Journal of ) UNIVERSITYOF
Medicinal Chemistry BIRMINGHAM

Subscriber access provided by University of Birmingham

The Optimisation of a Novel, Weak Bromo and Extra
Terminal Domain (BET) Bromodomain Fragment Ligand to a
Potent and Selective Second Bromodomain (BD2) Inhibitor

Jonathan Thomas Seal, Stephen J. Atkinson, Helen Aylott, Paul Bamborough, Chun-
wa Chung, Royston C. B. Copley, Laurie J. Gordon, Paola Grandi, James R. J. Gray,
Lee A Harrison, Thomas G Hayhow, Matthew Lindon, Cassie Messenger, Anne-Marie
Michon, Darren J Mitchell, Alex Preston, Rab K. Prinjha, Inmaculada Rioja, Simon
Taylor, lan D. Wall, Robert J Watson, James M. Woolven, and Emmanuel H Demont
J. Med. Chem., Just Accepted Manuscript « DOI: 10.1021/acs.jmedchem.0c00796 « Publication Date (Web): 23 Jul 2020
Downloaded from pubs.acs.org on July 24, 2020

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a service to the research community to expedite the dissemination
of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts appear in
full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been fully
peer reviewed, but should not be considered the official version of record. They are citable by the
Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered to authors. Therefore,
the “Just Accepted” Web site may not include all articles that will be published in the journal. After
a manuscript is technically edited and formatted, it will be removed from the “Just Accepted” Web
site and published as an ASAP article. Note that technical editing may introduce minor changes
to the manuscript text and/or graphics which could affect content, and all legal disclaimers and
ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or
consequences arising from the use of information contained in these “Just Accepted” manuscripts.

is published by the American Chemical Society. 1155 Sixteenth Street N.W.,
Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the
course of their duties.



Page 1 of 101 Journal of Medicinal Chemistry

oNOYTULT D WN =

The Optimisation of a Novel, Weak Bromo and

_ = 0
- O

Extra Terminal Domain (BET) Bromodomain

_
v bh wN

Fragment Ligand to a Potent and Selective Second

_ = .
O 00N O

Bromodomain (BD2) Inhibitor

N NDNNN
A WN-—=O0O

Jonathan T. Seal*?, Stephen J. Atkinson*", Helen Aylott’, Paul Bamborough®, Chun-wa Chung?,

NN
[e) IR0, ]

Royston C. B. Copley?, Laurie Gordon®, Paola Grandi¥, James R. J. Gray!, Lee A. Harrison”, Thomas G.

N NN
O 00 N

Hayhow'", Matthew Lindon™, Cassie Messenger?, Anne-Marie Michon*, Darren Mitchell”, Alex

w w
- O

Preston’, Rab K. Prinjha’, Inmaculada Rioja’, Simon Taylor! %, lan D. Wallé, Robert J. Watson’, James

w w
w N

M. Woolven®, Emmanuel H. Demont’

w w Ww
[o) WU, NN

fEpigenetics Discovery Performance Unit; Quantitative Pharmacology, Immunoinflammation

w w w
O 00 N

Therapy Area Unit; $Platform Technology and Science, GlaxoSmithKline, Medicines Research Centre,

>~ b
- O

Gunnels Wood Road, Stevenage, Hertfordshire, SG1 2NY, U.K; ¥IVIVT Cellzome, Platform Technology

B~ b
w N

and Science, GlaxoSmithKline, Meyerhofstr. 1, 69117 Heidelberg, Germany.

H D DD
NOoO b

Abstract:

uu b D
- O OV ®

The profound efficacy, yet associated toxicity of pan-BET inhibitors is well documented. The possibility
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the 8 bromodomains is enticing, but challenging given the close homology. Herein, we describe the X-
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ray crystal structure-directed optimisation of a novel weak fragment ligand with a pan-second
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bromodomain (BD2) bias, to potent and highly BD2 selective inhibitors. A template hopping approach,
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enabled by our parallel research into an orthogonal template (15, GSK046) was the basis for the high
selectivity observed. This culminated in two tool molecules 20 (GSK620) and 56 (GSK549) which
showed an anti-inflammatory phenotype in human whole blood, confirming their cellular target
engagement. Excellent broad selectivity, developability and in vivo oral pharmacokinetics characterize

these tools, which we hope will be of broad utility to the field of epigenetics research.

Introduction:

The bromodomain and extra terminal (BET) family of proteins, comprising the ubiquitous BRD2, 3
and 4 and the testis restricted BRDT, are epigenetic readers whose tandem bromodomains (BDs: N
terminus, BD1 and C-terminus, BD2) recognise and bind acetylated lysine histone tail peptides of
nucleosomes. Once bound to chromatin these proteins recruit transcriptional complexes and
therefore play a key role in gene transcription.! The therapeutic potential of a pan-Bromo and Extra
Terminal Domain inhibitor (iBET), binding equipotently to the eight bromodomains of the family, has
now been extensively reported both in oncology?*! and immunoinflammation.'>3 Moreover, iBET are
actively progressing in the clinic for oncology indications, illustrating the tremendous potential of this
epigenetic reader family as a therapeutic target.?*2¢ Nevertheless it is also well known that a number
of non-clinical toxicities and dose-limiting clinical findings have been associated with pan-inhibition of
the BET family.?> 2722 There have been far fewer reports of selective BET bromodomain inhibitors,
although these are now starting to emerge in the patent3°-37 and publication literature. Both BD1 (1-
7)3%44 and BD2 (8-12)*-%0 selective (>5 fold) inhibitors , binding to either the four BD1 or the four BD2
domains of the BET proteins have been published and the structures are shown in Figure 1 with the
acetylated lysine mimetics highlighted in blue. Despite the emergence of such inhibitors, there is some
debate as to whether 50-100 fold selective inhibitors are really capable of teasing out the relative roles
of BD1 and BD2, due to the profound effects offered by iBET. Notwithstanding this, the recent
disclosure that BD2-biased inhibitors such as RVX-297 (9b),°! maintain a range of immune relevant

efficacies in vitro and in vivo is noteworthy.>? In parallel to our own research,”® AbbVie recently
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published ABBV-744 (12),84° a highly selective BD2-inhibitor which retains some of the anti-

proliferative activity of pan-BET inhibitors, albeit restricted largely to acute myeloid leukaemia and

oNOYTULT D WN =

certain prostate cancer cell lines. Furthermore, there have been a number of studies detailing the
10 different roles in chromatin binding that the BD1 and BD2 domains have.>*>” The multivalent
12 interaction between the BET family and chromatin or other binding partners is complex and context-
dependent, and remains poorly understood. It is difficult to predict what different efficacy or safety
17 profiles might be found when domain-selective inhibitors are compared to pan-BET inhibitors. We
19 hope that the publication of potent, highly selective BD1 and BD2 domain-selective BET inhibitors will
21 enable advances in our biological understanding of the mechanism of these highly important and

disease-relevant targets.

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

BD1-Biased Inhibitors

Olinone (1)
{ BRD4 BD1 Ky = 3.4 uM
BRD4 BD2 K -

SY
" /@ H MS611 (2)
N BRD4 BD1 K; = 0.41 uM

BRD4 BD2 K; = 41.3 uM
(FAB)

HO

oSN s
BRD4 BD1 Ky =240 nM
BRD3 BD1 Ky = 2.9 uM
BRD3 BD2 Ky = 2.4 M
BRD4 BD2 K, = ND
OH (ITC)

(0] nBu

%\ /> * 4
BRD4 BD1 ICso = 5.0 uM

BRD4 BD2 ICgp -
(HTRF)

QS
*@ PSS

Brd4 BD1 =77 nM
HN
N AN

Brd4 BD2 = 718 nM (FAB)

Brd4 BD1 IC50 =1.8 uM
Brd4 BD2 IC59>100 uM
(ALPHAscreen)

Brd4 BD1 ICgo = 40 nM
Brd4 BD2 IC5o = 6.3 uM
(FRET)

Figure 1. Published Domain Selective BET Bromodomain Inhibitors and their Literature Potencies /

o<

(0]

i R=0H, 9a

NQ’

