to give the title compound as an off-white solid (5 mg, 16%). HPLC — rt 6.37 min >
95 % purity at 254 nm; LRMS [M+H]* 310.1 m/z; HRMS [M+H]"* 310.1914 m/z, found 310.1916 m/z; 'H
NMR (400 MHz, CDCly) § 8.70 (d, J = 5.4 Hz, 1H), 8.14 — 7.96 (m, 2H), 7.56 (d, J = 5.4 Hz, 1H), 7.54 —
7.47 (m, 3H), 6.75 — 6.56 (m, 1H), 3.88 — 3.69 (M, 2H), 3.28 — 3.13 (M, 2H), 2.08 — 1.97 (m, 1H), 1.85 —
1.53 (m, 7H), 1.47 — 1.28 (m, 3H); *C NMR (101 MHz, CDCl;) 5 176.1, 169.6, 164.2, 157.8, 136.7, 131.3,
129.2 (2C), 127.3 (2C), 114.7, 45.8, 38.6, 37.3, 29.8 (2C), 25.9 (2C). *Note: the amide —NH is missing from

the "H NMR. There is one CH, missing from the **C NMR spectrum.
Methyl 2-methyl-3-(3-phenyl-1H-pyrazol-1-yl)propanoate (5.150)

o 3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), methyl methacrylate (280 pl, 2.60 mmol)

SN A and DBU (130 pl, 0.87 mmol) were combined in acetonitrile (3.5 ml), under nitrogen.

The reaction was stirred at 50 °C for 18 h, though by TLC there was only a 50%

conversion of the starting material to product. Additional methyl methacrylate (280 ul, 2.60 mmol) was
added to the reaction, and returned to heat at 50 °C for an additional 2 h. By TLC the reaction was complete
and all of the volatiles were removed in vacuo and the crude material was purified by column
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chromatography, eluting with 15-25% ethyl acetate/petroleum spirits. The title compound was obtained as a
colourless oil (342 mg, 81%). HPLC — rt 7.42 min > 97% purity at 254 nm; LRMS [M+H]" 245.2 m/z;
HRMS [M+H]" 245.1285 m/z, found 245.1284 m/z; *H NMR (400 MHz, DMSO) & 7.76 (ddd, J = 9.8, 6.3,
1.8 Hz, 3H), 7.44 — 7.33 (m, 2H), 7.29 (dt, J = 9.3, 4.3 Hz, 1H), 6.68 (d, J = 2.3 Hz, 1H), 4.37 (dd, J = 13.6,
7.1 Hz, 1H), 4.25 (dd, J = 13.6, 6.4 Hz, 1H), 3.61 (s, 3H), 3.06 (dd, J = 13.7, 7.0 Hz, 1H), 1.06 (d, J = 7.1
Hz, 3H); *C NMR (101 MHz, DMSO) & 174.0, 150.3, 133.4, 132.4, 128.6 (2C), 127.4, 125.0 (2C), 102.3,

53.6, 51.7, 40.0, 14.3.

2-Methyl-3-(3-phenyl-1H-pyrazol-1-yl)propanoic acid (5.151)

o Methyl 2-methyl-3-(3-phenyl-1H-pyrazol-1-yl)propanoate (300 mg, 1.23 mmol) was

N OH  dissolved in tetrahydrofuran (1 ml) and lithium hydroxide (59 mg, 2.46 mmol) was
dissolved in water (2.6 ml). The ester solution was added dropwise to the agueous

lithium hydroxide solution. The reaction mixture was stirred for 90 min and LCMS showed complete
hydrolysis. The reaction mixture was quenched by addition of an aqueous 1 M hydrochloric acid solution to
acidic pH. The product was extracted with ethyl acetate three times and the subsequent organic layers were
combined, washed once with a saturated aqueous solution of sodium chloride and dried with magnesium
sulphate. All of the volatiles were removed to yield the title compound as a pale-yellow oil (249 mg, 88%).
HPLC — rt 6.27 min > 93% purity at 254 nm; LRMS [M+H]" 231.1 m/z; HRMS [M+H]" 231.1128 m/z,
found 231.1127 m/z; *H NMR (400 MHz, DMSO) § 12.47 (s, 1H), 7.88 — 7.65 (m, 3H), 7.45 — 7.33 (m, 2H),
7.33 - 7.17 (m, 1H), 6.68 (d, J = 2.3 Hz, 1H), 4.38 (dd, J = 13.6, 7.0 Hz, 1H), 4.17 (dd, J = 13.6, 7.0 Hz,
1H), 2.98 (h, J = 7.1 Hz, 1H), 1.06 (d, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl3) & 179.1, 152.1, 133.1,

131.9, 128.8 (2C), 128.0, 125.9 (2C), 103.0, 53.9, 40.8, 15.0.
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Tert-butyl (1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (5.152)

o >L 2-Methyl-3-(3-phenyl-1H-pyrazol-1-yl)propanoic acid (200 mg, 0.87 mmol),

\/{N}NE\O diphenylphosphoryl azide (225 ul, 1.04 mmol) and triethylamine (140 ul, 1.04
©/(N\ mmol) were combined in anhydrous tert-butanol (2 ml). The reaction mixture
was heated to reflux for 4 h and the reactions progress was monitored by LCMS. A saturated agueous
solution of sodium bicarbonate was added and the product was extracted with ethyl acetate three times. The
organic layers were combined and washed once with a saturated agueous solution of sodium chloride and
dried with magnesium sulphate. All of the volatiles were removed in vacuo and the crude material was
purified by column chromatography, eluting with 0-15% ethyl acetate/petroleum spirit. The title compound
was obtained as a colourless solid (113 mg, 43%). LRMS [M+H]" 302.2 m/z, [M-Bu]* 246.2 m/z; *"H NMR
(400 MHz, DMSO) & 7.86 — 7.73 (m, 2H), 7.69 (d, J = 1.9 Hz, 1H), 7.39 (dd, J = 10.5, 4.7 Hz, 2H), 7.33 —
7.21 (m, 1H), 6.90 (d, J = 8.2 Hz, 1H), 6.68 (d, J = 2.3 Hz, 1H), 4.09 (qd, J = 13.9, 7.2 Hz, 2H), 3.91 (dt, J =
14.1, 6.9 Hz, 1H), 1.35 (s, 9H), 1.01 (d, J = 6.6 Hz, 3H); *C NMR (101 MHz, DMSO) § 155.3, 150.5, 134.0,
132.6, 129.0, 127.8, 125.5, 102.8, 78.2, 56.3, 47.0, 28.7, 18.5. *Note: there are multiple equivalent carbons

which are overlapping in the **C NMR.
1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine (5.153)

_ }+ o Tert-butyl (1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (50 mg, 0.17

\N’N F T o mmol) was added to a 50:50 mixture of trifluoroacetic acid:dichloromethane (1

ml). The reaction mixture was stirred at ambient temperature for 2 h and TLC

showed complete disappearance of starting material. All of the volatiles were removed and the residue was
washed with toluene three times. This gave the title compound as a colourless solid which was used directly.
LRMS [M+H]" 202.2 m/z; *H NMR (400 MHz, CDCly) & 7.77 — 7.62 (m, 2H), 7.41 — 7.32 (m, 3H), 7.30 (dlt,
J=9.6, 4.3 Hz, 1H), 6.52 (d, J = 2.4 Hz, 1H), 5.10 (s, 2H), 4.25 (qd, J = 14.6, 5.1 Hz, 2H), 3.82 (s, 1H), 1.27

(d, J = 6.7 Hz, 3H).

309



N-(1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-yl)piperidine-1-carboxamide (5.154)

O>\\N 1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine (60 mg, 0.30 mmol) was dissolved
Q/TN’N}NH in anhydrous dichloromethane (1 ml) and triethylamine (420 pl, 2.97 mmol) was
added (solution 1). In a separate flask para-nitrophenyl chloroformate (90 mg,

0.45 mmol) was dissolved in dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then added
dropwise to solution 2 and the reaction mixture was stirred for 2 h at ambient temperature. After 2 h
piperidine (60 pl, 0.60 mmol) was added to the reaction mixture which was allowed to stir at ambient
temperature for 18 h. All of the volatiles were removed in vacuo and the crude material was purified by
column chromatography, eluting with 40-60% ethyl acetate/dichloromethane. This yielded the title
compound with contaminants so the material was further purified by column chromatography, eluting with
25-50% ethyl acetate/petroleum spirits to 40% ethyl acetate/dichloromethane. This gave the title compound
as a colourless oil (27 mg, 29%). HPLC — rt 6.92 min > 98% purity at 254 nm; LRMS [M+H]" 313.3 m/z;
HRMS [M+H]" 313.2023 m/z, found 313.2027 m/z; *H NMR (400 MHz, CDCl;) 6 7.77 (dd, J = 5.2, 3.2 Hz,
2H), 7.41 (d, J = 2.3 Hz, 1H), 7.39 — 7.32 (m, 2H), 7.30 — 7.24 (m, 1H), 6.52 (d, J = 2.3 Hz, 1H), 5.35 (t, J =
4.9 Hz, 1H), 4.62 — 4.37 (m, 1H), 3.72 (dd, J = 6.1, 3.6 Hz, 1H), 3.46 (ddd, J = 13.7, 8.5, 5.1 Hz, 1H), 1.53
(d, J = 6.8 Hz, 6H), 1.45 (d, J = 4.4 Hz, 4H), 1.20 (t, J = 7.0 Hz, 3H); *C NMR (101 MHz, CDCl,) 5 157.7,

151.6, 133.6, 130.0, 128.7 (2C), 127.7, 125.5 (2C), 102.3, 57.7, 46.6, 45.0 (2C), 25.6 (2C), 24.5, 18.3.
Methyl 3-(3-phenyl-1H-pyrazol-1-yl)butanoate (5.156)

o 3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), methyl crotonate (275 pl, 2.60 mmol) and

\N’N ,° DBU (130 pl, 0.87 mmol) were combined in acetonitrile (3.5 ml), under nitrogen. The
reaction was stirred at 50 °C for 18 h and by TLC the reaction was complete. All of the

volatiles were removed in vacuo and the crude material was purified by column chromatography, eluting
with 15-25% ethyl acetate/petroleum spirits. The title compound was obtained as a colourless oil (321 mg,
76%). HPLC — rt 7.48 min > 98% purity at 254 nm; LRMS [M+H]" 245.2 m/z; HRMS [M+H]" 245.1285
m/z, found 245.1284 m/z; 'H NMR (400 MHz, DMSO) & 7.87 — 7.70 (m, 3H), 7.44 — 7.33 (m, 2H), 7.33 —
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7.19 (m, 1H), 6.66 (d, J = 2.3 Hz, 1H), 4.93 — 4.62 (m, 1H), 3.56 (s, 3H), 2.93 (ddd, J = 22.0, 16.0, 7.0 Hz,
2H), 1.48 (d, J = 6.8 Hz, 3H); *C NMR (101 MHz, DMSO) & 170.8, 149.7, 133.5, 130.3, 128.6 (2C), 127.3,

125.0 (2C), 102.2, 54.0, 51.5, 40.5, 20.9.
3-(3-Phenyl-1H-pyrazol-1-yl)butanoic acid (5.157)

o Methyl 3-(3-phenyl-1H-pyrazol-1-yl)butanoate (300 mg, 1.23 mmaol) was dissolved in

—

< N OH

N tetrahydrofuran (1 ml) and lithium hydroxide (59 mg, 2.46 mmol) was dissolved in
water (2.6 ml). The ester solution was added dropwise to the aqueous lithium hydroxide solution. The
reaction mixture was stirred for 90 min and LCMS showed complete hydrolysis. The reaction mixture was
guenched by addition of an aqueous 1 M hydrochloric acid solution to acidic pH. The product was extracted
with ethyl acetate three times and the subsequent organic layers were combined, washed once with a
saturated agueous solution of sodium chloride and dried with magnesium sulphate. All volatiles were
removed to yield the title compound as a pale-yellow oil (251 mg, 87%). HPLC — rt 6.35 min > 99% purity
at 254 nm; LRMS [M+H]* 231.2 m/z; HRMS [M+H]" 231.1128 m/z, found 231.1128 m/z; *H NMR (400
MHz, DMSO) & 7.95 — 7.64 (m, 3H), 7.38 (t, J = 7.6 Hz, 2H), 7.27 (t, J = 7.3 Hz, 1H), 6.66 (d, J = 2.3 Hz,
1H), 4.75 (dd, J = 14.1, 6.7 Hz, 1H), 2.92 (dd, J = 16.2, 7.9 Hz, 1H), 2.77 (dd, J = 16.2, 6.2 Hz, 1H), 1.46 (d,
J = 6.7 Hz, 3H); *C NMR (101 MHz, DMSO) & 171.8, 149.7, 133.6, 130.3, 128.6 (2C), 127.3, 125.0 (2C),

102.1, 54.1, 40.8, 21.1. *Note: the —~OH peak is missing from the *H NMR.
Tert-butyl (2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (5.158)

o >L 3-(3-Phenyl-1H-pyrazol-1-yl)butanoic  acid (100 mg, 0.43 mmol),

\/{N{NE\O diphenylphosphoryl azide (115 ul, 0.52 mmol) and triethylamine (70 ul, 0.52
©/(N\ mmol) were combined in anhydrous tert-butanol (1 ml). The reaction mixture
was heated to reflux for 12 h and the reaction progress was monitored by LCMS. Upon completion a
saturated aqueous solution of sodium bicarbonate was added and the product was extracted with ethyl acetate
three times. The organic layers were combined and washed once with a saturated aqueous solution of sodium
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chloride and dried with magnesium sulphate. All of the volatiles were removed in vacuo and the crude
material was purified by column chromatography, eluting with 0-15% ethyl acetate/petroleum spirit. The title
compound was obtained as a colourless solid (42 mg, 32%). LRMS [M+H]" 302.2 m/z, [M-'Bu]* 246.1 m/z;
'H NMR (400 MHz, CDCly) & 7.88 — 7.75 (m, 2H), 7.46 — 7.35 (m, 3H), 7.30 (ddd, J = 7.4, 3.9, 1.3 Hz, 1H),
6.55 (d, J = 2.3 Hz, 1H), 5.00 — 4.75 (m, 1H), 4.59 — 4.38 (m, J = 10.8, 7.9 Hz, 1H), 3.72 — 3.56 (m, 1H),
3.50 (ddd, J = 14.1, 8.4, 5.6 Hz, 1H), 1.53 (d, J = 6.8 Hz, 3H), 1.42 (s, 9H); *C NMR (101 MHz, DMSO) 5

155.7, 149.7, 133.7, 130.2, 128.6, 127.3, 125.1, 102.2, 77.8, 56.9, 45.5, 28.2, 18.4.
2-(3-Phenyl-1H-pyrazol-1-yl)propan-1-amine (5.159)

_ NH, o Tert-butyl (2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (50 mg, 0.17 mmol)
©/CN'N{ E}F)ko_ was added to a 50:50 mixture of trifluoroacetic acid:dichloromethane (1 ml).

The reaction mixture was stirred at ambient temperature for 2 h and TLC
showed complete disappearance of starting material. All of the volatiles were removed and the residue was
washed with toluene three times. This gave the title compound as a colourless solid which was used directly.
LRMS [M+H]" 202.2 m/z; *H NMR (400 MHz, DMSO) & 8.37 (d, J = 0.8 Hz, 2H), 8.33 (d, J = 2.4 Hz, 1H),
8.29 (dd, J = 8.3, 1.2 Hz, 2H), 7.96 — 7.82 (m, 2H), 7.82 — 7.71 (m, 1H), 5.19 — 5.02 (m, 1H), 3.92 — 3.62 (m,

2H), 2.96 (dt, J = 3.6, 1.8 Hz, 3H). *Note: there is one aromatic proton missing from the *"H NMR spectrum.
N-(2-(3-Phenyl-1H-pyrazol-1-yl)propyl)piperidine-1-carboxamide (5.160)

o 1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine (80 mg, 0.40 mmol) was
Q/QN{NE\ND dissolved in anhydrous dichloromethane (1 ml) and triethylamine (555 pl, 3.97
mmol) was added (solution 1). In a separate flask para-nitrophenyl

chloroformate (120 mg, 0.60 mmol) was dissolved in dichloromethane (1 ml) with stirring (solution 2).
Solution 1 was then added dropwise to solution 2 and the reaction mixture was stirred for 2 h at ambient
temperature. After 2 h piperidine (80 pl, 0.80 mmol) was added to the reaction mixture which was allowed to
stir at ambient temperature for 18 h. All volatiles were removed in vacuo and the crude material was purified
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by column chromatography, eluting with 40-60% ethyl acetate/dichloromethane. This yielded the title
compound with contaminants so the material was further purified by column chromatography, eluting with
25-50% ethyl acetate/petroleum spirits to 40% ethyl acetate/dichloromethane. This gave the title compound
as a colourless oil (16 mg, 13%). HPLC — rt 6.93 min > 96% purity at 254 nm; LRMS [M+H]" 313.3 m/z;
HRMS [M+H]* 313.2023 m/z, found 313.2028 m/z; *H NMR (400 MHz, CDCl5) & 7.89 — 7.65 (m, 2H), 7.49
—7.31(m, 3H), 7.31 - 7.25 (m, 1H), 6.55 (d, J = 2.3 Hz, 1H), 5.88 (d, J = 7.1 Hz, 1H), 4.32 (dd, J = 13.7, 3.6
Hz, 1H), 4.29 — 4.17 (m, 1H), 4.10 (dd, J = 13.7, 4.8 Hz, 1H), 3.31 (h, J = 8.6 Hz, 4H), 1.67 — 1.41 (m, 6H),
1.08 (d, J = 6.6 Hz, 3H); *C NMR (101 MHz, CDCly) § 157.2, 151.9, 133.4, 132.5, 128.7 (2C), 127.9, 125.5

(2C), 102.6, 56.6, 47.0, 44.9 (2C), 25.7 (2C), 24.6, 18.7.
1-(2-Methyl-1-nitropropan-2-yl)-3-phenyl-1H-pyrazole (5.162)

=\, Nno, 3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), 2-methyl-1-nitroprop-1-ene (351 mg,

3.47 mmol) and DBU (20 pl, 0.87 mmol) were combined in acetonitrile (3.5 ml), under

nitrogen. The reaction was stirred at 50 °C for 18 h and LCMS showed ~ 60 % conversion of the starting
material. All of the volatiles were removed in vacuo and the crude material was purified by column
chromatography, eluting with 10-20% ethyl acetate/petroleum spirits. The title compound was obtained as a
pale-yellow oil (197 mg, 46%). HPLC — rt 7.94 min > 99% purity at 254 nm; LRMS [M+H]" 246.2 m/z;
HRMS [M+H]" 246.1237 m/z, found 246.1235 m/z; *H NMR (400 MHz, DMSO) & 7.92 (d, J = 2.5 Hz, 1H),
7.86 — 7.71 (m, 2H), 7.49 — 7.35 (m, 2H), 7.30 (dt, J = 9.3, 4.3 Hz, 1H), 6.72 (d, J = 2.5 Hz, 1H), 5.05 (s,
2H), 1.71 (s, 6H); *C NMR (101 MHz, DMSO) & 150.1, 133.4, 129.5, 128.6 (2C), 127.5, 125.2 (2C), 102.6,

83.2,59.7, 25.3 (2C).

2-Methyl-2-(3-phenyl-1H-pyrazol-1-yl)propan-1-amine (5.163)

Q/F\N\,(NHZ A 0.05 M solution of 5.162 (197 mg, 0.80 mmol) was made up in 50:50 ethyl
\N/

acetate/ethanol (10 ml). This was loaded on to a ThalesNano H-Cube® with a 10%
Pd/C CatCart®. The reaction was monitored by LCMS until no more starting material was present and the
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solvent was removed under reduced pressure to give the amine as a yellow oil, which was used directly in
the next reaction. LRMS [M+H]" 216.1 m/z; *H NMR (400 MHz, CDCls) & 7.80 (dd, J = 5.1, 3.3 Hz, 1H),
7.77 -7.71 (m, 1H), 7.51 (dd, J = 6.1, 2.4 Hz, 1H), 7.41 — 7.30 (m, 3H), 7.27 (dd, J = 7.4, 1.5 Hz, 1H), 1.78

(s, 2H), 1.59 (dd, J = 13.1, 9.7 Hz, 6H).
N-(2-Methyl-2-(3-phenyl-1H-pyrazol-1-yl)propyl)piperidine-1-carboxamide 5.164)

O>\\ND Compound 5.163 (50 mg, 0.23 mmol) was dissolved in anhydrous
Q/FN,N{ " dichloromethane (1 ml) and triethylamine (100 ul, 0.74 mmol) was added
(solution 1). In a separate flask para-nitrophenyl chloroformate (70 mg, 0.35

mmol) was dissolved in dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then added
dropwise to solution 2 and the reaction mixture was stirred for 2 h at ambient temperature. After 2 h
piperidine (65 pl, 0.46 mmol) was added to the reaction mixture which was allowed to stir at ambient
temperature for 18 h. All volatiles were removed in vacuo and the crude material was purified by column
chromatography, eluting with 25-75% ethyl acetate/petroleum spirits. The material contained some
contaminants and was further purified by column chromatography, eluting with 5-10% ethyl
acetate/dichloromethane. This yielded the title compound was obtained as a colourless oil (13 mg, 17%).
LRMS [M+H]* 327.2 m/z; *H NMR (400 MHz, CDCly) & 7.81 — 7.75 (m, 2H), 7.52 (d, J = 2.4 Hz, 1H), 7.40
—7.33(m, 2H), 7.31 — 7.25 (m, 1H), 6.55 (d, J = 2.4 Hz, 1H), 6.00 (s, 1H), 3.62 (d, J = 5.6 Hz, 2H), 3.38 —
3.24 (m, 4H), 1.59 (s, 6H), 1.51 (ddd, J = 9.9, 7.4, 2.8 Hz, 6H); **C NMR (101 MHz, CDCl5) § 157.9, 151.1,
133.7, 128.7 (2C), 128.1, 127.8, 125.5 (2C), 102.3, 51.0, 45.1 (2C), 25.9 (2C), 25.8 (2C), 24.7. *Note: there

is a quaternary carbon missing from the **C NMR.
(S)-2-((Tert-butoxycarbonyl)amino)propyl methanesulfonate (5.165)

H Boc-L-alaninol (1 g, 5.71 mmol) was dissolved in anhydrous dichloromethane (11.5 ml)
XOYN%OMS

o - under nitrogen and cooled to 0 °C. To this triethylamine (795 ul, 5.71 mmol) and
methanesulfonyl chloride (440 pl, 5.71 mmol) were added. The resulting mixture was stirred at 0 °C for 30
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min before the being gradually warmed to ambient temperature. After 30 min the reaction was quenched by
addition of water and the organic layer was collected and washed with water three more times. The organic
layer was dried with magnesium sulphate before all volatiles were removed in vacuo to yield the title
compound as a colourless solid (1.32 g, 91%). 'H NMR (400 MHz, DMSO) & 6.95 (d, J = 7.8 Hz, 1H), 4.03
(d, J = 5.8 Hz, 2H), 3.73 (dd, J = 13.6, 6.8 Hz, 1H), 3.16 (s, 3H), 1.38 (s, 9H), 1.05 (d, J = 6.8 Hz, 3H); °C

NMR (101 MHz, DMSO) 4 155.0, 78.0, 72.0, 45.1, 39.5, 36.7, 28.2, 16.7.
Tert-butyl (S)-(1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (5.166)

o) . 3-Phenyl-1H-pyrazole (200 mg, 1.39 mmol), cesium carbonate (4.52 g, 13.90

_ INfNH )T mmol) and 5.165 (704 mg, 2.78 mmol) were combined in anhydrous N,N-
©/TN dimethylformamide (4 ml). The resulting suspension was heated to 50 °C and the
progress of the reaction was monitored by TLC. Once the reaction was complete (~ 3 h) the reaction mixture
was quenched by addition of water and the product was extracted with ethyl acetate three times. The organic
layers were combined and washed with a saturated aqueous solution of sodium chloride. The crude material
was purified by column chromatography, eluting with 20% ethyl acetate/petroleum spirits to give the title
compound as a colourless solid (183 mg, 44%). HPLC — rt 7.55 min > 92% purity at 254 nm; LRMS [M+H]"
302.2 m/z; HRMS [M+H]" 302.1863 m/z, found 302.1867 m/z; ‘H NMR (400 MHz, CDCl3) & 7.87 — 7.70
(m, 2H), 7.41 — 7.34 (m, 3H), 7.31 — 7.25 (m, 1H), 6.54 (d, J = 2.3 Hz, 1H), 5.06 (d, J = 1.1 Hz, 1H), 4.25
(dd, J = 13.8, 4.5 Hz, 1H), 4.20 — 4.10 (m, 1H), 4.04 (dt, J = 12.4, 6.0 Hz, 1H), 1.41 (s, 9H), 1.12 (d, J = 6.8

Hz, 3H).
(S)-1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine (5.167)

Compound 5.156 (50 mg, 0.17 mmol) was added to a 50:50 mixture of

= fltlH3 o
©/EN' E%o‘ trifluoroacetic acid:dichloromethane (1 ml). The reaction mixture was stirred at

F
ambient temperature for 2 h and TLC showed complete disappearance of starting

material. All of the volatiles were removed and the residue was washed with toluene three times. This gave
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the title compound as a colourless solid which was used directly. LRMS [M+H]" 202.1 m/z; *"H NMR (400
MHz, CDCl;) 8 7.71 (d, J = 8.0 Hz, 2H), 7.37 (dddd, J = 12.8, 11.3, 5.7, 3.0 Hz, 3H), 7.19 — 7.10 (m, 1H),
6.64 — 6.51 (m, 1H), 4.46 — 4.31 (m, 1H), 4.26 (ddd, J = 11.9, 6.6, 4.8 Hz, 1H), 2.99 (s, 2H), 2.34 (s, 1H),

1.34 (dd, J = 12.6, 6.4 Hz, 3H).

