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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
v

address the solubility issue a number of analogues were designed and synthesised with a greater percentage
of sp3 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.
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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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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).1 The initial hit
(1.01, Figure 1.1) had an IC50 against T. brucei PFK of 0.41 µM 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 µM 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 (ED50 26.8 µM) and 1.02 (ED50
16.3 µM), 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.

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.2 A group of 5
Swiss/Webster mice were infected with 5x105 trypanosomes (EATRO 110 – acute model of infection) and
45

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.3 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.

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.3 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.

a

Cures

Mean Survival Days

Control

-

6-10

1.4a

2/4

39

1.5a

4/4

> 60

1.6a

0/4

Toxicb

Pentamidinec

2/4

-

Furamidinec

3/4

-

Four 50 mg/kg doses administered intraperitoneally on days 3-6.
b

c

Compound

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 EC50 of 220
nM4 in a separate phenotypic screen to the one previously reported.5 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 EC50 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.6

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.4 and our
own hit-to-lead program.7 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.7,

8

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.

a

Dose (mg/kg)

Doses per day

Cures

Day of euthanasiaa

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.

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.9 A number of regulators
exist in order to carry out this process; one of these is RNA editing. 9 T. brucei has mitochondrial DNA,
referred to as kinetoplast DNA (kDNA), which consists of maxicircles and minicircles. 9, 10 The maxicircles
are homologues of eukaryotic mitochondrial DNA which encode for oxidative phosphorylation enzymes and
mitochondrial rRNA.9,

10

The transcripts of 12 of the maxicircle protein-coding genes are edited post-

transcriptionally through the insertion and deletion of uridine residues.10 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.10 An editing site occurs when there is a mismatch between the mRNA/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 (TbRET2) has previously been shown to be essential for
the survival of both the insect and bloodstream parasites.

Recently, a computational study of TbRET2 combined molecular dynamics (MD) in order to accommodate
for flexibility in the receptor and virtual screening.11 The authors initially used the static TbRET2 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 TbRET2 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 TbRET2, corresponding to a 13% hit
rate.11 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.11
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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.11

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.11 Of the 40 compounds that were submitted for testing against T. brucei 12
compounds were identified as having EC50 values that were ≤ 4 µM which corresponded to a 30% hit rate.
Of these, three were identified as having EC50 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 EC50 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.11

As discussed in the preceding review, the benzoxaboroles have been a target of great interest for identifying
T. brucei inhibitors (FMC review, pg 1811).12 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, 1.16.13 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.13 As such, they moved to the pyrrolobenzoxaborole scaffold.
Immediately they obtained active compounds such as 1.17, the parent pyrrolobenzoxaborole compound.13
Introduction of a carboxylic acid at the 2-position led to a 15-fold improvement in potency of the series (IC50
0.13 µg/ml) highlighting the importance of a hydrogen bond acceptor and donor on the pyrrole ring whilst
also enabling divergent synthesis.13 Investigations around the 2-acyl substitutions revealed compounds which
exhibited a two- to ten-fold decrease in activity.13 However, movement of the acyl functionality to the 3position saw a further improvement in the potency of these compounds and led to the identification of
numerous inhibitors in the range of 30 µg/ml – 90 µg/ml, and 1.18 also exhibited excellent selectivity over
L929 cells.13 Removal of the carboxyl group from the structure led to a 24-fold loss in the activity of these
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compounds.13 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.13 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.13 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 30.13 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.

Figure 1.7 The development of the 6-pyrrolobenzoxaboroles from the 6-indoylbenzoxaboroles.

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).14,

15

The pyrrolopyrimidine core carries a pharmacophore with structural similarity to the

recognition motif of the P2 aminopurine transporter16 which is capable of accumulating substrates to internal
levels at concentrations that exceed the external concentration > 1000-fold.17 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.18 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. 18 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 µM and 0.65 µM respectively).18 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 TbPTR1 these
results did not translate into active compounds against T.b. brucei.18 Hydrophobic substituents at the 6position were also trialled. These compounds showed improved affinity for TbPTR1 though again lacked
sufficient activity in the cellular assays.18 Upon introduction of two aryl substituents at the 5- and 6positions 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. 18 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.18 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 2-3.5.18 A number of compounds exhibited submicromolar activity against TbPTR1 and T.b.
brucei in addition to being relatively non-toxic when tested in HEK cells (Table 1.3).18 These compounds
were progressed through to in vivo examination in three ICR mice which were infected with 1 x 105
bloodstream T.b. brucei strain 427.18 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.18 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.18 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 ~108 to below detection limits, though surviving mice that were treated with 1.26 and 1.27
showed a relapse in parasitemia at day 10.18 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.18 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.

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 TbPTR1 inhibitors, Dube et al. recently employed pharmacophore
mapping coupled to in silico screening and molecular docking.19 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 TbPTR1 as one hydrogen bond donor, two aromatic rings and one hydrophobic
aromatic.19 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. 19 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 TbPTR1) binding site of the TbPTR1 crystal structure. The predicted binding
affinity of 1.31 was found to be in good agreement with the experimentally determined binding affinity. 19
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. 19 Whilst these
compounds show potential to be lead compounds in the design of inhibitors of TbPTR1 the predicted Ki
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 TbPTR1. 18

T.b. brucei (IC50 µM)

HEK

TbPTR1
ID

R1

R2

R3
(Kiapp µM)

(IC50
HMI-9

CMM
µM)

1.25

-NH2

C6H5-

4-F-C6H4-

0.24

0.59

0.15

49.19

1.26

-NH2

4-OCH3-C6H4-

4-F-C6H4-

0.58

0.27

0.083

39.14

1.27

-NH2

C6H5-

4-Br-C6H4-

0.135

0.97

0.25

39.63

1.28

-NH2

3-Cl-C6H4-

4-F-C6H4-

0.29

0.39

0.19

34.59

1.29

-OH

C6H5-

4-Br-C6H4-

0.23

7.38

3.20

>100

1.30

-OH

C6H5-(CH2)2-

C6H5-

0.95

0.40

0.14

33.18
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Table 1.4 Virtual screening results of TbPTR1 inhibitors identified in the ZINC database.
ID

Structure

Predicted Ki

1.31

0.9 µM

1.32

0.03 nM

1.33

0.01 nM

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.20 The authors focused their investigations on the amide moiety and the α,β-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. 20
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.20 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.20 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.20 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
IC50 of 3.3 µM, though this particular compound also displayed high cytotoxicity (IC50 ~26 µM) against
THP1 cells.20 However, modification of the α,β-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.20
Compound 1.39 in particular, not only showed potent trypanocidal activity but it was also exquisitely
selective when compared with THP1 cells.20

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.
IC50 (µM)
ID
T. brucei

THP1

1.34

2.6 ± 0.1

> 50

1.35

4.9 ± 0.1

23.3 ± 1.4

1.36

6.5 ± 0.1

38.5 ± 2.1

1.37

4.9 ± 0.2

> 50

1.38

3.3 ± 0.1

26.2 ± 2.7

1.39

1.46 ± 0.1

> 50

1.40

1.43 ± 0.1

4.15 ± 0.19

Nifurtimox

2.9 ± 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.21
797 sub-micromolar hits were initially identified which had a selectivity index (SI) of > 100-fold relative to
HepG2 cells.21 Of these hits, three were prioritised, based on their physicochemical and metabolism
properties, for assessment in a murine bloodstream infection of T.b. rhodesiense.21 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.21 A 4 day hiatus followed before 1.41 was administered
for a further 4 days.21 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.21 Treatment with NEU-1053 led to a 100% cure rate of all mice. 21

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

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

T.b. brucei

ID
1.41b
a
b

Control

Treated

Control

Treated

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.22 The structures of the 5 isolated
abruquinones 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.23 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.

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.
IC50 (µM)a
ID

SI
T.b. rhodesiense

L6 cells

1.42

11.2 ± 3.3

152.1 ± 7.8

13

1.43

0.11 ± 0.05

57.3 ± 4.3

508

1.44

0.02 ± 0.003

7.5 ± 1.2

374

1.45

0.02 ± 0.003

34.5 ± 16.3

1379

1.46

0.01 ± 0.001

4.8 ± 1.6

668

Melarsoprol

0.003 ± 0.002

-

-

a

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

Cordycepin (1.47; Figure 1.13) was isolated from the parasitic fungus Cordyceps militaris24 and has since
been examined for its activity against a range of parasites, including T. brucei.25,

26

However, whilst it

exhibits potent in vitro activity against T. brucei (IC50 32 nM)27 it is rapidly metabolised in vivo by adenosine
deaminase (ADA).26 As such, an investigation of the SAR around cordycepin was undertaken in order to
improve the metabolic stability of the molecule.25 It was quickly determined that the free amine and the 2’hydroxyl group were both crucial for trypanocidal activity.25 However, a previously known analogue of
cordycepin with a fluorine at the 2-position on the pyrimidine (1.48)28 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. 25 However, in vivo
pharmacokinetic evaluation shows that 1.48 still has a relatively short half-life of ~ 1h.25 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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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 I (1.49) was originally isolated from Amathia tortusa, in vitro analysis showed it to be potent
against T. brucei (IC50 1.1 ± 0.2 µM) and relatively non cytotoxic with a selectivity index of 18 when
measured against HEK293 cells.29 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.30 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.30
Attempted replacement or substitution of either of the basic nitrogen groups led to analogues with a complete
loss of activity.30 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.30 However, having a singly substituted chlorine on the phenyl group at the 3position (1.51) led to a compound with equipotent activity to 1.50, but which had a lower molecular weight,
cLogP and PSA.30 The chloro could also be replaced by a trifluoromethyl (1.52) with similar results.30 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. 31 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.

Figure 1.14 SAR investigation of convolutamine I (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.32
The success of this strategy also rests on selecting the ‘right’ compound. Ideally the compound will have
gone through phase I clinical trials and will also be orally bioavailable.33

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).34 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;34 controlling the assembly of the mitotic spindle, chromosomal separation and
cytokinesis.32 There are three known Aurora kinase paralogs in the T. brucei genome.35 However, RNAi has
revealed that it is only TbAUK1 that is required for mitotic progression, and not TbAUK2 or TbAUK3.36 It
has also been shown that TbAUK1 loss results in the inhibition of nuclear division, cytokinesis and growth in
cultured, infectious bloodstream forms and insect stage procyclic forms.37,

38

It has also been shown that

TbAUK1 is required for the infection of mice.38 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.34 Both hesperadin (1.53)38 and danusertib (1.55) were shown to be
submicromolar inhibitors of T. brucei and P. falciparum, while VX-680 (1.54)39 showed some activity
against T. brucei with an EC50 of 10 µM but not submicromolar activity against P. falciparum.

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.
EC50 (µM)a
TC50 (µM)a
ID
T. brucei

L. major

L. major

promastigotes

amastigotes

T. cruzi

P. falciparum

HepG2

1.5338

0.06

39

0.12

2.37

0.01

<0.2

1.5439

10

-

> 21

-

0.838

3.3

1.5632

0.6

-

> 21

-

0.857

4

a

Results are the average of three experiments.

An exploration of the SAR surrounding hesperadin (1.53) was performed.34 Initial investigations of the ethyl
sulfonamide moiety revealed that the phenyl (EC50 0.01 µM) and methyl (EC50 0.02 µM) analogues were
well tolerated as was the removal of the ethyl sulfonamide moiety (EC50 0.07 µM). 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 (EC50 1.32 µM) as did replacement with either a methyl (EC50 3.36 µM),
ethyl (EC50 1.79 µM) or n-butyl group (EC50 1.67 µM), 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
(EC50 0.37 µM) and removal of both the piperidine and the linker led to an analogue with a further
diminished EC50 of 1.44 µM. Replacement of the piperidine with a morpholine was reasonably well tolerated
(EC50 0.1 µM) 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.40 Development of a homology
model for TbAUK1 based on human and mouse Aurora A crystal structures allowed for close examination of
any differences in the binding pockets of TbAUK1 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.40 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 TbAUK1 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 TbAUK1 homology model and the results were ranked. The top 20 analogues were chosen
for synthesis and then tested at 1 and 10 µM 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.41 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 EC50 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).

ID

EC50 (µM)b

1

R

Ar
MOLT-4d

1.55

OCH3

Phenyl

0.15

0.15

1.0

1.57a

OCH3

Phenyl

0.61

4.13

6.8

1.58

H

1-Naphthyl

0.61

14.25

23.4

a
b

Selectivity
T.b. rhodesiensec

Compound tested as a racemate.

EC50 values calculated from inhibition curves at a minimum of 8 different drug concentrations tested in
triplicate and using OriginPro 8.5 analysis software.
c
d

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).42 Of particular note was compound NVP-BEZ235 (1.59) that has been in
clinical trials for the treatment of a number of solid tumors.43-46 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.42
EC50 (µM)
ID
T. cruzia

T.b. bruceib

T.b. rhodesienseb

L. donovanic

L. donovanid

0.105 ± 0.01

1.05 ± 0.28

0.62 ± 0.41

0.214 ±

PI-103
>25

0.036

(1.59)
NVP-BEZ235
0.12

<0.01

0.0073 ± 0.06

0.14 ± 0.08

0.07 ± 0.04

-

>2

-

-

>5

>10

0.48 ± 0.1

0.166 ± 0.015

0.42 ± 0.03

0.50 ± 0.09

>10

0.58 ± 0.26

0.78 ± 0.08

5.95 ± 0.84

6.10 ± 1.73

(1.60)
LY294002
(1.61)
Pp242
(1.62)
WYE-354
(1.63)
a
b

trypomastigotes.

bloodstream form.
c

d

promastigotes.

axenic amastigotes.

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 R1, R2, and R3.
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A SAR investigation around 1.60 was subsequently performed.47 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 π-stacking
interactions.47 In addition to this, 1.60 has been calculated as having a CNS multiparameter optimisation
(MPO) score of 3.2.47 It had been previously shown that when 1.60 was docked into an homology model of
PI3Kγ the binding was largely due to three hydrogen bond interactions. 48 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 R3 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.47 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.47 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.47
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.47 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.47 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.47 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 R3 position of NVP-BEZ235 (1.60).

T.b. brucei EC50 (µM)a

HepG2 TC50 (µM)a

Selectivity

MPO Score

1.60

0.0025

-

-

3.2

1.65

0.159

1.82

11

3.6

1.66

0.136

3.43

25

3.9

1.67

0.016

0.575

36

3.9

1.68

0.008

0.14

17

3.4

1.69

0.053

> 25

> 470

3.1

1.70

0.054

> 25

> 460

3.2

9.02

> 50

>5

4.6

ID

1.71

R3

-NHAc
a

Values are the average of two replicates.

At the R1 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.47 When the R3 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).47
There was also a complete loss of activity against both T.b. brucei and HepG2 cells when both the R1 and R3
substituents were simultaneously eliminated as in 1.79.47

Exploration of the R2 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.47 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 1.14.33 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.49-51 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 GI50 for efficacy in an acute mouse model of HAT (T. brucei CA427), Table 1.15.33
Each mouse was inoculated with 103 trypanosomes and treatment was started 1 day post infection and
continued for 14 days.33 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.33 Whilst intraperitoneal administration of lapatinib (1.83) failed to eliminate the parasitemia
infection and all mice had died by day 8.33 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.33 CI-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.33

Table 1.13 Results of the SAR around the R1 position of NVP-BEZ235 (1.60).

ID

R1

R3

T.b. brucei
EC50 (µM)

a

HepG2 TC50
(µM)

a

Selectivity

MPO
Score

1.60

0.0025

-

-

3.2

1.72

0.103

> 25

> 240

3.2

1.73

0.091

> 50

> 540

3.5

1.74

0.024

> 25

> 1000

3.7

1.75

0.202

4.78

24

4.1

1.76

0.072

-

-

4.8

1.77

0.166

11.2

67

4.6

1.78

0.082

2.34

28

4.2

18.5

> 50

>3

5.0

1.79
a

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 GI50 (mean ± SD) (µM)

CI-1033 (1.80)

1.4 ± 0.7

Erlotinib (1.81)

1.9 ± 0.1

PKI-166 (1.82)

1.3 ± 0.2

Lapatinib (1.83)

1.5 ± 0.1

AEE788 (1.84)

2.5 ± 0.1

Axitinib (1.85)

2.0 ± 0.5

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.
Curesa

MSD

-

4.5-5.5

100 mg/kg every 12 h

1/4b

8c,d

Oral

30 mg/kg every 24 h

0/4

10e

Intraperitoneal

30 mg/kg every 24 h

0/4

5.8

ID

Administration

Control

-

Lapatinib (1.83)

Oral

AEE788 (1.84)
CI-1033 (1.80)f
a

Mice surviving 30 days after the death of the last control mouse and having no parasitemia.
b
c

d
e

Dose

Result replicated in three studies.

Value excludes those mice that were considered to be cured.

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).
f

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.52 Initial investigations centered
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around the furan tail of lapatinib. The metabolic liability of furans has been well documented 53 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.52 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.52 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.52 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.52 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.52 Further work is required on this series if both stages of HAT are to be successfully
treated.

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.5 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 SI value for each compound. This led to 205 compounds with a SI > 10 and an IC50
against T. brucei of < 10 µM. Cluster analysis of the resulting hits and removal of pan-assay interference
compounds (PAINS)23 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.

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 π 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 π value of 1.00 indicates a ten-fold increase in partitioning of a compound in to the octanol
phase. Functional groups with a positive π 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 π 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 σ value indicated a group
with an electron withdrawing effect while a negative σ 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.54 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.54 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.55
Electronic
Substituent

π

H-acceptor

H-donor

MR
σm

σp

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

NH2

-1.23

1

1

5.42

-0.16

-0.66

CF3

0.88

0

0

5.02

0.43

0.54

OCF3

1.04

1

0

7.86

0.38

0.35

CN

-0.57

1

0

6.33

0.56

0.66

CH3

0.56

0

0

5.65

-0.07

-0.17

OCH3

-0.02

1

0

7.87

0.12

-0.27

CH2CH3

1.02

0

0

10.30

-0.07

-0.15

C6H6

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.56 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 Å 2
indicates acceptable oral absorption and membrane permeability, while the PSA values for drugs destined for
the CNS are much lower, typically within 60 - 70 Å2 through to 90 Å2.56, 57 Recently, researchers have begun
reporting an MPO score for their compounds, which accounts for a number of factors (Table 1.17) when
78

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.58 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. 59 Typically, to be a
successful CNS drug candidate aqueous solubility needs to be > 60 µg/ml.56 The distribution co-efficient
(logD) is a measure of the lipophilicity of a drug.56 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 – 2.7.56 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.56 HSA is responsible for binding acidic drugs in the plasma while a second
protein, α1-acid glycoprotein (AGP), is present and is responsible for binding basic drugs. 60, 61 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.56 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.61 A successful CNS drug should not be an efficient AGP binding drug nor a high-affinity HSA
binder.56 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.56 In vitro intrinsic clearance (CLint) determined in human liver
microsomes is determined as a predictor for clearance of the drug from the liver. The predicted hepatic
extraction (EH) 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

pKa

≤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 EC50 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 T.b. brucei was assessed in an Alamar blue® viability assay as
previously described by Sykes and Avery.62 Briefly, 55 µl of HMI-9 media +10% FCS63 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% CO2. Serial drug concentrations were prepared in
100% DMSO and diluted 1:21 in DMEM media. 5 µl of this dilution was subsequently added to assay plates
to give final compound concentrations ranging from 41.67 to 0.0004 µM. Plates were incubated for 48 h at
37°C/5% CO2. 10 µl 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% CO2 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 EC50 values calculated using the software
GraphPad Prism 5. Pentamidine and suramin were used as controls.