SN

5 N

BD2-Biased Inhibitors

8

BRD4 BD1 Ky = 520 nM

BRD4 BD2 K = 50 nM
(ITC)

o~
RVX-208 (9a)
BRD4 BD1 Kgq=1.1 uM
BRD4 BD2 K4 = 135 nM
RVX-297 (9b)
BRD4 BD1 Kyq = 1.4 uM
BRD4 BD2 K4 = 180 nM
9b (ITC)

GSK268 (10)
N BRD4 BD1 ICs = 2.0 uM
BRD4 BD2 ICsp = 50 nM
(FRET)

/&
o
BY27 (11)

BRD2 BD1 K4 = 45 nM
BRD2 BD2 Ky = 1.2 nM

C (BROMOscan)

Cl

HN

A ABBV-744 (12)

BRD4 BD1 K; = 520 nM

BRD4 BD2 K; = 1.6 nM
(TR-FRET)

Affinities to the BD1 and BD2 Bromodomain of BRD4 with the acetylated lysine mimetic coloured
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Results

As part of our strategy to understand and profile more pan-BD2 inhibitors, a programme of hit
finding was undertaken targeting inhibitors of the second bromodomain ultimately aiming for a plCs,
>7 and selectivity over the first bromodomain of at least 100 fold. This approach was driven by the
high degree of sequence homology in the acetylated lysine (KAc) binding region for the BD2 (second)
domain across the BRD 2,3,4 and T proteins. This is in contrast to reduced homology between the first
(BD1) and second domains for the same proteins (Figure S3 a-c, Supporting Information); it was
reasoned that pan-BD2 selectivity had a higher probability of success (versus single isoform
selectivity). Accordingly, an HTS screen was initiated where the entire GSK compound collection (over
2M compounds) was screened at single concentration versus the BRD4 dual domain truncated protein
construct, considered as representative of the BET family. Here the BD1 domain was mutated (Y390A)
to prevent binding of acetyl lysine mimetics at this site and allow evaluation of potency exclusively at
the second domain. Following the single concentration screen (TR-FRET assay format), a triaging
strategy, including an orthogonal BD2 biochemical assay (FP assay format), full curve follow up against
BRD4 BD2 and BD1 and SPR biophysical characterisation, led to real and robust hits. A focus on high
ligand efficiency (LE>%>°/LLE;®°), a minimum of 3 fold selectivity over BD1 and CHROMIlogD®! <4 led to
the identification of 13a (Table 1) as one of our preferred hits. Given the molecule contained only 2
aromatic rings and had a BRD4 BD2 derived LE of 0.35 and LLE,; of 0.34, this was an appealing start
point, especially given the level of BRD4 BD2 selectivity was already >10 fold. Whilst 13a contained a
potentially metabolically vulnerable methyl amide warhead, initial microsomal clearance in both rat
and human was <1 mL/min/g tissue. The BD2 selectivity for BRD3 and BRDT was similar for 13a, but
the selectivity profile for BRD2 was somewhat lower and would therefore be monitored as we
optimised this start point. The physicochemical profile was further improved by removal of the Br and
F atoms to give 13b, with no deleterious effect on potency and a large improvement in LLE,r (0.43).
As part of generating an understanding of the key core functionality required for potency and

selectivity, screening of the corresponding 2-pyridone 14a led to 10 fold increase in potency for BRD4
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BD2, albeit accompanied with a similar rise in the BRD4 BD1 potency. Notably, an equivalent potency
and selectivity was observed against BRD2, 3, T BD2, suggestive that this series was capable of
generating pan-BD2 inhibitors. With a BRD4 BD2 derived LE of 0.45 and LLE; of 0.51, this represented
a highly efficient start point to begin optimisation. When the methyl group of the amide was replaced
with an ethyl (14b), a reduction of almost 1 log in potency was observed, together with reduced BD2

selectivity, suggestive that the methyl group plays an important and specific role in the binding of this

template.

Journal of Medicinal Chemistry

Table 1. Structure and Properties of BD2 HTS hit 13a and Optimised Fragments 13b, 14a and 14b.

@@{) 55

mL/min/g tissue)

X=F,Y =Br,13a = Me, 14a
X=Y=H,13b R1 Et, 14b
Compound 13a 13b 14a 14b
BRD4 BD2 / BD1 plCs (n)? 1(6)/4.0 49 (5)/<4.3 5.9(9)/5.1 5.2(4)/4.8(4)
(1°) (5) (9)
BRD2 BD2 / BD1 plCs (n)? 4.6 (6% /4.5 46 (87 /4.8 5.6(8)/4.8 -
(29) (2°) (8)
BRD3 BD2 / BD1 pICs, (n) 2 0(6)/<43 |5.0(4)/48 6.3(4)/4.9 -
(6) (29) (4)
BRDT BD2 / BD1 plCs, ()@ 49(59) /4.4 |47(69/45 |5.7(6)/5.0 -
(2°) (2°) (6)
BRD4 BD2 selectivity (fold) 13 >4 7 3
BRD4 BD2 LE / LLEAr 0.35/0.34 0.37/0.43 0.45/0.51 0.37/0.40
CHROMlogD (pH 7.4) / clogP | 2.6/1.6 1.6/0.6 3.0/0.6 3.7/11
CLNDS (ug/mL) / AMPP >143 /260 >108 /58 78 / 595 -/790
(nm/sec)
Microsomal Cli (rat, hu, 0.76 /0.53 - - -

2 |n all tables, the activity of the inhibitors has been determined using a TR-FRET assay, see
experimental section for details. The average standard deviation for plCsq is 0.1; Palso tested <4.3
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(n=5); calso tested <4.3 (n=2); Yalso tested <4.3 (n=8); ealso tested <4.3 (n=6); falso tested <4.3 (n=1);
8CLND = chemiluminescent nitrogen detection; "AMP = artificial membrane permeability.

There is a wealth of structural information concerning the binding mode of a variety of pan-BET
inhibitors to their target proteins.? %2%4 Indeed, an X-ray crystal structure of 14ain BRD2 BD2 was soon
solved (Figure 2, a) revealing the key interactions. The pendant methyl amide serves as the KAc-
mimetic, its carbonyl oxygen forming hydrogen-bonds to Asn429 and the conserved water network in
an analogous manner to the carbonyl of the acetylated histone. The amide hydrogen-bonds internally
to the pyridone 2-carbonyl oxygen, while its methyl group fills the KAc-methyl pocket. Ligand-efficient
fragments containing related aryl amides have been shown to bind relatively weakly to other
bromodomains in a similar way, but so far these have been limited to examples outside the BET family
such as BAZ2B.% The benzyl group occupies the hydrophobic “WPF” shelf, packing against Val435 and
Trp370. It also contacts a histidine residue (His433) in an edge-to-face interaction. A similar interaction
has been noted between His433 and the shelf group of other inhibitors.*> In BD1 this histidine is
replaced with an aspartic acid residue, and this “Asp/His switch” and the differing interactions of the

shelf aromatic ring as a result could account for the BD2-domain selectivity observed for 14a.

WPF Shelf
(a) /\ T~ (b)

H433

N429

Y386 \
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Figure 2. (a) X-ray Structure of 14a in BRD2 BD2 (PDB 6ZB0) showing key interactions with Asn429
and a network of 5 water molecules, the benzyl group occupies the “WPF” shelf; (b) 14a (green)
overlaid with alternate tool 15 (magenta) in BRD2 BD2 (PDB 6SWP>3) highlighting the additional

vector and interaction with Asn429 utilised by 15.

Despite the excellent efficiency of 14a, the compound remained a relatively weak inhibitor, with a
large increase in BD2 potency required. Amongst the published pan-BET inhibitors, almost all series
gain potency by occupying three key regions of the BET binding site: a potent, often heteroaromatic
warhead which serves as the KAc-mimetic, the WPF shelf and/or the ZA channel. In this case, we
believed we had achieved BD2 bias by starting from a relatively weak non-aromatic warhead and
engaging the shelf of the protein. Whilst the benzylic methylene offered a vector to enter the ZA
channel, this did not lead to the required level of potency and selectivity (data not shown) and an

alternative growth vector was sought.