(S)-N-(1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-yl)piperidine-1-carboxamide (5.168)

O>L Compound 5.157 (67 mg, 0.33 mmol) was dissolved in anhydrous
%, N
= NINH dichloromethane (1 ml) and triethylamine (464 ul, 3.33 mmol) was added
<\
(solution 1). In a separate flask para-nitrophenyl chloroformate (100 mg, 0.50

mmol) was dissolved in dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then added
dropwise to solution 2 and the reaction mixture was stirred for 2 h at ambient temperature. After 2 h
piperidine (65 pl, 0.66 mmol) was added to the reaction mixture which was allowed to stir at ambient
temperature for 18 h. All volatiles were removed in vacuo and the crude material was purified by column
chromatography, eluting with 5% ethyl acetate/dichloromethane. This yielded the title compound as a pale-
yellow oil (27 mg, 26%). LRMS [M+H]* 313.3 m/z; 'H NMR (400 MHz, CDCls) & 7.87 — 7.67 (m, 2H),
7.41 — 7.33 (m, 3H), 7.31 — 7.25 (m, 1H), 6.55 (d, J = 2.3 Hz, 1H), 6.06 — 5.90 (m, 1H), 4.32 (dd, J = 13.7,
3.6 Hz, 1H), 4.28 — 4.19 (m, 1H), 4.12 — 4.02 (m, 1H), 3.32 (dd, J = 9.0, 4.4 Hz, 4H), 1.64 — 1.42 (m, 6H),
1.09 (t, J = 6.2 Hz, 3H); *C NMR (101 MHz, CDCl3) & 157.3, 152.0, 133.3, 132.5, 128.8 (2C), 127.9, 125.5

(2C), 102.7, 56.6, 47.0, 44.9 (2C), 25.7 (2C), 24.5, 18.6.
(R)-2-((Tert-butoxycarbonyl)amino)propyl methanesulfonate (5.169)

o. N Boc-D-alaninol (1 g, 5.71 mmol) was dissolved in anhydrous dichloromethane (11.5 ml)
X g \‘/\OMS
© under nitrogen and cooled to 0 °C. To this triethylamine (795 pl, 5.71 mmol) and
methanesulfonyl chloride (440 pl, 5.71 mmol) was added. The resulting mixture was stirred at 0 °C for 30
min before the being gradually warmed to ambient temperature. After 30 min the reaction was quenched by

addition of water and the organic layer was collected and washed with water three more times. The organic
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layer was dried with magnesium sulphate before all volatiles were removed in vacuo to yield the title
compound as a colourless solid (1.05 g, 72%). 'H NMR (400 MHz, DMSO) & 6.95 (d, J = 7.7 Hz, 1H), 4.05
(dd, J = 10.0, 5.9 Hz, 3H), 3.96 (dd, J = 21.9, 10.2 Hz, 2H), 3.74 (dt, J = 12.9, 6.4 Hz, 1H), 1.38 (s, 9H), 1.05
(d, J = 6.8 Hz, 3H); *C NMR (101 MHz, DMSO) & 155.0, 72.0, 45.1, 36.7, 28.2, 16.8. *Note: there is a

carbon missing from the *C NMR.
Tert-butyl (R)-(1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (5.170)

O>\—o 3-Phenyl-1H-pyrazole (200 mg, 1.39 mmol), cesium carbonate (4.52 g, 13.90

jIN}NH )T mmol) and 5.169 (704 mg, 2.78 mmol) were combined in anhydrous N,N-
©/FN dimethylformamide (4 ml). The resulting suspension was heated to 50 °C and the
progress of the reaction was monitored by TLC. Once the reaction was complete (~ 3 h) the reaction mixture
was quenched by addition of water and the product was extracted with ethyl acetate three times. The organic
layers were combined and washed with a saturated aqueous solution of sodium chloride. The crude material
was purified by column chromatography, eluting with 20% ethyl acetate/petroleum spirits to give the title
compound as a colourless solid (177 mg, 42%). LRMS [M+H]" 302.2 m/z; HRMS [M+H]" 302.1863 m/z
found 302.1864 m/z; *H NMR (400 MHz, CDCl5) & 7.86 — 7.73 (m, 2H), 7.43 — 7.35 (m, 3H), 7.33 — 7.27
(m, 1H), 6.55 (d, J = 2.3 Hz, 1H), 5.08 (s, 1H), 4.27 (dd, J = 13.7, 4.5 Hz, 1H), 4.23 — 4.13 (m, 1H), 4.05

(dd, J=12.7,5.8 Hz, 1H), 1.43 (s, 9H), 1.14 (d, J = 6.8 Hz, 3H).
(R)-1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine (5.171)

}KIH o Tert-butyl (R)-(1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (239 mg,
= 3
N

~.

N E T © 079 mmol) was added to a 50:50 mixture of trifluoroacetic

acid:dichloromethane (1 ml). The reaction mixture was stirred at ambient
temperature for 18 h and TLC showed complete disappearance of starting material. All of the volatiles were
removed and the residue was washed with toluene three times. This gave the title compound as a yellow oil
which was used directly. LRMS [M+H]" 202.2 m/z; *H NMR (400 MHz, CDCl3) 6 7.70 (d, J = 8.0 Hz, 2H),
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7.37 (dddd, J = 12.8, 11.3, 5.7, 3.0 Hz, 3H), 7.17 — 7. 09 (m, 1H), 6.64 — 6.51 (m, 1H), 4.46 — 4.31 (m, 1H),

4.26 (ddd, J =11.9, 6.6, 4.8 Hz, 1H), 2.99 (s, 2H), 2.35 (s, 1H), 1.30 (dd, J = 12.6, 6.4 Hz, 3H).
(R)-N-(1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-yl)piperidine-1-carboxamide (5.172)

O>LN Compound 5.171 (159 mg, 0.79 mmol) was dissolved in a 50:50 solution of
= IN}NH anhydrous dichloromethane and tetrahydrofuran (2 ml) and triethylamine (1.1 ml,
" 7.90 mmol) was then added (solution 1). In a separate flask para-nitrophenyl
chloroformate (796 mg, 3.95 mmol) was dissolved in dichloromethane (1 ml) and tetrahydrofuran (2 ml)
with stirring (solution 2). Solution 2 was cooled to 0 °C prior to dropwise addition of solution 1. The reaction
was allowed to warm to ambient temperature and stirred for 2 h. After 2 h piperidine (160 ul, 1.58 mmol)
was added to the reaction mixture which was allowed to stir at ambient temperature for 18 h. All volatiles
were removed in vacuo and the crude material was purified by column chromatography, eluting with 0-30%
ethyl acetate/dichloromethane. This yielded the title compound as a pale-yellow oil (135 mg, 55%). HPLC —
rt 6.93 min > 96% purity at 254 nm; LRMS [M+H]" 313.2 m/z; HRMS [M+H]" 313.2023 m/z, found
313.2027 m/z; *H NMR (400 MHz, CDCl5) 5 7.86 — 7.67 (m, 2H), 7.48 — 7.34 (m, 3H), 7.29 (dt, J = 9.4, 4.3
Hz, 1H), 6.56 (d, J = 2.3 Hz, 1H), 5.99 (s, 1H), 4.34 (dd, J = 13.8, 3.5 Hz, 1H), 4.30 — 4.19 (m, 1H), 4.10
(dd, J = 13.8, 4.8 Hz, 1H), 3.42 — 3.22 (m, 4H), 1.53 (ddd, J = 16.0, 9.0, 4.4 Hz, 6H), 1.09 (d, J = 6.6 Hz,
3H); *C NMR (101 MHz, CDCl) § 157.3, 152.0, 133.4, 132.6, 128.8 (2C), 127.9, 125.5 (2C), 102.7, 56.6,

47.0,45.0 (2C), 25.7 (2C), 24.6, 18.7.
Tert-butyl (S)-(2-hydroxypropyl)carbamate (5.200)

o) Boc-anhydride (2.77 g, 12.70 mmol) was dissolved in tetrahydrofuran (50 ml). This was
\AN%J< | | |

on M added dropwise to a solution of (S)-(+)-1-amino-2-propanol (1 ml, 12.70 mmol) and
sodium bicarbonate (5.34 g, 63.5 mmol) in water (50 ml). The reaction mixture was then stirred at ambient
temperature for 18 h after which all volatiles were removed in vacuo. The product was extracted twice with

dichloromethane, the organic layers were then combined and dried with magnesium sulphate. All volatiles
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were removed in vacuo to yield the title compound as a colourless oil (2.01 g, 90%). *H NMR (400 MHz,
CDCly) 6 5.26 (s, 1H), 3.77 (s, 1H), 3.64 (s, 1H), 3.14 (dd, J = 10.7, 3.1 Hz, 1H), 2.99 — 2.78 (m, 1H), 1.35

(s, 9H), 1.07 (d, J = 6.3 Hz, 3H); **C NMR (101 MHz, CDCls) & 156.8, 79.5, 67.3, 47.9, 28.4 (3C), 20.5.
(S)-1-((Tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate (5.173)

)Ok /k Compound 5.200 (1.95 g, 11.13 mmol) was dissolved in anhydrous dichloromethane (20

onvusH ° ml) under nitrogen and cooled to 0 °C. To this triethylamine (1.55 ml, 11.13 mmol) and
methanesulfonyl chloride (860 pl, 11.13 mmol) was added. The resulting mixture was stirred at 0 °C for 30
min before being gradually warmed to ambient temperature. After 30 min the reaction was quenched by
addition of water and the organic layer was collected and washed with water three more times. The organic
layer was dried with magnesium sulphate before all volatiles were removed in vacuo to yield the title
compound as a colourless solid (2.57 g, 91%). "H NMR (400 MHz, DMSO) & 7.40 (s, 1H), 4.88 (ddd, J =
7.9, 6.4,3.5 Hz, 1H), 4.63 (ddq, J = 12.5, 8.1, 6.2 Hz, 1H), 3.80 (dd, J = 10.6, 4.5 Hz, 1H), 3.26 (s, 3H), 2.36
(s, 9H), 1.38 (d, J = 6.4 Hz, 3H); *C NMR (101 MHz, CDCly) 5 160.6, 73.6, 47.5, 39.3, 28.4, 20.5. *Note:

there are multiple equivalent carbons in the **C NMR spectrum.
Tert-butyl (R)-(2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (5.174)

o) 5 3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), cesium carbonate (5.65 g, 17.30

jIN{NH )T mmol) and 5.173 (876 mg, 3.46 mmol) were combined in anhydrous N,N-
©/[N\ dimethylformamide (10 ml). The resulting suspension was heated to 50 °C and the
progress of the reaction was monitored by TLC. Once the reaction was complete (~ 18 h) the reaction
mixture was quenched by addition of water and the product was extracted with ethyl acetate three times. The
organic layers were combined and washed with a saturated aqueous solution of sodium chloride. All of the
volatiles were removed in vacuo. The crude material was purified by column chromatography, eluting with
5-10% ethyl acetate/petroleum spirits to give the title compound as a colourless solid (60 mg, 12%). HPLC —
rt 7.56 min > 91% purity at 254 nm; LRMS [M+H]" 302.2 m/z; HRMS [M+H]" 302.1863 m/z, found
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302.1867 m/z; *H NMR (400 MHz, CDCly) § 7.85 — 7.72 (m, 2H), 7.41 — 7.33 (m, 3H), 7.31 — 7.25 (m, 1H),
6.54 (d, J = 2.3 Hz, 1H), 5.05 (d, J = 1.1 Hz, 1H), 4.26 (dd, J = 13.8, 4.5 Hz, 1H), 4.21 — 4.10 (m, 1H), 4.05

(dd, J=12.6, 6.7 Hz, 1H), 1.41 (s, 9H), 1.12 (d, J = 6.8 Hz, 3H).
(R)-2-(3-Phenyl-1H-pyrazol-1-yl)propan-1-amine (5.181)

_ NH, . Compound 5.174 (239 mg, 0.79 mmol) was added to a 50:50 mixture of
©/CN N{ E%o‘ trifluoroacetic acid:dichloromethane (1 ml). The reaction mixture was stirred at

] ambient temperature for 18 h and TLC showed complete disappearance of
starting material. All of the volatiles were removed and the residue was washed with toluene three times.
This gave the title compound as a brown oil which was used directly. LRMS [M+H]" 202.2 m/z; 'H NMR
(400 MHz, CDCly) 6 7.79 — 7.63 (m, 2H), 7.48 (d, J = 2.4 Hz, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.34 — 7.26 (m,
1H), 6.57 (d, J = 2.4 Hz, 1H), 4.65 (dd, J = 12.3, 6.1 Hz, 1H), 3.40 (d, J = 5.7 Hz, 2H), 2.66 (s, 2H), 1.58 (d,

J=6.8 Hz, 3H).

(R)-N-(2-(3-Phenyl-1H-pyrazol-1-yl)propyl)piperidine-1-carboxamide (5.185)
Q 0 Compound 5.181 (35 mg, 0.17 mmol) was
N
O i
R

Q/EN'N{ ©/EN,N{NH dissolved in anhydrous dichloromethane (0.5 ml)

and triethylamine (125 pl, 1.70 mmol) was added
(solution 1). In a separate flask para-nitrophenyl chloroformate (69 mg, 0.34 mmol) was dissolved in
dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then added dropwise to solution 2 and the
reaction mixture was stirred for 2 h at ambient temperature. After 2 h piperidine (35 pl, 0.34 mmol) was
added to the reaction mixture which was allowed to stir at ambient temperature for 18 h. All of the volatiles
were removed in vacuo and the crude material was purified by column chromatography, eluting with 10-50%
ethyl acetate/dichloromethane (32 mg, 60%). A portion of the material was further purified by chiral HPLC
using a ChiralPAK® column and eluting with 10% ethanol/petroleum spirits to ensure > 99.9% e.e. This

yielded the title compound as a clear oil. HPLC — rt 7.15 min > 99% purity at 254 nm; cHPLC — 8.63 min,
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100% ee; LRMS [M+H]* 313.3 m/z; HRMS [M+H]" 313.2023 m/z, found 313.2025 m/z; ‘*H NMR (400
MHz, CDCl) & 7.85 — 7.71 (m, 2H), 7.41 (d, J = 2.3 Hz, 1H), 7.40 — 7.32 (m, 2H), 7.31 — 7.24 (m, 1H), 6.53
(d, J = 2.3 Hz, 1H), 5.32 (s, 1H), 4.50 (dgd, J = 8.3, 6.8, 3.5 Hz, 1H), 3.71 (d, J = 13.7 Hz, 1H), 3.47 (dd, J =
135, 8.6 Hz, 1H), 3.33 — 3.19 (m, 4H), 1.51 (t, J = 15.5 Hz, 6H); *C NMR (101 MHz, CDCls) & 157.7,

151.6, 133.6, 129.9, 128.7 (2C), 127.7, 125.5 (2C), 102.3, 57.7, 46.6, 45.0 (2C), 25.7 (2C), 24.5, 18.3.
Tert-butyl (R)-(2-hydroxypropyl)carbamate (5.201)

0 Boc-anhydride (2.77 g, 12.70 mmol) was dissolved in tetrahydrofuran (50 ml). This was
\/\Nkok

oH M added dropwise to a solution of (R)-(-)-1-amino-2-propanol (1 ml, 12.70 mmol) and sodium
bicarbonate (5.34 g, 63.5 mmol) in water (50 ml). The reaction mixture was then stirred at ambient
temperature for 18 h after which all volatiles were removed in vacuo. The product was extracted twice with
dichloromethane, the organic layers were then combined and dried with magnesium sulphate. All volatiles
were removed in vacuo to yield the title compound as a colourless oil (2.06 g, 92%). ‘H NMR (400 MHz,
CDCl3) 6 5.19 (s, 1H), 3.81 (s, 1H), 3.38 (s, 1H), 3.27 — 3.11 (m, 1H), 3.02 — 2.85 (m, 1H), 1.37 (s, 9H), 1.10

(d, = 6.3 Hz, 3H); *C NMR (101 MHz, CDCl3) § 156.9, 79.6, 67.4, 47.9, 28.4 (3C), 20.6.
(R)-1-((Tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate (5.177)

o Compound 5.201 (2.06 g, 11.76 mmol) was dissolved in anhydrous dichloromethane (20

PN
\6/M\H o ml) under nitrogen and cooled to 0 °C. To this was added triethylamine (1.64 ml, 11.76
S

mmol) and methanesulfonyl chloride (910 pul, 11.76 mmol). The resulting mixture was stirred at 0 °C for 30
min before the being gradually warmed to ambient temperature. After 30 min the reaction was quenched by
addition of water and the organic layer was collected and washed with water three times. The organic layer
was dried with magnesium sulphate before all of the volatiles were removed in vacuo to yield the title
compound as a colourless solid (2.38 g, 80%). ‘H NMR (400 MHz, DMSO) & 7.40 (s, 1H), 4.87 (dtd, J = 9.2,

6.4, 3.1 Hz, 1H), 4.64 (dp, J = 8.1, 6.3 Hz, 1H), 3.90 — 3.68 (m, 1H), 3.26 (s, 3H), 2.34 (s, 9H), 1.39 (d, J =
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6.4 Hz, 3H); ¥3C NMR (101 MHz, CDCl3) & 160.5, 73.6, 47.5, 39.3, 28.5, 20.6. *Note: there are multiple

equivalent carbons in the *C NMR.
Tert-butyl (S)-(2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (5.178)

o) 5 3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), cesium carbonate (5.65 g, 17.30

f,N{ NH )T mmol) and (R)-1-((tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate (876
©/FN mg, 3.46 mmol) were combined in anhydrous N,N-dimethylformamide (10 ml).
The resulting suspension was heated to 50 °C and the progress of the reaction was monitored by TLC. Once
the reaction was complete (~ 18 h) the reaction mixture was quenched by addition of water and the product
was extracted with ethyl acetate three times. The organic layers were combined and washed with a saturated
aqueous solution of sodium chloride. All of the volatiles were removed in vacuo. The crude material was
purified by column chromatography, eluting with 5-10% ethyl acetate/petroleum spirits to give the title
compound as a colourless solid (97 mg, 19%). LRMS [M+H]" 302.2 m/z; HRMS [M+H]" 302.1863 m/z,
found m/z 302.1864 m/z; *"H NMR (400 MHz, CDCl3) § 7.87 — 7.71 (m, 2H), 7.38 (dd, J = 13.0, 5.1 Hz, 3H),
7.31-7.25 (m, 1H), 6.53 (d, J = 2.3 Hz, 1H), 4.87 (s, 1H), 4.56 — 4.37 (m, 1H), 3.60 (ddd, J = 13.6, 6.6, 4.1
Hz, 1H), 3.47 (ddd, J = 14.1, 8.5, 5.6 Hz, 1H), 1.51 (d, J = 6.8 Hz, 3H), 1.40 (s, 9H); *C NMR (101 MHz,

CDCl3) 6 156.2, 151.6, 133.8, 129.9, 128.7 (2C), 127.7, 125.7 (2C), 102.5, 79.6, 57.8, 45.9, 28.5 (3C), 18.6.
(S)-2-(3-Phenyl-1H-pyrazol-1-yl)propan-1-amine (5.183)

_ N{K‘Hs Compound 5.178 (239 mg, 0.79 mmol) was added to a 50:50 mixture of
©/EN F 007 trifluoroacetic acid:dichloromethane (1 ml). The reaction mixture was stirred at

o ambient temperature for 18 h and TLC showed complete disappearance of starting
material. All of the volatiles were removed and the residue was washed with toluene three times. This gave
the title compound as a brown oil which was used directly. LRMS [M+H]" 202.2 m/z; *"H NMR (400 MHz,

CDCly) § 7.78 — 7.62 (m, 2H), 7.49 (d, J = 2.4 Hz, 1H), 7.41 — 7.34 (m, 2H), 7.31 (dt, J = 9.6, 4.3 Hz, 1H),
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6.58 (d, J = 2.4 Hz, 1H), 4.64 (dd, J = 12.7, 6.2 Hz, 1H), 4.48 (s, 2H), 3.41 (d, J = 5.7 Hz, 2H), 1.58 (d, J =