HEK293 cytotoxicity assay 55 µl 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% CO2. Serial compound concentrations were prepared in 100% DMSO and diluted 1:21 in DMEM
media. 5 µl of this dilution was subsequently added to assay plates to give final compound concentrations
ranging from 83.34 to 0.0004 µM. Plates were incubated for 48 h at 37°C/5% CO2. 10 µl 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% CO2 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 EC50 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 3Hhypoxanthine incorporation assay,64,
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using the drug sensitive NF54 strain66 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),
NaHCO3 (2.1 g/l), neomycin (100 U/ml), AlbumaxR (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 μg/ml were prepared. The 96-well plates were incubated in a humidified atmosphere at 37 °C;
4% CO2, 3% O2, 93% N2. After 48 h, 50 μl of 3H-hypoxanthine (0.5 μCi) 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).
EC50 values were calculated from sigmoidal inhibition curves by linear regression67 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 medium68 at pH 5.4 supplemented with 10% heat-inactivated fetal bovine
serum under an atmosphere of 5% CO2 in air. 100 µl of culture medium with 105 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 μg/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 μl of Alamar Blue (12.5 mg resazurin dissolved in 100 ml distilled water)69 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
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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 EC50 values were calculated by linear regression.67
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 μl RPMI 1640 medium with 10% FBS and 2 mM l-glutamine. After 24 h, the medium was removed and
replaced by 100 μl per well containing 5000 trypomastigote forms of T. cruzi Tulahuen strain C2C4
containing the β-galactosidase (Lac Z) gene.70 After 48 h the medium was removed from the wells and
replaced by 100 μl fresh medium with or without a serial drug dilution of eleven 3-fold dilution steps
covering a range from 100 to 0.002 μg/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 μl)
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
EC50 values by linear regression67 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. 71 Minimum Essential Medium (50
µL) 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 μg/ml were prepared. Then 4x103 bloodstream forms of T.b. rhodesiense STIB 900
in 50 µl was added to each well and the plate incubated at 37 °C under a 5% CO2 atmosphere for 70 h. 10 µl
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.72 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 EC50 values were calculated by linear
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regression67 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 l 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). 73, 74 Serial drug
dilutions of eleven three-fold dilution steps covering a range from 100 to 0.002 μg/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 l 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 EC50 values were calculated by linear regression67 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 254 precoated 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).

1

H and 13C NMR spectra were recorded at 400.13, and 100.62 MHz, respectively, on a Bruker Avance III

Nanobay spectrometer with BACS 60 sample changer, using solvents from Cambridge Isotope Laboratories.
Chemical shifts (δ, ppm) are reported relative to the solvent peak (CDCl 3: 7.26 [1H] or 77.16 [13C]; DMSO84

d6: 2.50 [1H] or 39.52 [13C]; or CFCl3 at 0.00 [19F]). Proton resonances are annotated as: chemical shift
(ppm), multiplicity (s, singlet; d, doublet; t, triplet; q, 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 Å, 5 µm, 50  4.6 mm), 30 °C; sample (5 µL) was eluted using a binary gradient (solvent A: 0.1% aq.
HCO2H; solvent B: 0.1% HCO2H in CH3CN; 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
l/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 
50 mm, 1.8 µm column), 30 °C; sample (5 µl) was eluted using a binary gradient (solvent A: 0.1% aq.
HCO2H; solvent B: 0.1% HCO2H 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 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.75

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 µm (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.76

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 µm, 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.77 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 µM. This solution was then diluted 1 in
500 to give a final compound concentration of 1 µM and incubated at 37 ºC 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-6phosphate, 1 U/ml glucose-6-phosphate dehydrogenase and 0.67 mg/ml MgCl2) 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 (CLint) and
the predicted in vivo intrinsic clearance value (CLint

vivo)

as described previously.78 The predicted in vivo

hepatic extraction ratio (EH) was calculated using the following relationship: EH = CLint vivo / (Q + CLint
where Q is human liver blood flow (20.7 ml/min/kg).79
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vivo)

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.5 Of these the oxazolopyridine were
a class of particular interest with 126 having an EC50 of 0.22 µM against T.b. brucei. It also possesses a
moderately low PSA of 81 Å2 that indicated the potential for CNS penetration,56 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.80

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 T.b.
rhodesiense (EC50 0.59 μM), but also against T. cruzi (EC50 0.23 μM). 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 (EC50 7.8
μM), a major causative agent of malaria.54
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Table 2.1 Biological activity profile of 126 against a number of parasites.a
Parasite

EC50 (μM)

SI

T.b. brucei

0.22

> 345b

T.b. rhodesiense

0.59

39c

T. cruzi

0.23

99c

P. falciparum

7.8

3c

a
b

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

Selectivity relative to HEK293(human embryonic kidney) cells.
c

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).81, 82 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.

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

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, R1-COOH, anhydrous DMF, overnight; (b) HBTU,
DIPEA, R1-COOH, DMF, overnight; (c) HOBt, EDCI, DIPEA, R1-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.a

a

R2

Yield

R2

Yield

H

25%

4-OCH3

5%

6-CH3

30%

2-CH3

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.

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 81, 82
or solid potassium carbonate83 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.83 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.a

a

R2

Yield

R2

Yield

H

81%

2-CH3

93%

4-OCH3

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 5M 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,82 histone acetyl transferase inhibitors84 and as inhibitors of lysophosphatidic acid
acyltransferase β.83

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 2.2.85 While sirtuins have
been reported in trypanosomes,86, 87 it remains to be determined whether this is of value in the current project.

Figure 2.2 SAR of oxazolopyridine identified during HTS by Sirtris.85

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 δ+
hydrogen of the amide and the δ- oxygen of the methoxy.

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 Raphaël 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.

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 ɣ-ketocarboxylic acid (2.26). Pathway [B]
arises as a result of ring opening of the epoxide (2.22) to give the ɣ-ketoenal (2.28).53

These studies led to the identification of a compound with an EC50 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.
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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 3furoic acid heterocycle was utilised moving forward as it was shown to convey greater activity against T.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.

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).

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 3nitrobenzoic 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 water88 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.

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 HA, HD, HE 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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a)

HD

HC
HA
HE

HG

HB

HF

4 1’
2
b)

4 1’
2
c)
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; c) 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 T.b. brucei for these core changes. The
inverted oxazole (2.32) maintained activity when compared with the initial hit (126, 0.22 µM) 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 EC50 of 1.0 µM against T.b. 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.

a

ID

EC50 (µM)

2.32

0.30 ± 0.08

2.38

> 10a

2.44

> 10a

2.46

> 10a

Compound found to have < 50% activity at 10.41 µM.

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).89 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).

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; EC50 0.12 µM), which had the 3-furan northern heterocycle. Compound
2.50 had an EC50 of 1.23 µM 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

121

this heterocycle with 2.51 (EC50 0.68 µM) saw a further ~3-fold improvement in the activity, yet 2.52 led to
a 1.6-fold decrease in the activity with an EC50 3.33 µM. 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.
R1

ID

EC50 (µM)

SI

39a,b

2.0

41

2.50

1.23 ± 0.22

68

2.51

0.68 ± 0.01

61

2.52

3.33 ± 0.64

25

2.49

> 10c

2.53

> 10c

a

Compound from the Eur. J. Med. Chem. manuscript.
b

c

Value is the mean of 3 experiments, ± 50%.

Compound exhibited < 50% inhibition at 10.41 µM.

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
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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, EH 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.

ID

Species

In vitro CLint

Microsome-

Clearance

(µl/min/mg protein)

predicted EH

classification

Half-life (min)

Human

> 247d

<7

< 0.22

Low

Mouse

59

30

0.39

Intermediate

Human

71

24

0.49

Intermediate

Mouse

4e

404

0.90

High

Human

15b

118

0.82

High

Mouse

< 2b,c

> 875

> 0.95

Very high

Human

19a

92

0.79

High

Mouse

5a

339

0.88

High

Human

30

58

0.7

Intermediate

Mouse

2

881

0.95

High

Human

149

12

0.32

Intermediate

Mouse

101

17

0.27

Low

2.44

2.46

2.49

2.50

2.52

2.53
a

b

c

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 EH was considered > 0.95.
d

e

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.90 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 EC50 (µM)

T. congolense EC50 (µM)

126a

0.079

0.23

10b

1.8

1.6

41b

1.7

1.9

39b

2.4

13

38b

0.11

0.28

Diminazenec

0.34

0.25

Isometamidiumc

0.0006

0.0006

a

Compound number from the Future Med. Chem. manuscript.

b

Compound number from the Eur. J. Med. Chem. manuscript.
c

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.91, 92

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.4
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.4 It was found by Tatipaka et al.4 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.4 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.4

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. 7, 8
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.7, 8 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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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-workers4 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 6position 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.

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.7, 8 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-A1: 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 eq.) in N,N-dimethylformamide (0.5 M final concentration) the
carboxylic acid (1.2 eq.), EDCI (1.2 eq) and DMAP (0.1 eq.) 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)

Title compound was prepared according to General Procedure 2-A1 using 2-W1 as a
yellow powder (3.72 g, 20%). LRMS [M+H]+ 246.1 m/z; HRMS [M+H]+ 246.0426 m/z,
found 246.0431 m/z; 1H NMR (DMSO, 300 MHz) δ 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); 13C NMR (DMSO, 101 MHz) δ 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
2-W2. In addition the compound was purified by column chromatography, eluting with
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; 1H NMR (DMSO, 400 MHz) δ 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); 13C NMR (DMSO, 101 MHz) δ 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)

Title compound was prepared from 50 according to General Procedure 2-B1 using 2W2 as a yellow solid (75 mg, 35%). LRMS [M+H]+ 340.1 m/z; HRMS [M+H]+
340.0483 m/z, found 340.0483 m/z; 1H NMR (DMSO, 400 MHz) δ 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); 13C NMR (DMSO, 101 MHz) δ 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)

Title compound was prepared from 50 according to General Procedure B1 using 2-W2
as a yellow solid (181 mg, 83%). LRMS [M+H]+ 357.1 m/z; HRMS [M+H]+ 357.0208
m/z, found 357.0207 m/z; 1H NMR (DMSO, 400 MHz) δ 10.87 (s, 1H), 9.31 (d, J = 2.0
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); 13C NMR (DMSO, 101 MHz) δ 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)

Title compound was prepared from 50 according to General Procedure 2-B1 using 2W2 as an off-white solid (103 mg, 69%). LRMS [M+H]+ 350.1 m/z; HRMS [M+H]+
350.0691 m/z, found 350.0686 m/z; 1H NMR (DMSO, 400 MHz) δ 10.66 (s, 1H), 8.81
(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); 13C NMR
(DMSO, 101 MHz) δ 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, 121.4, 119.4.

N-(4-Chloro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)isonicotinamide (14, Eur. J. Med. Chem. manuscript)

Title compound was prepared from 50 according to General Procedure 2-B1 using 2W1 as a colourless solid (120 mg, 35%). LRMS [M+H]+ 351.1 m/z; HRMS [M+H]+
351.0643 m/z, found 351.0637 m/z; 1H NMR (DMSO, 400 MHz) δ 10.90 (s, 1H), 8.93
– 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 = 8.8, 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) δ 164.8, 163.0, 155.4, 150.9 (2C), 147.5, 143.0, 142.8, 141.8, 138.6, 132.5,
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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)

Title compound was prepared from 50 according to General Procedure B1 using 2-W2
as a colourless solid (148 mg, 69%). LRMS [M+H]+ 351.1 m/z; HRMS [M+H]+
351.0643 m/z, found 351.0640 m/z; 1H NMR (DMSO, 400 MHz) δ 10.87 (s, 1H), 9.17
(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); 13C NMR (DMSO, 101 MHz) δ 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)

Title compound was prepared according to General Procedure 2-A1 using 2-W1 as an
off-white solid (2.36 g, 25%). LRMS [M+H]+ 121.1 m/z; 1H NMR (DMSO, 400 MHz) δ
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); 13C NMR (DMSO, 101 MHz) δ 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
an off-white solid (138 mg, 48%). HPLC – rt 9.57 min > 99% purity at 254 nm; LRMS
[M+H]+ 320.1 m/z; HRMS [M+H]+ 320.1030 m/z, 320.1040 m/z; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Compound 52 (European Journal of Medicinal Chemistry manuscript) (150 mg, 0.71
mmol), 5-oxazolecarboxylic acid (81 mg, 0.71 mmol) and hydroxybenzotriazole (134
mg, 0.85 mmol) were combined in anhydrous N,N-dimethylformamide (4 ml) and
allowed

to

stir

at

ambient

temperature

for
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5

min

before

addition

of

1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride (163 mg, 0.85 mmol) and diisopropylethylamine (320 µl,
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)phenyl)thiazole-4-carboxamide (21, Eur. J. Med. Chem. manuscript)

Title compound prepared from 52 according to General Procedure 2-B2 as a paleyellow solid (50 mg, 20%). HPLC – rt 8.99 min 99% purity at 254 nm; LRMS [M+H]+
323.1 m/z; HRMS [M+H]+ 323.0597 m/z, found 323.0613 m/z; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Title compound prepared according to General Procedure 2-A1 using 2-W1 as a darkred solid (647 mg, 48%). HPLC – rt 5.85 min > 99% purity at 254 nm; LRMS [M+H]+
226.2 m/z; HRMS [M+H]+ 226.0975 m/z, found 226.0975 m/z; 1H NMR (400 MHz, DMSO) δ 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);

13

C NMR (101 MHz,

DMSO) δ 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)phenyl)furan-2-carboxamide

(22,

Eur.

J.

Med.

Chem.

manuscript)

Title compound prepared from 53 according to General Procedure 2-B1 using 2-W1 as
a pale-yellow solid (144 mg, 68%). HPLC – rt 5.98 min > 99% purity at 254 nm;
LRMS [M+H]+ 320.2 m/z; HRMS [M+H]+ 320.1030 m/z, found 320.1030 m/z; 1H
NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

A 0.05 M solution of 2-fluoro-3-nitrobenzoic acid (510 mg, 0.27 mmol) made up in 50:50
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; 1H NMR (400 MHz, DMSO) δ 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)

Title compound prepared from 54 according to General Procedure 2-A1 using 2-W1 as
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; 1H NMR (400 MHz, DMSO) δ 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) δ 162.3 (J

13
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C-F

= 4 Hz), 155.2, 148.5 (J

C-F

= 252 Hz), 146.7,

142.4, 138.0 (J C-F = 12 Hz), 124.9 (J C-F = 4 Hz), 120.9, 120.0 (J C-F = 5 Hz), 119.1, 116.2, 113.9 (J C-F = 8
Hz).

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

(23,

Eur.

J.

Med.

Chem.

manuscript)

Title compound prepared from 55 according to General Procedure 2-B1 using 2-W1 as
a pale-brown solid (92 mg, 44%). HPLC – rt 6.16 min > 97% purity at 254 nm; LRMS
[M+H]+ 324.1 m/z; HRMS [M+H]+ 324.0779 m/z, found 324.0785 m/z; 1H NMR (400
MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 161.4, 156.6, 155.1, 154.1 (J
C-F

= 263 Hz), 147.1, 147.0, 146.3, 142.7, 131.3, 127.5, 126.7 (J

C-F

= 12 Hz), 125.1 (J

C-F

= 5 Hz), 121.4,

119.5, 115.6, 115.0 (J C-F = 9 Hz), 112.5.

2-Methoxy-5-(oxazolo[4,5-b]pyridin-2-yl)aniline (59, Eur. J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 2-A1 using 2-W1 as a
pale-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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz,
DMSO) δ 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 2W1 as a pale-brown solid (85 mg, 70%). HPLC – rt 9.29 min ≥ 95% purity; LRMS
[M+H]+ 336.1 m/z; HRMS [M+H]+ 336.0979 m/z, found 336.0976 m/z; 1H NMR
(400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ
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-yl)aniline (65, Eur. J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 2-A2 using 2-W2 as a paleyellow 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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
a pale-orange solid (124 mg, 56%). HPLC – rt 9.94 min > 98% purity at 254 nm;
LRMS [M+H]+ 334.2 m/z; HRMS [M+H]+ 334.1186 m/z, found 334.1195 m/z; 1H
NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Title compound prepared from 65 according to General Procedure 2-B1 using 2-W1 as
an off-white solid (106 mg, 67%). HPLC – rt 8.68 min > 98% purity at 254 nm; LRMS
[M+H]+ 321.1 m/z; HRMS [M-H]- 319.0837 m/z, found 319.0834 m/z; 1H NMR (400
MHz, DMSO) δ 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); 13C NMR (101 MHz,
DMSO) δ 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)

Title compound prepared from 65 according to General Procedure 2-B1 using 2-W1 as
an off-white solid (169 mg, 79%). HPLC – rt 9.27 min > 99% purity at 254 nm; LRMS
[M+H]+ 320.2 m/z; HRMS [M-H]- 318.0884 m/z, found 318.0876 m/z; 1H NMR (400
MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)phenyl)thiazole-4-carboxamide

(36, Eur.

J. Med.

Chem.

manuscript)

Title compound prepared from 65 according to General Procedure 2-B1 using 2-W1 as
a pale-yellow solid (70 mg, 56%). HPLC – rt 9.38 min > 98% purity at 254 nm; LRMS
[M+H]+ 337.1 m/z; HRMS [M+H]+ 337.0754 m/z, found 337.0768 m/z; 1H NMR (400
MHz, DMSO) δ 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);
13

C NMR (101 MHz, DMSO) δ 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)

Title compound prepared according to General Procedure 2-A1 using 2-W1 as a yellow
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; 1H NMR (DMSO, 400 MHz) δ 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); 13C NMR (DMSO, 101 MHz) δ 162.4 (J C-F = 4
Hz), 155.1, 152.2 (J C-F = 247 Hz), 146.67, 145.8 (J C-F = 2 Hz), 142.45, 120.88, 119.5 (J C-F = 8 Hz), 119.09,
117.6 (J C-F = 22 Hz), 113.7 (J C-F = 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
a pale-orange solid (54 mg, 46%). HPLC – rt 9.52 min > 99% purity at 254 nm; LRMS
[M+H]+ 338.1 m/z; HRMS [M+H]+ 338.0952 m/z; 1H NMR (400 MHz, DMSO) δ 10.45
(s, 1H), 8.88 (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); 13C NMR (101 MHz, DMSO) δ 161.4 (J
144.0, 142.6, 141.5, 135.7, 128.5, 126.3 (J

C-F

C-F

= 6 Hz), 157.6, 156.2 (J

= 8 Hz), 121.3 (J

C-F

C-F

= 256 Hz), 155.1, 146.9,

= 25 Hz), 119.3, 117.5 (J

C-F

= 22 Hz),

115.8, 113.8 (J C-F = 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)

Title compound prepared from 66 according to General Procedure 2-B1 using 2-W1 as
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; 1H NMR (400 MHz, DMSO) δ
10.79 (s, 1H), 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); 13C NMR (101 MHz, DMSO) δ 161.3 (J
155.1, 155.0, 154.1, 146.9, 144.9, 142.6, 135.1 (J

C-F

C-F

= 5 Hz), 156.4 (J

= 3 Hz), 130.5, 126.2 (J

C-F

C-F

= 258 Hz),

= 9 Hz), 121.6, 121.2,

119.3, 117.8 (J C-F = 23 Hz), 114.1 (J C-F = 11 Hz).

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

(40,

Eur.

J.

Med.

Chem.

manuscript)

Title compound prepared from 66 according to General Procedure 2-B1 using 2-W1 as
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; 1H NMR (400 MHz, DMSO) δ 10.27
(s, 1H), 8.70 (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); 13C NMR (101 MHz, DMSO) δ 161.4 (J C-F = 5 Hz), 160.6, 156.1 (J C-F = 255 Hz),
155.0, 146.9, 146.2, 144.4, 142.6, 135.9 (J C-F = 3 Hz), 125.9 (J C-F = 8 Hz), 122.6, 121.2, 119.3, 117.7 (J C-F
= 22 Hz), 114.0 (J C-F = 11 Hz), 109.2.
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N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide (41, Eur. J. Med. Chem.
manuscript)

Title compound prepared from 66 according to General Procedure 2-B1 using 2-W1 as
an off-white solid (170 mg, 77%). HPLC – rt 8.92 min > 99% purity at 254 nm; LRMS
[M+H]+ 341.1 m/z; HRMS [M+H]+ 341.0512 m/z; 1H NMR (400 MHz, DMSO) δ
10.79 (s, 4H), 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); 13C NMR (101 MHz, DMSO) δ 161.4
(J

C-F

= 5 Hz), 159.5, 156.4 (J

C-F

= 259 Hz), 155.2, 155.1, 150.3, 146.9, 142.5, 135.6, 126.6 (J

C-F

= 9 Hz),

126.1, 121.7, 121.2, 119.3, 117.6 (J C-F = 22 Hz), 113.9 (J C-F = 11 Hz).