Table 2. Structure and BRD4 Potency and Selectivity of GSK046 (15).>3 66

Profile 15
BRD4 BD2 plCsq (n) 7.3 (14)
BRD4 BD1 plCsy (n) 4.2 (3?)
Selectivity (fold) 1400

2also tested <4.3 (10)

In parallel to our efforts on this series, a second HTS hit was being elaborated and SAR-driven
optimisation had led to the tool 15 (GSK046, Table 2).>3 % The acetamide warhead of 15 and its “WPF

shelf” benzyl group bound in an analogous manner to 14a, but 15 offered >1000 fold selectivity for

ACS Paragon Plus Environment
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BRD4 BD2 over BD1. The increase in potency and selectivity was believed to be due to the addition of
a second amide substituent entering a cleft in the binding site formed by Leu383, Tyr428 and Asn429
(see Figure 2, b). Additionally, the NH of the C1 amide substituent made a hydrogen bond with the
carbonyl of Asn429 (which also interacts with the warhead carbonyl, vide supra). Comparing the X-ray
structures of bound compounds 14a with 15, we considered that adding an amide group to the 5-
position of the pyridone core may lead to a similar increase in potency and selectivity.

The installation of an amide group at C5 of 14a (cf. Table 1 & 3) delivered potent and highly selective
inhibitors, whilst also improving the physicochemical properties of the series (i.e. lower CHROMlogD
and higher CLND solubility vs 14a). Table 3 shows that increasing the size of the amide from primary
(16, R?2 = H) to a secondary methyl (17, R? = Me) and ethyl amide (18, R? = Et) offers a stepwise increase
in both potency and selectivity compared to 13. 16-18 maintain excellent binding efficiency, with
similar LE values and an increase in LLE,r vs fragment 13. Ethyl amide 18 in particular is close to 100
nM, with >100 fold selectivity and an LE of 0.41 and LLE,; of 0.52. These data validated both our hit
finding approach of starting with a small and efficient fragment, and of working on multiple templates
in parallel during the hit-to-lead phase.

To assess the SAR at R? a range of logical modifications were investigated. For example, branching
of the ethyl amide to iPr (19) was less well tolerated, however, small cyclic alkyl groups proved optimal,
with cPrand cBu (20 and 21) boasting selectivity levels of 200 fold. Larger rings were less well tolerated
(e.g. THP 22). This is in contrast to acetamide 15 (Table 2) and represents divergent SAR between the
series.%® Searching for additional affinity, the effect of growing from the promising ethyl amide was
also investigated; the installation of polarity from the beta-carbon, such as for 23 and 24, was poorly
tolerated with a loss of >3 fold of potency relative to 18. Indeed, branching from this carbon of the
amide was also deleterious (25). Potency could be restored through gamma-branched examples 26
and 27 although this appeared to offer no advantage to the smaller derivatives of similar potency
already identified where both the LE and LLE,; values were significantly higher (cf. 18 and 20). Whilst

a basic amine was not tolerated in example 28, extending the carbon chain further did provide a BRD4
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BD2 potency boost and led to the most selective compounds prepared yet (>300 fold over BD1).

Piperidine 29, expectedly showed poor predicted permeability in an artificial membrane high

oNOYTULT D WN =

throughput assay,®” by virtue of its high basicity, although this was somewhat attenuated in the less-
basic morpholine 30. Nevertheless it was clear that the small and neutral ethyl and cyclopropyl amides
18 and 20 offered the best balance of potency, selectivity and physicochemical properties. Indeed, cPr

analogue 20 had a low clogP and CHROMlIogD, was predicted to be permeable and was soluble in our

high throughput CLND kinetic solubility assay (conducted from DMSO solution).58

Table 3. SAR for the amide vector (R?)

o]
Compound | R? BRD4 BD2 / Selectivity | BRD4 CHROMlogD | CLND
BD1 pICso (n) | (fold) BD2LE | (pH7.4) / (ug/mL)
/ LLExr | clogP / AMP
(nm/s)
16 NH, 6.4(4)/5.1 20 0.42/ 2.0/-0.7 71/ 110
(6) 0.58
17 NHMe 6.8(3)/5.1 50 0.42/ 2.4/-0.5 >118/
(3) 0.56 130
18 NHEt 6.8(5)/4.8 | 120 041/ |3.0/00 >144 /
(4°) 0.51 245
19 NHiPr 6.2(3)/5.0 15 0.35/ 3.6/0.3 >136/
(1%) 0.44 330
20 NHcPr 7.1(16)/4.8 | 220 040/ |[3.1/0.1 >154 /
(14) 0.51 200
21 NHcBu 7.0(8)/4.7 220 0.39/ 3.8/04 28 /427
(5 0.47
22 " H 6.6(4)/4.9 60 0.34/ 2.8/-0.9 174/
= (3) 0.49 110
0]
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23 NH(CH,),0Me 6.2(4)/51 |10 034/ [27/-03 >164 /
(3) 0.46 110
24 NH(CH,),0H 6.2(4)/47 |30 035/ |1.9/-1.1 >140 /
(3) 0.52 22
25 . Hvk 6.3(3)/<43 | >100 034/ |43/10 43/510
~N (3) 0.40
26 N 6.9(3)/45 | 210 036/ |4.8/15 10/ 530
-, VY (3) 0.39
27 N 6.7(3)/4.6 | 120 031/ [3.6/03 >127/
X (3) 0.41 170
o)
28 . K 46(3)/<43 | >2 022/ |1.6/03 >146 /
= \/\O (3) 0.32 <3
HCl >N
H
29 s 5 7.8(3)/52 | 370 036/ |2.0/08 156 / <3
= vH\O (3) 0.43
HCl >N
H
30 N 2 4 7.7(2)/51 | 340 035/ |1.4/-06 >194 /
> \/H\[ j 2) 0.48 15
N
H

a3lso tested <4.3 (n=1); Palso tested <4.3 (n=2); also tested <4.3 (n=3)

20 was soaked into the BRD2 BD2 construct and bound as shown in Figure 3, a. In addition to the
interactions of the KAc mimetic and shelf groups, already described for 14a, the additional hydrogen
bond between the amide NH and Asn429 that we had hoped to engage, was indeed observed. The cPr
group shows excellent shape complementarity with a narrow groove created by His433 and Pro430
on one side and Tyr428 and Leu383 on the other (Figure 3,b). This may explain why larger groups in
this position are less well tolerated. The origin of BD2 selectivity arises from residue differences
between BD1 and BD2 as highlighted in Figure 3, d. The key residue changes are His433 and Pro430
(BRD2 BD2 numbering) to Asp144 and Lys141 (BRD4 BD1 numbering). Both changes affect the shape

of the groove that the cyclopropyl group occupies. As described earlier, in BD2 His433 makes a key
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edge-to-face interaction with the shelf benzyl group. In addition, the tight-packed arrangement of the
cyclopropyl amide and His433 adds significantly to the surface area of this residue buried by 20. The
combination of all these positive interactions which are absent in BD1 are likely to drive the observed

selectivity.

Figure 3. (a) Key interactions of GSK620 (20) with BRD2 BD2 (PDB 6ZB1, cyan); (b) GSK620 shown
with the protein surface representation of BRD2 BD2; (c) Key interactions of GSK620 (20) with BRD4
BD1 (PDB 6ZB3, white); (d) Overlay of GSK620 (20) in BRD2 BD2 (cyan) and BRD4 BD1 (white)

providing a rationale for the domain selectivity.

It is important to realise that this “Asp/His switch” involves conformational differences as well as an

amino acid exchange. In BRD2 BD2, His433 points towards the KAc site and the bound inhibitor 20,
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whereas in BRD4 BD1 the equivalent Asp144 sidechain points away (Figures 3 a,c). This is consistent
with systematic differences found in deposited Protein Data Bank crystal structures, where the BET
BD1 domain aspartic acids typically lie in gauche(+) chil rotameric states while the BD2 histidines are
predominantly seen in the trans rotamer with minor gauche(+) components (Figure S3 e-g, Supporting
Information). In this conformation, the imidazole of BRD4 His433 is able to accept a helix-capping
hydrogen-bond from the Val435 backbone NH. In BRD4 BD1, the Asp144 sidechain forms a conserved
hydrogen-bond with the free backbone NH of Lys141, perhaps explaining the prevalence of its
gauche(+) conformation. The substitution of Lys141 for Pro430 in BRD2 BD2 makes this interaction
impossible and may sterically restrict the loop, encouraging the histidine to lie in its trans
conformation. The Asp144/Lys141 and His433/Pro430 combinations are conserved in all BET BD1 and
BD2 domains (Figure S3 d, Supporting Information) so this rationalisation of BD2 over BD1 selectivity
extends across the family.