6.9 Hz, 3H).
(S)-N-(2-(3-Phenyl-1H-pyrazol-1-yl)propyl)piperidine-1-carboxamide (5.186)

(@)
NC> o Compound 5.183 (35 mg, 0.17 mmol) was

> >LNC>
QﬁN[NH OR &N{NH dissolved in anhydrous dichloromethane (0.5 ml)
N - N

and triethylamine (125 pl, 1.70 mmol) was added
(solution 1). In a separate flask para-nitrophenyl chloroformate (69 mg, 0.34 mmol) was dissolved in
dichloromethane (1 ml) with stirring (solution 2). Solution 1 was then added dropwise to solution 2 and the
reaction mixture was stirred for 2 h at ambient temperature. After 2 h piperidine (35 pl, 0.34 mmol) was
added to the reaction mixture which was allowed to stir at ambient temperature for 18 h. All volatiles were
removed in vacuo and the crude material was purified by column chromatography, eluting 10-50% ethyl
acetate/dichloromethane (40 mg, 75%). A portion of the material was further purified by chiral HPLC using
a ChiralPAK® column and eluting with 10% ethanol/petroleum spirits to ensure > 99.9% e.e. This yielded
the title compound as a clear oil. HPLC — rt 7.13 min > 99% purity at 254 nm; cHPLC — rt 9.84 min, 100%
ee; LRMS [M+H]* 313.2 m/z; HRMS [M+H]" 313.2023 m/z, found 313.2025 m/z; *H NMR (400 MHz,
CDCly) & 7.87 — 7.70 (m, 2H), 7.41 (d, J = 2.3 Hz, 1H), 7.40 — 7.33 (m, 2H), 7.30 — 7.25 (m, 1H), 6.53 (d, J
= 2.3 Hz, 1H), 5.34 (s, 1H), 4.50 (dqd, J = 8.4, 6.8, 3.5 Hz, 1H), 3.71 (d, J = 13.6 Hz, 1H), 3.47 (dd, J = 13.6,
8.5 Hz, 1H), 3.32 — 3.15 (m, 3H), 1.50 (dd, J = 29.9, 5.6 Hz, 10H); *C NMR (101 MHz, CDCl5) & 157.7,

151.6, 133.6, 129.9, 128.7 (2C), 127.7, 125.5 (2C), 102.3, 57.7, 46.6, 45.0 (2C), 25.7 (2C), 24.5, 18.3.
2-Phenyl-6-vinylpyridine® (5.188)

2-Bromo-6-phenylpyridine (959 mg, 4.10 mmol), tributyl(vinyl) tin (2.40 ml, 8.20 mmol),

N
\ /\ o palladium acetate (138 mg, 0.62 mmol) and triphenylphosphine (323 mg, 1.23 mmol) were
combined in tetrahydrofuran (8.2 ml) and the reaction mixture was thoroughly degassed. The reaction

mixture was refluxed for 48 h and monitored for completion. Once complete, the reaction mixture was
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filtered through celite and the filtrate concentrated. The crude material was purified by column
chromatography, eluting with 0-5% ethyl acetate/petroleum spirits to give the title compound as a clear oil
(713 mg, 96%). LRMS [M+H]" 182.1 m/z; *H NMR (400 MHz, CDCl;) & 8.08 — 8.01 (m, 2H), 7.69 (t, J =
7.8 Hz, 1H), 7.63 — 7.55 (m, 1H), 7.51 — 7.42 (m, 2H), 7.42 — 7.35 (m, 1H), 6.88 (dd, J = 17.4, 10.7 Hz, 1H),
6.34 (dd, J = 17.4, 1.4 Hz, 1H), 5.48 (td, J = 10.9, 1.4 Hz, 2H); *C NMR (101 MHz, CDCls) § 157.0, 155.6,

139.6, 137.3, 129.1, 128.8 (2C), 127.1 (2C), 120.1, 119.8, 119.3, 118.4.

Ethyl (1S,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (5.189)

H,AH The title compound was isolated as a product of the previous reaction as a
% ""\Ofo\/ colourless oil which crystallised on standing (137 mg, 13%). HPLC — rt 5.89 min
> 98% purity at 254 nm; LRMS [M+H]* 268.2 m/z; HRMS [M+H]" 268.1332 m/z, found 268.1334 m/z; *H
NMR (400 MHz, CDCl3) 6 7.96 (ddd, J = 4.2, 3.5, 1.8 Hz, 2H), 7.64 (t, J = 7.8 Hz, 1H), 7.53 (dd, J = 7.8,
0.5 Hz, 1H), 7.47 — 7.40 (m, 2H), 7.39 — 7.34 (m, 1H), 7.20 (d, J = 7.6 Hz, 1H), 3.87 (q, J = 7.1 Hz, 2H),
2.77 (9, J = 16.5, 8.8 Hz, 1H), 2.20 (ddd, J = 9.3, 8.0, 6.0 Hz, 1H), 1.91 (ddd, J = 7.3, 6.0, 5.0 Hz, 1H), 1.42
(ddd, J = 8.6, 8.0, 5.0 Hz, 1H), 0.95 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCly) § 171.2, 156.9, 156.5,
136.8, 128.9, 128.8 (2C), 127.1 (2C), 122.1, 118.5, 60.4, 27.3, 22.4, 14.1, 12.1.*Note: there is one quaternary

carbon missing from the **C NMR.
Ethyl (1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (5.190)

H H 2-Phenyl-6-vinylpyridine (710 mg, 3.92 mmol) was added to ethyl diazoacetate (8

| N/\ T O~ ml) and the reaction mixture was refluxed for 18 h. The reaction mixture was then
concentrated in vacuo and the crude material was purified by column chromatography, eluting with 0-10%
ethyl acetate/petroleum spirits. The title compound was obtained as a colourless solid (310 mg, 30%). HPLC
— rt 7.74 min > 99% purity at 254 nm; LRMS [M+H]" 268.2 m/z; HRMS [M+H]" 268.1332 m/z, found
268.1334 m/z; *H NMR (400 MHz, CDCl;) & 8.06 — 7.97 (m, 2H), 7.65 (t, J = 7.7 Hz, 1H), 7.60 — 7.55 (m,
1H), 7.51 — 7.44 (m, 2H), 7.44 — 7.38 (m, 1H), 7.20 (dt, J = 4.0, 3.3 Hz, 1H), 4.20 (qd, J = 7.1, 1.2 Hz, 2H),
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2.67 (ddd, J = 8.0, 4.0 Hz, 1H), 2.43 (ddd, J = 8.5, 5.5, 3.9 Hz, 1H), 1.77 (ddd, J = 8.5, 6.0, 3.6 Hz, 1H), 1.64
(ddd, J = 8.9, 5.5, 3.6 Hz, 1H), 1.30 (t, J = 8.0 Hz, 3H); *C NMR (101 MHz, CDCl3) & 173.7, 158.7, 156.6,
136.9, 129.1, 128.8 (2C), 126.9 (2C), 121.0, 117.9, 60.8, 27.5, 24.6, 17.8, 14.4. *Note: there is one

quaternary carbon missing from the *C NMR.
(1R,2R)-2-(6-Phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (5.191)

H H Ethyl (1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (310 mg, 1.16
\ N/\““AT)TOH mmol) was dissolved in tetrahydrofuran (0.8 ml) and this solution was added
dropwise to an solution of lithium hydroxide (56 mg, 2.32 mmol) in water (1 ml). The reaction mixture was
stirred at 50 °C and monitored by LCMS and TLC for completion. Once complete (~ 2 h) the reaction
mixture was neutralised by addition of an aqueous solution of 1 M hydrochloric acid. The product could then
be extracted with ethyl acetate to give the title compound as an off-white solid (141 mg, 51%). HPLC — rt
6.16 min > 99% purity at 254 nm; LRMS [M+H]" 240.2 m/z; HRMS [M+H]" 240.1019 m/z, found 240.1019
m/z; *H NMR (400 MHz, CDCl3) & 8.00 — 7.94 (m, 2H), 7.62 (t, J = 7.7 Hz, 1H), 7.54 (dd, J = 7.9, 1.0 Hz,
1H), 7.47 — 7.35 (m, 3H), 7.17 (dd, J = 7.5, 0.9 Hz, 1H), 2.71 (ddd, J = 8.9, 6.2, 3.8 Hz, 1H), 2.39 (ddd, J =
8.5, 5.4, 3.8 Hz, 1H), 1.83 (ddd, J = 8.4, 6.2, 3.7 Hz, 1H), 1.66 (ddd, J = 9.0, 5.4, 3.7 Hz, 1H); *C NMR (101

MHz, CDCly) § 179.5, 158.1, 156.7, 139.2, 137.0, 129.2, 128.8 (2C), 126.9 (2C), 121.1, 118.2, 28.2, 24.4,

18.2. *Note: the —OH peak is missing from the "H NMR.

Tert-butyl ((1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropyl)carbamate (5.192)

H H (1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (141 mg, 0.59
- (0]
%“\‘ANXOk
H
=

mmol), diphenylphosphoryl azide (150 pl, 0.71 mmol), and triethylamine (99 pl,
0.71 mmol) were combined in anhydrous tert-butanol (2 ml). The reaction mixture was heated to reflux for 5
h and the progress monitored by TLC. Once complete, all of the volatiles were removed in vacuo and the
crude material was purified by column chromatography, eluting with 0-25% ethyl acetate/petroleum spirits.
The title compound was obtained as an off-white solid (75 mg, 41%). LRMS [M+H]" 311.2 m/z; HRMS
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[M+H]* 311.1754 m/z, found 311.1754 m/z; *H NMR (400 MHz, CDCly) & 8.01 — 7.93 (m, 2H), 7.58 (t, J =
7.7 Hz, 1H), 7.48 (dd, J = 7.8, 0.8 Hz, 1H), 7.45 — 7.38 (m, 2H), 7.38 — 7.32 (m, 1H), 7.14 (d, J = 7.5 Hz,

1H), 4.88 (s, 1H), 3.15 (s, 1H), 2.18 (s, 1H), 1.64 (ddd, J = 7.4, 5.8, 5.0 Hz, 2H), 1.42 (s, 9H).
(1S,2R)-2-(6-Phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (5.193)

H H Ethyl (1S,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (137 mg, 0.51

‘N\ ""\(OH mmol) was dissolved in tetrahydrofuran (0.3 ml) and this solution was added
O

~
dropwise to a solution of lithium hydroxide (25 mg, 1.02 mmol) in water (0.5 ml). The reaction mixture was
stirred at 50 °C and monitored by LCMS and TLC for completion. Once complete (~ 2 h) the reaction
mixture was neutralised by addition of an agueous solution of 1 M hydrochloric acid. The product was
extracted with ethyl acetate to give the title compound as an off-white solid (43 mg, 35%). LRMS [M+H]"
240.2 m/z; *H NMR (400 MHz, CDCl3) & 7.85 (t, J = 7.9 Hz, 1H), 7.78 (ddd, J = 5.8, 4.2, 2.4 Hz, 2H), 7.60
(dd, J = 8.0, 0.9 Hz, 1H), 7.52 — 7.44 (m, 3H), 7.41 (dd, J = 7.8, 0.9 Hz, 1H), 2.54 (dd, J = 16.1, 8.4 Hz, 1H),
2.38 (ddd, J = 15.7, 8.4, 7.3 Hz, 1H), 1.85 (dt, J = 9.1, 4.6 Hz, 1H), 1.77 (td, J = 7.3, 5.1 Hz, 1H). *Note: the

—OH peak is missing from the *H NMR.
Isopropyl ((1S,2R)-2-(6-phenylpyridin-2-yl)cyclopropyl)carbamate (5.194)

o (1S,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (75 mg, 0.31

N

)
‘ N o :,,HJKOJ\ mmol), diphenylphosphoryl azide (81 pl, 0.38 mmol), and triethylamine (52 pl,

=
0.38 mmol) were combined in anhydrous isopropanol (5 ml). The reaction

mixture was heated to reflux for 2 h and the progress monitored by TLC. Once complete, all of the volatiles
were removed in vacuo and the crude material was purified by column chromatography, eluting with 0-25%
ethyl acetate/petroleum spirits. This gave the title compound as a pale-yellow solid (53 mg, 58%) though
further purification was required. A small amount of material (~12 mg) was purified by preparative TLC
with 10% ethyl acetate/petroleum spirits as the eluent. This led to the isolation of the title compound as an
off-white solid. LRMS [M+H]" 297.2 m/z; HRMS [M+H]" 297.1598 m/z, found 297.1600 m/z; ‘H NMR
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(400 MHz, CDCl5) 6 8.03 — 7.96 (m, 2H), 7.61 (t, J = 7.7 Hz, 1H), 7.52 (dd, J = 7.8, 0.7 Hz, 1H), 7.48 — 7.34
(m, 3H), 7.17 (d, J = 7.5 Hz, 1H), 4.93 (dt, J = 12.5, 6.2 Hz, 2H), 3.17 (s, 1H), 2.22 (s, 1H), 1.23 (dd, J = 6.2,
3.4 Hz, 6H); *C NMR (101 MHz, CDCl5) & 159.3, 156.3, 139.4, 136.6, 128.8, 128.6, 126.8, 120.6, 117.3,
77.0, 22.2, 17.2. *Note: there are two protons missing form the ‘H NMR spectrum, one from the -NH and
the other is believed to be from the cyclopropane. There are multiple equivalent carbons in the *C NMR

spectrum.

Isopropyl ((1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropyl)carbamate (5.195)

H H ° (1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (75 mg, 0.31
%““A\ﬁkok mmol), diphenylphosphoryl azide (81 pl, 0.38 mmol), and triethylamine (52 ul,
0.38 mmol) were combined in anhydrous isopropanol (5 ml). The reaction mixture was heated to reflux for 2
h and the progress monitored by TLC. Once complete, all of the volatiles were removed in vacuo and the
crude material was purified by column chromatography, eluting with 0-25% ethyl acetate/petroleum spirits.
This gave the title compound as a pale-yellow solid (58 mg, 63%) though further purification was required.
A small amount of material (~12 mg) was purified by preparative TLC with 10% ethyl acetate/petroleum
spirits as the eluent. This gave the title compound as an off-white solid. LRMS [M+H]* 297.2 m/z; HRMS
[M+H]"* 297.1598 m/z, found 297.1597 m/z; *H NMR (400 MHz, CDCl5) § 8.01 — 7.92 (m, 2H), 7.59 (t, J =
7.7 Hz, 1H), 7.52 — 7.47 (m, 1H), 7.45 — 7.39 (m, 2H), 7.36 (dt, J = 9.7, 4.3 Hz, 1H), 7.15 (d, J = 7.4 Hz,
1H), 4.90 (dt, J = 12.5, 6.3 Hz, 2H), 3.14 (s, 1H), 2.20 (s, 1H), 1.68 (ddd, J = 7.3, 5.8, 5.1 Hz, 1H), 1.21 (dd,

J=6.2, 3.4 Hz, 6H). *Note: the —~NH is missing from the *H NMR spectrum.
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Physicochemical studies

Solubility Estimates using Nephelometry Stock solutions of compound (10 mg/mL) prepared in DMSO were spiked
into either pH 6.5 phosphate buffer or 0.01 M HCI (approximately pH 2.0) with the final DMSO concentration being
1% (v/v). Samples were then analysed by nephelometry to determine the solubility range as described previously.*
Chromatographic LogD Measurement Partition coefficients (LogD) were estimated by comparing the
chromatographic retention properties of each compound at pH 7.4 to the retention characteristics of a series of standard
compounds with known partition coefficients. Data were collected using a Waters 2795 HPLC instrument with a Waters
2487 dual channel UV detector with a Synergy Hydro-RP 4 um (30 mm x 2 mm) column. The mobile phase consisted
of aqueous buffer (50 mM ammonium acetate, pH 7.4) and acetonitrile, with an acetonitrile gradient of 0 — 100% over
10 min. Compound elution was monitored at 220 and 254 nm. This method is a gradient HPLC method based on that
originally described by Lombardo.?

Chromatographic Protein Binding Estimation Plasma protein binding values were estimated using a
chromatographic method whereby the retention characteristics on a human albumin column (Chromtech Chiral-HSA 50
mm x 3.0 mm, 5 pum, Sigma-Aldrich) were compared to the retention characteristics of a series of compounds with
known human protein binding values. The method is a modification of a previously published method.?® A Waters 2795
HPLC system equipped with a Waters 2487 dual channel UV detector (monitored at 220 and 254 nm) was used with a
mobile phase comprised of aqueous buffer (25 mM ammonium acetate buffer, pH 7.4) and 30% isopropyl alcohol in the
same buffer. The isopropanol concentration gradient varied over 10 min and the column was reconditioned prior to the
next injection.

In Vitro Metabolism in Human Liver Microsomes A 10 mg/mL stock solution was prepared in DMSO and diluted in
50% acetonitrile/water to a spiking concentration of 500 uM. This solution was then diluted 1 in 500 to give a final
compound concentration of 1 UM and incubated at 37°C in the presence of human liver microsomes (XenoTech LLC,
Lenexa, Kansas City) suspended in 0.1 M phosphate buffer (pH 7.4) at a final protein concentration of 0.4 mg/mL. An
NADPH-regenerating system (1 mg/mL NADP, 1 mg/mL glucose-6-phosphate, 1 U/mL glucose-6-phosphate
dehydrogenase and 0.67 mg/mL MgCl,) were added to initiate the metabolic reactions, which were subsequently
quenched with ice-cold acetonitrile at various time points over 60 min. Samples were centrifuged for 3 min at 10,000
rpm and the amount of parent compound remaining in the supernatant quantified by LC-MS using a Waters Micromass
ZQ coupled to a Waters Alliance 2975 HPLC. The first order rate constant for substrate depletion was determined by
fitting the data to an exponential decay function and these values were used to calculate the in vitro intrinsic clearance
(CLin) and the predicted in vivo intrinsic clearance value (CLix vivo) as described previously.?” The predicted in vivo
hepatic extraction ratio (Ey) was calculated using the following relationship: Ey = CLint vive / (Q + CLint vivo) Where Q is
human liver blood flow (20.7 mL/min/kg).?®

Biological Assays

All in vitro assays were carried out at least twice independently in singleton. The I1Cs, values are the means of two
independent assays and vary by less than +50%.

P. falciparum assay In vitro activity against erythrocytic stages of P. falciparum was determined using a *H-
hypoxanthine incorporation assay,”* * using the drug sensitive NF54 strain®* and the standard drug chloroquine (Sigma
C6628). Compounds were dissolved in DMSO at 10 mg/mL and added to parasite cultures incubated in RPMI 1640
medium without hypoxanthine, supplemented with HEPES (5.94 g/L), NaHCO; (2.1 g/L), neomycin (100 U/mL),
Albumax® (5 g/L) and washed human red cells (type A*) at 2.5% haematocrit (0.3% parasitaemia). Serial drug dilutions
of eleven 3-fold dilution steps covering a range from 100 to 0.002 pg/mL were prepared. The 96-well plates were
incubated in a humidified atmosphere at 37°C; 4% CO,, 3% O,, 93% N,. After 48 h, 50 pL of *H-hypoxanthine (0.5
uCi) was added to each well of the plate. The plates were incubated for a further 24 h under the same conditions. The
plates were then harvested with a Betaplate™ cell harvester (Wallac, Zurich, Switzerland), and the red blood cells
transferred onto a glass fibre filter and washed with distilled water. The dried filters were inserted into a plastic foil with
10 mL of scintillation fluid, and counted in a Betaplate™ liquid scintillation counter (Wallac, Zurich, Switzerland). ICsq
values were calculated from sigmoidal inhibition curves by linear regression® using Microsoft Excel. Chloroquine and
artemisinin we used as controls.

L. donovani axenic amastigotes assay Amastigotes of L. donovani strain MHOM/ET/67/L82 were grown in axenic
culture at 37°C in SM medium® at pH 5.4 supplemented with 10% heat-inactivated fetal bovine serum under an
atmosphere of 5% CO, in air. 100 pL of culture medium with 10° amastigotes from axenic culture with or without a
serial drug dilution were seeded in 96-well microtitre plates. Serial drug dilutions of eleven 3-fold dilution steps
covering a range from 100 to 0.002 pg/mL were prepared. After 70 h of incubation the plates were inspected under an
inverted microscope to assure growth of the controls and sterile conditions. 10 uL of Alamar Blue (12.5 mg resazurin
dissolved in 100 mL distilled water)* were then added to each well and the plates incubated for another 2 h. The plates
were read with a Spectramax Gemini XS microplate fluorometer (Molecular Devices Cooperation, Sunnyvale, CA,
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USA) using an excitation wavelength of 536 nm and an emission wavelength of 588 nm. Data were analyzed using the
software Softmax Pro (Molecular Devices Cooperation, Sunnyvale, CA, USA). Decrease of fluorescence (i.e.
inhibition) was expressed as percentage of the fluorescence of control cultures and plotted against the drug
concentrations. From the sigmoidal inhibition curves the 1Cs, values were calculated by linear regression.* Miltefosine
was used as a control.

T. cruzi assay Rat skeletal myoblasts (L-6 cells) were seeded in 96-well microtitre plates at 2000 cells/well in 100 pL
RPMI 1640 medium with 10% FBS and 2 mM l-glutamine. After 24 h, the medium was removed and replaced by 100
uL per well containing 5000 trypomastigote forms of T. cruzi Tulahuen strain C2C4 containing the B-galactosidase (Lac
Z) gene.® After 48 h the medium was removed from the wells and replaced by 100 pL fresh medium with or without a
serial drug dilution of eleven 3-fold dilution steps covering a range from 100 to 0.002 pg/mL. After 96 h of incubation
the plates were inspected under an inverted microscope to assure growth of the controls and sterility and the substrate
CPRG/Nonidet (50 pL) was added to all wells. A color reaction developed within 2—-6 h and could be read
photometrically at 540 nm. Data were analyzed with the graphic programme Softmax Pro (Molecular Devices), which
calculated ICs, values by linear regression® from the sigmoidal dose inhibition curves. Benznidazole was used as a
control.

T. brucei rhodesiense assay This parasite stock was isolated in 1982 from a human patient in Tanzania and after
several mouse passages cloned and adapted to axenic culture conditions.®® Minimum Essential Medium (50 pL)
supplemented with 25 mM HEPES, 1 g/L additional glucose, 1% MEM non-essential amino acids (100x), 0.2 mM 2-
mercaptoethanol, 1 mM Na-pyruvate and 15% heat inactivated horse serum was added to each well of a 96-well
microtiter plate. Serial drug dilutions of eleven 3-fold dilution steps covering a range from 100 to 0.002 pg/mL were
prepared. Then 4x10° bloodstream forms of T.b. rhodesiense STIB 900 in 50 pL was added to each well and the plate
incubated at 37°C under a 5% CO, atmosphere for 70 h. 10 uL Alamar Blue (resazurin, 12.5 mg in 100 mL double-
distilled water) was then added to each well and incubation continued for a further 2—4 h.*" Then the plates were read
with a Spectramax Gemini XS microplate fluorometer (Molecular Devices Cooperation, Sunnyvale, CA, USA) using an
excitation wavelength of 536 nm and an emission wavelength of 588 nm. The ICs, values were calculated by linear
regression®” from the sigmoidal dose inhibition curves using SoftmaxPro software (Molecular Devices Cooperation,
Sunnyvale, CA, USA). Melarsoprol was used as a control.