3-(Oxazolo[5,4-b]pyridin-2-yl)aniline (2.30)

Title compound prepared according to General Procedure 2-A1 using 2-W1 as an offwhite 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; 1H NMR (400 MHz, DMSO) δ 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) δ 162.9,

13

159.2, 149.5, 144.4, 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)

Title compound prepared according to General Procedure 2-B1 using 2-W1 as an offwhite solid (230 mg, 64%). HPLC rt – 6.79 min > 99% purity at 254 nm; LRMS
[M+H]+ 306.1 m/z; HRMS [M+H]+ 306.0873 m/z, found 306.0873 m/z; 1H NMR (400
MHz, DMSO) δ 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) δ 162.0, 160.7, 159.3, 146.2, 144.9, 144.4, 139.9, 133.3, 129.9,

13

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)

3-Nitrobenzoic acid (1.0 g, 5.98 mmol) was added to anhydrous dichloromethane (10
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-2chloropyridine (769 mg, 5.98 mmol) and pyridine (963 µl, 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; 1H NMR (400 MHz,
DMSO) δ 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 = 7.9, 4.7 Hz, 1H); 13C NMR (101 MHz, DMSO) δ 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)

N-(2-Chloropyridin-3-yl)-3-nitrobenzamide (0.50 g, 1.80 mmol) and Lawesson’s
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ
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-yl)aniline (2.37)

A 0.005 M solution of 2.36 (0.42 mmol) was dissolved in a 50:50 ethyl acetate/ethanol
(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; 1H NMR (400 MHz, DMSO) δ 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)

Title compound prepared according to General Procedure 2-B1 using 2-W1 as a paleorange 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; 1H NMR (400 MHz, DMSO) δ 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) δ 167.3, 160.7, 157.4, 147.6, 146.6, 146.2, 144.4, 139.9,
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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)

Synthesis based upon the previously reported procedure by Picard et al.93
2,3-Diaminopyridine (1.0 g, 9.16 mmol) and 3-nitrobenzoic acid (1.53 g, 9.16 mmol)
were combined 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; 1H NMR (400 MHz, DMSO) δ 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)

Synthesis based upon the previously reported procedure by Chai et al.94
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 µl, 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; 1H NMR (400 MHz, DMSO) δ 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) δ 164.8,
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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)

The title compound was isolated as a product of the previous reaction as a grey solid (88
mg, 8%). LRMS [M+H]+ 255.1 m/z; HRMS [M+H]+ 255.0877 m/z, found 255.0877
m/z; 1H NMR (400 MHz, DMSO) δ 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) δ 151.8,
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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)

Compound 2.41 (80 mg, 0.31 mmol) was dissolved in methanol (4 ml) and zinc powder
(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; 1H NMR (400 MHz, DMSO) δ 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)

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
chromatography, eluting with 0-10% methanol/dichloromethane. The title compound
was isolated 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; 1H NMR
(400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Compound 2.42 (80 mg, 0.31 mmol) was dissolved in methanol (4 ml) and zinc powder
(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; 1H NMR (400 MHz, DMSO) δ 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)

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
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; 1H NMR (400 MHz, DMSO) δ 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);
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C NMR (101 MHz,

DMSO) δ 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)

The title compound was synthesised based on a procedure from Niemczyk, 2002.89
Nitric acid (43 ml, 1.03 mol) was added to a 3N-RBF containing water (77 ml). This solution was
heated 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; 1H NMR (400 MHz,
DMSO) δ 6.56 (d, J = 0.9 Hz, 1H), 2.46 (d, J = 0.9 Hz, 3H); 13C NMR (101 MHz, DMSO) δ 171.7, 161.1,
157.1, 102.4, 11.9. *Note: the –OH peak was not visible in the 1H 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
resultant material required further purification and was subjected to column
chromatography, eluting with 10-50% ethyl acetate/petroleum spirits, to give the title
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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 171.8, 161.3 (J
155.0, 147.0, 142.6, 135.1 (J

C-F

= 3 Hz), 126.6 (J

C-F

C-F

= 5 Hz), 159.0, 157.8, 156.6 (J

C-F

= 9 Hz), 121.8, 121.3, 119.4, 117.9 (J

= 254 Hz),

C-F

= 23 Hz),

114.1 (J C-F = 12 Hz), 101.7, 11.9.

N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)isoxazole-4-carboxamide (2.50)

Title compound prepared according to General Procedure 2-B1 using 2-W1 as a palebrown solid (90 mg, 32%). HPLC rt – 6.00 min > 95% purity at 254 nm; LRMS
[M+H]+ 325.1 m/z; HRMS [M+H]+ 325.0731 m/z, found 325.0736 m/z; 1H NMR (400
MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 161.3 (J C-F = 5
Hz), 161.2, 158.1, 156.3 (J

C-F

= 254 Hz), 155.0, 148.8, 147.0, 142.6, 135.5 (J

C-F

= 3 Hz), 125.9 (J

C-F

=8

Hz), 121.3, 119.4, 118.0, 117.8, 117.8, 114.1 (J C-F = 12 Hz).

N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)isoxazole-3-carboxamide (2.51)

Title compound prepared according to General Procedure 2-B1 using 2-W1 as a
colourless solid (88 mg, 62%). HPLC – rt 6.19 min > 99% purity at 254 nm; LRMS
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[M+H]+ 325.1 m/z; HRMS [M+H]+ 325.0731 m/z, found 325.0729 m/z; 1H NMR (400 MHz, DMSO) δ
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); 13C NMR (101
MHz, DMSO) δ 161.9, 161.3 (J C-F = 6 Hz), 158.0, 157.4, 156.6 (J C-F = 257 Hz), 155.0, 146.9, 142.6, 135.0,
126.6 (J C-F = 8 Hz), 121.9, 121.2, 119.4, 117.8 (J C-F = 22 Hz), 114.1 (J C-F = 11 Hz), 104.6.

N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)oxazole-4-carboxamide (2.52)

Title compound prepared according to General Procedure 2-B1 using 2-W1 as a palebrown solid (60 mg, 42%). HPLC – rt 5.78 min > 99% purity at 254 nm; LRMS
[M+H]+ 325.1 m/z; HRMS [M+H]+ 325.0731 m/z, found 325.0730 m/z; 1H NMR (400
MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ
161.4 (J C-F = 6 Hz), 158.9, 156.4 (J C-F = 254 Hz), 155.0, 152.5, 146.9, 143.3, 142.5, 135.4, 135.3 (J C-F = 3
Hz), 126.5 (J C-F = 9 Hz), 121.8, 121.2, 119.3, 117.6 (J C-F = 22 Hz), 113.9 (J C-F = 11 Hz).

N-(4-Fluoro-3-(oxazolo[4,5-b]pyridin-2-yl)phenyl)-3,5-dimethylisoxazole-4-carboxamide (2.53)

Title compound prepared according to General Procedure 2-B1. The reaction mixture
was quenched through the addition of water and the product was then extracted with
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; 1H NMR (400 MHz, DMSO)
δ 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); 13C NMR (101 MHz,
DMSO) δ 170.1, 161.3 (JC-F = 5 Hz), 160.4, 158.5, 156.3 (JC-F = 255 Hz), 155.0, 147.0, 142.6, 135.7 (JC-F = 2
148

Hz), 125.9 (JC-F = 9 Hz), 121.2 (JC-F = 14 Hz), 119.4, 117.8 (JC-F = 22 Hz), 114.1 (JC-F = 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.5 Compound 128 had an EC50 of 0.43 µM and a SI 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-1, a moderately low PSA that could
indicate potential for CNS penetration56 and a low cLogP which could further aid with CNS penetration.80

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 (EC50 0.97 µM). However, it showed only weak activity against the closely related
T. cruzi (EC50 19.1 µM) 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 EC50 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 activitya profile of 128 against a number of parasites.
Parasite

EC50 (μM)

SI

T.b. brucei

0.43

>98b

T.b. rhodesiense

0.97

18c

T. cruzi

19.1

0.93c

L. donovani axenic

34

0.52c

P. falciparum

11.5

1.6c

a
b

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

Selectivity relative to HEK293 (human embryonic kidney) cells.
c

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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Raphaël 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
Raphaël 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, EC50 0.43
µM) and n-pentyl (3.05, EC50 1.7 µM) side chains. Substitution with 1-ethylpropyl (3.03, EC50 0.32 µM),
cyclopentyl (3.08, EC50 0.26 µM), 2-pentyl (3.06, EC50 0.36 µM) and cyclohexyl groups (3.07, EC50 0.20
µM) each led to an improvement in the activity between 1.5- and 2-fold. Bulkier groups such as the 1methylethyl (3.01, EC50 2.5 µM), and tert-butyl groups (3.02, EC50 3.0 µM) 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, EC50 7.4 and >10
µM) or basic nitrogen (3.11 and 3.12, EC50 > 10 and > 10 µM) were introduced on the amide side chain. It
was also observed that a benzyl group (3.14, EC50 2.6 µM) 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.

EC50 (µM)

SIa

ID

3.01

2.5 ± 0.4

33

3.02

3.0 ± 0.4

3.03

0.32 ± 0.09

3.04

> 10b

3.05

1.7 ± 0.2

3.06

3.07

ID

R1

a

R1

EC50 (µM)

SIa

3.08

0.26 ± 0.01

368

14

3.09

7.4 ± 0.5

11

263

3.10

> 10b

3.11

> 10b

50

3.12

> 10b

0.36 ± 0.07

228

3.13

> 10b

0.20 ± 0.02

423

3.14

2.6 ± 0.5

32

Selectivity relative to HEK293 (human embryonic kidney) cells.
b

Compound found to have < 50% activity at 10.41 µM.

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.

ID

R2

EC50 (µM)

SIa

ID

R2

EC50 (µM)

SIa

3.15

2-F

0.73 ± 0.3

111

3.29

3-NH2

1.1 ± 0.1

78

3.16

2-Cl

1.1 ± 0.4

76

3.30

3-COCH3

> 10b

3.17

2-Br

> 10b

3.31

3-CH3

0.17 ± 0.01

495

3.18

2-OCH3

5.4 ± 0.4

15

3.32

3-CN

2.7 ± 0.6

31

3.19

2-NO2

0.89 ± 0.2

94

3.33

4-F

0.40 ± 0.04

206

3.20

2-NH2

> 10b

3.34

4-Cl

0.68 ± 0.05

123

3.21

2-COCH3

> 10b

3.35

4-Br

2.2 ± 0.6

38

3.22

2-CH3

1.2 ± 0.1

71

3.36

4-OCH3

1.3 ± 0.1

64

3.23

2-CN

0.35 ± 0.1

239

3.37

4-NO2

4.5 ± 2.1

19

3.24

3-F

0.45 ± 0.07

186

3.38

4-NH2

2.9 ± 0.06

28

3.25

3-Cl

0.48 ± 0.04

175

3.39

4-COCH3

4.7 ± 1.0

9

3.26

3-Br

0.57 ± 0.02

147

3.40

4-CH3

3.7 ± 1.1

22

3.27

3-OCH3

> 10b

3.41

4-CN

2.7 ± 0.98

30

3.28

3-NO2

0.45 ± 0.03

a
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Selectivity relative to HEK293 (human embryonic kidney) cells.
b

Compound found to have < 50% activity at 10.41 µM.

Initially small lipophilic groups were introduced at the ortho-position such as, the fluorine (3.15, EC50 0.73
µM), chlorine (3.16, EC50 1.1 µM), methyl (3.22, EC50 1.2 µM) and nitro (3.19, EC50 0.89 µM) 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, EC50 5.4 µM) 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 EC50 of 0.35 µM. The meta-position was substituted with
similar lipophilic groups and in this instance favourable results were obtained with the small alkyl methyl
(3.31, EC50 0.17 µM) being the most active followed by the fluorine (3.24, EC50 0.45 µM), chlorine (3.25,
EC50 0.48 µM) and bromine (3.26, EC50 0.57 µM) analogues. Substitution with polar groups such as the
nitrile (3.32, EC50 2.7 µM) or amine groups (3.29, EC50 1.1 µM) led to a decrease in activity, whilst the nitro
group (3.28, EC50 0.45 µM) 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, EC50 0.40 µM) or a chlorine group (3.34, EC50
0.68 µM) 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, EC50 1.3
µM), bromine (3.35, EC50 2.2 µM) and methyl groups (3.40, EC50 3.7 µM). 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, metamethyl 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.

a

ID

R2

EC50 (µM)

SIa

3.42

2-CN

0.20 ± 0.04

417

3.43

4-F

1.2

68

3.44

2-CN, 4-F

0.43

194

3.45

3-CH3

0.013 ± 0.01

1505

Selectivity relative to HEK293 (human embryonic kidney) cells.

Substitution with the ortho-nitrile group (3.42, EC50 0.20 µM) was equally active compared with 3.08, while
substitution with the para-fluoro (3.43, EC50 1.2 µM) led to a decrease in the activity when compared with
3.08 (EC50 0.26 µM). The combination of the ortho-nitrile and para-fluoro groups did not yield a significant
improvement in the overall activity of 3.44 (EC50 0.43 µM). Introduction of the meta-methyl group led to a
significant boost in the activity of 3.45 (EC50 0.013 µM).

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 EC50 of 0.35 µM against T.b. brucei to 2.9 µM against
T.b. rhodesiense.
Table 3.5 Biological activity profile of selected compounds against a parasite panel (EC50, µM).a
ID

T.b. brucei

T.b. rhodesienseb

T. cruzib

L. don. axed

P. falc. K1e

Cytotox. L6f

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

a
b

T.b. rhodesiense strain STIB 900, bloodstream form (trypomastigotes). Melarsoprol was used as a control,
EC50 0.005 M.
c

d

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

T. cruzi Tulahaen C4 strain, amastigote stage. Benznidazole was used as a control, EC50 1.46 M.

L. donovani MHOM-ET-67/L82 strain, amastigote stage. Miltefosine was used as a control, EC50 0.49 M.
e

P. falciparum K1 strain, erythrocytic stage. Chloroquine was used as a control, EC50 0.006 M.
f

Rat skeletal myoblast cell L6 strain. Podophyllotoxin was used as a control, EC50 0.017 M.

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-1. Their PSA values were relatively low and suitable for CNS
penetration,56 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 BBB95 and for
improved intestinal permeability.96 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 µg/ml), though 3.33 and 3.08 had
good solubility at pH 6.5 of between 50-100 µg/ml and 25-50 µg/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 µl/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.
logDb
ID

Solubility (µg/ml)c

cPPBd

In vitro CLint

Microsome-

(µl/min/mg

Predicted

protein)e

EHe

PSA (Å2)a

MW

pH 7.4

pH 2

pH 6.5

(%)

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

a

Calculated using ACD/Labs software, version 9.
b
c

d
e

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-2carboxylate (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.

Scheme 3.1 Synthesis of pyrazine carboxamide derivatives. Reagents and conditions (a) methyl 3-amino-6bromopyrazine-2-carboxylate, R1-amine, DBU, microwave; (b) R2-B(OH)2, K2CO3, TBAB, PdCl2, 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).

159

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 PdCl2(PPh3)2 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 PdCl2 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, EC50 0.11 µM) led to a
three-fold improvement in the activity compared with 3.03 (EC50 0.32 µM). Yet, substitution with a 3-chloro
group (3.51, EC50 0.39 µM) led to an analogue with essentially equipotent activity to the parent compound.
The 4-fluoro analogue (3.52, EC50 0.085 µM) 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, EC50 0.10 µM) analogue and the individually
substituted 2-nitrile (3.49, EC50 0.17 µM) and 4-fluoro (3.52, EC50 0.085 µM) 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 1ethylpropylamine side chain as shown.

a

ID

R2

EC50 (µM)

SIa

3.49

2-CN

0.17 ± 0.0

488

3.50

3-CH3

0.11 ± 0.01

775

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
sp3 carbons may lead to an improvement in the solubility of the analogues.97 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 PdCl2(dppf) in the presence
of cesium carbonate in dioxane, and Pd2(dba)3 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% yield 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%.

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.

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.

EC50 (µM)

SIa

3.55

0.31 ± 0.1

268

3.57

0.93 ± 0.31

45

3.59

0.78 ± 0.14

54

3.60

0.95 ± 0.15

22

ID

a

R

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 (EC50 0.30 µM). The introduction of the larger morpholine group (3.57, EC50 0.93
µM), the partially saturated 1-cylcohexene group (3.59, EC50 0.78 µM) and, the fully reduced cyclohexyl
group (3.60, EC50 0.95 µM) 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(I) 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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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 EC50 of 0.21 µM 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
EC50 of 6.14 µM. 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.

Yield

EC50 (µM)

SIa

3.62

19%

0.21 ± 0.03

189

3.64

71%

6.14 ± 0.90

3.65

55%

> 10b

3.66

48%

> 10b

3.67

17%

> 10b

3.68

54%

> 10b

ID

a

R

Selectivity relative to HEK293 (human embryonic kidney) cells
b

Compound found to have < 50% activity at 10.41 µM
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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 pKa values of similar amides98 (3.69) and anilines99 (3.70) have been
examined and are shown in Figure 3.2b. It can be seen that the amide has a pKa 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.

Figure 3.2 (a) Resonance structures of the amide; (b) pKa 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.100 While the literature shows that Nalkylation of the exocyclic amine could be performed by a number of routes. Organosilane reagents were
commonly reported,101, 102 as was a combination of strong base (either sodium hydride or potassium tertbutoxide) and alkylhalide.103, 104 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 1H 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 1H 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
1

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.105 The amide coupling utilising HATU, with triethylamine in N,Ndimethylformamide 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.

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.

Scheme 3.8 Synthesis of the ethylated amine analogue, 3.80.
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Figure 3.3a) 1H 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) 1H 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 –NH2 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-Me3, 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.

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.

a

ID

EC50 (µM)

3.74

1.3b

3.78

> 10c

3.80

> 10c

3.85

3.38 ± 0.31

SIa

12

Selectivity relative to HEK293 (human embryonic kidney) cells.
b
c

Experiment performed as n=1.

Compound found to have < 50% activity at 10.41 µM.

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,
EC50 0.43 µM), 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, EC50 >10 µM). 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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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 1ethylpropylamine 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-Me3 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.

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-5bromonicotinic 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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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 3aminopicolinate (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.

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-Me3 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.

Scheme 3.13 Synthesis of the pyrimidine central core analogue.

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.

a

ID

EC50 (µM)

3.86

> 10a

3.87

> 10a

3.88

> 10a

3.89

> 10a

Compound found to have < 50% activity at 10.41 µM.

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.90 Diminazene and isometamidium are routinely used in the treatment of animal trypanosomiasis
though both have a multitude of side effects associated with their use.91, 92 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 EC50 (µM)

T. congolense EC50 (µM)

3.74

39

165

3.52

19

15

3.45

24

14

Diminazenea

0.34

0.25

Isometamidiuma

0.0006

0.0006

a

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-1. The
PSA values were also relatively low with the exception of 3.53, which was somewhat higher than the upper
limit of 90 Å2 that is the generally acknowledged cut off value for potential CNS penetration. 56 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.56 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 pKa) on a compounds potential to cross the BBB.58 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.
LogDb

Solubility (µg/ml)c

In vitro
Microsome-

PSA
ID

cPPBd

CLint

(%)

(µl/min/mg

MW

Predicted
(Å2)a

pH 7.4

pH 2

pH 6.5

protein)

e

MPO

EHe

3.51

318.8

80.9

4.8

<1.6

<1.6

98.2

102

0.80

4.1

3.52

302.4

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

284.4

72.1

4.8

6.3-12.5

1.6-3.1

96.4

155

0.86

4.6

3.85

312.4

66.9

>5.3f

1.6-3.1

<1.6

98.1

55

0.68

4.0

a
b

Calculated using ACD/Labs software, version 9.

Measured using the chromatographic gLogD technique.
c

d
e

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.
f

Measured using the chromatographic cPPB technique.
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Figure 3.14 CNS MPO composite score calculationsa for compounds 3.51-3.53 and 3.78 and 3.85.
3.51

3.52
CNS MPO Calculator

3.53
CNS MPO Calculator

CNS MPO Calculator

Property

Value

T0

Property

Value

T0

Property

Value

T0

cLogP

3.87

0.565

cLogP

3.41

0.795

cLogP

3.26

0.87

cLogD

4.8

0

cLogD

4.4

0

cLogD

4.2

0

PSA

80.9

1

PSA

80.9

1

PSA

104.7

0.51

MW

318.8

1

MW

302.4

1

MW

327.4

1

HBD

2

0.5

HBD

2

0.5

HBD

2

0.5

pKa

0.81

1

pKa

0.83

1

pKa

0.73

1

CNS MPO

4.1

3.78

CNS MPO

4.3

3.9

3.85
CNS MPO Calculator

CNS MPO Calculator

Property

Value

T0

Property

Value

T0

cLogP

3.49

0.755

cLogP

3.92

0.54

cLogD

4.8

0

cLogD

5.3

0

PSA

72.1

1

PSA

66.9

1

MW

298.4

1

MW

312.4

1

HBD

1

0.833

HBD

2

0.5

pKa

0.81

1

pKa

0.64

1

CNS MPO
a

CNS MPO

4.6

CNS MPO

4.0

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 MPO) approach to enable
alignment of druglike properties. ACS Chem. Neurosci. 2010, 1, 435-449.
b

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.106 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.