The potency and physicochemical properties of amides 18 and 20 looked highly promising and
indeed the CLND solubility was towards the maximum limit of the high throughput assay for the vast
majority of analogues. However, upon crystallisation of cPr amide 20 [confirmed by X-Ray Powder
Diffraction (XRPD) analysis] and evaluation of its fasted-state simulated intestinal fluid (FaSSIF)
solubility, a far more relevant end point for an orally-targeted inhibitor, its solubility was only
moderate (13-35 pg/mL, Table 4). Given the attractive physicochemical space occupied by this
inhibitor, it was likely this low solubility was being driven by its highly crystalline nature. To investigate
this further, a small molecule crystal structure was determined for 20 (Figure 4, a). The Me-amide
group forms an intramolecular N-H~O hydrogen bond with the pyridone oxygen atom, 014. The cPr-
amide forms an intermolecular N-H-O hydrogen bond with the oxygen atom of the Me-amide, O16.
These intermolecular hydrogen bonds between the two pivotal amides connect molecules of 20 into
columns (Figure 4, b) that extend in the direction of the crystallographic b-axis. There are no pi-
stacking interactions in this structure. Given the amide groups of 20 make important hydrogen bonds

to the BD2 domain and were therefore considered non-replaceable, we interrogated the other
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proximal interactions within the small molecule crystal structure. It was noteworthy that the benzylic
methylene resided in close proximity to the carbonyl oxygen of the cPr-amide in an adjacent molecule,
whilst the 6-position of the pyridone core also sits close to the same CH of its neighbour (Figure 4, c).
We hypothesised that adding substituents to these positions may be sufficient to disrupt the packing
and lead to increased solubility. As shown in Table 4, this hypothesis proved correct and crystalline
(by XRPD) single enantiomer 31, not only showed a markedly increased FaSSIF solubility of 815 pg/mL,
but was well tolerated in terms of potency and selectivity. Interestingly, further additions to the cleft
region offered no advantage to 20 and 31 in terms of potency or selectivity. Unfortunately, whilst
crystalline (by XRPD) 6-methylpyridone 32 also had an excellent FaSSIF solubility, this substituent

impacted binding at BD2, with a low BRD4 BD2 plCs, of 5.7 resulting and was not progressed further.
Table 4. The Potency, Selectivity and Solubilities of Methylated Derivatives of 20

R3=H, R4=H,20

o)
Ny Rs=Me, Ry=H, 31
N .~ N

W R3=H, R4=Me,32

R; R, O
Compound 20 31 32

BRD4 BD2 / BD1 plCs, (n) 7.1(16)/4.8(14) |7.1(4)/4.9(4) |5.7(5)/<4.3(4)
BRD4 BD2 Selectivity (fold) 220 170 >30
CHROMlogD (pH 7.4) / clogP 3.1/01 3.5/04 29/0.2

CLND? (pg/mL) / AMP® (nm/s) >154 /200 >168 / 300 >126/ 110
FaSSIFe (ug/mL) 13-35 815 577

aCLND = chemiluminescent nitrogen detection solubility; PAMP = artificial membrane permeability;
¢FaSSIF = fasted state simulated intestinal fluid solubility
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Figure 4. (a) A view of a molecule of 20 from the crystal structure, showing the numbering scheme
49 employed. Anisotropic atomic displacement ellipsoids for the non-hydrogen atoms are shown at the
51 50% probability level. Hydrogen atoms are displayed with an arbitrarily small radius. (b) Molecules of
53 20 forming part of a hydrogen bonded column within the crystal structure. Hydrogen bonds are
displayed as dashed lines with the donors and acceptors labelled. (c) Packing plot of the crystal

58 structure of 20 viewed down the crystallographic b-axis showing the close proximity of the benzylic
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methylene and 6-pyridone hydrogens to an adjacent molecule (circled). Hydrogen bonds are displayed

as dashed lines with the donors and acceptors labelled.

Further profiling of 20 and 31 will be discussed subsequently, but it was also important to evaluate
the SAR of the shelf region of the template. Due to its key role in BD2 binding, further affinity may be
possible in this region, whilst diversity could also be valuable for physicochemical properties and
metabolic stability. As shown in Table 5, the replacement of the phenyl ring of 20 with cyclohexyl 33
was tolerated. Given the edge-to-face interactions observed for 20, this was somewhat surprising —
but later rationalised by crystallography: the cyclohexyl ring adopts a different conformation to the
phenyl group and packs nicely against the tryptophan. Unfortunately, capitalising on this observation
was problematic. Cyclohexyl 33 itself offered no benefit in terms of lipophilicity (CHROMlogD = 4 vs
3.1 for 20) and attempts to insert polarity either onto or into this ring led to a significant reduction in
potency (e.g. THPs 34-36). It would have been similarly desirable to increase the polarity of the
aromatic ring, but unfortunately pyridyls 37-39 showed a 10 fold reduction in potency, with no obvious
means of obtaining this back elsewhere in the inhibitor. A range of electron withdrawing groups (EWG)
and electron donating groups (EDG) were then prepared but as 40-46 show, the potency and
selectivity SARs were flat with no compound offering an advantage in these terms over the
unsubstituted lead 20. The incorporation of a 3-CN group (47) proved detrimental, whilst in contrast,
the addition of solubilising groups such as secondary alcohol 48, or morpholine 49 were well tolerated
and led to a large increase in FaSSIF solubility. Morpholine 49 had sub-optimal in vitro clearance data
in rat (14.7 mL/min/g tissue), however alcohol 48 was worthy of further evaluation and will be
discussed further alongside our other preferred inhibitors.

The addition of a meta-aniline (50) appeared to offer a small selectivity advantage over 20. Hoping
to capitalise on this observation and given that a free aniline was not desired from a genetic toxicity
viewpoint,®® it was hypothesised that bicyclic motifs bearing an appropriate H-bond donor at this
position were worthy of investigation. Cyclisation of the meta- and para-positions to provide

benzimidazole 51 showed a reduction in potency relative to aniline 50, however cyclisation of the
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ortho- and meta-positions looked more encouraging, with benzimidazole 52 equipotent to the aniline.
Preparation of regioisomeric indazoles 53 and 54 was also tolerated, though in both cases selectivity
was reduced relative to the benzimidazole. Benzofuran 55, lacking any H-bond donor was only
moderately potent and selective. This was in contrast to indole 56 which was not only 3 fold more
potent at BRD4 BD2 than any other example tested, but also exquisitely selective versus BD1 (>1000
fold). Interestingly, the same potency increase was not observed with regioisomeric indole 57. A
crystal structure in BRD2 BD2 for 56 was solved and provided a rationale for its high potency. As shown
in Figure 5, the indole group, as expected, still occupies the WPF shelf. However, the additional pi-
system of the pyrrole ring now appears to engage in a more optimal edge-to-face interaction with
His433 (which remains in the same place as observed for 20 (Figure 3). The NH of the indole also makes

a through water H-bond with Asp434. It is hypothesised that it is this combination of interactions

:

which drives the additional BD2 potency of 56.

Figure 5. X-ray Structure of 56 in BRD2 BD2 (PDB 6ZB2) showing: (a) the key interactions with
His433, Asp434 and Trp370 on the WPF shelf; (b) the binding mode with a surface to highlight its

optimal position on the WPF shelf.

Given the excellent potency of 56, it was postulated that further polarity might be able to be
incorporated in the Ph ring. 5-aza-indole 58 was prepared and whilst a 1 log drop-off in biochemical

potency was observed (in accord with 0-37 vs 20), 58 still had a reasonable potency / selectivity profile,
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given the highly polar nature of the compound. Finally, to understand the effect of the second pi-
system on the enhanced potency of indole 56, the corresponding indoline 59 was prepared. In this
instance, 3 fold potency was lost versus BD2, supporting the binding hypothesis in Figure 5, that the
extended pi-system, as well as the meta-hydrogen bond donor, has a role in the high potency of 56.