Rat skeletal myoblast cytotoxicity assay Assays were performed in 96-well microtiter plates, each well containing
100 pL of RPMI 1640 medium supplemented with 1% L-glutamine (200 mM) and 10% fetal bovine serum, and 4000
L-6 cells (a primary cell line derived from rat skeletal myoblasts).*® * Serial drug dilutions of eleven 3-fold dilution
steps covering a range from 100 to 0.002 ug/mL were prepared. After 70 h of incubation the plates were inspected
under an inverted microscope to assure growth of the controls and sterile conditions. 10 uL of Alamar Blue was then
added to each well and the plates incubated for another 2 h. The plates were then read with a Spectramax Gemini XS
microplate fluorometer (Molecular Devices Cooperation, Sunnyvale, CA, USA) using an excitation wavelength of 536
nm and an emission wavelength of 588 nm. The ICs, values were calculated by linear regression® from the sigmoidal
dose inhibition curves using SoftmaxPro software (Molecular Devices Cooperation, Sunnyvale, CA, USA).
Podophyllotoxine was used as a control.

T.b. brucei assay Compound activity against T.b. brucei was assessed in an Alamar blue® viability assay as previously
described by Sykes and Avery.“’ Briefly, 55 pL of HMI-9 media +10% FCS* containing 1200 cells/mL of logarithmic
phase T.b. brucei 427 bloodstream parasites were added to a 384-well microtiter plate (BD biosciences) and incubated
for 24 h at 37°C/5% CO,. Serial drug concentrations were prepared in 100% DMSO and diluted 1:21 in DMEM media.
5 uL of this dilution was subsequently added to assay plates to give final compound concentrations ranging from 41.67
to 0.0004 puM. Plates were incubated for 48 h at 37°C/5% CO,. 10 pL of 70% Alamar Blue® (Invitrogen) prepared in
HMI-9 media +10% FCS was added to assay plates and plates incubated for a further 2 h at 37°C/5% CO, followed by
22 h at room temperature. Assay plates were read at 535 nm excitation/590 nm emission on an Envision® multiplate
reader (PerkinElmer, Massachusetts, USA). Data was analysed and ICx, values calculated using the software GraphPad
Prism 5. Pentamidine and suramin are used as controls.

HEK?293 cytotoxicity assay 55 pL of DMEM +10% FCS media (Gibco) containing 72727 cells/mL of confluent
HEK?293 cells was added to a 384-well microtiter plate (BD biosciences) and incubated for 24 h at 37°C/5% CO,. Serial
compound concentrations were prepared in 100% DMSO and diluted 1:21 in DMEM media. 5 pL of this dilution was
subsequently added to assay plates to give final compound concentrations ranging from 83.34 to 0.0004 uM. Plates
were incubated for 48 h at 37°C/5% CO,. 10 pL of 70% Alamar Blue® (Invitrogen) prepared in DMEM media +10%
FCS was added to assay plates and plates incubated for a further 5 h at 37°C/5% CO, followed by 19 h at room
temperature. Assay plates were read at 535 nm excitation/590 nm emission on an En vision® multiplate reader
(PerkinElmer, Massachusetts, USA). Data was analysed and ICs, values calculated using the software GraphPad Prism
5. Puromycin is used as a control.

340



General Chemistry Experimental

Analytical thin-layer chromatography was performed on silica gel 60 F,s, pre-coated aluminium sheets (0.25 mm,
Merck) and visualized at 254 nm or by chemical staining with a solution ceric sulfate/phosphomolybdic acid followed
by heating. Flash column chromatography was carried out using Merck silica gel 60, 0.63 — 0.20 mm (70-230 mesh).
The purity of all compounds for biological testing was > 95% in all cases, except where specified otherwise.

Experimental conditions (Expl): All non-aqueous reactions were performed under an atmosphere of dry nitrogen,
unless otherwise specified. Melting points were recorded on an ‘OptiMelt’ automated melting point system and are
uncorrected. The solvent for recrystallisations for melting point is noted in brackets. Automated flash chromatography
was performed on the Biotage Flash Master 1I, while manual flash chromatography was carried out with silica gel
supplied by Merck chemicals. NMR spectra were recorded on a Bruker UltraShield 300 with the solvents indicated (*H
NMR at 300 MHz; *C NMR at 75 MHz). Chemical shifts are recorded as & values in parts per million (ppm) values,
referenced to the appropriate solvent peak (ie. CHCI; = 7.26 and 77.16, MeOH = 3.31 and 49.00, DMSO = 2.50 and
39.52) and coupling constants (J) were recorded in Hz. Infrared spectra were obtained on a Bruker Tensor 27 FT-IR
spectrometer at a resolution of 4cm™ and absorptions are given in wavenumbers (cm™). Liquid Chromatography-Mass
spectrometry (LCMS) was performed on two different instruments, a Finnigan LCQ Advantage MAX carried out on a
Phenomenex column (Gemini, 3um, 110A, 20 x 4mm) and a Waters Auto Purification System 3100 carried out with a
Waters column (XBridge, 4um, 100A, 4.6 x 100mm). High Performance Liquid Chromatography (HPLC) was also
carried out on two different instruments, the Waters Auto Purification System 3100 with a Waters column
(XBridgePrep C18, 5um, OBD, 19 x 100mm) and the Waters Alliance HT 2795 with a Phenomenex column (Luna,
5um, C18, 100 A, 150 x 10mm). Compounds purified via this method are noted. Some compounds occasionally gave a
shoulder and this is denoted by an asterisk (*). This can be attributed to overloading but has not definitively identified to
be the cause.

Experimental conditions (Exp2): Microwave reactions were performed on a CEM discovery fitted with an intellivent
explorer unit. The temperature range of the unit is -80°C to 300°C, a pressure range of 0 — 27 bar, power range of O -
300 W and no pre stirring was required. Analytical reverse-phase HPLC was carried out on a Waters Millennium 2690
system, fitted with a Phenomenex Luna C8 100 A, 5 um (150 x 4.6 mm 1.D.) column. A binary solvent system was used
(solvent A: 0.1% aqueous TFA, solvent B: 0.1% TFA/ 19.9% H,0/80% ACN), with UV detection at 214 nm. A
gradient of 0-80% buffer B over 10 min for a 20 min run time was used, with a flow rate of 1 mL/min. *H and **C NMR
spectra were recorded at 400.13 and 100.62 MHz, respectively, on a Bruker Avance Il Nanobay spectrometer with
BACS 60 sample changer, using solvents from Cambridge Isotope Laboratories. Chemical shifts (3, ppm) are reported
relative to the solvent peak (CDCly: 7.26 [*H] or 77.16 [*C]; DMSO-ds: 2.50 [*H] or 39.52 [**C]). Proton resonances
are annotated as: chemical shift (3), multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br, broad),
coupling constant (J, Hz), and number of protons. Low resolution mass spectrometry was performed on an Agilent 6100
Series Single Quad LC/MS coupled with an Agilent 1200 Series HPLC, G1311A quaternary pump, G1329A
thermostatted autosampler, and G1314B variable wavelength detector (214 and 254 nm). LC conditions: Phenomenex
Luna C8(2) column (100 A, 5 mm, 50 x 4.6 mm), 30°C; sample (5 mL) was eluted using a binary gradient (solvent A:
0.1% ag. HCO,H; solvent B: 0.1% HCO,H in CH;CN; 5 to 100% B [10 min], 100% B [10 min]; 0.5 mL/min). MS
conditions: quadrupole ion source with multimode-ESI; drying gas temperature, 300°C; vaporizer temperature, 200°C;
capillary voltage, 2000 V (positive mode) or 4000 V (negative mode); scan range, 100-1000 m/z; step size, 0.1 s over
10 min. High resolution MS was performed on an Agilent 6224 TOF LC/MS coupled to an Agilent 1290 Infinity LC.
All data were acquired and reference mass corrected via a dual-spray electrospray ionisation (ESI) source. Each scan or
data point on the total ion chromatogram (TIC) is an average of 13,700 transients, producing a spectrum every second.
Mass spectra were created by averaging the scans across each peak and subtracting the background from first 10 sec of
the TIC. Acquisition was performed using the Agilent Mass Hunter Data Acquisition software ver. B.05.00 Build
5.0.5042.2 and analysis was performed using Mass Hunter Qualitative Analysis ver. B.05.00 Build 5.0.519.13.
Acquisition parameters: mode, ESI; drying gas flow, 11 L/min; nebuliser pressure, 45 psi; drying gas temperature,
325°C; voltages: capillary , 4000 V; fragmentor, 160 V; skimmer, 65 V; octapole RF, 750 V; scan range, 100-1500
m/z; positive ion mode internal reference ions, m/z 121.050873 and 922.009798. LC conditions: Agilent Zorbax SB-
C18 Rapid Resolution HT (2.1 x 50 mm, 1.8 mm column), 30°C; sample (5 mL) was eluted using a binary gradient
(solvent A: 0.1% ag. HCO,H; solvent B: 0.1% HCO,H in CH3CN; 5 to 100% B [3.5 min], 0.5 mL/min).

General Chemistry Procedures

General Procedure Al: Amide Coupling

To a stirred solution of a benzoic acid (0.734 mmol) in DMF (0.5 M final concentration) was added HBTU (0.881
mmol) and DIPEA (3.67 mmol). The reaction mixture was stirred for 10 mins at room temperature. An excess of an
aminopyridine (1.47 mmol) was added and the resulting suspension was stirred overnight at 60°C. The progression of
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the reaction was monitored via TLC. The reaction mixture was quenched with water and washed with ethyl acetate,
aqueous NaHCO3, 10% wi/v aqueous citric acid and brine. The organic layer was dried with Na,SO, and the solvent was
removed under reduced pressure to afford the crude residue, which was subjected to column chromatography to give the
desired product.

General Procedure A2: Amide Coupling

Thionyl chloride (12.10 mmol) was added dropwise to a stirred solution of a benzoic acid (1.21 mmol) in DMF (3 mL)
and heated at 70°C for 2 h. The solvent was removed under reduced pressure. A small amount of toluene was then
added to the reaction mixture to remove any remaining SOCI, which was concentrated to give the desired benzoyl
chloride. To a stirred solution of an aminopyridine (1.16 mmol) in DCE (0.5 M final concentration) was added DIPEA
(1.39 mmol) and dropwise a benzoyl chloride (1.16 mmol) and heated at 65°C for 2 h. The progression of the reaction
was monitored via TLC. The reaction mixture was diluted with ethyl acetate and the organic layer was washed with
aqueous NaHCO3, 10% wi/v aqueous citric acid and brine. The organic layer was dried with Na,SO, and the solvent was
removed under reduced pressure to leave the crude product, which was subjected to column chromatography to yield
the desired product.

General Procedure A3: Amide Coupling

o-Toluoyl chloride (1.00 mmol) was added dropwise to pyridine (1 mL). The amine (1.10 mmol) was predissolved in
pyridine (1 mL) before adding it to the reaction mixture and stirred overnight at room temperature. Upon completion,
10% w/v aqueous citric acid was added to the reaction mixture until a pH of 3 to 4 was reached and refrigerated until a
sufficient amount of solid formed. The solid was filtered and vacuum dried to give the desired product.

General Procedure A4: Amide Coupling

To a solution of the amine (1.0 eq) in DMF (0.5 M final concentration) was added the benzoic acid (1.2 eq), EDCI (1.2
eq) and DMAP (0.1 eq). The reaction mixture was stirred at 30°C overnight. Water (approximately 2 mL) was added to
the reaction mixture and it was transferred to the fridge overnight. The resulting precipitate was filtered and gave the
desired pyridyl benzamide.

General Procedure A5: Amide Coupling

Relevant benzoic acid (1.0 eq) dissolved in DCM (0.5 M final concentration) and catalytic DMF added. The suspension
was cooled under nitrogen in an ice bath to 0°C prior to the gradual addition of 1.1 eq oxalyl chloride. The reaction was
allowed to react until no further effervescence was observed at which point all volatiles were removed under reduced
pressure. The residue was again cooled to 0°C in an ice bath before gradual addition of the relevant amine (1.0 eq) and
pyridine (2.0 eq) as a 0.5 M solution in THF. The reaction mixture was stirred under nitrogen and allowed to warm to
room temperature overnight. Reaction was acidified with 1.0 M aqueous hydrochloric acid solution and extracted with
ethyl acetate. Purification performed by recrystallisation from cyclohexane to give the desired pyridyl benzamide.

General Procedure A6: Amide Coupling

Oxalyl chloride (1.1 eq) was added dropwise to a cooled solution of a benzoic acid (1.0 eq) in DMF (0.5 M final
concentration) and DCM (catalytic) and stirred until no further effervescence observed. All volatiles were removed
under reduced pressure to give the desired benzoyl chloride. The residue was then dissolved in THF (0.5 M final
concentration) before addition of the relevant amine (1.0 eq) and pyridine (2.0 eq). The reaction was allowed to warm to
room temperature slowly and stirred for 12 h. The reaction mixture was neutralized with saturated ag NH,CI and
extracted with EtOAc three times. The organic layers were combined, washed with brine, dried and the solvent removed
under reduced pressure. The crude material was subject to column chromatography to yield the desired product.

General Procedure B: N-Alkylation

To a stirred solution of 8 (0.353 mmol), K,CO; (0.530 mmol) and TBAB (0.035 mmol) in acetone (3 mL) was added
after 10 minutes the alkylating agent (1.06 mmol). After stirring overnight, the solvent was removed under reduced
pressure and the mixture was partitioned between ether (4 mL) and water (3 mL). The separated organic layer was
washed with saturated aqueous KHSO, (3 x 1 mL), dried with Na,SO, and concentrated to give the crude product,
which was subjected to column chromatography to yield to desired product.

General Procedure C: Suzuki Coupling Reactions

A bromo pyridyl benzamide (0.687 mmol) was dissolved in 1,4-dioxane (2 mL) and water (0.5 mL), along with the
boronic acid (0.721 mmol), K,CO; (2.75 mmol), TBAB (0.069 mmol) and Pd(PPhs),Cl, (0.034 mmol). The mixture
was stirred in the microwave while heating at 130°C for 15 mins. The reaction mixture was dried with Na,SO, and
filtered through a plug of silica/celite with ethyl acetate. The solvent was removed under reduced pressure to give the
crude product, which was subjected to column chromatography to yield the desired product.
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General Procedure D: Sonogashira Coupling Reactions

To a solution of a bromo pyridyl benzamide (0.687 mmol) in DMF (1.5 mL) and Et;N (0.28 mL) was added the alkyne
(1.37 mmol), Pd(PPhs),Cl, or Pd(PPhs), (0.034 mmol), Cul (0.069 mmol) and PPh; (0.069 mmol). The reaction mixture
was heated under microwave irradiation at 120°C whilst stirring for 10 to 40 mins. The reaction mixture was diluted
with 60% ethyl acetate/petroleum ether and filtered through a plug of celite/silica. The solvent was concentrated and
dried to give the crude product, which was subjected to column chromatography to yield the desired product.

Compound Characterization

2-Methyl-N-(pyridin-2-yl)benzamide (8) (Exp1)

Title compound prepared according to General Procedure Al to give a white crystalline solid (65%), mp 119-122°C.
LCMS (Waters) - rt 5.33 min 98% purity at 254 nm; [M+H]* 213.2 m/z; *"H NMR (300 MHz, DMSO) & 10.68 (s, 1H),
8.34-8.32 (m, 1H), 8.17 (dd, J = 8.3 and 0.9 Hz, 1H), 7.84-7.78 (m, 1H), 7.45 (d, J = 7.5 Hz, 1H), 7.39-7.34 (m, 1H),
7.28-7.23 (m, 2H), 7.16-7.13 (m, 1H), 2.38 (s, 3H); *C NMR (75 MHz, DMSO) & 168.5, 152.0, 148.0, 138.0, 136.4,
135.4, 130.4, 129.8, 127.5, 125.5, 119.7, 114.3, 19.4; IR (cm™) v 3168.98 (NH), 2974.32 (CH), 1672.49 (C=0),
1629.65, 1520.68, 1429.90, 1308.15, 766.72.

2-Methyl-N-(5-(4-methylpent-1-yn-1-yl)pyridin-2-yl)benzamide (9) (Exp1l)

Title compound prepared according to General Procedure D to give a yellow solid (50%), mp (cx) 110-112°C. LCMS
(Finnigan) - rt 6.06 min 98% purity at 254 nm; [M+H]* 293.1 m/z; *H NMR (300 MHz, CDCl3) & 9.27 (s, 1H), 8.44 (s,
1H), 7.80 (d, J = 8.1 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H), 7.42-7.38 (m, 1H), 7.30-7.25 (m, 3H), 2.53 (s, 3H), 2.35 (d, J =
6.5 Hz, 2H), 1.95 (sep, J = 6.6 Hz, 1H), 1.08 (d, J = 6.6 Hz, 6H); IR (cm™) v 3174.58 (NH), 2958.73-2870.66 (CH),
1683.01 (C=0), 1583.89, 1516.22, 1373.17, 1303.39, 735.79.

(E)-2-Methyl-N-(5-(pent-1-en-1-yl)pyridin-2-yl)benzamide (10) (Exp1l)

Title compound prepared according to General Procedure C to give a light yellow solid (26%), mp (cx) 94-96°C. LCMS
(Finnigan) - rt 5.76 min 99% purity at 254 nm; [M+H]* 281.1 m/z; "H NMR (300 MHz, CDCl5) & 9.33 (s, 1H), 8.27 (d,
J=8.7Hz, 1H), 7.73 (s, 1H), 7.67 (dd, J = 8.7 and 1.8 Hz, 1H), 7.45 (d, J = 7.9 Hz, 1H), 7.25-7.20 (m, 1H), 7.14-7.10
(m, 2H), 6.10-6.06 (m, 2H), 2.37 (s, 3H), 2.05 (q, J = 7.2 Hz, 2H), 1.36 (sex, J = 7.3 Hz, 2H), 0.81 (t, J = 7.3 Hz, 3H);
3 NMR (75 MHz, CDCl5) 5 168.1, 149.6, 143.1, 137.0, 136.5, 135.2, 133.3, 131.4, 130.9, 130.3, 127.2, 126.1, 125.1,
114.4, 35.2, 22.3, 20.1, 13.7; IR (cm™) v 3153.82 (NH), 2952.37-2867.85 (CH), 1681.10 (C=0), 1582.83, 1513.53,
1388.67, 1301.35, 740.24.

2-Methyl-N-(5-phenylpyridin-2-yl)benzamide (11) (Exp1)

Title compound prepared according to General Procedure Al to give a white crystalline solid (28%), mp 145-150°C.
LCMS (Waters) - rt 7.68 min 99% purity at 254 nm; [M+H]" 289.2 m/z; '"H NMR (300 MHz, CDCl3) § 9.44 (s, 1H),
8.52 (d, J = 8.7 Hz, 1H), 8.13 (s, 1H), 7.99 (dd, J = 8.7 and 2.4 Hz, 1H), 7.61-7.58 (m, 1H), 7.52-7.32 (m, 6H), 7.28-
7.24 (m, 2H), 2.55 (s, 3H); *C NMR (75 MHz, CDCl,) 5 168.4, 150.6, 144.9, 137.5, 137.0, 136.8, 135.7, 133.0, 131 .4,
130.8, 129.1, 128.0, 127.1, 126.8, 126.0, 114.3, 20.0; IR (cm™) v 3221.94 (NH), 2965.54 (CH), 1673.97 (C=0),
1586.38, 1490.70, 1447.33, 1372.79, 732.25.

6-1sobutoxypyridin-2-amine (101) (Expl)

2-Methyl-1-propanol (0.086g, 1.16mmol) was heated in a sealed tube with 2-amino-6-bromopyridine (0.578mmol) and
NaH (0.047g, 1.17mmol) in DME (0.8 mL) for 19 hours at 190°C. The tube was cooled and opened carefully. The
supernatant was removed and concentrated to give the crude product mixture, which was subjected to column
chromatography to give 101 as a brown amorphous solid (0.079g, 82%). LCMS (Waters) - rt 4.10 min 95% purity at
254 nm; [M+H]" 167.2 m/z; "H NMR (300 MHz, CDCl5) & 7.38 (t, J = 7.9 Hz, 1H), 6.13 (d, J = 7.9 Hz, 1H), 6.06 (d, J
= 8.0 Hz, 1H), 5.10 (s, 2H), 3.93 (d, J = 6.6 Hz, 2H), 2.12-2.03 (m, 1H), 1.00 (d, J = 6.7 Hz, 6H); *C NMR (75 MHz,
CDCls) § 162.7, 156.7, 141.2, 100.4, 97.4, 73.1, 28.0, 19.2; IR (cm™) v 3332.07 (NH), 2959.66 (CH), 1664.00, 1613.74,
1443.00, 1256.40 (CN), 1027.71, 784.82.

N-(6-I1sobutoxypyridin-2-yl)-2-methylbenzamide (12) (Exp1)

Compound 101 was involved in General Procedure Al to give the title compound as a light yellow crystalline solid
(18%), mp 51-55°C. LCMS (Waters) - rt 8.58 min 70% purity at 254 nm; [M+H]* 285.2 m/z; *H NMR (300 MHz,
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CDCly) § 8.31 (s, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H), 7.56 (d, J = 7.3 Hz, 1H), 7.41-7.28 (m, 1H),
7.30-7.26 (m, 2H), 6.53 (d, J = 8.1 Hz, 1H), 3.97 (d, J = 6.7 Hz, 2H), 2.53 (s, 3H), 2.07 (m, 1H), 1.01 (d, J = 6.7 Hz,
6H): °C NMR (75 MHz, CDCly) § 168.0, 161.8, 148.8, 142.7, 137.1, 135.1, 131.5, 130.9, 127.2, 126.0, 105.9, 105.2,
73.8, 28.0, 20.1, 19.1; IR (cm™) v 3291.87 (NH), 2962.41 (CH), 1683.45 (C=0), 1579.11, 1520.94, 1445.15, 1274.45,
1245.59.

N-Butyl-2-methyl-N-(pyridin-2-yl)benzamide (13a) (Exp1)

Title compound prepared according to General Procedure B to give a yellow oil (20%). LCMS (Finnigan) - rt 5.31 min
98% purity at 254 nm; [M+H]" 269.1 m/z; 'H NMR (300 MHz, MeOD) & 8.37 (d, J = 4.7 Hz, 1H), 7.58 (t, J = 7.6 Hz,
1H), 7.31-7.23 (m, 2H), 7.17-7.13 (m, 2H), 7.06-7.00 (m, 2H), 2.33-2.29 (m, 3H), 1.62-1.54 (m, 2H), 1.40-1.29 (m,
2H), 1.18-1.10 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H); *C NMR (75 MHz, MeOD) § 210.0, 149.9, 139.3, 137.8, 136.4, 131.6,
131.4,130.3, 128.2, 126.4, 124.0, 123.4, 31.3, 30.7, 21.1, 19.5, 14.0. IR (cm™) v 3058.76 (NH), 2957.98-2871.64 (CH),
1651.10 (C=0), 1601.49, 1467.63, 1433.96, 1379.11, 742.74.