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-A1: Suzuki coupling
The relevant carboxamide (1.0 eq.), potassium carbonate (4.0 eq.), 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 PdCl2 (0.05 eq.) and dppf (0.055 eq.) or PdCl2(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 (I) iodide (0.15 eq.), potassium
carbonate (2.0 eq.) 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
1-ethylpropylamine (2.5 ml, 21.50 mmol) in a microwave reactor vessel and irradiated in a
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 (79Br), 289 m/z (81Br); HRMS [M+H]+ 287.0502 m/z, found 287.0502
m/z (79Br), 289.0482 m/z, found 289.0483 m/z (81Br);

H NMR (400 MHz, DMSO) δ 8.34 (s, 1H), 8.10 (d,

1

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); 13C NMR
(101 MHz, DMSO) δ 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-A1 and was irradiated
for 2 h and 30 min. Title compound was isolated as a pale-yellow solid (22 mg, 20%).
HPLC – rt 8.38 min > 97% purity at 254 nm; LRMS [M+H]+ 310.3 m/z; HRMS [M+H]+
310.1662 m/z, found 310.1664 m/z; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101
MHz, DMSO) δ 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-A1 and was irradiated
for 30 min. Title compound was isolated as a pale-yellow solid after recrystallisation from
acetic acid/water (38 mg, 37%). HPLC – rt 11.28 min 100% purity at 254 nm. LRMS
[M+H]+ 299.3 m/z; HRMS [M+H]+ 299.1866 m/z, found 299.1868 m/z; 1H NMR (400
MHz, DMSO) δ 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, J = 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); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was prepared according to General Procedure 3-A1 and was irradiated
for 30 min. Title compound was isolated as a yellow solid after recrystallisation from
acetic acid/water (46 mg, 41%). LRMS [M+H]+ 319.2 m/z; HRMS [M+H]+ 319.132 m/z,
found 319.1334 m/z; 1H NMR (400 MHz, DMSO) δ 8.88 (s, 1H), 8.32 (d, J = 9.3 Hz, 1H),
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),
3.90 – 3.71 (m, 1H), 1.70 – 1.47 (m, 4H), 0.88 (t, J = 7.4 Hz, 6H); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was prepared according to General Procedure 3-A1 and was irradiated
for 30 min. Title compound was isolated as a yellow solid after recrystallisation from
acetic acid/water (54 mg, 51%). HPLC – rt 10.95 min > 99% purity at 254 nm. LRMS
[M+H]+ 303.2 m/z; HRMS [M+H]+ 303.1616 m/z, found 303.1622 m/z; 1H NMR (400
MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ
165.8, 162.2 (J C-F = 244 Hz), 153.9, 143.6, 137.4, 132.5 (J C-F = 3 Hz), 127.5 (J C-F = 8 Hz), 124.4, 115.5 (J
C-F

= 21 Hz), 51.9, 26.9 (2C), 10.7 (2C). *Note: there are multiple equivalent carbons in the

13

C NMR

spectrum.

3-Amino-6-(2-cyano-4-fluorophenyl)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.53)

The title compound was prepared according to General Procedure 3-A1 and was irradiated
for 3 h. Title compound was isolated as a yellow solid after recrystallisation from acetic
acid/water (10 mg, 10%). LRMS [M+H]+ 328.2 m/z; HRMS [M+H]+ 328.1568 m/z, found
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328.1574 m/z; 1H NMR (400 MHz, DMSO) δ 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, J = 7.4 Hz, 6H); 13C NMR (101 MHz, DMSO) δ 165.4, 161.0 (J C-F = 248 Hz), 154.4, 145.5, 135.4 (J C-F =
3 Hz), 134.8, 130.0 (J

C-F

= 8 Hz), 123.5, 122.0 (J

C-F

= 25 Hz), 121.1 (J

C-F

= 21 Hz), 119.1 (J

C-F

= 9 Hz),

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)

3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (100 mg, 0.35 mmol) was
combined with pyrrolidine (2 ml, 24.35 mmol) and placed in a CEM microwave for 2 h at
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; 1H NMR (400 MHz, DMSO)
δ 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); 13C NMR (101 MHz, DMSO) δ 166.2,
147.5, 145.5, 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)

3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (200 mg, 0.70 mmol) was
dissolved in 1,4-dioxane (700 µl) prior to the addition of morpholine (120 µl, 1.40 mmol)
and diisopropylethylamine (245 µl, 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 µl, 5.6 mmol) and diisopropylethylamine (975 µl, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz,
DMSO) δ 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 1H 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-A1 and was irradiated
for 30 min. Title compound was isolated as a yellow oil (142 mg, 57%). LRMS [M+H]+
289.2 m/z; 1H NMR (400 MHz, DMSO) δ 8.39 (s, 1H), 7.98 (d, J = 9.4 Hz, 1H), 7.43 (s,
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); 13C NMR (101 MHz, DMSO) δ 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
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 (~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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101
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MHz, DMSO) δ 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
(2C).

3-Amino-N-(pentan-3-yl)-6-(1H-pyrrol-1-yl)pyrazine-2-carboxamide (3.62)

The title compound was prepared according to General Procedure 3-B1 and was irradiated
for 150 min. The title compound was obtained as a yellow solid (18 mg, 19%). HPLC – rt
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was prepared according to General Procedure 3-B1 and was irradiated
for 6 h. The title compound was obtained as a yellow solid (68 mg, 71%). HPLC – rt 7.28
min 94% purity at 254 nm; LRMS [M+H]+ 275.2 m/z; HRMS [M+H]+ 275.1615 m/z,
found 275.1616 m/z; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was prepared according to General Procedure 3-B1 and was irradiated
for 1 h. The crude material was purified by column chromatography, eluting with 85%
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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) δ 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

1

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); 13C NMR (101 MHz, DMSO) δ 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
for 10 h. The crude material was then purified by column chromatography, eluting 15%
ethyl acetate/petroleum spirits to give the title compound as a yellow solid (46 mg, 48%).
HPLC – 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was isolated as a side product in the previous reaction as a yellow solid
(16 mg, 17%). HPLC – rt 6.55 min 100% purity at 254 nm; LRMS [M+H]+ 276.2 m/z;
HRMS [M+H]+ 276.1567 m/z, found 276.1569 m/z; 1H NMR (400 MHz, DMSO) δ 8.81
(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); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was prepared according to General Procedure 3-B1 and was irradiated
for 8 h. The crude material was then purified by column chromatography, eluting with 2030% 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Methyl 3-amino-6-bromopyrazine-2-carboxylate (1.0 g, 4.31 mmol) was combined with
sec-butylamine (4.35 ml, 43.10 mmol) in a microwave reactor vessel and irradiated in a
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 (79Br),
275.1 m/z (81Br); HRMS [M+H]+ 273.0346 m/z, found 273.0346 m/z (79Br), 275.0326 m/z, found 275.0326
m/z (81Br); 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101
MHz, DMSO) δ 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)

3-Amino-6-bromo-N-(sec-butyl)pyrazine-2-carboxamide (400 mg, 1.46 mmol) was
dissolved in acetone (3 ml) prior to addition of cesium carbonate (1.43 g, 4.38 mmol
mmol), tetra-n-butylammonium bromide (94 mg, 0.29 mmol) and methyl iodide (275 µl,
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
(79Br), 289.1 m/z (81Br); HRMS [M+H]+ 287.0502 m/z, found 287.0503 m/z (79Br), 289.0482 m/z, found
289.0482 m/z (81Br); 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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
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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-A1 and was irradiated
for 30 min. Title compound was isolated as a yellow solid (40 mg, 40%). LRMS [M+H]+
285.2 m/z; HRMS [M+H]+ 285.1710 m/z, found 285.1716 m/z; 1H NMR (400 MHz,
DMSO) δ 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
(dtq, 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); 13C NMR (101 MHz,
DMSO) δ 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,Ndimethylformamide (1 ml) and to this was added HATU (192 mg, 0.51 mmol) and,
trimethylamine (212 µl, 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 µl, 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 paleyellow solid (68 mg, 49%). HPLC – rt 7.42 min > 98% purity at 254 nm; LRMS [M+H]+ 301.1 m/z (79Br),
303.1 m/z (81Br); HRMS [M+H]+ 301.0659 m/z, found 301.0662 m/z (79Br), 303.0368 m/z, found 303.0643
m/z (81Br); 1H NMR (400 MHz, DMSO) rotamer 1 δ 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); 1H NMR (400 MHz, DMSO) rotamer 2 δ
8.20 (s, 1H), 6.57 (s, 2H), 4.37 (dq, 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. 13C NMR (101 MHz, DMSO) δ 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
13

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-A1 and was irradiated
for 30 min. Title compound was isolated as an oily yellow solid (21 mg, 72%). HPLC – rt
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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; 1H NMR (400 MHz, DMSO) rotamer 1 δ 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); 1H NMR (400 MHz, DMSO) rotamer 2 δ 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; 13C NMR (101 MHz, DMSO) δ 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 13C NMR.

6-Bromo-3-(ethylamino)-N-(pentan-3-yl)pyrazine-2-carboxamide (3.79)

3-Amino-6-bromo-N-(pentan-3-yl)pyrazine-2-carboxamide (400 mg, 1.40 mmol) was
dissolved in acetone (3 ml) prior to the addition of cesium carbonate (1.37 g, 4.20 mmol),
tetrabutylammoniumbromide (90 mg, 0.28 mmol) and ethyl iodide (336 µl, 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 (Br79), 317.1 m/z (Br81); HRMS [M+H]+ 315.0815 m/z, found 315.0815 m/z (Br79), 317.0795 m/z,
found 317.0796 m/z (Br81); 1H NMR (400 MHz, DMSO) δ 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 (t,
J = 7.4 Hz, 6H); 13C NMR (101 MHz, DMSO) δ 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-A1 and was
irradiated for 30 min. Title compound was isolated as a yellow oil (94 mg, 94%). HPLC
– rt 4.94 min > 92% purity at 254 nm; LRMS [M+H]+ 313.3 m/z; HRMS [M+H]+
313.2023 m/z, found 313.2023 m/z; 1H NMR (400 MHz, DMSO) δ 8.88 (s, 1H), 8.78 (t,
J = 5.5 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); 13C NMR (101 MHz, DMSO) δ 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)

Methyl 3-amino-6-bromopyrazine-2-carboxylate (1.0 g, 4.31 mmol) was suspended in a
mixture of hydrobromic acid (2.5 ml) and acetic acid (0.5 ml) and the reaction was cooled to 10 °C. Bromine (250 µl, 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 (Br79Br79), 296.9 m/z (Br79Br81), 299.0 m/z (Br81Br81); 1H
NMR (400 MHz, DMSO) δ 8.93 (s, 1H), 3.95 (s, 3H); 13C NMR (101 MHz, DMSO) δ 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)

Dimethylamine hydrochloride salt (813 mg, 9.97 mmol), triethylamine (1.3 ml, 9.97 mmol)
and tetrahydrofuran (5 ml) were combined. Methyl 3,6-dibromopyrazine-2-carboxylate (507
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 (Br79), 262.0 m/z
(Br81); HRMS 260.0030 m/z, found 260.0029 m/z (Br79), 262.0009 m/z, found 262.0008 m/z (Br81); 1H NMR
(400 MHz, DMSO) δ 8.37 (s, 1H), 3.87 (s, 3H), 2.98 (s, 6H); 13C NMR (101 MHz, DMSO) δ 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)

DABAL-Me3 (790 mg, 3.08 mmol) was added to anhydrous THF (4 ml) under nitrogen
prior to the addition of 1-ethylpropylamine (310 µl, 3.08 mmol) and methyl 3,6dibromopyrazine-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 offwhite solid (145 mg, 30%). HPLC – 7.56 min > 99% purity at 254 nm; LRMS [M+H]+ 315.1m/z (Br79),
317.1 m/z (Br81); HRMS [M+H]+ 315.0815 m/z, found 315.0814 m/z (Br79), 317.0795 m/z, found 317.0794
m/z (Br81); 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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-A1 and was irradiated
for 45 min. Title compound was isolated as a yellow solid (66 mg, 67%). HPLC – rt 8.04
min 100% purity at 254 nm; LRMS [M+H]+ 313.2 m/z; HRMS [M+H]+ 313.2023 m/z,
found 313.2023 m/z; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

DABAL-Me3 (836 mg, 3.26 mmol) was added to anhydrous THF (16 ml) under nitrogen
prior to the addition of 1-ethylpropylamine (380 µl, 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
added which resulted in a yellow solution. The reaction mixture was then heated to reflux for 18 h. Once the
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
(Br79), 287.1 m/z (Br81); HRMS [M+H]+ 285.0598 m/z, found 285.0604 m/z (Br79), 287.0577 m/z, found
287.0584 m/z (Br81); 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was prepared according to General Procedure 3-A1 and was irradiated
for 30 min. Title compound was isolated as a yellow solid (148 mg, 75%). HPLC – rt 7.61
min > 96% purity at 254 nm; LRMS [M+H]+ 283.2 m/z; HRMS [M+H]+ 283.1805 m/z,
found 283.1807 m/z; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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,Ndimethylformamide (2 ml) prior to the addition of 1-ethylpropylamine (93 µl, 0.92 mmol),
HBTU (175 mg, 0.46 mmol) and diisopropylethylamine (160 µl, 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 (Br79), 288.1
m/z (Br81); HRMS [M+H]+ 286.0550 m/z, found 286.0554 m/z (Br79), 288.0530 m/z, found 288.0534 m/z
(Br81); 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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-A1 and was irradiated
for 30 min. Title compound was isolated as a colourless solid (39 mg, 81%). HPLC – rt
6.32 min > 96% purity at 254 nm; LRMS [M+H]+ 284.2 m/z; HRMS [M+H]+ 284.1757
m/z, found 284.1760 m/z; 1H NMR (400 MHz, DMSO) δ 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
(dq, 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) δ
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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.107
Methyl 3-aminopicolinate (590 mg, 3.88 mmol) was added to water (10 ml). 2 ml of an aqueous
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 µl, 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 (Br79),
233.0 m/z (Br81); 1H NMR (400 MHz, DMSO) δ 7.45 (d, J = 8.8 Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H), 6.89 (s,
2H), 3.81 (s, 3H); 13C NMR (101 MHz, DMSO) δ 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)

The title compound was isolated as a side product in the previous reaction as a pale-yellow
solid (299 mg, 33%). 1H NMR (400 MHz, DMSO) δ 8.03 (s, 1H), 3.85 (s, 3H). A NOESY
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 1H NMR spectrum.

3-Amino-6-bromo-N-(pentan-3-yl)picolinamide (3.97)

Methyl 3-amino-6-bromopicolinate (250 mg, 1.08 mmol) was combined with 1ethylpropylamine (1.26 ml, 10.80 mmol) in a microwave reactor vessel and irradiated in a
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 (Br79), 288.1 m/z (Br81); HRMS [M+H]+ 286.0550 m/z, found 286.0556 m/z (Br79), 288.0530 m/z,
found 288.0536 m/z (Br81); 1H NMR (400 MHz, DMSO) δ 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); 13C
NMR (101 MHz, DMSO) δ 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-A1 and was irradiated
for 30 min. Title compound was isolated as a dark yellow oil (60 mg, 53%). HPLC – rt
8.85 min > 99% purity at 254 nm; LRMS [M+H]+ 284.2 m/z; HRMS [M+H]+ 284.1757
m/z, found 284.1760 m/z; 1H NMR (400 MHz, DMSO) δ 8.13 (d, J = 9.4 Hz, 1H), 8.02 (d,
J = 7.8 Hz, 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); 13C NMR (101
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MHz, DMSO) δ 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)

Synthesis based upon the previously reported procedure by Burger et al.108
The hydrochloride salt of benzamidine (1.21 g, 7.76 mmol) was added to anhydrous ethanol
(76 ml) and cooled to 0 °C. A 2.68 M solution of sodium ethoxide was made by dissolving
sodium (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
(Br79), 281.0 m/z (Br81); 1H NMR (400 MHz, DMSO) δ 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 µl) was added. The reaction mixture
was heated to reflux and the reaction monitored by TLC for completion (~18 h). Once
complete 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 (Br79), 295.0 m/z (Br81); HRMS [M+H]+ 292.9921
m/z, found 292.9920 m/z (Br79), 294.9900 m/z, found 294.9906 m/z (Br81); 1H NMR (400 MHz, CDCl3) δ
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); 13C NMR (101 MHz,
CDCl3) δ 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-Me3 (223 mg, 0.87 mmol) was added to anhydrous THF (1 ml) under nitrogen
prior to the addition of 1-ethylpropylamine (90 µl, 0.87 mmol). The reaction mixture was
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 (Br79), 350.1 m/z (Br81); HRMS [M+H]+ 348.0706 m/z,
found 348.0709 m/z (Br79), 350.0686 m/z, found 350.0691 m/z (Br81); 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101
MHz, DMSO) δ 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
combined in a sealed tube. The reaction mixture was heated to 110 °C and the progress of
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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. brucei

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 EC50 of 12 µM 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-1, 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.56

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 EC50 of 3 µM. 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 (EC50 180 µM) and only weak activity against the unrelated L. donovani (EC50 56.1 µM) and P.
falciparum (EC50 42.2 µM).54
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Table 4.1 Biological activity profile of 1.92 against a number of parasites.
Parasite

EC50 (µM)

SI

T.b. brucei

3.0 ± 0.7

28a

T.b. rhodesiense

11.5

16b

T. cruzi

180

1b

L. donovani axenic

56.1

3b

P. falciparum

42.2

4b

a
b

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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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) R1-PhCOOH,
DIPEA, HBTU, DMF, 18 h, 60 °C; ii) R1-PhCOCl, pyridine, 18 h, 25 °C; iii) R1-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.

Scheme 4.2 Further derivatisation of pyridyl benzamide analogues iii) Suzuki: R3-B(OH)2, K2CO3, TBAB,
Pd(PPh3)2Cl2, 1,4-dioxane, H2O, microwave 130 °C, 15 min; Sonogashira: R3-H, CuI, PPh3,
Pd(PPh3)2Cl2/Pd(PPh3)4, DMF, Et3N, microwave 120 °C, 10-40 min; iv) N-alkylation: X-R4, K2CO3, 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
activity against a strain of corn-smut (Ustilago maydis).109 More potent and wide-ranging antifungal activity
was evident in the closely related 2-methylbenzanilide system.109 Such compounds appeared to act through
inhibition of succinate dehydrogenase (Complex II in mitrochondria)109 and this enzyme has been found in
trypanosomes.110 There is known to be crossover activity between fungicides and trypanocides in the
examples of the lanosterol 14α-demethylase inhibitors fenarimol111 and posaconazole.112 This work was
performed by Michelle Gazdik.

The second approach that was adopted involved searching databases of compound biological activities such
as the TCAMS set113 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 Raphaël
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 Raphaël 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 Raphaël 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 EC50 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.; Bergström, 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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4.6. 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 Raphaël Rahmani) led to a compound which had an EC50 of 2.19 µM which was
comparable to the starting compound, 1.92.

Table 4.2 Further replacement of the pyridine.

ID

a

R

EC50 (µM)

4.07

> 10b

4.08

2.19 ± 0.02

SIa

38

Selectivity relative to HEK293 (Human Embryonic Kidney) mammalian cells.
b

Compound exhibited < 50% activity at 10.41 µM.

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.

Entry

Reaction conditions

Isolated yield

2-aminothiazole (1.1 eq.), o-toluic acid (1 eq.), DIPEA (2 eq.), BOP

Trace amount of

(1 eq.), DCM

product by LCMS

1

2-aminothiazole (1.2 eq.), o-toluic acid (1 eq.), HATU (1.2 eq.),
29%

2
DIPEA (2 eq.), DMF, rt, 18 h
2-aminothiazole (1.2 eq.), o-toluic acid (1 eq.), HBTU (1.2 eq.),

62%

3
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

4

2-aminothiazole (1 eq.), o-toluic acid (1.2 eq.), EDCI (1.2 eq.),
38%

5
DMAP (0.1 eq.), DMF, 45 °C, 18 h
2-aminothiazole (1.1 eq.), o-toluic acid (1 eq.), EDCI (1.1 eq.), HOBt

46%

6
(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 13, 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).114 The HOBt/HOAt then readily reacts with the activated
acid forming a reactive ester (4.15) which then undergoes aminolysis.114 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 otoluic 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 4.4.115 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 4.22.114 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.114 The main side reaction involves rearrangement of the Oacylisourea 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.
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Scheme 4.5 Mechanism for the amide coupling using EDCI and HOBt. When HOBt 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

R1

Yield

EC50 (µM)

SIa

4.23

4-CH3

59%

1.09 ± 0.28

76

4.24

4-COOCH3

31%

6.40 ± 1.10

13

4.25

4-COOH

-b

> 10c

4.26

5-CH3

48%

> 10d

a
b

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.
c

Compound exhibited < 50% activity at 10.41 µM.
d

Compound exhibited 54% activity at 10.41 µM.