Nevertheless, given indoline 59 has one less aromatic ring, has a reduced CHROMIlogD of 2.1 (vs 3.1

for 20 and 2.9 for 56), and a BD2 selectivity of 415 fold and an enhanced solubility, this analogue was

also worthy of further investigation.

Table 5. SAR for the “WPF shelf” vector (Rs).

(@]
CLND
L
BRD4 BD2 / y CHROMIog | H8/MY)/
Selectivity FaSSIF
Compound R, Rs BD1 plCso D (pH 7.4)
(n) (fold) / clogP (ng/mL) /
AMP
(nm/s)
7.1(16)/ >154 / 13-
20 NHcP Ph 220 3.1/0.1
T 4.8 (14) / 35 /200
7.0(8)/4.7 28 /24
21 NHcBu | Ph &)/ 220 3.8/0.4 /24/
(5?) 427
6.9 (3)/5.0 >148 / -
33 NHcPr cHex (3)/ 85 40/1.3 /-1
(3) 190
6.4(3)/4.5 >149/-/
-34 70 2.6/-0.5
o3 (1%) / 46
O/j 5.6(3)/ 4.4 >131/-/
- NHcP 14 20/-1.1
m-35 cPr k/\ (19) 0/ s
5.5(3)/4.6 >165/-/
-36 10 1.5/-1.1
P 3) / 12
0-37 NHcBu 59(3)/ >40 22/-1.1 2103 /920
<4.3 (3) ' ' /51
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CLND
L
BRD4 BD2 / y CHROMIog | (H&/MY)/
Selectivity FaSSIF
Compound R, Rs BD1 plCso D (pH 7.4)
(n) (fold) / clogP (ug/mL) /
AMP
(hm/s)
6.0 (3 >99 / 189
m-38 Nﬂ (3)/ >50 1.8/-1.1 /189/
&\, <4.3(3) 130
5.6(3)/ >118 /121
-39 >20 1.7/-1.1
P <4.3 (3) / / 130
6.9(3)/4.8 >145 / 88
0-40 (3)/ 120 3.0/0.2 /88/
(3) 220
F
6.9 (4) /4.7 >133/31
m-41 NHcPr = | 3 @/ 170 3.2/0.2 200 /31/
) (3)
’ 7.1(5)/5.0 >162/84/
-42 120 3.2/0.2
p (4) / 300
7.2(5)/4.8 >205 / 88
m-43 Me 51/ 250 3.6/0.6 /88/
P (49) 440
NHcPr |
o 7.0(3)/5.0 24/11/
-44 . 100 3.5/0.6
P 2t 3) / 350
6.8(4)/ 4.4 79 /582
m-45 OMe @/ 240 3.0/0.0 /582/
p (19 220
NHcPr |
sl 7.0 (4) /4.7 >143 / 263
-4 g 190 3.0/0.0
p-48 X (4) / /220
CN
6.1(5)/ 4.4 >148 / -
47 NHcPr @\ (zb)( )/ 50 26/-05 | /-1
OH
7.0(4)/ 4.1 >131/ 495
48 NHcPr 5\ (23)( 11411 650 22/-06 |3, /
N/\
7.0(3) /4.1 >185 / 887
49 NHcPr K/O (23)( )/ 800 2.3/0.2 /68 /
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CLND
L
BRD4 BD2 / y CHROMIog | (H&/MY)/
Selectivity FaSSIF
Compound R, Rs BD1 plCso D (pH 7.4)
(n) (fold) / clogP (ug/mL) /
AMP
(nm/s)
NHMe
7.2(3)/4.6 >155 /-
50 NHcBu (3)/ 450 3.6/-0.1 /-1
p (29 430
51 NHCPr 6.6(4)/4.4 180 12/-05 >163 /225
(2°) ' ' /<3
/<Me
HN
\
7.3(4)/ 44 >198 /-
52 NHcPr N @/ 800 1.5/-0.2 /-1
(4) 24
7.1(3)/45
53 NHcPr (1b)( )/ 390 15/-04 |10/4/38
6.8(3)/ >181/131
54 NHcP >320 2.2/-0.4
o <4.3 (3) / /190
6.9(4)/4.4 >110/ 74
55 NHcPr @)/ 300 3.4/0.6 /741
(4°) 410
7.8(8)/4.7 78 /17-23
56 NHcPr ®)/ 1150 29/0.1 /
; (8) /178
NH
7.0(3)/4.6 >144 /11 /
57 NHcP 200 3.7/0.1
T , (39) / 480

ACS Paragon Plus Environment

Page 20 of 101



Page 21 of 101

oNOYTULT D WN =

Journal of Medicinal Chemistry

CLND
L
BRD4 BD2 / y CHROMIog | (H&/MY)/
Selectivity FaSSIF
Compound R, Rs BD1 plCso D (pH 7.4)
(n) (fold) / clogP (ug/mL) /
AMP
(nm/s)
6.7 (4)/
58 NHcP >230 1.7/-09 |73/-/7
o <4.3 (4) / /-1
HN
7.2(7)/ 4.6 >184 / 100
59 NHcP 415 2.1/-0.3
o ., (4) / / 140

aalso tested <4.3 (n=3); Palso tested <4.3 (n=2); calso tested <4.3 (n=1)

With the desired level of potency and selectivity in hand, and having controlled the
physicochemical properties closely (lipophilicity, permeability and solubility) a diverse set of optimised
inhibitors remained. In search of an orally bioavailable molecule, a selection of lead compounds were
evaluated for their pharmacokinetics in vivo. Before committing to such studies, all compounds were
evaluated in vitro using isolated hepatocytes. As indicated in Table 6, the ethyl and cPr amides 18 and
20 have low measured in vitro Cl; in hepatocytes for rat, human and dog (all <1 mg/mL/g tissue). This
translated into low in-vivo clearance for both compounds in the rat and when dosed orally, excellent
oral bioavailability. Given 20 had slightly superior selectivity, this example was also profiled in the dog,
with a blood clearance (Cl,) of 2 mL/min/kg and an oral bioavailability (F%) of 57. It was also notable
that both compounds had high free fractions in rat and dog, illustrating that unbound clearances are
also low and high free blood concentrations in vivo are achievable.”® A number of the more selective
biaryl shelf examples were also profiled. Whilst indazole 53 had raised Cl, in vivo (in contrast to its in
vitro rat profile) and poor oral bioavailability (likely driven by poor absorption), the highly selective
indole 56 and indoline 59 both had low/moderate rat Cl, of 23 and 16 mL/min/kg respectively. In the
case of indoline 59 this translated into an oral bioavailability of 53%. Whilst the oral leg of the rat study

for 56 was run in a different species (female Lewis) and so the bioavailability cannot be calculated, 56
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also had good oral exposure as shown by an AUC/D of 23.6 min.kg/L. Finally, two examples where
increased FaSSIF solubility had been achieved were tested. Secondary alcohol 48 unfortunately
showed high Cl, in rat in vivo, which correlated with raised in vitro clearance in hepatocytes in that
species. Interestingly, this compound is predicted to have low clearance in dog and human, however,
given the improved rat Cl,, profile of other analogues, this was not tested further. Finally, the addition
of the methyl group to the benzylic methylene to provide 31 unfortunately resulted in high rat Cl,.
Overall, the excellent pharmacokinetics of 20, together with the enhanced potency and selectivity of

56 allowed us to select these as our two preferred BD2-selective and in vivo capable tools.

Table 6. The pharmacokinetic profile of selected BD2 inhibitors following intravenous infusion and

oral administration in the Male Wistar Han Rat and Beagle Dog

Compound | Species | Hepatocyte | Dose CL, Ve t, Foo fu,
o v /oot | k) | ) | oa
(mL/min/g | (mg/kg)
tissue)
Rat 0.95 1(1)/3(3) 12 0.8 1.1 | 67 0.16
20 Human | <0.45
Dog <1.26 0.5(1)/1(1) 2 1.0 5.7 | 57 0.38
Rat <0.80 1(3)/3(3) 12 0.8 0.6 | 104 0.16
18 Human | <0.87
Dog <1.26
Rat <0.80 1.5(1)/3(3) 42 1.2 04 |14 0.22
>3 Human | <0.45
Rat 1.70 1(1)/10(3%) |23 1.3 0.8 | ND? 0.18
56 Human | <0.45
Dog <1.26
Rat <0.80 1(1)/3(3) 16 0.9 0.6 | 53 0.53
59 Human | <0.45
Dog <1.26
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Rat 3.0 1.4(1)/- 74 1.7 04 |- 0.48
48 Human | <0.45

Dog <1.26

Rat 1.50 1.4(1)/- 72 1.6 04 |- 0.27
31 Human | <0.87

aF% cannot be calculated as po dosing carried out using alternate female Lewis rat strain, po AUC/D
=23.6 min.kg/L.