2-Methyl-N-pentyl-N-(pyridin-2-yl)benzamide (13b) (Exp1l)

Title compound prepared according to General Procedure B to give a colorless oil (18%). LCMS (Waters) - rt 7.73 min
90% purity at 254 nm; [M+H]" 283.3 m/z; 'H NMR (300 MHz, MeOD) & 8.37 (d, J = 3.3 Hz, 1H), 7.59 (t, J = 7.8 Hz,
1H), 7.19-7.10 (m, 3H), 7.06-7.00 (m, 3H), 4.02 (t, J = 7.4 Hz, 2H), 2.33 (s, 3H), 1.64 (m, 2H), 1.32-1.30 (m, 4H), 0.90-
0.85 (m, 3H); **C NMR (75 MHz, MeOD) & 173.3, 156.0, 149.9, 139.3, 137.8, 136.4, 131.4, 130.3, 128.2, 126.4, 124.0,
123.4, 30.7, 30.1, 28.8, 23.3, 19.5, 14.3; IR (cm™) v 3057.81 (NH), 2955.74-2859.52 (CH), 1649.98 (C=0), 1585.86,
1467.35, 1433.89, 1381.05, 741.81.

2-lodo-N-(pyridin-2-yl)benzamide (14) (Expl)

2-lodobenzoyl chloride was obtained according to General Procedure A2 to give the title compound as a light yellow
solid (7%), mp (cx) 175-178°C. LCMS (Finnigan) - rt 4.75 min 92% purity at 254 nm; [M+H]* 325.0 m/z; ‘H NMR
(300 MHz, CDCl3) 8 9.51 (s, 1H), 8.44 (d, J = 8.3 Hz, 1H), 7.95-7.90 (m, 2H), 7.84-7.77 (m, 1H), 7.59-7.54 (m, 1H),
7.43 (dt, J = 7.5 and 1.1 Hz, 1H), 7.16 (dt, J = 7.7 and 1.7 Hz, 1H), 7.06-7.02 (m, 1H); **C NMR (75 MHz, CDCl;) &
167.6, 151.0, 145.9, 141.1, 140.4, 139.9, 131.8, 128.5, 128.4, 120.0, 115.0, 92.6; IR (cm'l) v 2976.39 (NH), 1680.92
(C=0), 1577.86, 1524.27, 1432.36, 1312.24, 773.56-736.11 (CI).

N-(Pyridin-2-yl)-2-(trifluoromethyl)benzamide (15) (Expl)

Title compound prepared according to General Procedure Al to give a dull yellow crystalline solid (55%), mp 130-
132°C. LCMS (Finnigan) — rt 4.81 min 98% purity at 254 nm; [M+H]" 267.0 m/z; *H NMR (300 MHz, DMSO) & 11.09
(s, 1H), 8.35 (d, J = 4.2 Hz, 1H), 8.17 (d, J = 8.1 Hz, 1H), 7.88-7.67 (m, 5H), 7.19-7.17 (m, 1H); IR (cm™) v 2979.59
(NH), 1684.91 (C=0), 1633.69, 1431.43, 1312.64, 1124.48, 767.26.

N-(5-Bromo-6-methylpyridin-2-yl)-2-methylbenzamide (16) (Expl)

To a solution of 2-amino-6-picoline (2.77 mmol) in methanol (8.5 mL) was slowly added NBS (2.83 mmol) portion-
wise as a solid. The resulting mixture was stirred at room temperature for 30 mins and the solvent removed under
reduced pressure. The reaction mixture was quenched with water, diluted with ethyl acetate and washed with aqueous
NaHCO; and brine. The organic layer was dried with Na,SO, and the solvent concentrated to give 6-amino-3-bromo-2-
picoline® as a light brown solid (82%). Title compound was then prepared according to General Procedure C to give a
brown crystalline solid (93%), mp 91-94°C. LCMS (Finnigan) - rt 5.63 min 95% purity at 254 nm; [M+H]" 305.3 m/z
(Br), 307.0 m/z (*Br); *H NMR (300 MHz, CDCl3) & 8.31 (s, 1H), 8.12 (d, J = 8.7 Hz, 1H), 7.83 (d, J = 8.7 Hz, 1H),
7.51 (d, J = 7.5 Hz, 1H), 7.40-7.35 (m, 1H), 7.28-7.22 (m, 2H), 2.53 (d, J = 6.0 Hz, 6H); *C NMR (75 MHz, CDCl5) &
168.0, 155.3, 149.6, 142.3, 136.9, 135.3, 131.5, 130.8, 126.8, 126.0, 115.3, 112.8, 24.2, 20.0; IR (cm™) v 3168.85 (NH),
2964.18-2926.46 (CH), 1684.22 (C=0), 1511.66, 1432.25, 1300.39, 999.19, 740.03 (CBr).

5-(N-(‘Butyl)sulfamoyl)-2-methyl-N-(5-methylpyridin-2-yl)benzamide (17) (Exp2)

Title compound prepared according to General Procedure A4 to give a white solid (35%). HPLC — rt 5.79 min > 95%
purity at 254 nm; LRMS [M+H]" 362.3 m/z; "H NMR (400 MHz, CDCl3) § 9.34 (s, 1H), 8.31 (d, J = 8.3 Hz, 1H), 8.12
(d, J=19Hz, 1H), 7.97 (d, J = 24.8 Hz, 1H), 7.88 (dd, J = 8.1, 2.0 Hz, 1H), 7.65 (dd, J = 8.5, 1.8 Hz, 1H), 7.39 (d, J =
8.1 Hz, 1H), 4.84 (s, 1H), 2.59 (s, 3H), 2.33 (s, 3H), 1.29 — 1.20 (s, 9H); *C NMR (101 MHz, CDCl3) & 166.6, 148.9,
146.3, 146.3, 141.8, 141.4, 140.2, 131.9, 130.0, 128.8, 125.7, 114.3, 55.0, 30.2 (3C), 20.2, 17.9.
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N-(Quinolin-2-yl)-[1,1'-biphenyl]-2-carboxamide (18) (Expl)

Title compound prepared according to General Procedure Al to give a light yellow solid (71%), mp (cx) 132-135°C.
LCMS (Waters) - rt 7.58 min 98% purity at 254 nm; [M+H]" 325.2 m/z; *"H NMR (300 MHz, CDCl5) & 8.86 (s, 1H),
8.47 (d, J = 8.7 Hz, 1H), 8.15 (d, J = 9.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.61-7.52 (m, 3H), 7.45-7.28 (m, 9H); **C
NMR (75 MHz, CDCl3) 8 168.7, 151.1, 146.1, 140.2, 139.8, 138.7, 135.3, 130.7, 130.5, 129.9, 128.7, 128.7, 128.5,
127.9, 127.4, 127.4,127.0, 126.2, 125.1, 114.3; IR (cm™) v 3053.34 (NH), 1672.26 (C=0), 1597.34, 1498.29, 1424.69,
1318.85, 741.15.

N-(3-Methoxypyridin-2-yl)-2-methylbenzamide (19) (Exp1)

Title compound prepared according to General Procedure Al to give a colorless oil (22%). LCMS (Waters) - rt 4.32
min > 97% purity at 254 nm; [M+H]"* 243.2 m/z; '"H NMR (300 MHz, MeOD) § 8.02 (s, 1H), 7.64-7.56 (m, 2H), 7.44-
7.28 (m, 4H), 3.96 (s, 3H), 2.53 (s, 3H); *C NMR (75 MHz, CDCl5) § 171.8, 150.4, 142.1, 138.4, 137.7, 137.1, 132.0,
131.6, 128.6, 126.8, 123.7, 121.7, 56.7, 19.9; IR (cm™) v 3411.61 (NH), 2927.17 (CH), 1680.67 (C=0), 1601.71,
1502.38, 1455.96, 1421.24, 836.77.

2-Methyl-N-(3-methylpyridin-2-yl)benzamide (20) (Exp1l)

Title compound prepared according to General Procedure Al to give a yellow solid (42%), mp (cx) 109-111°C. LCMS
(Waters) - rt 4.70 min 95% purity at 254 nm; [M+H]" 227.2 m/z; 'H NMR (300 MHz, MeOD) & 8.29 (d, J = 4.5 Hz,
1H), 7.77 (d, J = 7.6 Hz, 1H), 7.60 (d, J = 7.4 Hz, 1H), 7.41-7.36 (m, 1H), 7.31-7.27 (m, 3H), 2.51 (s, 3H), 2.37 (s, 3H);
3Cc NMR (75 MHz, MeOD) 6 171.9, 150.6, 147.1, 141.6, 137.5, 137.1, 132.0, 132.0, 131.5, 128.5, 126.9, 124.1, 20.0,
18.0; IR (cm™) v 3167.43 (NH), 2976.24 (CH), 1666.61 (C=0), 1579.47, 1445.55, 1367.81, 1284.10, 747.15.

N-(3-Fluoropyridin-2-yl)-2-methylbenzamide (21) (Exp1l)

Title compound prepared according to General Procedure A3 to give a white solid (80%), mp (cx) 123-125°C. LCMS
(Finnigan) - rt 4.44 min 98% purity at 254 nm; [M+H]* 231.0 m/z; *H NMR (300 MHz, CDCls) & 8.45 (s, 1H), 8.15-
8.09 (m, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.58-7.50 (m, 1H), 7.43-7.38 (m, 1H), 7.30-7.25 (m, 2H), 7.21-7.16 (m, 1H),
2.55 (s, 3H); IR (cm™) v 3389.77 (NH), 2915.09 (CH), 1654.86 (C=0), 1514.62, 1463.55, 1314.29, 802.47, 740.56.

2-Methyl-N-(pyrimidin-2-yl)benzamide (22) (Exp2)

Title compound prepared according to General Procedure A4 as a white solid (24%). HPLC — rt 4.54 min > 95% purity
at 254 nm; LRMS [M+H]" 214.0 m/z; *H NMR (400 MHz, CDCl3) & 9.32 (s, 1H), 8.35 (d, J = 5.9 Hz, 1H), 7.86 (d, J =
8.1 Hz, 1H), 7.34 (m, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H), 7.26 - 7.10 (m, 2H), 2.53 (s, 3H); **C
NMR (101 MHz, CDCls) 8 165.1, 157.3 (2C), 154.2, 138.3, 132.8, 131.6, 131.4, 127.6, 127.1, 114.3, 19.2.

N-(4-Cyanopyridin-2-yl)-2-methylbenzamide (23) (Expl)

Title compound prepared according to General Procedure Al to give a dull yellow crystalline solid (15%), mp 150-
153°C. LCMS (Waters) - rt 6.57 min 99% purity at 254 nm; [M+H]* 238.2 m/z; '"H NMR (300 MHz, CDCls) § 9.29 (s,
1H), 8.76 (s, 1H), 8.10-8.08 (m, 1H), 7.56-7.54 (m, 1H), 7.45-7.41 (m, 1H), 7.32-7.28 (m, 2H), 7.24-7.22 (m, 1H), 2.54
(s, 3H); 3C NMR (75 MHz, CDCly) & 168.4, 152.4, 148.6, 137.1, 134.8, 131.6, 131.2, 127.0, 126.1, 122.9, 121.1,
116.3, 116.3, 20.0; IR (cm™) v 3191.96 (NH), 2977.79 (CH), 2243.52 (CN), 1688.37 (C=0), 1559.47, 1405.30,
1224.68, 967.48, 746.08.

2-Methyl-N-(pyrazin-2-yl)benzamide (24) (Expl)

Title compound prepared according to General Procedure Al to give a light yellow solid (50%), mp (cx) 114-116°C.
LCMS (Waters) - rt 5.40 min 98% purity at 254 nm; [M+H]* 214.2 m/z; "H NMR (300 MHz, MeOD) § 9.51 (d, J= 1.5
Hz, 1H), 8.40-8.38 (m, 1H), 8.34 (d, J = 2.4 Hz, 1H), 7.53 (d, J = 7.7 Hz, 1H), 7.44-7.38 (m, 1H), 7.33-7.28 (m, 2H),
2.48 (s, 3H); **C NMR (75 MHz, MeOD) & 171.3, 150.7, 144.3, 140.9, 138.0, 137.5, 137.0, 132.1, 131.7, 128.4, 126.9,
19.8; IR (cm™) v 3167.49 (NH), 3095.12 (CH), 1688.62 (C=0), 1526.92, 1409.57, 1298.00, 1268.65, 729.37.
2-Methyl-N-(4-methylpyridin-2-yl)benzamide (25) (Exp1l)

Title compound prepared according to General Procedure Al to give a white solid (61%), mp (cx) 120-123°C. LCMS
(Waters) - rt 4.68 + 4.93 min 98% purity at 254 nm; [M+H]" 227.2 m/z; '"H NMR (300 MHz, CDCl;) & 10.54 (s, 1H),
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8.24 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.33-7.28 (m, 1H), 7.20-7.13 (m, 2H), 6.99 (d, J = 5.2 Hz, 1H), 6.58 (d, J = 5.2
Hz, 1H), 2.45 (s, 3H), 2.31 (s, 3H); 13C NMR (75 MHz, CDCl3) § 169.2, 152.1, 150.0, 146.7, 136.7, 136.0, 131.0, 130.2,
127.2, 125.9, 120.7, 115.0, 21.4, 19.7; IR (cm™) v 3181.15 (NH), 2978.23 (CH), 1679.51 (C=0), 1613.92, 1572.61,
1527.05, 1408.90, 1299.12.

N-(4-Chloropyridin-2-yl)-2-methylbenzamide (26) (Exp1l)

Title compound prepared according to General Procedure Al to give a yellow crystalline solid (37%), mp 84-87°C.
LCMS (Waters) - rt 7.32 min 90% purity at 254 nm; [M+H]" 247.2 (*Cl), 249.1 (*’Cl) m/z; '"H NMR (300 MHz,
DMSO, rotamers) & 11.03 (s, 1H), 8.36-8.32 (m, 2H), 7.82 (d, J = 7.8 Hz, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.44-7.37 (m,
2H), 7.31-7.26 (m, 5H), 2.40 (s, 3H); *C NMR (75 MHz, DMSO, rotamers) 5 168.8, 168.6, 153.2, 149.4, 143.9, 138.9,
136.0, 135.5, 131.6, 131.4, 130.5, 130.1, 130.0, 127.6, 125.8, 125.5, 119.7, 113.7, 21.2, 19.4; IR (cm™) v 3222.31 (NH),
2970.27 (CH), 1683.80 (C=0), 1567.06, 1402.41, 1265.72, 1033.32, 831.60, 721.93 (CCl).

N-(4-Bromopyridin-2-yl)-2-methylbenzamide (27) (Expl)

Title compound prepared according to General Procedure A3 to give a white solid (75%). LCMS (Finnigan) - rt 5.37
min 98% purity at 254 nm; [M+H]" 291.4 m/z ("Br), 293.0 m/z (¢'Br); *H NMR (300 MHz, CDCl5) § 9.63 (s, 1H), 8.87
(s, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.47-7.42 (m, 1H), 7.35-7.28 (m, 4H), 2.57 (s, 3H); **C NMR (75 MHz, CDCl5) &
168.0, 151.3, 144.6, 137.7, 134.0, 131.7, 131.5, 127.4, 126.2, 123.2, 120.3, 118.2, 20.2; IR (cm'l) v 3217.90 (NH)
3058.26 (CH), 1684.75 (C=0), 1564.11, 1509.45, 1396.93, 1266.59, 1082.22, 735.89 (CBr).

N-(4-Fluoropyridin-2-yl)-2-methylbenzamide (28) (Exp2)

Title compound prepared according to General Procedure Al as an off-white solid (13%). HPLC — rt 6.36 min > 98%
purity at 254 nm; LRMS [M+H]* 231.0 m/z; HRMS [M+H]" 231.0928 m/z, found 231.0926 m/z; *H NMR (400 MHz,
DMSO) 6 11.08 (s, 1H), 8.39 (dd, J = 9.3, 5.7 Hz, 1H), 8.04 (dd, J = 12.0, 2.4 Hz, 1H), 7.51 — 7.43 (m, 1H), 7.39 (td, J
=75, 1.4 Hz, 1H), 7.34 — 7.22 (m, 2H), 7.10 (ddd, J = 8.2, 5.7, 2.4 Hz, 1H), 2.39 (s, 3H); **C NMR (101 MHz, DMSO)
5168.9, 168.9 (J c.r = 258 Hz), 154.4 (J c.¢ = 11 Hz), 150.7 (J c.r = 8 Hz), 136.0, 135.5, 130.6, 130.1, 127.6, 125.6,
107.7 (J ce = 17 Hz), 101.3 (J c.r = 23 Hz), 19.5.

2-Methyl-N-(4-(phenylethynyl)pyridin-2-yl)benzamide (29) (Expl)

Title compound prepared according to General Procedure D to give a yellow crystalline solid (93%), mp 157-160°C.
LCMS (Finnigan) - rt 5.89 min 95% purity at 254 nm; [M+H]"* 313.1 m/z; '"H NMR (300 MHz, DMSO) 5 10.89 (s, 1H),
8.40 (s, 1H), 8.32 (s, 1H), 7.66-7.63 (m, 2H), 7.49-7.46 (m, 4H), 7.37 (d, J = 7.2 Hz, 1H), 7.28 (d, J = 7.2 Hz, 3H), 2.39
(s, 3H); IR (cm™) v 3183.06 (NH), 3031.34 (CH), 2360.26 (-C=C-), 1678.21 (C=0), 1551.25, 1411.62, 1298.00,
1277.49, 752.01.

2-Methyl-N-(4-(4-methylpent-1-yn-1-yl)pyridin-2-yl)benzamide (30) (Exp1l)

Title compound prepared according to General Procedure D to give a yellow solid (44%), mp (cx) 134-136°C. LCMS
(Finnigan) - rt 6.01 min > 98% purity at 254 nm; [M+H]* 293.1 m/z; '"H NMR (300 MHz, CDCl5) & 9.29 (s, 1H), 8.54
(s, 1H), 7.56 (d, J = 7.2 Hz, 1H), 7.42-7.37 (m, 1H), 7.30-7.25 (m, 3H), 7.06 (s, 1H), 2.54 (s, 3H), 2.34 (d, J = 6.5 Hz,
2H), 1.95 (sep, J = 6.6 Hz, 1H), 1.07 (d, J = 6.6 Hz, 6H); IR (cm™) v 3182.16 (NH), 2958.42 (CH), 2236.62 (-C=C-),
1673.88 (C=0), 1603.32, 1550.71, 1410.72, 1301.66, 1275.84.

2-Methyl-N-(4-phenylpyridin-2-yl)benzamide (31) (Exp1l)

Title compound prepared according to General Procedure C to give a light yellow crystalline solid (99%), mp 160-
163°C. LCMS (Finnigan) - rt 5.37 min 98% purity at 254 nm; [M+H]"* 289.1 m/z; *H NMR (300 MHz, CDCls) & 9.69
(s, 1H), 8.77 (s, 1H), 7.85 (d, J = 5.1 Hz, 1H), 7.76-7.73 (m, 2H), 7.61 (d, J = 7.8 Hz, 1H), 7.52-7.39 (m, 4H), 7.31-7.23
(m, 3H), 2.57 (s, 3H); *C NMR (75 MHz, CDCl3) & 168.6, 152.2, 151.8, 146.9, 137.9, 136.7, 135.8, 131.4, 130.7,
129.5, 129.1, 127.3, 127.2, 126.0, 117.9, 112.2, 20.0; IR (cm™) v 3183.97 (NH), 3056.67 (CH), 1676.60 (C=0),
1491.20, 1275.69, 1211.86, 761.46, 693.54.
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N-(5-Methoxypyridin-2-yl)-2-methylbenzamide (32) (Exp1)

Title compound prepared according to General Procedure Al to give a brown solid (99%), mp (cx) 100-103°C. LCMS
(Finnigan) - rt 4.84 min 98% purity at 254 nm; [M+H]" 243.1 m/z; "H NMR (300 MHz, CDCl5) & 9.46 (s, 1H), 8.37 (d,
J = 9.1 Hz, 1H), 9.57-7.54 (m, 2H), 7.39-7.35 (m, 2H), 7.28-7.25 (m, 2H), 3.81 (s, 3H), 2.52 (s, 3H); *C NMR (75
MHz, CDCly) & 168.3, 152.9, 145.2, 136.7, 135.7, 132.2, 131.3, 130.6, 127.2, 125.9, 125.2, 115.3, 56.1, 19.9; IR (cm™)
v 3165.66 (NH), 2971.43 (CH), 1668.71 (C=0), 1528.37, 1398.58, 1253.69, 1016.34, 831.41.

2-Methyl-N-(5-methylpyridin-2-yl)benzamide (33) (Exp1l)

Title compound prepared according to General Procedure Al to give a white crystalline solid (56%), mp 122-124°C.
LCMS (Finnigan) - rt 4.27 min > 99% purity at 254 nm; [M+H]" 227.1 m/z; "H NMR (300 MHz, MeOD) & 8.12 (d, J =
8.4 Hz, 1H), 7.91 (s, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.49 (d, J = 7.2 Hz, 1H), 7.43-7.38 (m, 1H), 7.32-7.27 (m, 2H), 2.46
(s, 3H), 2.29 (s, 3H); *C NMR (75 MHz, MeOD) & 171.3, 150.9, 148.9, 140.1, 137.9, 137.1, 132.0, 131.4, 131.1, 128.2,
127.0, 115.7, 19.7, 17.8; IR (cm™) v 3168.26 (NH), 2988.17 (CH), 1677.45 (C=0), 1592.34, 1521.80, 1388.31,
1307.71, 736.25.

N-(5-Fluoropyridin-2-yl)-2-methylbenzamide (34) (Exp1)

Title compound prepared according to General Procedure A2 (20%) and D (81%) to give a dull yellow crystalline solid,
mp 140-143°C. LCMS (Finnigan) - rt 5.09 min 99% purity at 254 nm; [M+H]* 231.1 m/z; '"H NMR (300 MHz, CDCl5)
39.08 (s, 1H), 8.47 (dd, J = 9.2, 4.1 Hz, 1H), 7.77-7.76 (m, 1H), 7.56-7.49 (m, 2H), 7.44-7.39 (m, 1H), 7.31-7.26 (m,
2H), 2.53 (s, 3H); *C NMR (75 MHz, CDCl5) & 168.3, 156.4 (Jc.r = 250 Hz), 148.0, 136.8, 135.7, 134.8 (Jc.r = 26 H2),
131.6, 130.9, 127.1, 126.2, 126.0 (Jc.r = 20 Hz), 115.3 (Jor = 4 Hz), 20.0; IR (cm™) v 3174.67 (NH), 3067.80 (CH),
1670.14 (C=0), 1518.38, 1388.38, 1305.89, 1234.27, 747.23.