Substitution of the 4-position with a methyl group (4.23, EC50 1.09 µM) led to a two-fold improvement in the
activity of this series when compared with the unsubstituted thiazole (4.08, EC50 2.19 µM). Substitution with
a methyl ester (4.24, EC50 6.40µM) led to a three-fold loss in activity and the corresponding carboxylic acid
derivative (4.25, EC50 > 10 µM) 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, EC50 > 10 µM) 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.

ID

4.08

Half-life

In vitro CLint

Microsome-

Clearance

(min)

(µl/min/mg protein)

predicted EH

classification

Human

29

59

0.70

Intermediate

Human

4

463

0.95

High

Mouse

2

959

0.95

Very high

Human

8a

231

0.90

High

Mouse

2

845

0.95

High

Species

4.23

4.26
a

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.90 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 EC50 (µM)

T. congolense EC50 (µM)

1.92

0.81

2.3

29a

1.5

1.3

92a

0.044

0.41

97a

0.072

0.64

4.08

0.51

1.8

Diminazeneb

0.34

0.25

Isometamidiumb

0.0006

0.0006

a

Compound number from the J. Med. Chem. manuscript.
b

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).116 Compound 4.27 was serendipitously discovered by the researchers during
routine testing of compounds for antitrypanosomal activity.116 It was found to have an EC50 of 1.5 µM
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against T.b. brucei, though selectivity was an issue (HepG2 EC50 2.5 µM) as was solubility and
permeability.116 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 (EC50
1.5 µM) and improved selectivity (EC50 > 50 µM), solubility and permeability.116

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.117 After an extensive SAR investigation 4.29 was identified (Figure 4.3). It was found to have an
EC50 of 27 nM against T.b. brucei and in further testing against T.b. rhodesiense and T.b. gambiense it had
EC50 values of 7 nM and 2 nM respectively.117 This compound also exhibited excellent selectivity with an
EC50 value of > 25 µM against HEK293 and HEPG2 cell lines.117

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 EC 50
of > 10 µM 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.

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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Figure 4.5 Concepts identified for consideration in future synthetic programs.

4.11.

Experimental

General Procedure 4-A1: 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.), PdCl2 (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)

Title compound prepared according to General Procedure 4-A3 as an off-white solid (54
mg, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ
168.9, 168.9 (J C-F = 258 Hz), 154.4 (J C-F = 11 Hz), 150.7 (J C-F = 8 Hz), 136.0, 135.5, 130.6, 130.1, 127.6,
125.6, 107.7 (J C-F = 17 Hz), 101.3 (J C-F = 23 Hz), 19.5.

N-(2-Cyanophenyl)-2-methylbenzamide (53; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A1 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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-A1 as an off-white solid (226
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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-A1 as a pale-yellow solid (108
mg, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz,
DMSO) δ 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
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Title compound prepared according to General Procedure 4-A2 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101
MHz, CDCl3) δ 160.6 (J C-F = 247 Hz), 161.8 (J C-F = 3 Hz), 151.4, 148.1, 138.6, 134.3 (J C-F = 10 Hz), 132.2
(J C-F = 2 Hz), 125.2 (J C-F = 3 Hz), 121.3 (J C-F = 11 Hz), 120.3, 116.5 (J C-F = 24 Hz), 114.8.

3-Fluoro-2-methyl-N-(pyridin-2-yl)benzamide (70; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A2 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) δ 10.87 (s, 1H), 8.35 (ddd, J = 4.9, 1.9, 0.8 Hz, 1H), 8.18 (d, J = 8.3 Hz, 1H),
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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); 13C
NMR (101 MHz, DMSO) δ 167.2 (J C-F = 4 Hz), 160.5 (J C-F =24 4 Hz), 151.8, 148.1, 138.9 (J C-F = 4 Hz),
138.1, 127.3 (J

C-F

= 8 Hz), 123.4 (J

C-F

= 4 Hz), 122.3 (J

C-F

= 8 Hz), 119.9, 116.4 (J

C-F

= 23 Hz), 114.3,

11.3 (J C-F = 5 Hz).

4-Fluoro-2-methyl-N-(pyridin-2-yl)benzamide (77; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A2 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; 1H NMR (400 MHz, DMSO) δ 10.78 (s, 1H), 8.34 (ddd, J =
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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); 13C NMR (101 MHz, DMSO) δ 167.6, 162.6 (J

C-F

= 247

Hz), 152.1, 148.0, 139.1 (J C-F = 9 Hz), 138.1, 132.9 (J C-F = 3 Hz), 130.1 (J C-F = 9 Hz), 119.8, 117.1 (J C-F =
21 Hz), 114.3, 112.3 (J C-F = 21 Hz), 19.5 (J C-F = 1 Hz).

4-Chloro-2-methyl-N-(pyridin-2-yl)benzamide (78; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A2 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101
MHz, DMSO) δ 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)

Title compound prepared according to General Procedure 4-A3 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; 1H NMR (400 MHz, DMSO) δ 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);
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C NMR (101 MHz, DMSO) δ 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-B1 using the
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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
(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; 1H NMR (400 MHz, DMSO) δ
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);
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C NMR (101 MHz, DMSO) δ 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.

3,4-Difluoro-2-methyl-N-(4-methylpyridin-2-yl)benzamide (94; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-A2 which was further
purified by recrystallization with cyclohexane to give white needles (26 mg, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C
NMR (101 MHz, DMSO) δ 166.4 (J C-F = 2 Hz), 151.9, 150.4 (J C-F = 233 Hz), 149.0, 148.0 (J C-F = 228 Hz),
134.2, 125.6 (J C-F = 14 Hz), 124.1 (J C-F = 14 Hz), 121.0, 114.7, 114.4 (J C-F = 23 Hz), 20.9, 11.5 (J C-F = 5
Hz).
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N-(4-Chloropyridin-2-yl)-3,4-difluoro-2-methylbenzamide (96; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-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 (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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101
MHz, DMSO) δ 166.8 (J

C-F

= 3 Hz), 153.0, 151.8 (J

C-F

= 243 Hz), 149.6, 148.0 (J

C-F

= 238 Hz), 144.0,

133.6 (J C-F = 2 Hz), 125.8 (J C-F = 14 Hz), 124.4 (J C-F = 8 Hz), 120.0, 114.4 (J C-F = 17 Hz), 113.8, 11.5 (J CF

= 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
mg, 10%). 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; 1H NMR (400 MHz, DMSO) δ
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); 13C NMR (101 MHz, DMSO) δ 168.9 (J

C-F

= 259 Hz),

167.6, 160.5 (J C-F = 244 Hz), 154.1 (J C-F = 12 Hz), 150.8 (J C-F = 9 Hz), 138.5 (J C-F = 4 Hz), 127.3 (J C-F = 9
Hz), 123.6 (J C-F = 23 Hz), 122.5 (J C-F = 18 Hz), 116.7 (J C-F = 23 Hz), 107.9 (J C-F = 18 Hz), 101.4 (J C-F =
23 Hz), 11.3 (J C-F = 5 Hz).

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
involving dissolution of the crude material in ethyl acetate and washing with saturated
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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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 170.2, 167.6, 166.8 (J

C-F

= 3 Hz), 152.9 (J

C-F

= 237

Hz), 150.8 (J C-F = 8 Hz), 148.1 (J C-F = 245 Hz), 133.6, 125.8 (J C-F = 14 Hz), 124.4 (J C-F = 8 Hz), 114.4 (J CF

= 17 Hz), 108.0 (J C-F = 17 Hz), 101.4 (J C-F = 23 Hz), 11.5 (J C-F = 4 Hz).

4-Fluoro-N-(5-methoxypyridin-2-yl)-2-methylbenzamide (100; J. Med. Chem. manuscript)

Title compound prepared according to General Procedure 4-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; 1H NMR (400 MHz, DMSO) δ
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); 13C NMR (101 MHz, DMSO) δ 167.0, 162.4 (J C-F = 247 Hz), 152.4, 145.5, 139.0
(J C-F = 9 Hz), 134.4, 133.1, 129.9 (J C-F = 9 Hz), 123.1, 117.0 (J C-F = 21 Hz), 115.1, 112.2 (J C-F = 22 Hz),
55.8, 19.5.

N-Cyclopentyl-2-methylbenzamide (4.07)

Title compound prepared according to General Procedure 4-A2 as a colourless solid (83
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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 13C 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
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 1H NMR.

Methyl 2-(2-methylbenzamido)thiazole-4-carboxylate (4.24)

Title compound prepared according to General Procedure 4-A3 though the material
required further purification by column chromatography, eluting with 2-5% ethyl
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101
MHz, CDCl3) δ 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
dissolved in tetrahydrofuran (0.3 ml) and lithium hydroxide (17 mg, 0.72mmol) was
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; 1H NMR (400 MHz, Acetone) δ
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);
13

C NMR (101 MHz, DMSO) δ 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 1H NMR and there is a missing carbon from the 13C 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
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; 1H NMR (400 MHz, CDCl3) δ 7.45 (dd, J = 7.7, 1.2 Hz,
1H), 7.37 (td, J = 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); 13C NMR (101 MHz, CDCl3) δ 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 1H NMR.

2-Methyl-5-nitro-N-(pyridin-2-yl)benzamide (4.30)

Title compound prepared according to General Procedure 4-A1 as colourless needles (13
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 µM against T.b. brucei and a
selectivity index of > 96 with respect to mammalian HEK293 cells. 5 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 -1 and a highly optimisable structure.
Compound 130 also possesses a low PSA of 42 Å2 that is indicative of a compound’s ability to cross the
BBB56 and a favourable cLogP of 3.4, which is known to influence the metabolism of compounds. 56 As a
result, 130 was selected for further lead optimisation and entered a hit-to-lead optimisation program.

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 (EC50 1.47 µM). Compound 130 also showed good activity against the closely
related T. cruzi (EC50 2.32 µM). 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.

a

Parasite

EC50 (μM)

SI

T.b. brucei

0.79 ± 0.08

> 96a

T.b. rhodesiense

1.47 ± 0.39

42.3b

T. cruzi

2.32 ± 0.06

26.8b

L. donovani axenic

46.1 ± 22.4

1.35b

P. falciparum

35.4 ± 2.75

1.76b

Selectivity relative to HEK293(human embryonic kidney) cells.
b

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
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complete removal (5.03) led to a complete loss in activity whilst the isopropyl group (5.06, EC50 5.3 µM)
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, EC50 0.55 µM), cyclohexyl (5.09, EC50 0.31 µM) and cyclopentyl (5.10,
EC50 0.25 µM) 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 2and 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 (EC50 0.13 µM). Yet, substitution with a 3-methyl group (5.23, EC50 1.9 µM) or 3-bromo group
(5.25, EC50 2.5 µM) led to a loss of activity. Introduction of a hydrogen bond donating pyrrole (5.20, EC50
1.6 µM) saw an approximately three-fold decrease in activity when compared with 5.08, while the thiazole
(5.26, EC50 1.2 µM) was two-fold less active. Introduction of the oxazole (5.21) led to a complete loss of
activity, yet the isoxazole (5.22, EC50 0.74 µM) 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.

EC50 µM (SIa)

ID

5.01

> 10b

5.15

> 10b

5.02

> 10b

5.16

> 10b

ID

R

R

EC50 µM (SIa)

5.03

-H

> 10b

5.17

> 10b

5.04

-CH3

> 10b

5.18

0.35 ± 0.17 (241)

5.05

-CH2CH3

> 10b

5.19

0.80 ± 0.11 (77)

5.06

5.3 ± 0.25 (16)

5.20

1.6 ± 0.43 (13)

5.07

1.7 ± 0.09 (50)

5.21

> 10b

5.08

0.55 (151)

5.22

0.74 ± 0.02 (113)

5.09

0.31 ± 0.10 (281)

5.23

1.9 ± 0.25 (22)

5.10

0.25 ± 0.02 (329)

5.24

0.13 ± 0.0 (666)

5.11

5.0 ± 0.24 (17)

5.25

2.5 ± 0.07 (12)

5.12

5.5 ± 0.05 (15)

5.26

1.2 ± 0.02 (68)

5.13

> 10b

5.27

0.23 ± 0.03 (179)

5.14

> 10b

5.28

0.35 ± 0.05 (240)

a

Selectivity relative to HEK293(human embryonic kidney) cells.
b

Compound exhibited < 50% activity at 10.41 µM.
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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, EC50 0.77 µM). The 3- and 4positions 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, EC50
0.13 µM) with a four-fold improvement over 5.08.

Table 5.3 Exploration of the SAR around the phenyl ring of the benzamide.

ID

R1

EC50 µM (SIa)

ID

R1

EC50 µM (SIa)

5.29

2-F

0.47 ± 0.06 (44)

5.39

3-OH

> 10b

5.30

2-Cl

1.5 ± 0.31 (29)

5.40

3-OCH3

1.9 ± 0.30 (26)

5.31

2-CH3

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]c

0.76 ± 0.28 (110)

5.33

2-OCH3

10.6 ± 3.6 (2.0)

5.43

4-F

0.77 ± 0.19 (54)

5.34

2-CN

> 10b

5.44

4-Cl

> 10b

5.35

2-[N]c

0.3 ± 0.01 (139)

5.45

4-CH3

> 10b

5.36

3-F

0.19 ± 0.01 (444)

5.46

4-OCH3

> 10b

5.37

3-Cl

0.42 ± 0.04 (200)

5.47

4-CN

> 10b

5.38

3-CH3

3.9 ± 0.81 (21)

5.48

4-[N]c

14.1 ± 0.66 (3)

a

Selectivity relative to HEK293(human embryonic kidney) cells.
b

Compound exhibited < 50% activity at 10.41 µM.
c

Denotes an endocyclic nitrogen.

Given that the thiazole moiety is known to be metabolically labile,53 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.

EC50 (SI)
LHS
R=

a

R=

R=

5.49

1.1 ± 0.03 (39)

5.50

0.33 ± 0.12 (125)

5.51

1.6 ± 0.50 (13)

5.52

> 10b

5.53

> 10b

5.54

> 10b

5.56

> 10b

5.57

> 10b

5.58

> 10b

5.59

> 10b

5.60

> 10b

5.61

> 10b

5.62

> 10b

5.63

> 10b

5.64

> 10b

Selectivity relative to HEK293(human embryonic kidney) cells.
b

Compound exhibited < 50% activity at 10.41 µM.

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, EC50 0.22 µM) 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.

ID

R

EC50 (µM)

SIa

EC50 µM

SIa

5.68

0.05 ± 0.04

1735

ID

R

5.64

> 10b

5.65

0.22 ± 0.02

385

5.69

0.028 ± 0.00

2966

5.66

0.90 ± 0.03

93

5.70

0.09 ± 0.02

943

5.67

0.26 ± 0.03

320

5.71

0.69 ± 0.22

127

a

Selectivity relative to HEK293(human embryonic kidney) cells.
b

Compound exhibited < 50% activity at 10.41 µM.

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-1. The PSA values were well within the range where good CNS penetration is plausible.56
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 µg/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

Solubility (µg/ml)c

LogD

Half-

PSA
MW

cPPBd

(pH
(Å2)a
7.4)

b

pH 2

pH 6.5

CLint

Microsome-

(µl/min/mg

predicted EH

life
(min)
protein)e

5.10

300.42

70.2

3.2

12.5–25.0

12.5–25.0

90.6

6

296

0.92

5.26

315.41

54.9

3.0

25–50

25–50

90.6

27

65

0.72

5.24

312.39

55.1

3.5

6.3–12.5

6.3–12.5

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

312.39

55.1

3.4

3.1–6.3

3.1–6.3

94.6

4

446

0.95

5.69

315.43

45.2

3.2

50–100

25–50

90.1

7

244

0.91

5.50

291.35

46.9

3.0

>100

>100

89.1

9

193

0.88

5.68

301.41

45.2

2.8

>100

50–100

85.5

10

177

0.88

a

Calculated using ACD/Laboratories software, version 9.
b
c

d
e

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 (II). M+16 (I) 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.

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 4chloro 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

EC50 (µM)

SIa

5.72

0.12 ± 0.006

680

5.73

2.3 ± 0.08

36

5.74

2.1 ± 0.23

20

5.75

0.16 ± 0.03

520

5.76

1.1 ± 0.20

39

5.77

0.05 ± 0.01

1662

5.78

0.05 ± 0.01

1549

ID

a

LHS

Selectivity relative to HEK293(human embryonic kidney) cells.

248

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.

ID

R2

5.69

Core

EC50 (µM)

ID

A

0.028 ± 0.00

5.93

H
5.72
5.79

B

0.12 ± 0.006

5.94

A

0.02 ± 0.00

5.95

2-F

R2
3-OCH3

Core

EC50 (µM)

A

0.67 ± 0.06

B

1.2 ± 0.13

A

0.06 ± 0.00

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

B

0.35 ± 0.11

5.98

B

5.3 ± 1.45

A

0.56 ± 0.11

5.99

A

1.5 ± 0.21

B

1.2 ± 0.13

A

0.33 ± 0.06

5.82

2-CH3

5.83
2-CN
5.84
5.85
2-OCH3

4-CH3

4-Cl
B

4.7 ± 0.69

5.100

A

0.50 ± 0.07

5.101
4-CN

5.86

B

2.6 ± 0.58

5.102

B

> 10a

5.87

A

0.05 ± 0.00

5.103

A

> 10a

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

B

0.13 ± 0.01

5.106

B

0.045 ± 0.005

A

0.28 ± 0.01

B

0.35 ± 0.10

3-F

3-Cl
5.90
5.91

4-OCH3

2-F, 4-F

3-CN
5.92

a

Compound exhibited < 50% activity at 10.41 µM.

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.

ID

Half-life

In vitro CLint

Microsome-

Clearance

(min)

(µl/min/mg protein)

predicted EH

classification

Human

11

160

0.86

High

Mouse

1a

1731a

0.97a

Very high

Human

10

176

0.87

High

Mouse

1a

2501a

0.98a

Very high

Human

8

225

0.90

High

Mouse

1a

2296a

0.98a

Very high

Human

4

439

0.95

High

Species

5.37

5.69

5.64

5.29
Rapid degradationb

Mouse
Human

4

445

Very high
0.95

High

5.33
Rapid degradationb

Mouse

Very high

Human

20

85

0.77

High

Mouse

2a

875a

0.95a

High

Human

16

107

0.81

High

5.96

5.75
Rapid degradationb

Mouse

Very high

Human

15

119

0.83

High

Mouse

1a

1604a

0.97a

Very high

Human

13

129

0.84

High

5.21

5.24
Mouse
a

Rapid degradationb

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.
b

No measurable concentrations were detected past the first time point (ie 2 min) due to rapid NADPHdependent 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.90 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 EC50 (µM)

T. congolense EC50 (µM)

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

Diminazenea

0.34

0.25

Isometamidiuma

0.0006

0.0006

a

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 EC50 values of 4.1 µM
and 44 µM 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 (EC50 of
0.086 µM and 0.067 µM against T. vivax and T. congolense, respectively) and 5.72 (EC50 of 0.11 µM and
0.071 µM 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.91, 92

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.

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 species118 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.

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.

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 sideproduct) were non-polar and had high Rf 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 2,6dibromopyridine and phenylboronic acid.
Reaction conditionsa

Percentage of materialb

Eq.
Temperature

Time

(°C)

(min)

phenylboronic
acid
1c

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

6d

1.0

40

60

21

70

9

a

1 eq. 2,6-dibromopyridine (0.21 mmol), 4 eq. potassium carbonate, 0.1 eq. tetra-n-butylammonium
bromide, 0.05 eq. PdCl2(dppf), dioxane, water.
b
c
d

determined by LCMS analysis.

reaction performed in CEM microwave.

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 1H NMR revealed a J value of 16 Hz, which was consistent with the transisomer 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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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 1H 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.

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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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 1H 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).

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.
258

Table 5.12 Biological activity of analogues with a 2,6-disubstituted pyridine core against T.b. brucei.

ID

a

R

EC50 (µM)

SIa

5.115

> 10b

5.122

0.17 ± 0.06

489

5.123

1.51 ± 0.29

55

5.124

0.81 ± 0.14

103

Relative to HEK293 (Human Embryonic Kidney) mammalian cells.
b

Compound exhibited < 50% activity at 10.41 µM.

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; EC50 > 10 µM). In combination
with the piperidine (5.122) a six-fold decrease in the activity was observed against T.b. brucei (5.69; EC50
0.028 µM) whilst a five-fold and three-fold loss in activity was observed when combined with the
cyclohexyl (5.123) (5.09; EC50 0.31 µM) or cylcopentyl groups (5.124) (5.10; EC50 0.25 µM) 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(PPh3)4 in the presence of sodium carbonate and a mixed solvent system of
tetrahydrofuran and water.119 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
quantitative 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.