Chemistry

In order to synthesise this series of analogues, a plan was envisaged which commenced from
commercial pyridone 60 (Scheme 1). To vary the R? amide substituent, the R3 = benzyl “shelf” group
can be installed at an early stage. Accordingly, selective N-benzylation and a subsequent two-step
process converts the ester into the corresponding methyl amide 61 in 66% yield for the three steps.
At this stage, two alternate routes were utilised in parallel. Bromide 61 can be carbonylated either in
the presence of 2,4,6-trichlorophenyl formate using palladium acetate and xantphos catalyst-ligand
system.”* The resultant activated ester 62 is formed in 87% yield and can be easily displaced by the
desired amines in the presence of catalytic DMAP and triethylamine in THF at 45 °C to form analogues
16-17, 19, 21, 25-27 and 63. Alternatively, carbonylation under similar palladium-catalysed conditions
(Pd(OAC),, dppb) but using carbon monoxide and EtOH affords the ethyl ester.”? This transformation
can be practically carried out on a small scale using a balloon of CO. However, we were able to scale
this reaction using a Parr reactor vessel purged with CO to 50 psi and heated to 100 °C overnight. This
approach delivered >20 g of this key intermediate. After sodium hydroxide-mediated hydrolysis, this
provided carboxylic acid 64 in 75% vyield over the two steps. Whilst both processes were similarly
effective, employing 2,4,6-trichlorophenyl formate, which itself had to be prepared in a single step,
was less atom efficient than preparing the ethyl ester. Finally, carboxylic acid 64 could be converted

to the desired amides 18, 20, 22-24 and 65-66 using a HATU-mediated amide coupling in either DMF
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or DCM. For piperidine and morpholine containing analogues 63, 65 and 66 a subsequent Boc-
deprotection step was required to afford the final free amines 28-30.

For analogues where the R3 shelf group needed to be varied, direct aminocarbonylation was
utilised which meant only a single step was required after the different R3 diversity had been installed.
As such, methyl ester 60 could be converted to the corresponding methyl amide 67 in a single step
with an excess of methylamine in refluxing THF in 44% yield. A variety of R3 groups (68-81) could then
be incorporated via N-alkylation of the pyridone using potassium carbonate and heating in either DMF
or MeOH. Finally, the key aminocarbonylation step directly installs the amide using dicobalt
octacarbonyl as the CO source, in the presence of palladium acetate and either Xantphos or CataCXium
A as the ligand.”® The reaction was normally conducted under microwave irradiation in the presence
of DMAP, in 1,4-dioxane at 75 - 80 °C and delivers the final compounds (33-36, 40-44, 46-47 and 53-
54) in low to moderate yield. Indole 57 was prepared as its N-tosyl derivatives 82 and the final inhibitor

was obtained by deprotection with cesium carbonate in MeOH / THF at 70 °C.

ACS Paragon Plus Environment

Page 24 of 101



Page 25 of 101

oNOYTULT D WN =

Journal of Medicinal Chemistry

S ey

xi ForR=H ForR=)i©
iv-v Vi cl cl
| Hlll o)
HN.__O
o)
X
T T
/ ~
R® N R
NI gy
68-81 "
S when:
i} R H (64) / \ { 62)
Xl ,
viii C| Cl
|
HN.__O HN o) HN o)
O X O X O X
5 H H
RS_N._A_N N N AN N
o) ; o) o)
33-36, 40-44, 46, 47, 18, 20, 22-24, 16, 17, 19, 21,
53-54, 82 65-67 25-27, 63
82 65, 67 _ 63
Xl X IX
e [ 2820 w0

i. NaH, DMF/THF (1:1) 0 °C, 30 min, then BnBr, 0 °C to rt, 2 h (89%); ii. LiOH, THF/H,0/MeOH (1:1:1),
rt, 2 h (78%); iii. (COCI),, DMF (0.5 mol%), DCM, rt, 2 h, then MeNH, (2M in THF), Et;N, THF, 0°C, 1.5 h
(95%); iv. Pd(OAc), (10 mol%), dppb (10 mol%), EtsN, EtOH, DMSO, CO, 100 °C, 50 psi, 16 h (94%); v.
NaOH, MeOH/THF (1:1), rt, 2 h (80%); vi. Pd(OAc), (5 mol%), Xantphos (10 mol%), Et;N, toluene, 80
°C, 20 min, then 2,4,6-trichlorophenyl formate 80 °C, 2.5 h (87%); vii. R2NH,, HATU, DIPEA or Et;N,
DMF or DCM, rt, 2 h; viii. R2NH,, DMAP (0.2 eq.), EtsN, THF, 45 °C, 3 h; ix. TFA, DCM, rt, 1 h; x. MeNH,
(2M in THF), THF, reflux, 23 h (44%); xi. K,CO;, R3CH,Br, MeOH or DMF, 65 — 90 °C,; xii. cPrNH,,
Co,(CO)s, Pd(OAc),, xantphos or cataXium A, DMAP, 1,4-dioxane, pw 75 — 80 °C; xiii. Cs,CO;,
MeOH/THF (1:2), 70°C, 1 h (41%).

Scheme 1. Divergent synthetic routes for the variance of R? and R3

Variations of this synthetic route were followed for additional analogues 37-39, 48-52, 55-56,
58-59 as detailed in Scheme 2. The key advantage to this alternative approach was the use of pyridone
O-alkylation as a protecting group strategy to allow preparation of advanced amides 86-88, allowing

for a late stage introduction of the R3 “shelf” substituent either by Mitsunobu or alkylation chemistry.
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Overall, this late stage diversification was attractive for analogue synthesis, especially where the shelf
substituents required bespoke preparation. Additional late stage functional group interconversions
were required to afford alcohol 48 and morpholine 49 as detailed in Scheme 2. Whilst this route was
excellent for R3 diversification it is less step efficient than the Scheme 1 route for scale up.

Finally, separate synthetic routes were utilised to prepare 6-methylpyridone 32 and benzylic-
methyl derivative 31. Their preparation is outlined in Scheme 3 and 4. 6-Methylpyridone 32 was
prepared from known intermediate 9474 in 4 steps using similar chemistry to that already discussed.
On the other hand, pyran 96 was used as a novel start point for the preparation of pyridone 31, and
allowed the commercial (R)-1-phenylethanamine to be used as the source of the chiral methyl group.
Furthermore, selective bromination of the resultant pyridone 97 provided the functional handle to

allow access to the carbonylation chemistry already discussed.
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HO. _O
i-iii
- MeO
N N |
HN_~ N~ N> g,
R=Me, 84 R=Bn,85 83
| |
HN.__O HN. O
XV-XVi iv-vi
0 X - ~0 X H
HN.__~ O HN.__~ N\R2
o) o)
86 R2 = cPr, 87
R2 = cBu, 88
XVii-XiX v!!.or
Vil
| |
HN_ _O HN_ _O
O X O X H
RS N_—~ H RS N_—~ N
N W N \R2
o) o}
45 37-39, 50-51,
55, 58, 89-93

ix-x’: Z: Xi-Xii ’: jg
91, 92 ) 93
xiii l: 52, 59 XIV’: 56

Reagents and conditions: i. BnBr, Ag,CO;, CHCl;, reflux, 16 h (67%); ii.LiOH, THF/MeOH (1:1), rt, 2 h
(94%); iii.. (COCI),, DMF (0.5 mol%), DCM, rt, 2 h, then MeNH, (2M in THF), THF or 2-MeTHF, rt, 6 h (54-
95%); iv. Pd(OAc), (5 mol%), Xantphos (10 mol%), Et;N, toluene, 80 °C, 20 min, then 2,4,6-
trichlorophenyl formate 80 °C, 2-18 h (57%); v. RZNH,, Et;N, DMAP (5 mol%), THF, 45 °C, 45 min — 16
h (85-86%); vi. TFA, 80 — 90 °C, 1 h (83-99%); vii. CMTP, toluene, pw 120 °C, or DIAD, PPh;, toluene, rt,
3-24 h viii. K,CO;, THF or DMF, rt — 50 °C; ix. MeMgBr (3M in Et,0), THF, -78 °C, 45 min (43%); x. chiral
separation (Chiralpak AD-H); xi. DMP, DCM, 0 °C —rt, 48 h (quant.); xii. morpholine, Et;N, DCM, rt, 45
min, then STAB, rt 24 h (25%); xiii. TFA, DCM, rt, 30-90 min (80%) or HCI, IPA, rt, 3 days (48%);

xiv.Cs,C0O;, MeOH/THF (1:2), 70 °C, 1 h (68%); xv. Pd(OAc), (5 mol%), Xantphos (6 mol%), Et;N, MeOH,
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DMF, 60 °C, 21 h (60%); xvi. Nal, MeCN, rt, 16 h (25%); xvii. K;CO3, DMF, 90 °C, 1 h (67%); xviii. LiOH,