2-Methyl-N-(pyrimidin-4-yl)benzamide (35) (Exp2)

Title compound prepared according to General Procedure A4 as a white solid (59%). HPLC — rt 4.59 min > 95% purity
at 254 nm; LRMS [M+H]" 214.2 m/z; *H NMR (400 MHz, CDCls) 6 9.32 (s, 1H), 8.66 (d, J = 5.7 Hz, 1H), 8.43 (d, J =
15.1 Hz, 1H), 8.36 (t, J = 6.6 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.35 — 7.20 (m, 2H), 2.50 (s,
3H); ®C NMR (101 MHz, CDCl3) 5 169.2, 158.7, 158.2, 157.6, 137.1, 134.9, 131.8, 131.4, 127.2, 126.3, 110.6, 20.2.

N-(5-Cyanopyridin-2-yl)-2-methylbenzamide (36) (Expl)

Title compound prepared according to General Procedure Al to give a dull yellow crystalline solid (10%), mp 112-
114°C. LCMS (Waters) - rt 7.70 min 99% purity at 254 nm; [M+H]" 238.2 m/z; *H NMR (300 MHz, CDCls) & 8.34 (d,
J=8.3 Hz, 1H), 8.09 (d, J = 8.3 Hz, 1H), 7.65 (t, J = 7.7 Hz, 1H), 7.56 (d, J = 7.7 Hz, 1H), 7.52 — 7.40 (m, 2H), 7.30
(d, J = 8.6 Hz, 2H), 2.37 (s, 3H); **C NMR (75 MHz, CDCl5) 5 168.3, 146.2, 138.0, 132.3, 131.8, 131.8, 131.1, 130.4,
130.0, 126.4, 125.5, 120.3, 114.6, 20.1; IR (cm™) v 2929.90 (NH/CH), 2362.83 (CN), 1705.19 (C=0), 1359.38,
1287.95, 1234.52, 934.32, 731.56.

N-(5-Chloropyridin-2-yl)-2-methylbenzamide (37) (Exp1l)

Title compound prepared according to General Procedure A2 and was purified via HPLC to give a white crystalline
solid (10%), mp 129-131°C. LCMS (Finnigan) - rt 5.38 min 99% purity at 254 nm; [M+H]" 247.1 (**Cl), 249.0 (*"Cl)
m/z; *H NMR (300 MHz, CDCl5) & 8.69 (s, 1H), 8.42 (s, 1H), 8.03 (s, 1H), 7.75 (d, J = 8.9 Hz, 1H), 7.55 (d, J = 7.6 Hz,
1H), 7.45-7.40 (m, 1H), 7.32-7.28 (m, 2H), 2.54 (s, 3H); IR (cm™) v 3149.57 (NH), 2956.59-2919.21 (CH), 1678.40
(C=0), 1578.18, 1517.71, 1460.12, 1376.38, 1298.24, 739.08 (CCl).

N-(5-Bromopyridin-2-yl)-2-methylbenzamide (38) (Exp1l)

Title compound prepared according to General Procedure A3 to give a white solid (79%), mp (cx) 129-131°C. LCMS
(Finnigan) - rt 5.44 min 99% purity at 254 nm; [M+H]", 291.3 (“Br), 293.0 (*'Br) m/z; 'H NMR (300 MHz, CDCls) &
9.42 (s, 1H), 8.53 (s, 1H), 8.24 (s, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.64 (d, J = 7.4 Hz, 1H), 7.44-7.39 (m, 1H), 7.33-7.28
(m, 2H), 2.54 (s, 3H); *C NMR (75 MHz, CDCl3) & 168.0, 149.7, 145.2, 143.4, 137.5, 134.3, 131.7, 131.4, 127.3,
126.2, 116.6, 116.3, 20.2; IR (cm™) v 3155.49 (NH), 2980.99 (CH), 1678.99 (C=0), 1572.03, 1516.29, 1370.72,
1298.57, 738.26 (CBr).
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N-(6-Methoxypyridin-2-yl)-2-methylbenzamide (39) (Exp1)

Title compound prepared according to General Procedure Al to give a yellow oil (39%). LCMS (Finnigan) - rt 5.33 +
5.57 min 98% purity at 254 nm; [M+H]* 243.1 m/z; '"H NMR (300 MHz, CDCls, rotamers) & 8.06 — 7.94 (m, 1H), 7.80
(d, J=7.8 Hz, 1H), 7.56 — 7.46 (m, 1H), 7.45 — 7.38 (m, 2H), 7.37 — 7.21 (m, 2H), 7.20 — 7.10 (m, 2H), 6.41 (d, J = 8.1
Hz, 1H), 3.73 (s, 3H), 2.42 (s, 3H); *C NMR (75 MHz, CDCl;, rotamers) & 168.0, 162.9, 149.2, 140.9, 136.6, 135.9,
134.7, 132.4, 131.4, 131.4, 130.5, 128.7, 126.7, 126.5, 125.9, 124.8, 120.5, 108.4, 106.1, 105.5, 53.4, 19.9; IR (cm™) v
3274.15 (NH), 2946.93 (CH), 1677.11 (C=0), 1518.83, 1455.58, 1397.94, 1243.86, 732.34.

2-Methyl-N-(6-methylpyridin-2-yl)benzamide (40) (Exp1l)

Title compound prepared according to General Procedure Al to give a brown amorphous solid (99%). LCMS
(Finnigan) - rt 4.40 min 90% purity at 254 nm; [M+H]* 227.1 m/z; '"H NMR (300 MHz, CDCl5) & 8.81 (s, 1H), 8.22 (d,
J=8.4Hz, 1H), 7.77 (t, J = 7.9 Hz, 1H), 7.61 (d, J = 7.1 Hz, 1H), 7.43-7.38 (m, 1H), 7.31-7.27 (m, 2H), 7.02 (d, J =
7.5 Hz, 1H), 2.55 (d, J = 4.8 Hz, 6H); *C NMR (75 MHz, CDCl5) & 167.1, 154.6, 149.1, 138.1, 135.3, 133.9, 129.9,
129.3, 125.4, 124.4, 118.1, 109.6, 22.1, 18.4; IR (cm™) v 3183.36 (NH), 2927.27 (CH), 1676.72 (C=0), 1522.50,
1451.84, 1300.94, 839.02, 735.31.

N-(6-Fluoropyridin-2-yl)-2-methylbenzamide (41) (Exp1)

Title compound prepared according to General Procedure A3 to give a colorless oil (69%). LCMS (Finnigan) - rt 5.23
min 99% purity at 254 nm; [M+H]* 231.0 m/z; *H NMR (300 MHz, CDCls) & 8.44 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H),
7.82 (g, J=8.1 Hz, 1H), 7.47 (d, J = 7.5 Hz, 1H), 7.38-7.33 (m, 1H), 7.26-7.19 (m, 2H), 6.65 (d, J = 8.0 Hz, 1H), 2.50
(s, 3H); *C NMR (75 MHz, CDCl5) & 168.1, 161.9 (Jc.r = 240 Hz), 149.8 (Jc.r = 14 Hz), 143.3 (Jc.r = 8 Hz), 136.8,
135.2, 131.4, 130.8, 126.8, 125.9, 110.5 (Jc.r = 4 Hz), 104.4 (Jc.r = 35 Hz), 19.9; IR (cm™) v 3260.29 (NH), 2928.92
(CH), 1675.55 (C=0), 1584.74, 1514.41, 1443.07, 1405.39, 1233.62.

N-(6-Cyanopyridin-2-yl)-2-methylbenzamide (42) (Expl)

Title compound prepared according to General Procedure A2 to give a white solid (44%), mp (cx) 95-98°C. LCMS
(Finnigan) - rt 5.22 min 99% purity at 254 nm; [M+H]" 238.0 m/z; "H NMR (300 MHz, MeOD) § 7.10-7.06 (m, 1H),
6.53-6.48 (m, 1H), 6.13-6.10 (m, 1H), 6.04-6.02 (m, 1H), 5.92-5.90 (m, 1H), 5.84-5.81 (m, 2H), 0.99 (s, 3H); *C NMR
(75 MHz, MeOD) 6 171.5, 154.5, 140.7, 137.4, 137.1, 132.9, 132.1, 131.7, 128.1, 127.0, 125.8, 119.6, 118.0, 19.9; IR
(cm™) v 3226.44 (NH), 2965.74 (CH), 2237.44 (CN), 1650.76 (C=0), 1444.74, 1376.26, 1301.34, 811.78, 736.76.

2-Methyl-N-(pyridazin-3-yl)benzamide (43) (Expl)

Title compound prepared according to General Procedure Al to give a brown oil (96%). LCMS (Waters) - rt 5.15 min >
98% purity at 254 nm; [M+H]" 214.2 m/z; "H NMR (300 MHz, CDCls) § 9.01 (d, J = 9.4 Hz, 1H), 8.94 (s, 1H), 7.82 (d,
J =17.7 Hz, 2H), 7.48-7.44 (m, 1H), 7.38-7.31 (m, 2H), 2.57 (s, 3H); *C NMR (75 MHz, CDCl5) & 168.6, 155.3, 148.6,
137.1, 134.7, 131.6, 131.2, 128.3, 126.9, 126.1, 118.7, 19.9; IR (cm™) v 3222.45 (NH), 2932.35 (CH), 1679.54 (C=0),
1578.54, 1513.01, 1439.95, 1288.68, 840.34. Note: amide peak is missing from the NMR.

N-(6-Chloropyridin-2-yl)-2-methylbenzamide (44) (Exp1l)

Title compound prepared according to General Procedure A2 to give a dull yellow oil (76%). LCMS (Finnigan) — rt
5.42 min 99% purity at 254 nm; [M+H]" 247.2 (**Cl), 249.0 ("CI) m/z; *H NMR (300 MHz, CDCl3) & 8.39 (s, 1H), 8.29
(d, J=8.2 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H), 7.47 (d, J = 7.7 Hz, 1H), 7.37-7.32 (m, 1H), 7.25-7.18 (m, 2H), 7.05 (d, J =
7.7 Hz, 1H), 2.49 (s, 3H); *C NMR (75 MHz, CDCls) § 168.1, 151.3, 149.0, 141.0, 136.9, 135.1, 131.5, 130.9, 126.8,
125.9, 119.9, 112.0, 19.9; IR (cm™) v 3244.83 (NH), 3068.05 (CH), 1676.47 (C=0), 1568.31, 1507.66, 1431.75,
1384.36, 786.16 (CClI).

N-(6-Bromopyridin-2-yl)-2-methylbenzamide (45) (Exp1l)

Title compound prepared according to General Procedure A3 to give a white solid (78%), mp (cx) 80-83°C. LCMS
(Finnigan) - rt 5.46 min 97% purity at 254 nm; [M+H]" 291.0 ("Br), 292.9 (*'Br) m/z; '"H NMR (300 MHz, CDCls) &
8.33 (d, J = 8.1 Hz, 1H), 8.29 (s, 1H), 7.59 (t, J = 7.9 Hz, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.39-7.34 (m, 1H), 7.28-7.21
(m, 3H), 2.51 (s, 3H); BC NMR (75 MHz, CDCly) 6 168.0, 151.6, 140.7, 139.3, 136.9, 135.0, 131.5, 130.9, 126.8,
125.9, 123.7, 112.4, 20.0; IR (cm'l) v 3249.19 (NH), 3067.96 (CH), 1675.90 (C=0), 1562.00, 1508.41, 1427.19,
1380.37, 783.59 (CBr).
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2-Methyl-N-(6-phenylpyridin-2-yl)benzamide (46) (Exp1l)

Title compound prepared according to General Procedure C to give a yellow solid (76%), mp (cx) 120-123°C. LCMS
(Finnigan) - rt 5.80 min 93% purity at 254 nm; [M+H]" 289.1 m/z; *H NMR (300 MHz, CDCl5) & 8.70 (s, 1H), 8.34 (d,
J=8.2Hz, 1H), 7.92 (dd, J = 8.2 and 1.7 Hz, 2H), 7.83 (t, J = 8.0 Hz, 1H), 7.50-7.33 (m, 6H), 7.25-7.17 (m, 2H), 2.49
(s, 3H); *C NMR (75 MHz, CDCly) & 168.5, 151.4, 139.4, 136.7, 135.7, 131.3, 130.5, 129.5, 129.2, 128.7, 126.8,
126.7, 125.9, 116.6, 115.4, 112.4, 19.9; IR (cm™) v 3172.10 (NH), 2927.06 (CH), 1676.38 (C=0), 1568.23, 1442.85,
1277.63, 737.10, 696.00.

2-Methyl-N-(6-(4-methylpent-1-yn-1-yl)pyridin-2-yl)benzamide (47) (Expl)

Title compound prepared according to General Procedure D and was purified via HPLC to give a light yellow oil
(17%). LCMS (Finnigan) - rt 6.01 min 99% purity at 254 nm; [M+H]* 293.1 m/z; *H NMR (300 MHz, CDCl5) & 8.59
(s, 1H), 8.35 (d, J = 8.2 Hz, 1H), 7.73 (dt, J = 8.1 and 1.7 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.40-7.35 (m, 1H), 7.28-
7.18 (m, 3H), 2.54 (s, 3H), 2.35 (dd, J = 6.6 and 1.8 Hz, 2H), 1.96 (sep, J = 6.6 Hz, 1H), 1.06 (dd, J = 6.7 and 1.9 Hz,
6H); *C NMR (75 MHz, CDCl,) & 168.1, 151.1, 141.3, 139.0, 137.0, 135.2, 131.5, 130.8, 126.8, 125.9, 123.0, 113.1,
91.3, 80.1, 28.5, 28.0, 22.1, 20.0; IR (cm™) v 3233.82 (NH), 2957.95-2870.03 (CH), 2229.05 (-C=C-), 1678.56 (C=0),
1567.78, 1443.31, 1381.44, 1277.82, 733.12.

(E)-2-Methyl-N-(6-(pent-1-en-1-yl)pyridin-2-yl)benzamide (48) (Exp1l)

Title compound prepared according to General Procedure C and was purified via HPLC to give a colorless oil (6%).
LCMS (Finnigan) - rt 5.89 min 99% purity at 254 nm; [M+H]" 281.1 m/z; '"H NMR (300 MHz, CDCl;) & 8.41 (br s,
1H), 8.21 (d, J = 8.1 Hz, 1H), 7.70 (t, J = 7.9 Hz, 1H), 7.56 (d, J = 7.3 Hz, 1H), 7.44 — 7.33 (m, 1H), 7.31 — 7.26 (m,
2H), 7.03 (d, J = 7.6 Hz, 1H), 6.82 — 6.66 (m, 1H), 6.38 (d, J = 15.7 Hz, 1H), 2.53 (s, 3H), 2.23 (9, J = 7.2 Hz, 2H), 1.55
(sex, J = 7.2 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H); IR (cm™) v 3244.32 (NH), 2958.72-2871.57 (CH), 1678.57 (C=0),
1568.72, 1515.49, 1446.46, 1295.27, 734.67.

2-Methyl-N-(6-(phenylethynyl)pyridin-2-yl)benzamide (49) (Expl)

Title compound prepared according to General Procedure D to give a brown oil (84%). LCMS (Finnigan) - rt 5.92 min
98% purity at 254 nm; [M+H]"* 313.1 m/z; *H NMR (300 MHz, CDCl5) & 8.51 (s, 1H), 8.40 (d, J = 8.4 Hz, 1H), 7.78 (t,
J = 7.6 Hz, 1H), 7.62-7.55 (m, 3H), 7.42-7.27 (m, 7H), 2.55 (s, 3H); **C NMR (75 MHz, CDCl,) § 168.2, 151.5, 141.3,
138.9, 136.9, 135.3, 132.1, 131.5, 130.8, 129.2, 128.4, 126.8, 126.0, 123.5, 121.9, 113.6, 89.8, 87.7, 20.0; IR (cm™) v
3246.96 (NH), 3057.39 (CH), 2216.71 (-C=C-), 1734.69 (C=0), 1566.94, 1441.41, 1380.94, 1281.58, 1238.25.

N-(6-Hydroxypyridin-2-yl)-2-methylbenzamide (50) (Exp1l)

Title compound prepared according to General Procedure Al to give a white solid (61%), mp (cx) 150-152°C. LCMS
(Finnigan) - rt 5.05 min 99% purity at 254 nm; [M+H]* 228.9 m/z; '"H NMR (300 MHz, CDCl;) & 8.30 — 8.16 (m, 1H),
7.72 —7.57 (m, 1H), 7.55 — 7.42 (m, 1H), 7.40 — 7.28 (m, 2H), 6.67 — 6.55 (m, 2H), 5.62 (br s, 1H), 2.68 (d, J = 4.4 Hz,
3H); *C NMR (75 MHz, CDCly): § 165.3, 158.1, 156.9, 141.7, 140.9, 132.9, 131.9, 131.5, 128.1, 125.9, 106.3, 104.9,
21.9; IR (cm™) v 3411.97 (OH), 3311.49 (NH), 3202.45 (CH), 1723.46 (C=0), 1481.78, 1439.12, 1246.53, 1201.43,
1042.04 (CO). Note: amide peak is missing from the NMR.

N-(6-Aminopyridin-2-yl)-2-methylbenzamide (51) (Expl)

Title compound prepared according to General Procedure Al to give a dull yellow crystalline solid (80%), mp 100-
103°C. LCMS (Waters) - rt 4.42 min 98% purity at 254 nm; [M+H]* 228.2 m/z; '"H NMR (300 MHz, MeOD) & 7.46-
7.41 (m, 3H), 7.36-7.31 (m, 1H), 7.25-7.19 (m, 2H), 6.32-6.29 (m, 1H), 2.43 (s, 3H); **C NMR (75 MHz, MeOD) &
171.0, 160.1, 151.4, 140.9, 137.8, 137.2, 132.1, 131.4, 128.1, 127.0, 106.1, 104.0, 20.1; IR (cm'l) v 3443.92-3361.58
(NH), 2927.50 (CH), 1611.25 (C=0), 1536.42, 1449.39, 1303.18, 788.49, 733.65.

2-Methyl-N-phenylbenzamide (52) (Exp1)

Title compound prepared according to General Procedure Al to give a brown solid (99%), mp (cx) 127-129°C. LCMS
(Finnigan) - rt 5.14 min 99% purity at 254 nm; [M+H]" 212.1 m/z; 'H NMR (300 MHz, DMSO) & 10.28 (s, 1H), 7.76
(d, J = 8.0 Hz, 2H), 7.47-7.28 (m, 6H), 7.14-7.07 (m, 1H,), 2.39 (s, 3H); **C NMR (75 MHz, DMSO) & 167.8, 139.3,
137.3, 135.1, 130.5, 129.5, 129.0, 128.6, 127.1, 125.6, 123.5, 119.6, 119.56, 19.2; IR (cm™) v 3233.87 (NH), 3018.10
(CH), 1634.78 (C=0), 1595.72, 1498.03, 1404.45, 841.91, 741.26.
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N-(2-Cyanophenyl)-2-methylbenzamide (53) (Exp2)

Title compound prepared according to General Procedure Al as a white solid (55%). HPLC — rt 6.68 min > 97% purity
at 254 nm; LRMS [M+H]" 237.2 m/z; HRMS [M+H]* 237.1022 m/z, found 237.1022 m/z; *H NMR (400 MHz,
DMSO) 4 10.58 (s, 1H), 7.88 (dd, J = 7.8, 1.3 Hz, 1H), 7.82 — 7.68 (m, 1H), 7.68 — 7.51 (m, 2H), 7.44 (td, J = 7.7, 1.2
Hz, 2H), 7.39 — 7.26 (m, 2H), 2.47 (s, 3H); *C NMR (101 MHz, DMSO) & 168.0, 140.1, 135.9, 135.8, 133.8, 133.1,
130.7,130.1, 127.4, 126.5, 126.3, 125.7, 117.0, 109.0, 19.4.

N-(Isoxazol-3-yl)-2-methylbenzamide (54) (Exp2)

Title compound prepared according to General Procedure A6 as an off-white solid (61%). HPLC — rt 5.82 min > 99%
purity at 254 nm; LRMS [M+H]" 203.2 m/z; HRMS [M+H]" 203.0815 m/z, found 203.0813 m/z; *H NMR (400 MHz,
DMSO) 6 11.35 (s, 1H), 8.83 (d, J = 1.7 Hz, 1H), 7.52 — 7.45 (m, 1H), 7.40 (td, J = 7.5, 1.3 Hz, 1H), 7.33 - 7.27 (m,
2H), 7.02 (s, 1H), 2.38 (s, 3H); *C NMR (101 MHz, DMSO) & 167.9, 160.2, 157.8, 135.9, 135.4, 130.8, 130.4, 127.7,
125.7,99.6, 19.5.

2-Methyl-N-(5-methylisoxazol-3-yl)benzamide (55) (Exp2)

Title compound prepared according to General Procedure A6 as a white solid (55%). HPLC — rt 6.34 min > 97% purity
at 254 nm; LRMS [M+H]* 217.1 m/z; HRMS [M+H]* 217.0972 m/z, found 217.0972 m/z; '"H NMR (400 MHz, CDCl5)
38.61 (s, 1H), 7.53 (d, J=7.9 Hz, 1H), 7.44 — 7.36 (m, 1H), 7.28 (d, J = 7.5 Hz, 2H), 6.85 (s, 1H), 2.51 (s, 3H), 2.42 (d,
J =0.8 Hz, 3H); *C NMR (101 MHz, CDCl3) 6 170.3, 167.4, 158.3, 137.4, 134.6, 131.7, 131.2, 127.1, 126.2, 96.6,
20.2,12.8.

2-Methyl-N-(oxazol-2-yl)benzamide (56) (Exp2)

Title compound prepared according to General Procedure A6 as a pink solid (55%). HPLC —rt 4.735 min > 97% purity
at 254 nm; LRMS [M+H]* 203.1 m/z; HRMS [M+H]* 203.0815 m/z, found 203.0815 m/z; *H NMR (400 MHz, CDCl5)
87.49 (d,J = 7.5 Hz, 1H), 7.35 (ddd, J = 7.3, 6.8, 1.1 Hz, 2H), 7.27 — 7.20 (m, 2H), 6.18 (s, 1H), 2.45 (s, 3H); °C
NMR (101 MHz, CDCly) 8 167.0, 155.1, 137.3, 135.2, 134.9, 131.4, 131.0, 127.7, 125.9, 124.9, 20.0. Note: amide peak
is missing from the NMR.

2-Methyl-N-(1H-pyrazol-3-yl)benzamide (57) (Exp2)

Title compound prepared according to General Procedure A4 as a white solid (48%). HPLC — rt 5.34 min > 97% purity
at 254 nm; LRMS [M+Na]* 224.2 m/z; *"H NMR (400 MHz, DMSO) 6 8.09 (s, 1H), 7.39 (m, 2H), 7.32 — 7.22 (m, 2H),
6.01 (d, J = 3.0 Hz, 1H), 5.68 (m, 2H), 2.20 (s, 3H); **C NMR (101 MHz, DMSO) § 166.2, 159.5, 135.2, 134.6, 130.5,
130.0, 129.9, 127.8, 125.2, 102.7, 19.1.