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.

ID

a

R

EC50 (µM)

5.108

> 10a

5.132

> 10a

5.133

> 10a

5.134

> 10a

Compound found to have < 50% activity at 10.41 µM.

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 5.8.120 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.

Scheme 5.8 Attempted synthesis of the pyridazine core analogues.

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.
Outcome with starting material
Entry

Reaction conditions

1

Methyl propiolate (1.1 eq.), PdCl2(PPh3)2 (0.05 eq.), PPh3
(0.1 eq.), Et3N (3 eq.), CuI (0.1 eq.), DMF, 90 °C,
microwave

No reaction

-

2

Methyl propiolate (1.1 eq.), PdCl2(PPh3)2 (0.05 eq.), PPh3
(0.1 eq.), Et3N (3 eq.), CuI (0.1 eq.), PBu3.BF4 (0.1 eq.),
DMF, 90 °C, microwave

No reaction

-

3

Methyl propiolate (1.2 eq.), PdCl2(PPh3)2 (0.05 eq.), PPh3
(0.1 eq.), Et3N (3 eq.), PBu3.BF4 (0.1 eq.), CuI (0.1 eq),
DMF, rt

-

Decomposition of
materialsb

4

Methyl propiolate (1.2 eq.), PdCl2(PPh3)2 (0.05 eq.), PPh3
(0.1 eq.), DIPEA (5 eq.), PBu3.BF4 (0.1 eq.), CuI (0.1 eq.),
DMF, rt

-

No reaction

5

Methyl propiolate (1.1 eq.), PdCl2(PPh3)2 (0.05 eq.), PPh3
(0.1 eq.), DIPEA (5 eq.), CuI (0.1 eq.), PBu3.BF4 (0.1 eq.),
DMF, 90 °C, microwave

-

SM degraded

6

Methyl acrylate (1.2 eq.), Pd(OAc)2 (0.1 eq.), tri(otolyl)phosphine (0.1 eq.), Et3N (4 eq.), ACN, 90 °C,
microwave

No reaction

-

7

Methyl acrylate (1.2 eq.), Pd(OAc)2 (0.1 eq.), tri(otolyl)phosphine (0.1 eq.), Et3N (4 eq.), PBu3.BF4 (0.2 eq.),
DMF, 90 °C, microwave

No reaction

-

8

Benzyl acrylate (3 eq.), Pd(OAc)2 (0.2 eq.), tri(otolyl)phosphine (0.3 eq.), DIPEA (4 eq.), ACN, 90 °C,
microwave

No reaction

-

9

Tert-butyl acrylate (1.2 eq.), Pd(OAc)2 (0.1 eq.), tri(otolyl)phosphine (0.1 eq.), Et3N (4 eq.), PBu3.BF4 (0.2 eq.),
ACN, 90 °C, microwave

32% of desired
product isolateda

SM degraded

10

Tert-butyl acrylate (1.2 eq.), Pd(OAc)2 (0.1 eq.), tri(otolyl)phosphine (0.1 eq.), Et3N (4 eq.), PBu3.BF4 (0.2 eq.),
ACN, 70 °C, microwave

-

Trace amount of
product by
LCMS

a

Repetition of these conditions failed to yield the desired product and starting material was recovered.
b

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.

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).121 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
HCl salt upon acidification of the organic phase. Subsequent neutralisation gave ready access to the free
amine.
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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 materiala
Reaction conditions

1

50:50 NH4OH and EtOH
Concentration: 0.44 M
Time: 48 h
Temperature: 70 °C

35

59

5

2

50:50 NH4OH and EtOH
concentration: 0.44 M
Time: 12 h
Temperature: 80 °C

17

74

8

3

50:50 NH4OH and EtOH
concentration: 0.77 M
Time: 32 h
Temperature: 80 °C

37

50

13

4

NH4OH concentration: 0.28
M
Time: 8 h
Temperature: 80 °C

1

11

88

5

50:50 NH4OH and EtOH
concentration: 0.20 M
Time: 18 h
Temperature: 70 °C

1

68

24

72

24

3

50:50 NH4OH and EtOH
6

concentration: 0.08 M
Time: 48 h
Temperature: 70 °C
a

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.

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
(EC50 0.25 µM). While the cyclohexyl analogue (5.147) led to a ~17-fold loss in activity compared with 5.09
(EC50 0.31 µM). 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; EC50 0.81 µM) (5.125; cyclohexyl; EC50 1.51 µM).
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Table 5.16 Biological activity of analogues with a pyridazine core against T.b. brucei.

EC50 (µM)

SIa

5.145

11.2 ± 1.69

7

5.147

5.37 ± 1.50

16

ID

a

R

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
triphenylphosphine122 or as the activated mesylate123 and are well known. Alternatively, an aliphatic halide
can be reacted with a pyrazole in the presence of base to achieve the desired product, 124, 125 or a Michael
addition utilising a variety of Michael acceptors.126, 127 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 yields 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).

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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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 literature128 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.

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
EC50 (µM)
SIa

5.72

0.12 ± 0.006

681

5.154

0.64 ± 0.12

131

5.160

0.23 ± 0.04

358

5.164

0.59 ± 0.09

142

a

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 3phenyl-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.

Scheme 5.16 Synthesis of the S enantiomer of compound 5.167

Scheme 5.17 Synthesis of the R enantiomer of compound 5.171

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 Rf values.
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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 1H NMR analysis. Whilst product 2 also matched the alkylation
product by mass spectrometry analysis it differed by 1H 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 –
CH3 on the linker (shown in red), and between the –CH and both –CH2 groups (shown in green) as expected.
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Furthermore, there is a cross-peak observed between the –NH and both –CH2 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 –CH3 of the linker.
There is also an additional cross peak between the –CH and one of the –CH2 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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-CH2
-NH

-CH3

-CH

a)

-CH3
-NH

-CH2 -CH

b)

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 –CH3 cross-coupling; green: –
CH to –CH2 cross-coupling; black: –NH to –CH2 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.

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 pnitrophenyl chloroformate in DCM with triethylamine and piperidine in reasonable yields (Scheme 5.20 and
5.21 respectively).
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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.

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).

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.

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 SN2-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
5.179 - S.

Scheme 5.24 The SN2 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 SN1-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 SN1 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 - S or 5.179 - 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 (EC50 0.12 µM). Compounds 5.186
and 5.185 were similarly active, however neither analogue was as active as the racemic compound (5.160;
EC50 0.23 µM). 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.
EC50 (µM)

SIa

5.168

0.19 ± 0.05

443

5.172

3.44 ± 0.91

24

5.185b

0.57 ± 0.10

147

5.186b

0.66 ± 0.11

127

ID

Structure

a

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 1H NMR analysis in order to confirm the relative stereochemistry around
the cyclopropane.

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 1H NMR.129 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.129 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 (q).129

281

Figure 5.5 1H NMR of one of the isolated cyclopropane regioisomers. Through analysis of the 1H NMR it
was determined that it was the trans- regioisomer.

Analysis of the 1H NMR in Figure 5.5 revealed the coupling constants shown in Table 5.19. Upon
examination of H2 (Figure 5.6) it could be seen that there was a coupling constant of 4 Hz, consistent with a
trans- relationship with H1. There was also a coupling constant of 9 Hz, representative of the cis- relationship
with H3β and a coupling constant of 6 Hz, representative of the trans- relationship to H3α. Examination of the
coupling constants for H1 also showed two protons in a trans- relationship, H2 and H3β, in addition to
displaying a cis- relationship with the H3α proton. These previous results were confirmed through analysis of
the H3α and H3β coupling constants. H3α was trans- with H2 though it was cis- with H1 and conversely H3β
was cis- with H2 and it was trans- with H1. Therefore, H1 and H2 were in a trans- relationship.
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Table 5.19 Coupling values present between the protons in the 1H NMR of the cyclopropyl intermediate
5.190.
Peak

A

B

C

D

Proton assignment

J value (Hz)

Coupling

4

Trans

5

Trans

9

Cis

4

Trans

6

Trans

9

Cis

3

Gem

6

Trans

9

Cis

3

Gem

5

Trans

9

Cis

H2

H1

H3β

H3α

Figure 5.6 The relationship between all protons of the cyclopropyl as determined by the coupling constants
from the 1H NMR showing that the relative stereochemistry of this compound is the trans- isomer.
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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).

Figure 5.8 1H NMR of one of the isolated cyclopropane regioisomers. Through analysis of the 1H NMR it
was determined that it was the cis- regioisomer.

Analysis of the 1H NMR in Figure 5.8 revealed the coupling constants shown in Table 5.20. The coupling
constants present in the most deshielded proton, H2 (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 H2 proton and the
surrounding protons of the cyclopropyl. Examination of the coupling constants for H1 showed two protons in
a cis- relationship, H2 and H3β, in addition to displaying a cis- relationship with the H3α proton. Analysis of
the H3α and H3β coupling constants confirmed the relative stereochemistry of the cyclopropyl as H 3α was
trans- with both H2 and H1 and conversely H3β cis- with both H2 and H1. Therefore, H1 and H2 were in a cisrelationship.
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Table 5.20 Coupling values present between the protons in the 1H NMR of the cyclopropyl intermediate
5.189.
Peak

Proton assignment

J value (Hz)

Coupling

9
A

H2

8
9

B

C

D

H1

H3α

H3β

6

Trans

8

Cis

9

Cis

5

Gem

6

Trans

7

Trans

5

Gem

8

Cis

9

Cis

Figure 5.9The relationship between all protons of the cyclopropyl as determined by the coupling constants
from the 1H NMR showing that the relative stereochemistry of the compound was the cis- isomer.

286

Hydrolysis of the ester could be performed in good yields 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).

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 1H 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, EC50 0.22 µM). 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).

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

EC50 (µM)

5.192

> 10a

5.194

> 10a

5.195

> 10a

a

Compound found to have < 50% activity at 10.41 µM.

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 EH 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

ID

Half-life

In vitro CLint

Microsome-

Clearance

(min)

(µl/min/mg protein)

predicted EH

classification

11

164

0.87

High

Species

Human
5.122

Rapid degradationa

Mouse

Very high

Human

4

463

0.95

High

Mouse

<2

> 875

> 0.95

Very high

Human

48

36

0.59

Intermediate

Mouse

< 2b,c

> 875

> 0.95

Very high

Human

9

184

0.88

High

Mouse

1d

2296

0.98

High

Human

12

140

0.85

High

Mouse

2d

971

0.95

High

Human

49

36

0.59

Intermediate

Mouse

7

257

0.85

High

5.133

5.145

5.154

5.160

5.194
a

No measurable concentrations were detected past the first time point (ie 2 min) due to rapid NADPHdependent degradation, hence clearance parameters could not be determined.

b

Estimate only – calculated metabolism parameters based on first 2-time points (ie 2 and 5 min) due to
rapid degradation.

c

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.
d

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.

289

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.130 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.131 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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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)

To a solution of the 2-(2-phenylthiazol-4-yl)ethan-1-amine (80 mg, 0.39 mmol) in
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; 1H NMR (400 MHz, DMSO) δ 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)
in DMF (1 ml) was added the 4-bromo-2-furoic acid (90 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
acetate/petroleum spirit to obtain the desired product as a colourless solid (13 mg, 9%). LRMS [M+H] +
377.1 m/z (Br79), 379.1 m/z (Br81); HRMS [M+H]+ 376.9954 m/z, found 376.9960 m/z (Br79), 378.9934 m/z,
found 378.9940 m/z (Br81); 1H NMR (400 MHz, DMSO) δ 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
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 PdCl2(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%). 1H NMR (400 MHz, DMSO) δ 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);
C NMR (101 MHz, DMSO) δ 155.9, 155.5, 139.0, 138.9, 129.8, 129.3 (2C), 127.1 (2C), 121.0, 119.8.

13

2,6-Diphenylpyridine (5.117)

The title compound was isolated as a side product of the previous reaction as a colourless
solid. 1H NMR (400 MHz, DMSO) δ 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)

2-Bromo-6-phenylpyridine (300 mg, 1.28 mmol), methyl acrylate (138 µl, 1.54
mmol), triethylamine (680 µl, 5.12 mmol), tri(o-tolyl)phosphine (40 mg, 0.13 mmol)
and Pd(OAc)2 (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; 1H NMR (400 MHz, DMSO) δ 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);
C NMR (101 MHz, DMSO) δ 166.4, 156.1, 151.8, 143.8, 138.4, 138.1, 129.5, 128.9 (2C), 126.7 (2C),
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123.6, 121.4, 121.3, 51.7.

293

Methyl 3-(6-phenylpyridin-2-yl)propanoate (5.113)

Methyl (E)-3-(6-phenylpyridin-2-yl)acrylate (223 mg, 0.93 mmol) was dissolved in a
50% solution of ethyl acetate in ethanol (50 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 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

2-Bromo-6-phenylpyridine (1.69 g, 7.22 mmol), benzyl acrylate (1.35 ml, 8.66
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 166.9, 157.5, 152.5, 144.2, 138.9, 137.7, 136.1,
129.5, 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)

Methyl 3-(6-phenylpyridin-2-yl)propanoate (160 mg, 0.66 mmol) was dissolved in
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101
MHz, CDCl3) δ 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 1H NMR.

Tert-butyl (2-(6-phenylpyridin-2-yl)ethyl)carbamate (5.115)

3-(6-Phenylpyridin-2-yl)propanoic

acid

(100

mg,

0.44

mmol),

diphenylphosphoryl azide (115 µl, 0.53 mmol) and triethylamine (70 µl, 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz,
CDCl3) δ 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)

Tert-butyl (2-(6-phenylpyridin-2-yl)ethyl)carbamate (34 mg, 0.11 mmol) was
dissolved in acetonitrile (220 µl) and para-toluenesulfonic acid (65 mg, 0.34
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; 1H NMR (400 MHz, DMSO) δ
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,
0.08 mmol) was dissolved in anhydrous dichloromethane (1 ml) and
triethylamine (40 µl, 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 µl, 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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)

2-(2-Ammonioethyl)-6-phenylpyridin-1-ium 4-methylbenzenesulfonate (21 mg,
0.11 mmol) was dissolved in anhydrous N,N-dimethylformamide (0.5 ml) and
cyclohexanecarboxylic acid (15 µl, 0.13 mmol), triethylamine (150 µl, 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; 1H NMR
(400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ
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,
0.11 mmol) was dissolved in anhydrous N,N-dimethylformamide (0.5 ml) and
cyclopentanecarboxylic acid (14 µl, 0.13 mmol), triethylamine (150 µl, 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; 1H NMR (400
MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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).
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5-Bromo-2-phenylpyridine119 (5.127)

2,5-Dibromopyridine (2 g, 8.44 mmol), phenyl boronic acid (1.03 g, 8.44 mmol) and sodium
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(PPh3)4 (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 (Br79), 236.1 m/z (Br81); 1H NMR
(400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 µl, 5.13
mmol), tri(o-tolyl)phosphine (131 mg, 0.43 mmol) and triethylamine (2.25 ml,
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; 1H NMR (400 MHz,
CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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-yl)acrylate (1 g, 3.17 mmol) was dissolved in
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; 1H NMR (400 MHz,
CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 1H
NMR.

Tert-butyl (2-(6-phenylpyridin-3-yl)ethyl)carbamate (5.130)

3-(6-Phenylpyridin-3-yl)propanoic

acid

(462

mg,

2.03

mmol),

diphenylphosphoryl azide (525 µl, 2.44 mmol) and triethylamine (325 µl, 2.44
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 510% 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; 1H NMR (400 MHz, CDCl3) δ 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, CDCl3) δ
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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)

Tert-butyl (2-(6-phenylpyridin-3-yl)ethyl)carbamate

(205 mg, 0.69 mmol) was

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; 1H NMR (400 MHz, CDCl3) δ 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 = 25.1 Hz, 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
anhydrous dichloromethane (0.5 ml) and triethylamine (125 µl, 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 µl, 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz,
CDCl3) δ 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 13C 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
anhydrous dichloromethane (0.5 ml) and triethylamine (125 µl, 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 µl, 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 13C 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
(125 µl, 1.70 mmol) were combined in DMF (500 µl) and pre-stirred for 2 min.
The cyclohexanecarboxylic acid (25 µl, 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; 1H NMR (400 MHz, CDCl3)
δ 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 (q, 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); 13C NMR (101 MHz, CDCl3) δ 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 13C 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
(125 µl, 1.70 mmol) were combined in DMF (500 µl) and pre-stirred for 2 min.
The cyclopentanecarboxylic acid (25 µl, 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; 1H NMR (400 MHz, CDCl3)
δ 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 (q, 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); 13C NMR (101 MHz,
CDCl3) δ 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.120
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)4 (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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 13C NMR.

2-Iodo-4-phenylpyrimidine (5.138)

Synthesis adapted from Giblin et al.132
Hydroiodic acid (5 ml) was cooled to 0 °C prior to the addition of 2-chloro-4phenylpyrimidine (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; 1H NMR (400 MHz, CDCl3) δ 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),
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; 1H NMR (400
MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ
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
ml). Acetic acid (150 µl, 2.64 mmol) and benzylamine (240 µl, 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%). 1H NMR (400
MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 1H NMR spectrum. There are multiple equivalent carbons which are
overlapping in the 13C 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
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; 1H NMR (400 MHz, DMSO) δ 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); 13C
NMR (101 MHz, DMSO) δ 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 13C NMR.

N-(2-(4-Phenylpyrimidin-2-yl)ethyl)cyclopentanecarboxamide (5.145)

2-(4-Phenylpyrimidin-2-yl)ethan-1-amine

(20

mg,

0.10

mmol),

cyclopentanecarboxylic acid (13 µl, 0.12 mmol), EDCI (19 mg, 0.12 mmol) and
DMAP (1 mg, 0.01 mmol) were combined in DMF (500 µl). 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; 1H
306

NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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),

cyclohexanecarboxylic acid (15 µl, 0.12 mmol), EDCI (19 mg, 0.12 mmol) and
DMAP (1 mg, 0.01 mmol) were combined in DMF (500 µl). 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; 1H
NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 1H NMR. There is one CH2 missing from the 13C NMR spectrum.

Methyl 2-methyl-3-(3-phenyl-1H-pyrazol-1-yl)propanoate (5.150)

3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), methyl methacrylate (280 µl, 2.60 mmol)
and DBU (130 µl, 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 µl, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Methyl 2-methyl-3-(3-phenyl-1H-pyrazol-1-yl)propanoate (300 mg, 1.23 mmol) was
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 aqueous
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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, CDCl3) δ 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)

2-Methyl-3-(3-phenyl-1H-pyrazol-1-yl)propanoic acid (200 mg, 0.87 mmol),
diphenylphosphoryl azide (225 µl, 1.04 mmol) and triethylamine (140 µl, 1.04
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 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 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-tBu]+ 246.2 m/z; 1H NMR
(400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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 13C NMR.

1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine (5.153)

Tert-butyl (1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (50 mg, 0.17
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; 1H NMR (400 MHz, CDCl3) δ 7.77 – 7.62 (m, 2H), 7.41 – 7.32 (m, 3H), 7.30 (dt,
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).
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N-(1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-yl)piperidine-1-carboxamide (5.154)

1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine (60 mg, 0.30 mmol) was dissolved
in anhydrous dichloromethane (1 ml) and triethylamine (420 µl, 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 µl, 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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)

3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), methyl crotonate (275 µl, 2.60 mmol) and
DBU (130 µl, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

Methyl 3-(3-phenyl-1H-pyrazol-1-yl)butanoate (300 mg, 1.23 mmol) was 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 aqueous 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 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; 1H NMR (400
MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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 1H NMR.

Tert-butyl (2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (5.158)

3-(3-Phenyl-1H-pyrazol-1-yl)butanoic

acid

(100

mg,

0.43

mmol),

diphenylphosphoryl azide (115 µl, 0.52 mmol) and triethylamine (70 µl, 0.52
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-tBu]+ 246.1 m/z;
H NMR (400 MHz, CDCl3) δ 7.88 – 7.75 (m, 2H), 7.46 – 7.35 (m, 3H), 7.30 (ddd, J = 7.4, 3.9, 1.3 Hz, 1H),

1

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); 13C NMR (101 MHz, DMSO) δ
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)

Tert-butyl (2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (50 mg, 0.17 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; 1H NMR (400 MHz, DMSO) δ 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 1H NMR spectrum.