1,4-dioxane / water (1:1), rt, 30 min (90%); xix. R2NH,, HATU, DIPEA, DMF, rt, 7 h (quant).

Scheme 2. Alternative routes for the preparation of pyridone analogues

0._0 HN (0] HN O
O N 1= O N n-v (o) X !
HN O N O N AN,
Me O Me O Me O
94 95 32

Reagents and conditions:i. K,CO3, BnBr, DMF, 40 °C, 4 h (35%); ii. MeNH, (2M in THF), MeOH, 50 °C, 30
min (82%); iii. LIOH, 1,4-dioxane / water (1:1), rt, 1 h 45 min (99%); ,iv. cPrNH,, HATU, DIPEA, DMF, rt,

1 h (74%).

Scheme 3. Preparation of 6-methylpyridone 32

I HN HN.__O
0. .0 | 0.__0 (0]
i jii-iii iv-vi
o > O xy ——— 0) o X

= NN

o~ Y B H \ /
z = = (o)
96 97 98 31

Reagents and conditions: i. (R)-1-phenylethanamine, DMF / THF (1:4), rt, 30 min, then EDC, DMAP (6
mol%), rt, 64 h (75%); ii. NBS, 2-MeTHF, rt, 15 min; iii. MeNH, (2M in THF), MeOH, 50 °C, 90 min (78%,
2 steps); iv. Pd(OAc), (10 mol%), Xantphos (7 mol%), EtsN, MeOH, DMF, 60 °C, 4 h (60%); v. NaOH,

MeOH / H,0, rt, 16 h (90%); vi. cPrNH,, HATU, DIPEA, DMF, rt, 1 h (89%).

Scheme 4. Homochiral preparation of pyridone 31

CONCLUSION

In summary, we have described the lead optimisation of a weak fragment-like hit into a range of
potent pan-BD2 selective inhibitors, possessing excellent physicochemical properties and with
selectivities from 200 - >1000 fold. Analogues 20 (GSK620) and 56 (GSK549) were selected for further

profiling and as shown in Table 7 both compounds show agreement in their selectivity for all BET
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family members (BRD2, BRD3, BRD4 and BRDT BD2 vs BD1), with indole 56 maintaining its extremely
high selectivity against BD1 for the other family members. This illustrates the high sequence homology
between the BD2 domains of these 4 proteins. Both 20 and 56 were evaluated using a BET surface
plasmon resonance (SPR) assay.”> Here, the same mutant protein constructs are used as for the FRET
assay, but binding affinity can be assessed. Pleasingly, both compounds were similarly potent and
selective as observed in the FRET assay. The selectivity of 56 was also evaluated against the wider
bromodomain family using the DiscoverX BromoScan screening platform. As illustrated by Figure 6
and Supplementary Table S12, 20 is highly selective for the BET-BD2 family of proteins with >200 fold
selectivity over all other bromodomains. Both 20 and 56 have also been profiled against a range of
known liability targets as shown in Supplementary Table S13 and both show minimal activity against
all targets tested. 20 is also Ames’ and mouse lymphoma assay (MLA)”778 negative, whilst both
compounds showed low levels of inhibition against indicators of hepatoxicity such as the bile salt
export pump (BSEP) assay (pIC50 <3.7 for 20 and 4.3 for 56).”° They were also negative in the
glutathione (GSH) trapping assay®® and both showed no toxicity in the cell health evaluation of hepG2
cells against three end points. Both 20 and 56 do not have a CYP3A4 metabolism-dependant inhibition
(MDI) or direct inhibition liability as tested in house and for 20 this was confirmed in an external time-
dependant inhibition (TDI) assay at high concentration.8-82 These data are particularly encouraging
for the unsubstituted indole as this is often implicated in toxicities caused by reactive metabolites,??

though at least in our in vitro screens, this has not been observed to date.

Table 7. Profile of Lead Compounds 20 (GSK620) and 56 (GSK549).

Compound | |

VAN Y

20 56
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BRD4 BD2 / BD1 pICs (n)

7.1(16)/ 4.8 (14)

7.8(8)/4.7 (8)

BRD2 BD2 / BD1 plCs (n)

6.5(20) / 4.6 (13?)

7.2(9)/<4.3(11)

BRD3 BD2 / BD1 plCs, (n)

7.1(16) / 4.6 (6°)

7.8 (10) / 4.7 (49)

BRDT BD2 / BD1 plCs (n)

6.7 (18) / 4.6 (99)

7.4(12) /4.7 (12)

BRD4 BD2 Selectivity (fold)

220

1150

BRD4 BD2 LE / LLE,;

0.40/0.51

0.40/0.50

BRD4 BD2 / BD1SPR pKy(n) | 7.3(1)/5.0(1) 7.6(1)/5.1(2)
LPS stim. hWB plCs, (MCP-1) | 6.1 (8) 6.8 (4)

CHROM IlogD (pH 7.4) / clogP | 3.1/0.1 2.9/0.1

CLND (pg/mL) / FaSSIF >154 / 13-35 78 /17-23
(ug/mL)

AMP (nm/sec) 200 178

Hepatocyte Cli (rat / hu /
dog)

0.95/<0.45/<1.26

1.66 /<0.45 /<1.26

CYP3A4 plCs, (MDI shift) <4.4(5)/1.0 <4.4(5°) /1.0
Cyprotex CYP3A4 plCsy / TDI | <3.7 /ND -

shift

hERG plCso <4.3(7) <4.3(8)
Ames / MLA Negative ND

GSH trapping / BSEP plCsg

Negative / <3.7 (2)

Negative / 4.3 (2)

Cell health HepG2 plCsq
(nuc. morph / Mit. pot. /
Mem. perm.)

<3.7(2)/<3.7(2)/<3.7(2)

3.7(19)/<3.7(2) / <3.7 (2)

a3lso tested <4.3 (n=8); also tested <4.3 (n=10); calso tested <4.3 (n=9); %also tested <4.3 (n=6); calso

tested 5.5 (n=1); falso tested <3.7 (n=1).
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Figure 6. BromoScan profile of 20 (GSK620).

Overall, both 20 and 56 are potent and selective pan-BD2 inhibitors with excellent in vivo PK
properties and excellent developability properties, with the exception of moderate FaSSIF solubility
driven by their highly crystalline nature. Importantly,
phenotype in human whole blood as shown in Table 7. Here, human blood samples are stimulated
with lipopolysaccharide (LPS) which produces a strong immune response. In this assay the monocyte
chemattractant protein 1 (MCP-1 / CCL2) is measured. This is a chemokine which recruits monocytes,
memory T cells, and dendritic cells to sites of inflammation.®* Herein, we show that highly BD2
selective compounds 20 and 56 are capable of reducing the MCP-1 response in a concentration-

dependant manner with (an expected) ~1 log drop off in potency relative to the biochemical BRD4

PHIP (d1)

(@) o ewp1wDRS {d1}
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BD2 potencies observed, providing strong evidence that 20 and 56 are indeed engaging BD2 in cells.
Indeed, these data in concert with the differing selectivity profiles of the two compounds and their
excellent pharmacokinetics, make them excellent tools for in vitro and in vivo evaluation of the
phenotype associated with pan-BD2 inhibition. A detailed comparison of the functional contribution
of the BD1 and BD2 bromodomains has recently been disclosed.>® This compared the efficacy of 20
alongside structurally differentiated BD2 inhibitor 15 (GSK046) and BD1 selective tool, 7.4 Highlighting
the utility of 20 as an in vivo tool, efficacy was observed in separate models of inflammatory arthritis,
psoriasis and hepatitis. Together these data demonstrate that BD2 inhibitors are effective in models
of inflammatory and autoimmune disease, opening up an exciting possible new therapeutic approach

against these pathologies.