2-Methyl-N-(4H-1,2,4-triazol-3-yl)benzamide (58) (Exp2)

Title compound prepared according to General Procedure A6 as white solid (32%). HPLC —rt 5.331 min > 83% purity
at 254 nm; LRMS [M+H]* 203.1 m/z; HRMS [M+H]* 203.0927 m/z, found 203.0927 m/z; "H NMR (400 MHz, CDCl5)
87.53 (dd, J=8.0, 1.3 Hz, 1H), 7.46 (s, 1H), 7.43 (dd, J = 7.6, 1.4 Hz, 1H), 7.31 (ddd, J = 7.2, 3.4, 2.8 Hz, 2H), 6.69 (s,
2H), 2.39 (s, 3H); *C NMR (101 MHz, CDCl3) § 170.7, 157.8, 151.3, 136.9, 132.5, 131.6, 131.0, 128.7, 125.5, 20.0.

2-Methyl-N-(1,3,4-thiadiazol-2-yl)benzamide (59) (Exp2)

Title compound prepared according to General Procedure A6 as a pale yellow solid (27%). HPLC — rt 5.55 min > 99%
purity at 254 nm; LRMS [M+H]"* 220.1 m/z; HRMS [M+H]" 220.0539 m/z found 220.0534 m/z; *H NMR (400 MHz,
DMSO0) 6 9.24 (s, 1H), 7.68 — 7.53 (m, 1H), 7.46 (id, J = 7.6, 1.3 Hz, 1H), 7.33 (ddd, J = 9.9, 5.3, 0.6 Hz, 2H), 2.40 (s,
3H); *C NMR (101 MHz, DMSO) § 167.5, 158.9, 149.0, 136.6, 133.5, 131.0, 130.9, 128.3, 125.8, 19.6.
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2-Methyl-N-(1,2,4-thiadiazol-5-yl)benzamide (60) (Exp2)

Title compound prepared according to General Procedure A1, with one exception, the reaction was stirred at 30°C
overnight, as a white solid (33%). HPLC —rt 6.23 min > 95% purity at 254 nm; LRMS [M+H]* 220.1 m/z; HRMS
[M+H]* 220.0539 m/z, found 220.0539 m/z; *H NMR (400 MHz, CDCls) & 7.80 (s, 1H), 7.64 (d, J = 7.7 Hz, 1H), 7.57
—7.48 (m, 1H), 7.43 — 7.33 (m, 1H), 2.57 (s, 3H); "*C NMR (101 MHz, DMSO) & 175.3, 168.7, 158.6, 137.1, 132.2,
131.5,131.1, 128.5, 125.8, 19.7 Note: amide peak is missing from the NMR.

2-Methyl-N-(thiophen-3-yl)benzamide (61) (Exp2)

Title compound prepared according to General Procedure Al, with one exception, the reaction was stirred at 30°C
overnight, as a brown oil (15%). HPLC —rt 6.92 min > 99% purity at 254 nm; LRMS [M+H]"* 218.1 m/z; HRMS
[M+H]* 218.0634 m/z, found 218.0634 m/z; *H NMR (400 MHz, DMSO) & 10.69 (s, 1H), 7.71 (dd, J = 3.2, 1.3 Hz,
1H), 7.50 — 7.43 (m, 2H), 7.42 — 7.35 (m, 1H), 7.33 — 7.26 (m, 2H), 7.20 (dd, J = 5.2, 1.3 Hz, 1H), 2.38 (s, 3H); **C
NMR (101 MHz, DMSO) & 166.8, 137.0, 136.7, 135.4, 130.6, 129.7, 127.2, 125.7, 124.6, 121.8, 109.1, 19.4.

N-2-Dimethyl-N-(pyridin-2-yl)benzamide (62) (Exp1)

Title compound prepared according to General Procedure B to give a yellow oil (16%). LCMS (Finnigan) - rt 4.61 min
87% purity at 254 nm; [M+H]" 227.0 m/z; *H NMR (300 MHz, MeOD) & 8.41 (d, J = 4.8 Hz, 1H), 7.65 (t, J = 7.6 Hz,
1H), 7.33-7.15 (m, 6H), 3.52 (s, 3H), 2.35 (s, 3H); *C NMR (75 MHz, MeOD) & 210.6, 157.0, 149.7, 139.4, 137.7,
131.6, 131.5, 130.5, 128.2, 126.5, 123.2, 122.9, 36.0, 19.4; IR (cm™) v 3055.62 (NH), 2927.82-2855.38 (CH), 1656.79
(C=0), 1588.71, 1470.82, 1357.04, 777.20, 744.88.

N-(o-Tolyl)picolinamide (63) (Exp2)

Title compound prepared according to General Procedure A4 to give an off-white solid (64%). HPLC - rt 7.32 min >
99% purity at 254 nm; LRMS [M+H]* 213.1 m/z; HRMS [M+H]" 213.1022 m/z, found 213.1023 m/z; *H NMR (400
MHz, DMSO) & 10.26 (s, 1H), 8.74 (ddd, J = 4.8, 1.6, 0.9 Hz, 1H), 8.17 (dt, J = 7.8, 1.1 Hz, 1H), 8.08 (td, J = 7.7, 1.7
Hz, 1H), 7.85 (dd, J = 7.9, 0.8 Hz, 1H), 7.69 (ddd, J = 7.5, 4.8, 1.3 Hz, 1H), 7.26 (dd, J = 18.1, 7.6 Hz, 2H), 7.12 (td, J
=7.4,1.2Hz, 1H), 2.31 (s, 3H); BC NMR (101 MHz, DMSO) 6 161.9, 149.6, 148.6, 138.3, 136.0, 130.4, 130.3, 127.1,
126.3,125.0,123.1, 122.2, 17.5.

N-(Pyridin-2-yl)benzamide (64) (Expl)

Title compound prepared according to General Procedure Al to give a light brown crystalline solid (65%), mp 75-80°C.
LCMS (Waters) - rt 4.80 min 98% purity at 254 nm; [M+H]" 199.2 m/z; *H NMR (300 MHz, MeOD) & 8.24-8.21 (m,
2H), 7.96-7.92 (m, 2H), 7.77-7.71 (m, 1H), 7.53-7.44 (m, 3H), 7.08-7.04 (m, 1H); *C NMR (75 MHz, MeOD) & 168.6,
153.3, 149.1, 139.6, 135.7, 133.3, 129.8, 128.7, 121.3, 116.3; IR (cm™) v 3168.84 (NH), 1670.47 (C=0), 1576.65,
1524.78, 1429.87, 1301.87, 774.37.

2-Ethyl-N-(pyridin-2-yl)benzamide (65) (Expl)

Title compound prepared according to General Procedure Al to give a white solid (56%), mp (cx) 70-73°C. LCMS
(Finnigan) — rt 4.62 min 99% purity at 254 nm; [M+H]* 227.1 m/z; 'H NMR (300 MHz, CDCl;) § 9.56 (s, 1H), 8.43 (d,
J =8.4 Hz, 1H), 7.78-7.76 (m, 2H), 7.55-7.50 (m, 1H), 7.41 (t, J =7.6 Hz, 1H), 7.35-7.22 (m, 2H), 6.98-6.94 (m, 1H),
2.86 (g, J = 7.6 Hz, 2H), 1.25 (t, J = 7.6 Hz, 3H); *C NMR (75 MHz, CDCly) § 174.0, 155.8, 151.5, 145.9, 142.2,
140.1, 134.1, 133.1, 130.8, 129.6, 123.7, 118.5, 29.9, 18.8; IR (cm™) v 3169.40 (NH), 2963.80 (CH), 1673.21 (C=0),
1578.01, 1524.31, 1432.59, 1302.77, 751.53.

2-Fluoro-N-(pyridin-2-yl)benzamide (66) (Exp2)

Title compound prepared according to General Procedure A4 as white needles (26%). HPLC — rt 4.60 min > 99% purity
at 254 nm; LRMS [M+H]* 217.2 m/z; HRMS [M+H]* 217.0722 m/z, found 217.0782 m/z; '"H NMR (400 MHz,
DMSO) & 10.77 (s, 1H), 8.37 (ddd, J = 4.9, 1.9, 0.9 Hz, 1H), 8.20 (d, J = 8.4 Hz, 1H), 7.86 (ddd, J = 8.4, 7.5, 1.9 Hz,
1H), 7.71 (td, J = 7.5, 1.7 Hz, 1H), 7.59 (dddd, J = 8.4, 7.2, 5.3, 1.8 Hz, 1H), 7.40 — 7.26 (m, 2H), 7.18 (ddd, J = 7.4,
4.9, 1.0 Hz, 1H); *C NMR (101 MHz, CDCl3) & 160.6 (J c.r = 247 Hz), 161.8 (J c.r = 3 Hz), 151.4, 148.1, 138.6, 134.3
(Jcrg=10Hz),132.2 (J cg=2Hz),125.2 (J cr =3 Hz), 121.3 (J c.r = 11 HZz), 120.3, 116.5 (J c.¢ = 24 HZz), 114.8.
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2-Chloro-N-(pyridin-2-yl)benzamide (67) (Expl)

2-Chlorobenzoyl chloride was obtained according to General Procedure A2 and utilised to give the title compound as a
yellow crystalline solid (10%), mp 136-139°C. LCMS (Finnigan) - rt 4.52 min 98% purity at 254 nm; [M+H]* 233.1
(Cl), 235.0 (*’Cl) m/z; *H NMR (300 MHz, CDCls) 5 9.62 (s, 1H), 8.40 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 4.7 Hz, 1H),
7.78-7.73 (m, 1H), 7.69 (d, J = 7.8 Hz, 1H), 7.43-7.34 (m, 3H), 7.01-6.97 (m, 1H); *C NMR (75 MHz, CDCl;) § 165.2,
151.4, 147.2, 138.8, 135.2, 131.7, 131.1, 130.4, 129.8, 127.2, 120.0, 114.7; IR (cm™) v 2986.52 (NH), 1681.66 (C=0),
1577.76, 1533.84, 1433.28, 1310.49, 764.70-735.96 (CCl).

N-(Pyridin-2-yl)-2-(trifluoromethoxy)benzamide (68) (Exp1)

Title compound prepared according to General Procedure Al as a yellow crystalline solid (50%), mp 75-80°C. LCMS
(Waters) - rt 6.60 min 99% purity at 254 nm; [M+H]* 283.2 m/z; *H NMR (300 MHz, MeOD) & 8.25-8.18 (m, 2H),
7.84-7.74 (m, 2H), 7.64-7.59 (m, 1H), 7.50-7.40 (m, 2H), 7.13-7.09 (m, 1H); IR (cm™) v 2981.00 (NH), 1681.78
(C=0), 1578.87, 1536.35, 1433.58, 1212.89, 1160.27.

N-(Pyridin-2-yl)-[1,1'-biphenyl]-2-carboxamide (69) (Exp1l)

Title compound prepared according to General Procedure Al as a white solid (27%), mp (cx) 169-171°C. LCMS
(Finnigan) - rt 5.17 min 99% purity at 254 nm; [M+H]" 275.1 m/z; *H NMR (300 MHz, CDCls) § 9.69 (s, 1H), 8.28 (d,
J = 8.4 Hz, 1H), 7.68-7.62 (m, 1H), 7.56-7.49 (m, 2 H), 7.40-7.33 (m, 8 H), 6.83-6.79 (m, 1H); *C NMR (75 MHz,
CDCly) 6 168.7, 151.7, 146.8, 140.2, 139.8, 138.7, 135.8, 130.5, 130.5, 128.6, 128.6, 128.5, 127.8, 127.4, 119.4, 114.3;
IR (cm™) v 2977.89 (NH), 1675.28 (C=0), 1578.05, 1527.26, 1460.08, 1306.14, 746.11.

3-Fluoro-2-methyl-N-(pyridin-2-yl)benzamide (70) (Exp2)

Title compound prepared according to General Procedure A4 as a pale-yellow solid (20%). LRMS [M+H]* 231.1 m/z;
HRMS [M+H]* 231.0928 m/z, found 231.0930 m/z; *H NMR (400 MHz, DMSO) & 10.87 (s, 1H), 8.35 (ddd, J = 4.9,
1.9, 0.8 Hz, 1H), 8.18 (d, J = 8.3 Hz, 1H), 7.88 — 7.78 (m, 1H), 7.38 — 7.22 (m, 3H), 7.16 (ddd, J = 7.3, 4.9, 1.0 Hz, 1H),
2.28 (d, J = 2.2 Hz, 3H); *C NMR (101 MHz, DMSO) & 167.2 (J c.r = 4 Hz), 160.5 (J c.r =24 4 Hz), 151.8, 148.1,
138.9 (J C-E = 4 HZ), 1381, 127.3 (J C-F—= 8 HZ), 123.4 (J C-E— 4 HZ), 122.3 (J C-F—= 8 HZ), 1199, 116.4 (J C-E— 23 HZ),
114.3,11.3 (J cr = 5 H2).

3-Fluoro-N-(pyridin-2-yl)benzamide (71) (Exp2)

Title compound prepared according to General Procedure A4 as a white solid (12%). HPLC — rt 4.63 min > 99% purity
at 254 nm; LRMS [M+H]* 217.1 m/z; HRMS [M+H]* 217.0772 m/z, found 217.0769 m/z; *H NMR (400 MHz,
DMSO0) 510.90 (s, 1H), 8.48-8.31 (m, 1H), 8.18 (dd, J = 8.4, 0.8 Hz, 1H), 7.95-7.77 (m, 3H), 7.57 (td, J = 8.0, 5.9 Hz,
1H), 7.45 (td, J = 8.3, 2.2 Hz, 1H), 7.26-7.08 (m, 1H); *C NMR (101 MHz, DMSO) & 164.7, 161.9 (J c.r = 245 Hz),
152.0, 148.0, 138.2, 136.4 (J cr = 6 Hz), 130.5 (J cr =8 HZz), 124.2 (J cr =3 Hz), 120.0, 118.8 (J cr = 21 Hz), 114.8 (J
C-F= 23 HZ), 114.8.

3-Chloro-2-methyl-N-(pyridin-2-yl)benzamide (72) (Exp2)

Title compound prepared according to General Procedure A4 as a white solid (71%). HPLC — rt 4.81 min > 95% purity
at 254 nm; LRMS [M+H]* 247.1 m/z; *H NMR (400 MHz, CDCl3) § 9.74 (s, 1H), 8.38 (d, J = 8.3 Hz, 1H), 7.78 — 7.69
(m, 1H), 7.60 (ddd, J = 5.0, 1.8, 0.7 Hz, 1H), 7.46 (dd, J = 8.0, 0.9 Hz, 1H), 7.37 (dd, J = 7.6, 0.9 Hz, 1H), 7.17 (t, J =
7.8 Hz, 1H), 6.93 (ddd, J = 7.3, 5.0, 0.9 Hz, 1H), 2.45 (s, 3H); **C NMR (101 MHz, CDCly) § 168.0, 151.7, 147.4,
138.9, 138.6, 136.1, 134.2, 131.2, 127.1, 125.4, 120.1, 114.6, 17.2.

3-Bromo-2-methyl-N-(pyridin-2-yl)benzamide (73) (Exp1l)

Title compound prepared according to General Procedure Al to give a brown oil (94%). LCMS (Waters) - rt 6.52 min
90% purity at 254 nm; [M+H]" 291.1 (Br), 293.1 (*'Br) m/z; 'H NMR (300 MHz, MeOD) & 8.34-8.23 (m, 1H), 8.02
(s, 1H), 7.91-7.85 (m, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.51-7.45 (m, 1H), 7.27-7.19 (m, 1H), 6.63-6.59 (m, 1H), 2.85 (s,
3H); *C NMR (75 MHz, MeOD) & 164.9, 149.3, 147.7, 139.6, 139.4, 135.3, 128.6, 127.4, 121.5, 116.1, 114.0, 110.4,
20.3; IR (cm™) v 3170.77 (NH), 2916.38 (CH), 1671.98 (C=0), 1518.57, 1431.39, 1307.90, 1149.57, 839.03 (CBr).
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2,3-Dimethyl-N-(pyridin-2-yl)benzamide (74) (Exp2)

Title compound prepared according to General procedure A4 as a white solid (69%). HPLC — rt 5.03 min > 95% purity
at 254 nm; LRMS [M+H]" 227.2 m/z; *H NMR (400 MHz, CDCl3) & 9.09 (s, 1H), 8.42 (d, J = 8.3 Hz, 1H), 7.89 (d, J =
4.7 Hz, 1H), 7.85 - 7.66 (m, 1H), 7.33 (t, J = 9.2 Hz, 1H), 7.30 — 7.20 (m, 1H), 7.16 (t, J = 7.6 Hz, 1H), 7.06 — 6.93 (m,
1H), 2.36 (s, 3H), 2.30 (s, 3H); **C NMR (101 MHz, CDCls) § 169.4, 151.7, 147.4, 138.9, 138.4, 136.9, 134.6, 131.9,
125.9, 124.6, 119.9, 114.4, 20.4, 16.5.

3-Methoxy-2-methyl-N-(pyridin-2-yl)benzamide (75) (Exp1)

Title compound prepared according to General Procedure Al as a white crystalline solid (65%), mp 159-161°C. LCMS
(Waters) - rt 5.50 min 99% purity at 254 nm; [M+H]" 243.2 m/z; *H NMR (300 MHz, CDCl3) & 9.08 (s, 1H), 8.48 (d, J
= 8.5 Hz, 1H), 8.13 (dd, J=5.1, 0.1 Hz , 1H), 7.86-7.80 (m, 1H), 7.26 (d, J = 7.7 Hz, 1H), 7.16 (dd, J = 7.7 and 0.1 Hz,
1H), 7.09 (ddd, J = 7.3, 5.1 and 0.9 Hz, 1H), 6.96 (d, J = 7.5 Hz, 1H), 3.86 (s, 3H), 2.36 (s, 3H); *C NMR (75 MHz,
CDCl,) 6 168.3, 158.2, 151.2, 145.8, 139.8, 136.9, 126.9, 125.5, 119.7, 1189, 114.7, 112.4, 55.7, 12.6; IR (cm'l) \Y
3166.51 (NH), 2967.01 (CH), 1677.50 (C=0), 1578.38, 1433.79, 1315.33, 1257.99, 1071.71.

2-Methyl-N-(pyridin-2-yl)nicotinamide (76) (Exp1)

Title compound prepared according to General Procedure Al as a brown crystalline solid (77%), mp 125-128°C. LCMS
(Waters) - rt 1.17* + 1.67 min 98% purity at 254 nm; [M+H]" 214.2 m/z; *H NMR (300 MHz, MeOD) & 8.54 (d, J =5.1
Hz, 1H), 8.31 (d, J = 4.2 Hz, 1H), 8.24 (d, J = 8.1 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 7.88-7.82 (m, 1H), 7.38 (t, J = 6.3
Hz, 1H), 7.20-7.15 (m, 1H), 2.69 (s, 3H); *C NMR (75 MHz, MeOD, rotamers) & 169.2, 157.0, 153.0, 150.9, 149.3,
147.3, 139.6, 139.6, 137.2, 133.7, 122.6, 121.6, 116.1, 114.0, 110.6, 22.5; IR (cm™) v 3181.59 (NH), 2980.41 (CH),
1680.62 (C=0), 1571.18, 1433.22, 1306.46, 838.82, 778.24.

4-Fluoro-2-methyl-N-(pyridin-2-yl)benzamide (77) (Exp2)

Title compound prepared according to General Procedure A4 as an off-white solid (24%). HPLC rt 4.97 min > 99%
purity at 254 nm; LRMS [M+H]* 231.1 m/z; HRMS [M+H]" 231.0928 m/z, found 231.0937 m/z; *H NMR (400 MHz,
DMSO) 6 10.78 (s, 1H), 8.34 (ddd, J =4.9, 1.9, 0.9 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.93 - 7.73 (m, 1H), 7.54 (dd, J =
8.5, 6.0 Hz, 1H), 7.27 — 7.13 (m, 2H), 7.13 — 7.05 (m, 1H), 2.40 (s, 3H); *C NMR (101 MHz, DMSO) 5 167.6, 162.6 (J
cr = 247 Hz), 152.1, 148.0, 139.1 (J cr = 9 Hz), 138.1, 132.9 (J ¢ =3 Hz), 130.1 (J cr = 9 Hz), 119.8, 117.1 (J c¢ =
21 Hz), 114.3,112.3 (J c¢ =21 Hz), 19.5 (J c.c = 1 H2).

4-Chloro-2-methyl-N-(pyridin-2-yl)benzamide (78) (Exp2)

Title compound prepared according to General Procedure A4 as a pale-orange solid (50%). HPLC — rt 6.81 min > 99%
purity at 254 nm; LRMS [M+H]* 247.1 m/z; HRMS [M+H]" 247.0633 m/z, found 247.0638 m/z; ‘*H NMR (400 MHz,
DMSO) 6 10.83 (s, 1H), 8.35 (ddd, J =4.9, 1.9, 0.8 Hz, 1H), 8.17 (d, J = 8.3 Hz, 1H), 7.89 — 7.77 (m, 1H), 7.49 (d, J =
8.2 Hz, 1H), 7.40 (d, J = 1.7 Hz, 1H), 7.33 (dd, J = 8.2, 1.7 Hz, 1H), 7.16 (ddd, J = 7.3, 4.9, 1.0 Hz, 1H), 2.38 (s, 3H);
B3C NMR (101 MHz, DMSO) § 167.5, 151.9, 148.0, 138.1 (2C), 135.2, 134.2, 130.1, 129.4, 125.4,119.9, 114.3, 19.1.

4-Bromo-2-methyl-N-(pyridin-2-yl)benzamide (79) (Exp1)

Title compound prepared according to General Procedure Al as a white crystalline solid (62%), mp 140-143°C. LCMS
(Waters) - rt 6.48 min 99% purity at 254 nm; [M+H]* 291.1 ("Br), 293.1 (*'Br) m/z; 'H NMR (300 MHz, MeOD) &
8.36-8.34 (m, 1H), 8.23 (d, J = 8.4 Hz, 1H), 7.90-7.84 (m, 1H), 7.55-7.44 (m, 3H), 7.20 (ddd, J = 7.3, 4.9 and 0.9 Hz,
1H), 2.50 (s, 3 H); *C NMR (75 MHz, MeOD) & 170.26, 153.05, 149.22, 139.85, 139.56, 136.72, 134.77, 130.03,
130.01, 125.29, 121.42, 116.08, 19.57; IR (cm™) v 3246.82 (NH), 2983.89 (CH), 1682.62 (C=0), 1576.67, 1527.64,
1436.68, 1303.30, 784.87 (CBr).