N-(2-(3-Phenyl-1H-pyrazol-1-yl)propyl)piperidine-1-carboxamide (5.160)

1-(3-Phenyl-1H-pyrazol-1-yl)propan-2-amine

(80

mg,

0.40

mmol)

was

dissolved in anhydrous dichloromethane (1 ml) and triethylamine (555 µl, 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 µl, 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
312

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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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)

3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), 2-methyl-1-nitroprop-1-ene (351 mg,
3.47 mmol) and DBU (20 µl, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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)

A 0.05 M solution of 5.162 (197 mg, 0.80 mmol) was made up in 50:50 ethyl
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; 1H NMR (400 MHz, CDCl3) δ 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)

Compound 5.163 (50 mg, 0.23 mmol) was dissolved in anhydrous
dichloromethane (1 ml) and triethylamine (100 µl, 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 µl, 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 13C NMR.

(S)-2-((Tert-butoxycarbonyl)amino)propyl methanesulfonate (5.165)

Boc-L-alaninol (1 g, 5.71 mmol) was dissolved in anhydrous dichloromethane (11.5 ml)
under nitrogen and cooled to 0 °C. To this triethylamine (795 µl, 5.71 mmol) and
methanesulfonyl chloride (440 µl, 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%). 1H NMR (400 MHz, DMSO) δ 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); 13C
NMR (101 MHz, DMSO) δ 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)

3-Phenyl-1H-pyrazole (200 mg, 1.39 mmol), cesium carbonate (4.52 g, 13.90
mmol) and 5.165 (704 mg, 2.78 mmol) were combined in anhydrous N,Ndimethylformamide (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; 1H NMR (400 MHz, CDCl3) δ 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
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
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the title compound as a colourless solid which was used directly. LRMS [M+H] + 202.1 m/z; 1H NMR (400
MHz, CDCl3) δ 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)

Compound 5.157 (67 mg, 0.33 mmol) was dissolved in anhydrous
dichloromethane (1 ml) and triethylamine (464 µl, 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 µl, 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 paleyellow oil (27 mg, 26%). LRMS [M+H]+ 313.3 m/z; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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)

Boc-D-alaninol (1 g, 5.71 mmol) was dissolved in anhydrous dichloromethane (11.5 ml)
under nitrogen and cooled to 0 °C. To this triethylamine (795 µl, 5.71 mmol) and
methanesulfonyl chloride (440 µl, 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%). 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 155.0, 72.0, 45.1, 36.7, 28.2, 16.8. *Note: there is a
carbon missing from the 13C NMR.

Tert-butyl (R)-(1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (5.170)

3-Phenyl-1H-pyrazole (200 mg, 1.39 mmol), cesium carbonate (4.52 g, 13.90
mmol) and 5.169 (704 mg, 2.78 mmol) were combined in anhydrous N,Ndimethylformamide (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; 1H NMR (400 MHz, CDCl3) δ 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)

Tert-butyl (R)-(1-(3-phenyl-1H-pyrazol-1-yl)propan-2-yl)carbamate (239 mg,
0.79

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; 1H NMR (400 MHz, CDCl3) δ 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)

Compound 5.171 (159 mg, 0.79 mmol) was dissolved in a 50:50 solution of
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 µl, 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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)

Boc-anhydride (2.77 g, 12.70 mmol) was dissolved in tetrahydrofuran (50 ml). This was
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%). 1H NMR (400 MHz,
CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 156.8, 79.5, 67.3, 47.9, 28.4 (3C), 20.5.

(S)-1-((Tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate (5.173)

Compound 5.200 (1.95 g, 11.13 mmol) was dissolved in anhydrous dichloromethane (20
ml) under nitrogen and cooled to 0 °C. To this triethylamine (1.55 ml, 11.13 mmol) and
methanesulfonyl chloride (860 µl, 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%). 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, CDCl3) δ 160.6, 73.6, 47.5, 39.3, 28.4, 20.5. *Note:
there are multiple equivalent carbons in the 13C NMR spectrum.

Tert-butyl (R)-(2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (5.174)

3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), cesium carbonate (5.65 g, 17.30
mmol) and 5.173 (876 mg, 3.46 mmol) were combined in anhydrous N,Ndimethylformamide (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; 1H NMR (400 MHz, CDCl3) δ 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)

Compound 5.174 (239 mg, 0.79 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 brown oil which was used directly. LRMS [M+H]+ 202.2 m/z; 1H NMR
(400 MHz, CDCl3) δ 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)

Compound 5.181 (35 mg, 0.17 mmol) was
dissolved in anhydrous dichloromethane (0.5 ml)
and triethylamine (125 µl, 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 µl, 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,
320

100% ee; LRMS [M+H]+ 313.3 m/z; HRMS [M+H]+ 313.2023 m/z, found 313.2025 m/z; 1H NMR (400
MHz, CDCl3) δ 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 (dqd, J = 8.3, 6.8, 3.5 Hz, 1H), 3.71 (d, J = 13.7 Hz, 1H), 3.47 (dd, J =
13.5, 8.6 Hz, 1H), 3.33 – 3.19 (m, 4H), 1.51 (t, J = 15.5 Hz, 6H);

C NMR (101 MHz, CDCl3) δ 157.7,
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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)

Boc-anhydride (2.77 g, 12.70 mmol) was dissolved in tetrahydrofuran (50 ml). This was
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%). 1H NMR (400 MHz,
CDCl3) δ 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, J = 6.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 156.9, 79.6, 67.4, 47.9, 28.4 (3C), 20.6.

(R)-1-((Tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate (5.177)

Compound 5.201 (2.06 g, 11.76 mmol) was dissolved in anhydrous dichloromethane (20
ml) under nitrogen and cooled to 0 °C. To this was added triethylamine (1.64 ml, 11.76
mmol) and methanesulfonyl chloride (910 µl, 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%). 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, CDCl3) δ 160.5, 73.6, 47.5, 39.3, 28.5, 20.6. *Note: there are multiple
equivalent carbons in the 13C NMR.

Tert-butyl (S)-(2-(3-phenyl-1H-pyrazol-1-yl)propyl)carbamate (5.178)

3-Phenyl-1H-pyrazole (250 mg, 1.73 mmol), cesium carbonate (5.65 g, 17.30
mmol) and (R)-1-((tert-butoxycarbonyl)amino)propan-2-yl methanesulfonate (876
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz,
CDCl3) δ 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)

Compound 5.178 (239 mg, 0.79 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 brown oil which was used directly. LRMS [M+H] + 202.2 m/z; 1H NMR (400 MHz,
CDCl3) δ 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)

Compound 5.183 (35 mg, 0.17 mmol) was
dissolved in anhydrous dichloromethane (0.5 ml)
and triethylamine (125 µl, 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 µl, 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; 1H NMR (400 MHz,
CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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-vinylpyridine133 (5.188)

2-Bromo-6-phenylpyridine (959 mg, 4.10 mmol), tributyl(vinyl) tin (2.40 ml, 8.20 mmol),
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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)

The title compound was isolated as a product of the previous reaction as a
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; 1H
NMR (400 MHz, CDCl3) δ 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 (q, 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); 13C NMR (101 MHz, CDCl3) δ 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 13C NMR.

Ethyl (1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (5.190)

2-Phenyl-6-vinylpyridine (710 mg, 3.92 mmol) was added to ethyl diazoacetate (8
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 13C NMR.

(1R,2R)-2-(6-Phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (5.191)

Ethyl (1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (310 mg, 1.16
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101
MHz, CDCl3) δ 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 1H NMR.

Tert-butyl ((1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropyl)carbamate (5.192)

(1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (141 mg, 0.59
mmol), diphenylphosphoryl azide (150 µl, 0.71 mmol), and triethylamine (99 µl,
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; 1H NMR (400 MHz, CDCl3) δ 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)

Ethyl (1S,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylate (137 mg, 0.51
mmol) was dissolved in tetrahydrofuran (0.3 ml) and this solution was added
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 aqueous 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; 1H NMR (400 MHz, CDCl3) δ 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 1H NMR.

Isopropyl ((1S,2R)-2-(6-phenylpyridin-2-yl)cyclopropyl)carbamate (5.194)

(1S,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (75 mg, 0.31
mmol), diphenylphosphoryl azide (81 µl, 0.38 mmol), and triethylamine (52 µl,
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; 1H NMR
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(400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 1H NMR spectrum, one from the –NH and
the other is believed to be from the cyclopropane. There are multiple equivalent carbons in the 13C NMR
spectrum.

Isopropyl ((1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropyl)carbamate (5.195)