4-Methoxy-2-methyl-N-(pyridin-2-yl)benzamide (80) (Exp1)

Title compound prepared according to General Procedure Al as a white crystalline solid (47%), mp 144-146°C. LCMS
(Waters) - rt 7.65 min 98% purity at 254 nm; [M+H" + CH;CN] 284.2 m/z; '"H NMR (300 MHz, DMSO) & 8.35 (d, J =
8.6 Hz, 1H), 8.15 (d, J = 8.4 Hz, 1H), 7.88 (d, J = 0.8 Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.10-
7.05 (m, 2H), 3.90 (s, 3H), 2.57 (s, 3H); *C NMR (75 MHz, DMSO) & 168.0, 161.7, 142.1, 132.7, 127.8, 127.3, 124.5,
122.1, 119.1, 116.7, 111.1, 109.6, 55.2, 21.8; IR (cm™) v 2972.63 (NH), 2838.09 (CH), 1778.14 (C=0), 1606.55,
1446.95, 1226.11, 961.31, 750.28. Note: amide peak is missing from the NMR.
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2,4-Dimethyl-N-(pyridin-2-yl)benzamide (81) (Exp2)

Title compound prepared according to General Procedure Al as a pale-orange solid (25%). HPLC — rt 6.55 min > 97%
purity at 254 nm; LRMS [M+H]" 227.2 m/z; HRMS [M+H]" 227.1179 m/z, found 227.1180 m/z; "H NMR (400 MHz,
DMSO) 4 10.62 (s, 1H), 8.34 (ddd, J =4.9, 1.9, 0.8 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 7.86 — 7.75 (m, 1H), 7.39 (d, J =
7.7 Hz, 1H), 7.16 — 7.01 (m, 3H), 2.37 (s, 3H), 2.31 (s, 3H); *C NMR (101 MHz, DMSO) & 168.4, 152.1, 147.9, 139.5,
138.0, 135.6, 133.4, 131.2, 127.7, 126.0, 119.6, 114.2, 20.8, 19.5.

(E)-2-methyl-4-(pent-1-en-1-yl)-N-(pyridin-2-yl)benzamide (82) (Exp2)

Title compound prepared according to General Procedure C using the boronic acid pinacol ester as a white solid (37%).
LRMS [M+H]* 281.2 m/z; HRMS [M+H]* 281.1648 m/z, found 281.1656 m/z; "H NMR (400 MHz, DMSO) & 10.68
(s, 1H), 8.43 — 8.27 (m, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.94 — 7.75 (m, 1H), 7.45 (t, J = 8.6 Hz, 1H), 7.28 (dd, J = 17.3,
9.3 Hz, 2H), 7.21 — 7.08 (m, 1H), 6.50 — 6.32 (m, 2H), 2.39 (s, 3H), 2.29 — 2.10 (m, 2H), 1.58 — 1.43 (m, 2H), 0.94 (q, J
= 7.7 Hz, 3H); BC NMR (101 MHz, DMSO) 6 168.3, 152.2, 148.0, 138.9, 138.1, 136.1, 134.5, 132.1, 129.1, 128.1,
128.0, 122.9,119.7, 114.3, 34.6, 21.9, 19.6, 13.6.

3-Methyl-N-(pyridin-2-yl)-[1,1'-biphenyl]-4-carboxamide (83) (Exp2)

Title compound prepared according to General Procedure C as a white solid (20%). HPLC — rt 6.51 min > 99% purity at
254 nm; LRMS [M+H]* 289.2 m/z ; HRMS [M+H]" 289.1335 m/z, found 289.1342 m/z; *H NMR (400 MHz, DMSO)
810.76 (d, J = 20.1 Hz, 2H), 8.37 (d, J = 3.8 Hz, 2H), 8.22 (d, J = 8.3 Hz, 2H), 7.84 (dt, J = 23.5, 8.1 Hz, 2H), 7.70 (t, J
=12.9 Hz, 4H), 7.67 — 7.55 (m, 6H), 7.50 (t, J = 7.6 Hz, 4H), 7.41 (t, J = 7.3 Hz, 2H), 7.16 (dd, J = 7.0, 5.1 Hz, 2H),
2.48 (s, 5H); *C NMR (101 MHz, DMSO) & 168.3, 152.1, 148.0, 141.5, 139.4, 138.1, 136.3, 135.3, 129.0, 128.8,
128.3,127.9, 126.8, 123.8, 119.8, 114.3, 19.7.

5-Fluoro-2-methyl-N-(pyridin-2-yl)benzamide (84) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (68%). HPLC — rt 5.00 min > 95% purity
at 254 nm; LRMS [M+H]* 231.2 m/z; '"H NMR (400 MHz, CDCI3) § '"H NMR (400 MHz, CDCl;) § 9.01 (s, 1H), 8.38
(d, J = 8.4 Hz, 1H), 8.01 (d, J = 4.6 Hz, 1H), 7.84 — 7.68 (m, 1H), 7.34 — 7.16 (m, 2H), 7.15 — 6.95 (m, 1H), 2.47 (s,
3H); *C NMR (101 MHz, CDClg) & 161.94, 160.7 (Jo.r = 241.4 Hz) 159.5, 151.3, 147.3, 143.5, 138.9, 132.9 (Jo.r= 7.7
Hz), 120.1, 117.5 (Jc.r = 20.6 Hz), 114.0 (Jo.r = 22.9 Hz), 113.9, 19.2.

5-Bromo-2-methyl-N-(pyridin-2-yl)benzamide (85) (Exp1)

Title compound prepared according to General Procedure Al as a brown oil (99%). LCMS (Waters) - rt 6.52 min 90%
purity at 254 nm; [M+H]" 291.1 m/z ("Br), 293.1 m/z (*'Br); "H NMR (300 MHz, MeOD) & 8.37-8.22 (m, 1H), 8.02 (s,
1H), 7.91-7.85 (m, 1H), 7.58 (dd, J = 8.2 and 1.9 Hz, 1H), 7.52-7.46 (m, 1H), 7.29-7.20 (m, 1H), 6.65-6.60 (m, 1H),
2.85 (s, 3H); *C NMR (75 MHz, MeOD) & 164.9, 149.3, 147.6, 139.6, 139.4, 134.2, 133.9, 131.0, 121.5, 116.2, 114.0,
110.4, 19.3; IR (cm™) v 3198.85 (NH), 2916.81 (CH), 1665.06 (C=0), 1601.46, 1433.05, 1385.58, 1305.23, 838.18
(CBr).

2,5-Dimethyl-N-(pyridin-2-yl)benzamide (86) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (76%). HPLC — rt 5.25 min > 95% purity
at 254 nm; LRMS [M+H]" 227.1 m/z; *"H NMR (400 MHz, CDCl;) 6 9.39 (s, 1H), 8.42 (d, J = 8.4 Hz, 1H), 7.89 (ddd, J
=5.0, 1.8, 0.8 Hz, 1H), 7.75 (ddd, J = 8.5, 7.4, 1.9 Hz, 1H), 7.33 (d, J = 15.8 Hz, 1H), 7.20 — 7.11 (m, 2H), 7.01 — 6.95
(m, 1H), 2.47 (s, 3H), 2.31 (s, 3H); *C NMR (101 MHz, CDCl;) 5 168.9, 151.9, 147.4, 138.9, 135.8, 135.7, 133.6,
131.4,131.3,127.8,119.8,114.5, 20.9, 19.6.

5-Methoxy-2-methyl-N-(pyridin-2-yl)benzamide (87) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (74%). HPLC — rt 4.89 min > 95% purity
at 254 nm; LRMS [M+H]" 243.0 m/z;'"H NMR (400 MHz, CDCl3) & 9.86 (br s, 1H), 8.38 (d, J = 8.3 Hz, 1H), 7.70 (dd,
J = 10.6, 5.0 Hz, 1H), 7.52 (t, J = 14.9 Hz, 1H), 7.12 (dd, J = 8.3, 2.8 Hz, 1H), 7.04 — 6.96 (m, 1H), 6.94 — 6.85 (m,
2H), 3.74 (d, J = 4.2 Hz, 3H), 2.39 (d, J = 2.7 Hz, 3H); *C NMR (101 MHz, CDCls) & 168.8, 157.7, 152.0, 147.6,
138.6, 137.1, 132.3, 127.9, 119.8, 116.5, 114.4, 112.3, 55.5, 18.9.
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4-Methyl-N-(pyridin-2-yl)nicotinamide (88) (Exp1)

Title compound prepared according to General Procedure Al as a brown crystalline solid (55%), mp 131-134°C. LCMS
(Waters) - rt 1.78* + 2.22 min 90% purity at 254 nm; [M+H]* 214.2 m/z; 'H NMR (300 MHz, MeOD) & 8.63 (s, 1H),
8.48 (d, J = 5.2 Hz, 1H), 8.31-8.29 (m, 1H), 8.21 (d, J = 8.4 Hz, 1H), 7.86-7.80 (m, 1H), 7.37 (d, J = 5.2 Hz, 1H), 7.16
(ddd, J = 7.3, 4.9 and 1.0 Hz, 1H), 2.51 (s, 3H); *C NMR (75 MHz, MeOD, rotamers) & 168.2, 153.0, 151.3, 149.3,
148.3, 148.3, 147.2, 139.7, 139.6, 134.5, 127.5, 121.6, 116.2, 114.0, 110.6, 19.4; IR (cm™) v 3216.63 (NH), 2978.34
(CH), 1667.16 (C=0), 1593.45, 1432.27, 1316.31, 837.72, 774.98.

2,6-Dimethyl-N-(pyridin-2-yl)benzamide (89) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (15%). HPLC — rt 5.24 min > 95% purity
at 254 nm; LRMS [M+H]" 227.1 m/z; *H NMR (400 MHz, CDCl;) § 9.73 (br s, 1H), 8.14 (d, J = 7.9 Hz, 1H), 7.75 (t, J
= 7.3 Hz, 1H), 7.53 (m, 1H), 7.36 (d, J = 8.1 Hz, 1H), 7.26 — 7.10 (m, 1H), 7.04 — 6.96 (m, 1H), 6.94 — 6.85 (m, 1H),
3.74 (d, J = 4.2 Hz, 3H), 2.39 (d, J = 2.7 Hz, 3H); **C NMR (101 MHz, CDCl;) § 167.3, 153.1, 150.9, 140.2, 137.6,
136.3 (2C), 129.1, 127.9 (2C), 117.9, 113.9, 19.3 (2C).

2-Fluoro-6-methyl-N-(pyridin-2-yl)benzamide (90) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (21%). HPLC — rt 4.79 min > 95% purity
at 254 nm; LRMS [M+H]* 231.1 m/z; 'H NMR (400 MHz, CDCl3) & 9.65 (br s, 1H), 8.23 (d, J = 7.7 Hz, 1H), 7.64 —
7.53 (m, 2H), 7.35 (d, J = 8.4 Hz, 1H), 7.24 — 7.10 (m, 2H), 6.99 (m, 1H), 2.43 (s, 3H); **C NMR (101 MHz, CDCl5) &
165.3, 159.6 (J c.r = 245.9 Hz), 153.0, 146.5, 139.6 (J c..= 7.8 Hz), 137.6, 131.6 (J c.r= 9.4 Hz), 129.3 (J c,= 5.1 Hz)
124.3 (J c.=20.3 Hz), 116.1, 114.6, 110.3 (J c.r = 16.6 Hz), 19.3 (J c.r = 4.6 Hz).

3-Methyl-N-(pyridin-2-yl)picolinamide (91) (Exp1)

Title compound prepared according to General Procedure Al as a brown amorphous solid (75%). LCMS (Waters) - rt
5.55 min 99% purity at 254 nm; [M+H]* 214.2 m/z; *H NMR (300 MHz, DMSO) & 10.62 (s, 1H), 8.55 (d, J = 4.2 Hz,
1H), 8.36 (d, J = 4.5 Hz, 1H), 8.24 (d, J = 8.4 Hz, 1H), 7.88-7.83 (m, 2H), 7.58-7.54 (m, 1H), 7.18-7.14 (m, 1H), 2.67
(s, 3H); *C NMR (75 MHz, DMSO, rotamers) & 163.9, 151.0, 148.4, 146.7, 146.6, 146.0, 141.1, 138.4, 137.5, 134.9,
126.6, 119.9, 113.0, 113.0, 111.8, 108.4, 108.3, 19.7; IR (cm™) v 3336.78 (NH), 2916.54 (CH), 1687.12 (C=0),
1514.17, 1435.56, 1303.62, 838.24, 777.85.

3,4-Difluoro-2-methyl-N-(pyridin-2-yl)benzamide (92) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (51%). HPLC — rt 5.13 min > 95% purity
at 254 nm; LRMS [M+H]* 249.1 m/z; *H NMR (400 MHz, CDCl;) 5 9.50 — 8.91 (m, 1H), 8.35 (d, J = 8.4 Hz, 1H), 8.09
— 7.83 (m, 1H), 7.84 — 7.69 (m, 1H), 7.36 — 7.21 (m, 1H), 7.13 — 6.95 (m, 2H), 2.45 (1, 3H):; *C NMR (101 MHz,
CDCl) 6 166.4, 159.4 (J c.r = 243.6 Hz), 151.4, 150.6, 147.5 (J c.. = 2425 Hz), 1388 (J cr = 4.9 HZ), 133.1 (J cr =
13.4 Hz), 130.9, 127.8, 122.9 (J c.. = 4.8 HZ), 122.8 (J c.; =5.2 Hz), 1145 (J ¢, = 17.6 Hz), 11.7.

3-Fluoro-2-methyl-N-(4-methylpyridin-2-yl)benzamide (93) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (49%). HPLC — rt 5.02 min > 95% purity
at 254 nm; LRMS [M+H]" 245.2 m/z; 'H NMR (400 MHz, CDCl5) & 9.82 (s, 1H), 8.22 (s, 1H), 7.43 (d, J = 5.1 Hz,
1H), 7.26 (s, 1H), 7.19 (id, J = 7.8, 5.4 Hz, 1H), 7.15 — 7.08 (m, 1H), 6.74 (dd, J = 5.1, 0.7 Hz, 1H), 2.52 — 2.29 (m,
6H); *C NMR (101 MHz, CDCls) 8 167.6 (J c.r = 3.3 Hz), 161.6 (J c.r = 246.1 Hz), 151.8, 150.3, 147.1, 138.7 (J c.¢ =
4.2 Hz), 127.3 (J c.¢= 8.6 Hz), 123.9 (J c.¢ = 18.3 Hz), 122.7 (J cr= 3.5 Hz), 121.2, 117.1 (J c¢= 23.2 Hz), 115.0, 21.5,
11.6 (J C-F= 5.0 HZ)

3,4-Difluoro-2-methyl-N-(4-methylpyridin-2-yl)benzamide (94) (Exp2)

Title compound prepared according to General Procedure A2 which was further purified by recrystallization with
cyclohexane to give white needles (5%). HPLC — rt 5.32 min > 99% purity at 254 nm; LRMS [M+H]" 263.1 m/z;
HRMS [M+H]" 263.0990 m/z, found, 263.0992 m/z; "H NMR (400 MHz, DMSO) & 10.82 (s, 1H), 8.31 — 8.13 (m, 1H),
8.03 (s, 1H), 7.46 — 7.22 (m, 2H), 7.01 (ddd, J = 5.0, 1.4, 0.6 Hz, 1H), 2.35 (s, 3H), 2.33 (d, J = 2.6 Hz, 3H); *C NMR
(101 MHz, DMSO) 8 166.4 (J c.r = 2 Hz), 151.9, 150.4 (J c.r = 233 Hz), 149.0, 148.0 (J c.r = 228 Hz), 134.2, 125.6 (J
cr =14 Hz),124.1 (J cr = 14 Hz), 121.0, 114.7, 114.4 (J c.r = 23 Hz), 20.9, 11.5 (J . = 5 Hz).
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N-(4-Chloropyridin-2-yl)-3-fluoro-2-methylbenzamide (95) (Exp2)

Title compound prepared according to General Procedure A4 as white needles (5%). HPLC —rt 7.12 min > 97% purity
at 254 nm; LRMS [M+H]" 265.1 m/z; HRMS [M+H]* 265.0539 m/z, found 265.0545 m/z; ‘H NMR (400 MHz,
DMSO) & 11.18 (s, 1H), 8.35 (d, J = 5.4 Hz, 1H), 8.29 (d, J = 1.7 Hz, 1H), 7.42 — 7.20 (m, 4H), 2.27 (d, J = 2.1 Hz,
3H); °C NMR (101 MHz, DMSO) & 167.6 (J c.r = 3 Hz), 160.5 (J c.r = 244 Hz), 153.0, 149.5, 144.0, 138.4 (J ¢ =5
Hz), 127.3 (J c.. =8 Hz), 123.6 (J cr = 3 HZz), 122.5 (J c.r = 18 Hz), 120.0, 116.6 (J cr =23 HZ), 113.8,11.3 (Jcr=5
Hz).

N-(4-Chloropyridin-2-yl)-3,4-difluoro-2-methylbenzamide (96) (Exp2)

Title compound prepared according to General Procedure A2 with further purification involving dissolution of the crude
material in ethyl acetate and washing with saturated sodium bicarbonate solution before a recrystallization from
cyclohexane to give the title compound as white needles (5%). HPLC — rt 7.76 min > 95% purity at 254 nm; LRMS
[M+H]" 283.1 m/z; HRMS [M+H]" 283.0444 m/z, found 283.0446 m/z; "H NMR (400 MHz, DMSO) & 11.21 (s, 1H),
8.36 (d, J = 5.4 Hz, 1H), 8.28 (d, J = 1.4 Hz, 1H), 7.47 — 7.23 (m, 3H), 2.33 (d, J = 2.4 Hz, 3H); *C NMR (101 MHz,
DMSO) 6 166.8 (J c.r = 3 Hz), 153.0, 151.8 (J ¢c.¢ = 243 Hz), 149.6, 148.0 (J c.r = 238 Hz), 144.0, 133.6 (J c.r = 2 Hz),
125.8 (J c.r = 14 Hz), 124.4 (J . = 8 Hz), 120.0, 114.4 (J c.r = 17 Hz), 113.8, 11.5 (J c.r = 4 H2).

3-Fluoro-N-(4-fluoropyridin-2-yl)-2-methylbenzamide (97) (Exp2)

Title compound prepared according to General Procedure A4 as a white solid (9%). HPLC — rt 6.81 min > 99% purity
at 254 nm; LRMS [M+H]" 249.1 m/z; HRMS [M+H]"* 249.0834 m/z, found 249.0832 m/z; *H NMR (400 MHz,
DMSO0) 8 11.23 (s, 1H), 8.41 (dd, J = 9.3, 5.7 Hz, 1H), 8.04 (dd, J = 11.9, 2.4 Hz, 1H), 7.44 — 7.23 (m, 3H), 7.13 (ddd,
J=8.2,5.7,2.4 Hz, 1H), 2.28 (d, J = 2.2 Hz, 3H); *C NMR (101 MHz, DMSO) & 168.9 (J . = 259 Hz), 167.6, 160.5
(J c.F =244 Hz), 154.1 (J c.r =12 Hz), 150.8 (J c.r =9 Hz), 138.5 (J c.r = 4 Hz), 127.3 (J c.r = 9 Hz), 123.6 (J c.r = 23
Hz), 122.5 (J c.r = 18 Hz), 116.7 (J cr = 23 Hz), 107.9 (J c.r = 18 Hz), 101.4 (J cr = 23 Hz), 11.3 (J c.r =5 Hz).

3,4-Difluoro-N-(4-fluoropyridin-2-yl)-2-methylbenzamide (98) (Exp2)

Title compound prepared according to General Procedure A2 with further purification involving dissolution of the crude
material in ethyl acetate and washing with saturated sodium bicarbonate solution before a recrystallization from
cyclohexane to give the title compound as white needles (7%). HPLC — rt 7.07 min > 99% purity at 254 nm; LRMS
[M+H]" 267.1 m/z; HRMS [M+H]" 267.0740 m/z, found 267.0742 m/z; *H NMR (400 MHz, DMSO) & 11.25 (s, 1H),
8.41 (dd, J=9.2,5.7 Hz, 1H), 8.02 (dd, J = 11.9, 2.4 Hz, 1H), 7.48 — 7.26 (m, 2H), 7.13 (ddd, J = 8.2, 5.7, 2.4 Hz, 1H),
2.34 (d, J = 2.6 Hz, 3H); *C NMR (101 MHz, DMSO) & 170.2, 167.6, 166.8 (J c.r = 3 Hz), 152.9 (J ¢ = 237 Hz),
150.8 (J c.r = 8 Hz), 148.1 (J c.r = 245 Hz), 133.6, 125.8 (J c.r = 14 Hz), 124.4 (J c.r = 8 Hz), 114.4 (J ¢ = 17 H2),
108.0 (J c.r = 17 Hz), 101.4 (J c.r = 23 Hz), 11.5 (J o = 4 H2).

3-Fluoro-N-(5-methoxypyridin-2-yl)-2-methylbenzamide (99) (Exp2)

Title compound prepared according to General Procedure A4 as a beige solid (43%). HPLC — rt 4.96 min > 95% purity
at 254 nm; LRMS [M+H]" 261.2 m/z; *H NMR (400 MHz, CDCl3) & 8.95 (s, 1H), 8.33 (d, J = 9.0 Hz, 1H), 7.67 (d, J =
2.7 Hz, 1H), 7.36 — 7.28 (m, 2H), 7.25 — 7.19 (m, 1H), 7.18 — 7.07 (m, 1H), 3.82 (s, 3H), 2.40 (d, J = 2.2 Hz, 3H); **C
NMR (101 MHz, CDCl3) 8 166.7 (J c¢ = 3.3 Hz), 161.5 (J cr = 246.0 Hz), 153.0, 144.9, 138.2, 133.5, 127.3 (J cf =
8.6 Hz), 124.1, 123.9, 122.5 (J c.¢ = 3.5 Hz), 117.2 (J c.¢ = 23.2 Hz), 114.9, 56.0, 11.5 (J cr = 5.2 Hz).

4-Fluoro-N-(5-methoxypyridin-2-yl)-2-methylbenzamide (100) (Exp2)

Title compound prepared according to General Procedure A2 as a beige solid (30%). HPLC — rt 5.75 min > 99% purity
at 254 nm; LRMS [M+H]"* 261.1 m/z; HRMS [M+H]" 261.1034 m/z, found 261.1040 m/z; *H NMR (400 MHz,
DMSO) 6 10.65 (s, 1H), 8.09 (dd, J = 11.0, 6.0 Hz, 2H), 7.50 (ddd, J = 12.1, 8.7, 4.6 Hz, 2H), 7.22 — 6.99 (m, 2H), 3.83
(s, 3H), 2.40 (s, 3H); *C NMR (101 MHz, DMSO) & 167.0, 162.4 (J c.¢ = 247 Hz), 152.4, 145.5, 139.0 (J c.¢ = 9 Hz),
134.4,133.1,129.9 (J c.r =9 Hz), 123.1, 117.0 (J c.r = 21 HZz), 115.1, 112.2 (J c.¢ = 22 Hz), 55.8, 19.5.
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