(1R,2R)-2-(6-phenylpyridin-2-yl)cyclopropane-1-carboxylic acid (75 mg, 0.31
mmol), diphenylphosphoryl azide (81 µl, 0.38 mmol), and triethylamine (52 µl,
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; 1H NMR (400 MHz, CDCl3) δ 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 1H 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 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
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 µm (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.25
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 µm, 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. 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.
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 µM. This solution was then diluted 1 in 500 to give a final
compound concentration of 1 µM and incubated at 37ºC 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 MgCl2) 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
(CLint) and the predicted in vivo intrinsic clearance value (CL int vivo) as described previously.27 The predicted in vivo
hepatic extraction ratio (EH) was calculated using the following relationship: EH = CLint vivo / (Q + CLint vivo) where Q is
human liver blood flow (20.7 mL/min/kg). 28
Biological Assays
All in vitro assays were carried out at least twice independently in singleton. The IC50 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 3Hhypoxanthine incorporation assay,29, 30 using the drug sensitive NF54 strain31 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 3 (2.1 g/L), neomycin (100 U/mL),
AlbumaxR (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 μg/mL were prepared. The 96-well plates were
incubated in a humidified atmosphere at 37°C; 4% CO2, 3% O2, 93% N2. After 48 h, 50 μL of 3H-hypoxanthine (0.5
μCi) 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). IC 50
values were calculated from sigmoidal inhibition curves by linear regression 32 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 medium33 at pH 5.4 supplemented with 10% heat-inactivated fetal bovine serum under an
atmosphere of 5% CO2 in air. 100 µL of culture medium with 105 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 μg/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 μL 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. 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 IC50 values were calculated by linear regression.32 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 μL
RPMI 1640 medium with 10% FBS and 2 mM l-glutamine. After 24 h, the medium was removed and replaced by 100
μL per well containing 5000 trypomastigote forms of T. cruzi Tulahuen strain C2C4 containing the β-galactosidase (Lac
Z) gene.35 After 48 h the medium was removed from the wells and replaced by 100 μL fresh medium with or without a
serial drug dilution of eleven 3-fold dilution steps covering a range from 100 to 0.002 μg/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 μL) 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 IC50 values by linear regression32 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. 36 Minimum Essential Medium (50 µL)
supplemented with 25 mM HEPES, 1 g/L additional glucose, 1% MEM non-essential amino acids (100x), 0.2 mM 2mercaptoethanol, 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 μg/mL were
prepared. Then 4x103 bloodstream forms of T.b. rhodesiense STIB 900 in 50 µL was added to each well and the plate
incubated at 37°C under a 5% CO2 atmosphere for 70 h. 10 µL Alamar Blue (resazurin, 12.5 mg in 100 mL doubledistilled 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 wavelength of 536 nm and an emission wavelength of 588 nm. The IC 50 values were calculated by linear
regression32 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 L 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). 38, 39 Serial drug dilutions of eleven 3-fold dilution
steps covering a range from 100 to 0.002 μg/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 L 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 IC50 values were calculated by linear regression32 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.40 Briefly, 55 µL of HMI-9 media +10% FCS41 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% CO2. Serial drug concentrations were prepared in 100% DMSO and diluted 1:21 in DMEM media.
5 µL of this dilution was subsequently added to assay plates to give final compound concentrations ranging from 41.67
to 0.0004 µM. Plates were incubated for 48 h at 37°C/5% CO 2. 10 µL 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 2 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 IC 50 values calculated using the software GraphPad
Prism 5. Pentamidine and suramin are used as controls.
HEK293 cytotoxicity assay 55 µL 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 2. Serial
compound concentrations were prepared in 100% DMSO and diluted 1:21 in DMEM media. 5 µL of this dilution was
subsequently added to assay plates to give final compound concentrations ranging from 83.34 to 0.0004 µM. Plates
were incubated for 48 h at 37°C/5% CO2. 10 µL 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 2 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 IC 50 values calculated using the software GraphPad Prism
5. Puromycin is used as a control.
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General Chemistry Experimental
Analytical thin-layer chromatography was performed on silica gel 60 F254 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 (Exp1): 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 II, 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 ( 1H
NMR at 300 MHz; 13C NMR at 75 MHz). Chemical shifts are recorded as δ values in parts per million (ppm) values,
referenced to the appropriate solvent peak (ie. CHCl 3 = 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-1 and absorptions are given in wavenumbers (cm-1). Liquid Chromatography-Mass
spectrometry (LCMS) was performed on two different instruments, a Finnigan LCQ Advantage MAX carried out on a
Phenomenex column (Gemini, 3µm, 110Å, 20 x 4mm) and a Waters Auto Purification System 3100 carried out with a
Waters column (XBridge, 4µm, 100Å, 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, 5µm, OBD, 19 x 100mm) and the Waters Alliance HT 2795 with a Phenomenex column (Luna,
5µm, C18, 100 Å, 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 0 300 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 Å, 5 µm (150 x 4.6 mm I.D.) column. A binary solvent system was used
(solvent A: 0.1% aqueous TFA, solvent B: 0.1% TFA/ 19.9% H 2O/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. 1H and 13C NMR
spectra were recorded at 400.13 and 100.62 MHz, respectively, on a Bruker Avance III Nanobay spectrometer with
BACS 60 sample changer, using solvents from Cambridge Isotope Laboratories. Chemical shifts (δ, ppm) are reported
relative to the solvent peak (CDCl3: 7.26 [1H] or 77.16 [13C]; DMSO-d6: 2.50 [1H] or 39.52 [13C]). Proton resonances
are annotated as: chemical shift (δ), 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 autosampler, and G1314B variable wavelength detector (214 and 254 nm). LC conditions: Phenomenex
Luna C8(2) column (100 Å, 5 mm, 50 x 4.6 mm), 30°C; sample (5 mL) was eluted using a binary gradient (solvent A:
0.1% aq. HCO2H; solvent B: 0.1% HCO2H in CH3CN; 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 SBC18 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% HCO2H in CH3CN; 5 to 100% B [3.5 min], 0.5 mL/min).
General Chemistry Procedures
General Procedure A1: 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% w/v aqueous citric acid and brine. The organic layer was dried with Na 2SO4 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 SOCl 2 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% w/v aqueous citric acid and brine. The organic layer was dried with Na 2SO4 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 aq NH4Cl 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), K2CO3 (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 KHSO4 (3 x 1 mL), dried with Na2SO4 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), K2CO3 (2.75 mmol), TBAB (0.069 mmol) and Pd(PPh3)2Cl2 (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 2SO4 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 Et3N (0.28 mL) was added the alkyne
(1.37 mmol), Pd(PPh3)2Cl2 or Pd(PPh3)4 (0.034 mmol), CuI (0.069 mmol) and PPh3 (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 A1 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; 1H NMR (300 MHz, DMSO) δ 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); 13C NMR (75 MHz, DMSO) δ 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-1) v 3168.98 (NH), 2974.32 (CH), 1672.49 (C=O),
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) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 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-1) v 3174.58 (NH), 2958.73-2870.66 (CH),
1683.01 (C=O), 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) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 9.33 (s, 1H), 8.27 (d,
J = 8.7 Hz, 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);
13
C NMR (75 MHz, CDCl3) δ 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-1) v 3153.82 (NH), 2952.37-2867.85 (CH), 1681.10 (C=O), 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 A1 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; 1H NMR (300 MHz, CDCl3) δ 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), 7.287.24 (m, 2H), 2.55 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3221.94 (NH), 2965.54 (CH), 1673.97 (C=O),
1586.38, 1490.70, 1447.33, 1372.79, 732.25.
6-Isobutoxypyridin-2-amine (101) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz,
CDCl3) δ 162.7, 156.7, 141.2, 100.4, 97.4, 73.1, 28.0, 19.2; IR (cm -1) v 3332.07 (NH), 2959.66 (CH), 1664.00, 1613.74,
1443.00, 1256.40 (CN), 1027.71, 784.82.
N-(6-Isobutoxypyridin-2-yl)-2-methylbenzamide (12) (Exp1)
Compound 101 was involved in General Procedure A1 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; 1H NMR (300 MHz,
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CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3291.87 (NH), 2962.41 (CH), 1683.45 (C=O), 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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD) δ 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-1) v 3058.76 (NH), 2957.98-2871.64 (CH),
1651.10 (C=O), 1601.49, 1467.63, 1433.96, 1379.11, 742.74.
2-Methyl-N-pentyl-N-(pyridin-2-yl)benzamide (13b) (Exp1)
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; 1H NMR (300 MHz, MeOD) δ 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), 0.900.85 (m, 3H); 13C NMR (75 MHz, MeOD) δ 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-1) v 3057.81 (NH), 2955.74-2859.52 (CH), 1649.98 (C=O), 1585.86,
1467.35, 1433.89, 1381.05, 741.81.
2-Iodo-N-(pyridin-2-yl)benzamide (14) (Exp1)
2-Iodobenzoyl 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; 1H NMR
(300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ
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 -1) v 2976.39 (NH), 1680.92
(C=O), 1577.86, 1524.27, 1432.36, 1312.24, 773.56-736.11 (CI).
N-(Pyridin-2-yl)-2-(trifluoromethyl)benzamide (15) (Exp1)
Title compound prepared according to General Procedure A1 to give a dull yellow crystalline solid (55%), mp 130132°C. LCMS (Finnigan) – rt 4.81 min 98% purity at 254 nm; [M+H] + 267.0 m/z; 1H NMR (300 MHz, DMSO) δ 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-1) v 2979.59
(NH), 1684.91 (C=O), 1633.69, 1431.43, 1312.64, 1124.48, 767.26.
N-(5-Bromo-6-methylpyridin-2-yl)-2-methylbenzamide (16) (Exp1)
To a solution of 2-amino-6-picoline (2.77 mmol) in methanol (8.5 mL) was slowly added NBS (2.83 mmol) portionwise 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
NaHCO3 and brine. The organic layer was dried with Na2SO4 and the solvent concentrated to give 6-amino-3-bromo-2picoline42 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
(79Br), 307.0 m/z (81Br); 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ
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-1) v 3168.85 (NH),
2964.18-2926.46 (CH), 1684.22 (C=O), 1511.66, 1432.25, 1300.39, 999.19, 740.03 (CBr).
5-(N-(tButyl)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; 1H NMR (400 MHz, CDCl3) δ 9.34 (s, 1H), 8.31 (d, J = 8.3 Hz, 1H), 8.12
(d, J = 1.9 Hz, 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); 13C NMR (101 MHz, CDCl3) δ 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) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, CDCl3) δ 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); 13C
NMR (75 MHz, CDCl3) δ 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 -1) v 3053.34 (NH), 1672.26 (C=O), 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 A1 to give a colorless oil (22%). LCMS (Waters) - rt 4.32
min > 97% purity at 254 nm; [M+H]+ 243.2 m/z; 1H NMR (300 MHz, MeOD) δ 8.02 (s, 1H), 7.64-7.56 (m, 2H), 7.447.28 (m, 4H), 3.96 (s, 3H), 2.53 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3411.61 (NH), 2927.17 (CH), 1680.67 (C=O), 1601.71,
1502.38, 1455.96, 1421.24, 836.77.
2-Methyl-N-(3-methylpyridin-2-yl)benzamide (20) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, MeOD) δ 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);
13
C NMR (75 MHz, MeOD) δ 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-1) v 3167.43 (NH), 2976.24 (CH), 1666.61 (C=O), 1579.47, 1445.55, 1367.81, 1284.10, 747.15.
N-(3-Fluoropyridin-2-yl)-2-methylbenzamide (21) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 8.45 (s, 1H), 8.158.09 (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-1) v 3389.77 (NH), 2915.09 (CH), 1654.86 (C=O), 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C
NMR (101 MHz, CDCl3) δ 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) (Exp1)
Title compound prepared according to General Procedure A1 to give a dull yellow crystalline solid (15%), mp 150153°C. LCMS (Waters) - rt 6.57 min 99% purity at 254 nm; [M+H] + 238.2 m/z; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3191.96 (NH), 2977.79 (CH), 2243.52 (CN), 1688.37 (C=O), 1559.47, 1405.30,
1224.68, 967.48, 746.08.
2-Methyl-N-(pyrazin-2-yl)benzamide (24) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD) δ 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-1) v 3167.49 (NH), 3095.12 (CH), 1688.62 (C=O), 1526.92, 1409.57, 1298.00, 1268.65, 729.37.
2-Methyl-N-(4-methylpyridin-2-yl)benzamide (25) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, CDCl3) δ 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) δ 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-1) v 3181.15 (NH), 2978.23 (CH), 1679.51 (C=O), 1613.92, 1572.61,
1527.05, 1408.90, 1299.12.
N-(4-Chloropyridin-2-yl)-2-methylbenzamide (26) (Exp1)
Title compound prepared according to General Procedure A1 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 (35Cl), 249.1 (37Cl) m/z; 1H NMR (300 MHz,
DMSO, rotamers) δ 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); 13C NMR (75 MHz, DMSO, rotamers) δ 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 -1) v 3222.31 (NH),
2970.27 (CH), 1683.80 (C=O), 1567.06, 1402.41, 1265.72, 1033.32, 831.60, 721.93 (CCl).
N-(4-Bromopyridin-2-yl)-2-methylbenzamide (27) (Exp1)
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 (79Br), 293.0 m/z (81Br); 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ
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 -1) v 3217.90 (NH)
3058.26 (CH), 1684.75 (C=O), 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 A1 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO)
δ 168.9, 168.9 (J C-F = 258 Hz), 154.4 (J C-F = 11 Hz), 150.7 (J C-F = 8 Hz), 136.0, 135.5, 130.6, 130.1, 127.6, 125.6,
107.7 (J C-F = 17 Hz), 101.3 (J C-F = 23 Hz), 19.5.
2-Methyl-N-(4-(phenylethynyl)pyridin-2-yl)benzamide (29) (Exp1)
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; 1H NMR (300 MHz, DMSO) δ 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-1) v 3183.06 (NH), 3031.34 (CH), 2360.26 (-C≡C-), 1678.21 (C=O), 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) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 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-1) v 3182.16 (NH), 2958.42 (CH), 2236.62 (-C≡C-),
1673.88 (C=O), 1603.32, 1550.71, 1410.72, 1301.66, 1275.84.
2-Methyl-N-(4-phenylpyridin-2-yl)benzamide (31) (Exp1)
Title compound prepared according to General Procedure C to give a light yellow crystalline solid (99%), mp 160163°C. LCMS (Finnigan) - rt 5.37 min 98% purity at 254 nm; [M+H]+ 289.1 m/z; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ 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 -1) v 3183.97 (NH), 3056.67 (CH), 1676.60 (C=O),
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 A1 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; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75
MHz, CDCl3) δ 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 -1)
v 3165.66 (NH), 2971.43 (CH), 1668.71 (C=O), 1528.37, 1398.58, 1253.69, 1016.34, 831.41.
2-Methyl-N-(5-methylpyridin-2-yl)benzamide (33) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD) δ 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-1) v 3168.26 (NH), 2988.17 (CH), 1677.45 (C=O), 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; 1H NMR (300 MHz, CDCl3)
δ 9.08 (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); 13C NMR (75 MHz, CDCl3) δ 168.3, 156.4 (JC-F = 250 Hz), 148.0, 136.8, 135.7, 134.8 (JC-F = 26 Hz),
131.6, 130.9, 127.1, 126.2, 126.0 (JC-F = 20 Hz), 115.3 (JC-F = 4 Hz), 20.0; IR (cm-1) v 3174.67 (NH), 3067.80 (CH),
1670.14 (C=O), 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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) (Exp1)
Title compound prepared according to General Procedure A1 to give a dull yellow crystalline solid (10%), mp 112114°C. LCMS (Waters) - rt 7.70 min 99% purity at 254 nm; [M+H]+ 238.2 m/z; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 2929.90 (NH/CH), 2362.83 (CN), 1705.19 (C=O), 1359.38,
1287.95, 1234.52, 934.32, 731.56.
N-(5-Chloropyridin-2-yl)-2-methylbenzamide (37) (Exp1)
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 (35Cl), 249.0 (37Cl)
m/z; 1H NMR (300 MHz, CDCl3) δ 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-1) v 3149.57 (NH), 2956.59-2919.21 (CH), 1678.40
(C=O), 1578.18, 1517.71, 1460.12, 1376.38, 1298.24, 739.08 (CCl).
N-(5-Bromopyridin-2-yl)-2-methylbenzamide (38) (Exp1)
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 (79Br), 293.0 (81Br) m/z; 1H NMR (300 MHz, CDCl3) δ
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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3155.49 (NH), 2980.99 (CH), 1678.99 (C=O), 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 A1 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; 1H NMR (300 MHz, CDCl3, rotamers) δ 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); 13C NMR (75 MHz, CDCl3, rotamers) δ 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 -1) v
3274.15 (NH), 2946.93 (CH), 1677.11 (C=O), 1518.83, 1455.58, 1397.94, 1243.86, 732.34.
2-Methyl-N-(6-methylpyridin-2-yl)benzamide (40) (Exp1)
Title compound prepared according to General Procedure A1 to give a brown amorphous solid (99%). LCMS
(Finnigan) - rt 4.40 min 90% purity at 254 nm; [M+H] + 227.1 m/z; 1H NMR (300 MHz, CDCl3) δ 8.81 (s, 1H), 8.22 (d,
J = 8.4 Hz, 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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3183.36 (NH), 2927.27 (CH), 1676.72 (C=O), 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; 1H NMR (300 MHz, CDCl3) δ 8.44 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H),
7.82 (q, 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); 13C NMR (75 MHz, CDCl3) δ 168.1, 161.9 (JC-F = 240 Hz), 149.8 (JC-F = 14 Hz), 143.3 (JC-F = 8 Hz), 136.8,
135.2, 131.4, 130.8, 126.8, 125.9, 110.5 (JC-F = 4 Hz), 104.4 (JC-F = 35 Hz), 19.9; IR (cm-1) v 3260.29 (NH), 2928.92
(CH), 1675.55 (C=O), 1584.74, 1514.41, 1443.07, 1405.39, 1233.62.
N-(6-Cyanopyridin-2-yl)-2-methylbenzamide (42) (Exp1)
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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR
(75 MHz, MeOD) δ 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-1) v 3226.44 (NH), 2965.74 (CH), 2237.44 (CN), 1650.76 (C=O), 1444.74, 1376.26, 1301.34, 811.78, 736.76.
2-Methyl-N-(pyridazin-3-yl)benzamide (43) (Exp1)
Title compound prepared according to General Procedure A1 to give a brown oil (96%). LCMS (Waters) - rt 5.15 min >
98% purity at 254 nm; [M+H] + 214.2 m/z; 1H NMR (300 MHz, CDCl3) δ 9.01 (d, J = 9.4 Hz, 1H), 8.94 (s, 1H), 7.82 (d,
J = 7.7 Hz, 2H), 7.48-7.44 (m, 1H), 7.38-7.31 (m, 2H), 2.57 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 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 -1) v 3222.45 (NH), 2932.35 (CH), 1679.54 (C=O),
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) (Exp1)
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 (35Cl), 249.0 (37Cl) m/z; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3244.83 (NH), 3068.05 (CH), 1676.47 (C=O), 1568.31, 1507.66, 1431.75,
1384.36, 786.16 (CCl).
N-(6-Bromopyridin-2-yl)-2-methylbenzamide (45) (Exp1)
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 (79Br), 292.9 (81Br) m/z; 1H NMR (300 MHz, CDCl3) δ
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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3249.19 (NH), 3067.96 (CH), 1675.90 (C=O), 1562.00, 1508.41, 1427.19,
1380.37, 783.59 (CBr).
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2-Methyl-N-(6-phenylpyridin-2-yl)benzamide (46) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 8.70 (s, 1H), 8.34 (d,
J = 8.2 Hz, 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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 3172.10 (NH), 2927.06 (CH), 1676.38 (C=O), 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) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 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), 7.287.18 (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); 13C NMR (75 MHz, CDCl3) δ 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 -1) v 3233.82 (NH), 2957.95-2870.03 (CH), 2229.05 (-C≡C-), 1678.56 (C=O),
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) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 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 (q, J = 7.2 Hz, 2H), 1.55
(sex, J = 7.2 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H); IR (cm-1) v 3244.32 (NH), 2958.72-2871.57 (CH), 1678.57 (C=O),
1568.72, 1515.49, 1446.46, 1295.27, 734.67.
2-Methyl-N-(6-(phenylethynyl)pyridin-2-yl)benzamide (49) (Exp1)
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; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ 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 -1) v
3246.96 (NH), 3057.39 (CH), 2216.71 (-C≡C-), 1734.69 (C=O), 1566.94, 1441.41, 1380.94, 1281.58, 1238.25.
N-(6-Hydroxypyridin-2-yl)-2-methylbenzamide (50) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3): δ 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-1) v 3411.97 (OH), 3311.49 (NH), 3202.45 (CH), 1723.46 (C=O), 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) (Exp1)
Title compound prepared according to General Procedure A1 to give a dull yellow crystalline solid (80%), mp 100103°C. LCMS (Waters) - rt 4.42 min 98% purity at 254 nm; [M+H] + 228.2 m/z; 1H NMR (300 MHz, MeOD) δ 7.467.41 (m, 3H), 7.36-7.31 (m, 1H), 7.25-7.19 (m, 2H), 6.32-6.29 (m, 1H), 2.43 (s, 3H); 13C NMR (75 MHz, MeOD) δ
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 -1) v 3443.92-3361.58
(NH), 2927.50 (CH), 1611.25 (C=O), 1536.42, 1449.39, 1303.18, 788.49, 733.65.
2-Methyl-N-phenylbenzamide (52) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, DMSO) δ 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); 13C NMR (75 MHz, DMSO) δ 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 -1) v 3233.87 (NH), 3018.10
(CH), 1634.78 (C=O), 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 A1 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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; 1H NMR (400 MHz, CDCl3)
δ 8.61 (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); 13C NMR (101 MHz, CDCl3) δ 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; 1H NMR (400 MHz, CDCl3)
δ 7.49 (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); 13C
NMR (101 MHz, CDCl3) δ 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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; 1H NMR (400 MHz, CDCl3)
δ 7.53 (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); 13C NMR (101 MHz, CDCl3) δ 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, DMSO) δ 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 A1, 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; 1H NMR (400 MHz, DMSO) δ 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); 13C
NMR (101 MHz, DMSO) δ 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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD) δ 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-1) v 3055.62 (NH), 2927.82-2855.38 (CH), 1656.79
(C=O), 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; 1H NMR (400
MHz, DMSO) δ 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, 3H); 13C NMR (101 MHz, DMSO) δ 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) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD) δ 168.6,
153.3, 149.1, 139.6, 135.7, 133.3, 129.8, 128.7, 121.3, 116.3; IR (cm -1) v 3168.84 (NH), 1670.47 (C=O), 1576.65,
1524.78, 1429.87, 1301.87, 774.37.
2-Ethyl-N-(pyridin-2-yl)benzamide (65) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, CDCl3) δ 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 (q, J = 7.6 Hz, 2H), 1.25 (t, J = 7.6 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 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 -1) v 3169.40 (NH), 2963.80 (CH), 1673.21 (C=O),
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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, CDCl3) δ 160.6 (J C-F = 247 Hz), 161.8 (J C-F = 3 Hz), 151.4, 148.1, 138.6, 134.3
(J C-F = 10 Hz), 132.2 (J C-F = 2 Hz), 125.2 (J C-F = 3 Hz), 121.3 (J C-F = 11 Hz), 120.3, 116.5 (J C-F = 24 Hz), 114.8.
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2-Chloro-N-(pyridin-2-yl)benzamide (67) (Exp1)
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
(35Cl), 235.0 (37Cl) m/z; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz, CDCl3) δ 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-1) v 2986.52 (NH), 1681.66 (C=O),
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 A1 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; 1H NMR (300 MHz, MeOD) δ 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-1) v 2981.00 (NH), 1681.78
(C=O), 1578.87, 1536.35, 1433.58, 1212.89, 1160.27.
N-(Pyridin-2-yl)-[1,1'-biphenyl]-2-carboxamide (69) (Exp1)
Title compound prepared according to General Procedure A1 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; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz,
CDCl3) δ 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-1) v 2977.89 (NH), 1675.28 (C=O), 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 167.2 (J C-F = 4 Hz), 160.5 (J C-F =24 4 Hz), 151.8, 148.1,
138.9 (J C-F = 4 Hz), 138.1, 127.3 (J C-F = 8 Hz), 123.4 (J C-F = 4 Hz), 122.3 (J C-F = 8 Hz), 119.9, 116.4 (J C-F = 23 Hz),
114.3, 11.3 (J C-F = 5 Hz).
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; 1H NMR (400 MHz,
DMSO) δ10.90 (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); 13C NMR (101 MHz, DMSO) δ 164.7, 161.9 (J C-F = 245 Hz),
152.0, 148.0, 138.2, 136.4 (J C-F = 6 Hz), 130.5 (J C-F = 8 Hz), 124.2 (J C-F = 3 Hz), 120.0, 118.8 (J C-F = 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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) (Exp1)
Title compound prepared according to General Procedure A1 to give a brown oil (94%). LCMS (Waters) - rt 6.52 min
90% purity at 254 nm; [M+H]+ 291.1 (79Br), 293.1 (81Br) m/z; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD) δ 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-1) v 3170.77 (NH), 2916.38 (CH), 1671.98 (C=O), 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 A1 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; 1H NMR (300 MHz, CDCl3) δ 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); 13C NMR (75 MHz,
CDCl3) δ 168.3, 158.2, 151.2, 145.8, 139.8, 136.9, 126.9, 125.5, 119.7, 118.9, 114.7, 112.4, 55.7, 12.6; IR (cm -1) v
3166.51 (NH), 2967.01 (CH), 1677.50 (C=O), 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 A1 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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD, rotamers) δ 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-1) v 3181.59 (NH), 2980.41 (CH),
1680.62 (C=O), 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 167.6, 162.6 (J
C-F = 247 Hz), 152.1, 148.0, 139.1 (J C-F = 9 Hz), 138.1, 132.9 (J C-F = 3 Hz), 130.1 (J C-F = 9 Hz), 119.8, 117.1 (J C-F =
21 Hz), 114.3, 112.3 (J C-F = 21 Hz), 19.5 (J C-F = 1 Hz).
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; 1H NMR (400 MHz,
DMSO) δ 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);
13
C NMR (101 MHz, DMSO) δ 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 A1 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 (79Br), 293.1 (81Br) m/z; 1H NMR (300 MHz, MeOD) δ
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); 13C NMR (75 MHz, MeOD) δ 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 -1) v 3246.82 (NH), 2983.89 (CH), 1682.62 (C=O), 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 A1 as a white crystalline solid (47%), mp 144-146°C. LCMS
(Waters) - rt 7.65 min 98% purity at 254 nm; [M+H + + CH3CN] 284.2 m/z; 1H NMR (300 MHz, DMSO) δ 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), 7.107.05 (m, 2H), 3.90 (s, 3H), 2.57 (s, 3H); 13C NMR (75 MHz, DMSO) δ 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-1) v 2972.63 (NH), 2838.09 (CH), 1778.14 (C=O), 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 A1 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 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; 1H NMR (400 MHz, DMSO)
δ 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); 13C NMR (101 MHz, DMSO) δ 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; 1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 161.94, 160.7 (JC-F = 241.4 Hz) 159.5, 151.3, 147.3, 143.5, 138.9, 132.9 (JC-F = 7.7
Hz), 120.1, 117.5 (JC-F = 20.6 Hz), 114.0 (JC-F = 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 A1 as a brown oil (99%). LCMS (Waters) - rt 6.52 min 90%
purity at 254 nm; [M+H] + 291.1 m/z (79Br), 293.1 m/z (81Br); 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD) δ 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-1) v 3198.85 (NH), 2916.81 (CH), 1665.06 (C=O), 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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;1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 A1 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; 1H NMR (300 MHz, MeOD) δ 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); 13C NMR (75 MHz, MeOD, rotamers) δ 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-1) v 3216.63 (NH), 2978.34
(CH), 1667.16 (C=O), 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ
165.3, 159.6 (J C-F = 245.9 Hz), 153.0, 146.5, 139.6 (J C-F = 7.8 Hz), 137.6, 131.6 (J C-F = 9.4 Hz), 129.3 (J C-F = 5.1 Hz)
124.3 (J C-F = 20.3 Hz), 116.1, 114.6, 110.3 (J C-F = 16.6 Hz), 19.3 (J C-F = 4.6 Hz).
3-Methyl-N-(pyridin-2-yl)picolinamide (91) (Exp1)
Title compound prepared according to General Procedure A1 as a brown amorphous solid (75%). LCMS (Waters) - rt
5.55 min 99% purity at 254 nm; [M+H] + 214.2 m/z; 1H NMR (300 MHz, DMSO) δ 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); 13C NMR (75 MHz, DMSO, rotamers) δ 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-1) v 3336.78 (NH), 2916.54 (CH), 1687.12 (C=O),
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz,
CDCl3) δ 166.4, 159.4 (J C-F = 243.6 Hz), 151.4, 150.6, 147.5 (J C-F = 242.5 Hz), 138.8 (J C-F = 4.9 HZ), 133.1 (J C-F =
13.4 Hz), 130.9, 127.8, 122.9 (J C-F = 4.8 Hz), 122.8 (J C-F = 5.2 Hz), 114.5 (J C-F = 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; 1H NMR (400 MHz, CDCl3) δ 9.82 (s, 1H), 8.22 (s, 1H), 7.43 (d, J = 5.1 Hz,
1H), 7.26 (s, 1H), 7.19 (td, 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); 13C NMR (101 MHz, CDCl3) δ 167.6 (J C-F = 3.3 Hz), 161.6 (J C-F = 246.1 Hz), 151.8, 150.3, 147.1, 138.7 (J C-F =
4.2 Hz), 127.3 (J C-F = 8.6 Hz), 123.9 (J C-F = 18.3 Hz), 122.7 (J C-F = 3.5 Hz), 121.2, 117.1 (J C-F = 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR
(101 MHz, DMSO) δ 166.4 (J C-F = 2 Hz), 151.9, 150.4 (J C-F = 233 Hz), 149.0, 148.0 (J C-F = 228 Hz), 134.2, 125.6 (J
C-F = 14 Hz), 124.1 (J C-F = 14 Hz), 121.0, 114.7, 114.4 (J C-F = 23 Hz), 20.9, 11.5 (J C-F = 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 167.6 (J C-F = 3 Hz), 160.5 (J C-F = 244 Hz), 153.0, 149.5, 144.0, 138.4 (J C-F = 5
Hz), 127.3 (J C-F = 8 Hz), 123.6 (J C-F = 3 Hz), 122.5 (J C-F = 18 Hz), 120.0, 116.6 (J C-F = 23 Hz), 113.8, 11.3 (J C-F = 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz,
DMSO) δ 166.8 (J C-F = 3 Hz), 153.0, 151.8 (J C-F = 243 Hz), 149.6, 148.0 (J C-F = 238 Hz), 144.0, 133.6 (J C-F = 2 Hz),
125.8 (J C-F = 14 Hz), 124.4 (J C-F = 8 Hz), 120.0, 114.4 (J C-F = 17 Hz), 113.8, 11.5 (J C-F = 4 Hz).
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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 168.9 (J C-F = 259 Hz), 167.6, 160.5
(J C-F = 244 Hz), 154.1 (J C-F = 12 Hz), 150.8 (J C-F = 9 Hz), 138.5 (J C-F = 4 Hz), 127.3 (J C-F = 9 Hz), 123.6 (J C-F = 23
Hz), 122.5 (J C-F = 18 Hz), 116.7 (J C-F = 23 Hz), 107.9 (J C-F = 18 Hz), 101.4 (J C-F = 23 Hz), 11.3 (J C-F = 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; 1H NMR (400 MHz, DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 170.2, 167.6, 166.8 (J C-F = 3 Hz), 152.9 (J C-F = 237 Hz),
150.8 (J C-F = 8 Hz), 148.1 (J C-F = 245 Hz), 133.6, 125.8 (J C-F = 14 Hz), 124.4 (J C-F = 8 Hz), 114.4 (J C-F = 17 Hz),
108.0 (J C-F = 17 Hz), 101.4 (J C-F = 23 Hz), 11.5 (J C-F = 4 Hz).
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; 1H NMR (400 MHz, CDCl3) δ 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); 13C
NMR (101 MHz, CDCl3) δ 166.7 (J C-F = 3.3 Hz), 161.5 (J C-F = 246.0 Hz), 153.0, 144.9, 138.2, 133.5, 127.3 (J C-F =
8.6 Hz), 124.1, 123.9, 122.5 (J C-F = 3.5 Hz), 117.2 (J C-F = 23.2 Hz), 114.9, 56.0, 11.5 (J C-F = 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; 1H NMR (400 MHz,
DMSO) δ 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); 13C NMR (101 MHz, DMSO) δ 167.0, 162.4 (J C-F = 247 Hz), 152.4, 145.5, 139.0 (J C-F = 9 Hz),
134.4, 133.1, 129.9 (J C-F = 9 Hz), 123.1, 117.0 (J C-F = 21 Hz), 115.1, 112.2 (J C-F = 22 Hz), 55.8, 19.5.
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