General Experimental

Unless otherwise stated, all reactions were carried out under an atmosphere of nitrogen in heat or
oven dried glassware and anhydrous solvent. Solvents and reagents were purchased from commercial
suppliers and used as received. Reactions were monitored by thin layer chromatography (TLC) or liquid
chromatography-mass spectrometry (LCMS). TLC was carried out on glass or aluminium-backed 60
silica plates coated with UV,s, fluorescent indicator. Spots were visualized using UV light (254 or 365
nm) or alkaline KMnO, solution, followed by gentle heating. LCMS analysis was carried out on a Waters
Acquity UPLC instrument equipped with a CSH C18 column (50 mm x 2.1 mm, 1.7 um packing
diameter) and Waters micromass ZQ MS using alternate-scan positive and negative electrospray.
Analytes were detected as a summed UV wavelength of 210 — 350 nm. Three liquid phase methods
were used: Formic — 40 °C, 1 mL/min flow rate. Gradient elution with the mobile phases as (A) H,0
containing 0.1% volume/volume (v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic
acid. High pH — 40 °C, 1 mL/min flow rate. Gradient elution with the mobile phases as (A) 10 mM
aqueous ammonium bicarbonate solution, adjusted to pH 10 with 0.88 M aqueous ammonia and (B)

acetonitrile. TFA —40 °C, 1 mL/min flow rate. Gradient elution with the mobile phases as (A) 0.1% v/v
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aqueous TFA solution and (B) 0.1% v/v TFA solution in acetonitrile. Flash column chromatography was
carried out using Biotage SP4 or Isolera One apparatus with SNAP silica cartridges. Mass directed
automatic purification (MDAP) was carried out using a Waters ZQ MS using alternate-scan positive
and negative electrospray and a summed UV wavelength of 210 — 350 nm. Two liquid phase methods
were used: Formic — Sunfire C18 column (100 mm x 19 mm, 5 um packing diameter, 20 mL/min flow
rate) or Sunfire C18 column (150 mm x 30 mm, 5 um packing diameter, 40 mL/min flow rate). Gradient
elution at ambient temperature with the mobile phases as (A) H,0O containing 0.1% volume/volume
(v/v) formic acid and (B) acetonitrile containing 0.1% (v/v) formic acid. High pH — Xbridge C18 column
(100 mm x 19 mm, 5 um packing diameter, 20 mL/min flow rate) or Xbridge C18 column (150 mm x
30 mm, 5 um packing diameter, 40 mL/min flow rate). Gradient elution at ambient temperature with
the mobile phases as (A) 10 mM aqueous ammonium bicarbonate solution, adjusted to pH 10 with
0.88 M aqueous ammonia and (B) acetonitrile. NMR spectra were recorded at ambient temperature
(unless otherwise stated) using standard pulse methods on any of the following spectrometers and
signal frequencies: Bruker AV-400 (*H = 400 MHz, 13C = 101 MHz,), Bruker AV-600 (*H = 600 MHz, 13C
=150 MHz,) or Bruker AV4 700 MHz spectrometer (*H = 700 MHz, $3C = 176 MHz). Chemical shifts are
referenced to trimethylsilane (TMS) or the residual solvent peak, and are reported in ppm. Coupling
constants are quoted to the nearest 0.1 Hz and multiplicities are given by the following abbreviations
and combinations thereof: s (singlet), 6 (doublet), t (triplet), q (quartet), quin (quintet), sxt (sextet), m
(multiplet), br. (broad). Liquid chromatography high resolution mass spectra (HRMS) were recorded
on a Waters XEVO G2-XS Q-Tof mass spectrometer with positive electrospray ionisation mode over a
scan range 100-200 AMU, with analytes separated on an Acquity UPLC CSH C18 column (100 mm x 2.1
mm, 1.7 um packing diameter) at 50 °C. Purity of synthesized compounds was determined by LCMS
analysis. All compounds for biological testing were >95% pure.

Synthetic Procedures:

1-Benzyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (16). Step 1: Methyl 1-benzyl-5-

bromo-2-oxo-1,2-dihydropyridine-3-carboxylate (99). Sodium hydride (5.17 g, 60% dispersion in
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mineral oil, 129 mmol) was added to a solution of methyl 5-bromo-2-oxo-1,2-dihydro-3-
pyridinecarboxylate (60, 25 g, 108 mmol) in DMF (200 mL) and THF (200 mL) at 0 °C and the mixture
was stirred for 30 min, giving a dense suspension. Benzyl bromide (14.10 mL, 119 mmol) was added
and the mixture stirred for a further 2 h, allowing to warm to rt, then the resulting clear brown solution
was added to water (400 mL) and extracted with EtOAc (2 x 300 mL). The combined organics were
washed with water (2 x 200 mL), dried and evaporated in vacuo to give methyl 1-benzyl-5-bromo-2-
oxo-1,2-dihydropyridine-3-carboxylate (99, 31 g, 96 mmol, 89% vyield) as a beige solid. This material
was carried through to the next step without purification. LCMS (2 min High pH): Rt = 0.98 min, [MH]+
=322.0 & 324.1. *H NMR (400 MHz, CHCl5-d) 6 ppm 8.16 (d, J=2.9 Hz, 1 H) 7.62 (d, J=2.9 Hz, 1 H) 7.30
-7.43 (m, 5 H) 5.15 (s, 2 H) 3.92 (s, 3 H). Step 2: 1-Benzyl-5-bromo-2-oxo-1,2-dihydropyridine-3-
carboxylic acid (100). Lithium hydroxide (6.91 g, 289 mmol) in water (200 mL) was added to a mixture
of methyl 1-benzyl-5-bromo-2-oxo-1,2-dihydropyridine-3-carboxylate (99, 31 g, 96 mmol), THF (200
mL) and methanol (200 mL) and the mixture was stirred at rt for 2 h, then evaporated in vacuo to
about half volume, giving a dense suspension. This was diluted with water (200 mL) and acidified with
acetic acid to pH 5, then extracted with EtOAc (2 x 300 mL). The combined organics were dried over
sodium sulphate and evaporated in vacuo to give an off-white solid. The product was suspended in
ether (200 mL), sonicated, diluted with cyclohexane (100 mL) and collected by filtration to give 1-
benzyl-5-bromo-2-oxo-1,2-dihydropyridine-3-carboxylic acid (100, 23 g, 74.6 mmol, 78% yield). LCMS
(2 min Formic): Rt = 1.01 min, [MH]+ =308.0 & 310.1. *H NMR (400 MHz, CHCl;-d) & ppm 14.02 (br.s.,
1 H) 8.55 (d, J=2.7 Hz, 1 H) 7.73 (d, J=2.7 Hz, 1 H) 7.40 - 7.47 (m, 3 H) 7.31 - 7.37 (m, 2 H) 5.25 (s, 2 H).
Step 3: 1-Benzyl-5-bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (61). 1-Benzyl-5-
bromo-2-oxo-1,2-dihydropyridine-3-carboxylic acid (100, 28 g, 91 mmol) was suspended in DCM (300
mL) and oxalyl chloride (23.86 mL, 273 mmol) and DMF (0.352 mL, 4.54 mmol) were added, then the
mixture was stirred for 2 h at rt. The solvent was evaporated in vacuo to give a brown residue, which
was then dissolved in THF (300 mL) and Et;N (12.67 mL, 91 mmol) was added. The mixture was cooled

in an ice bath, then methanamine (91 mL, 2M in THF, 182 mmol) was added dropwise over 30 min and
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the mixture stirred for a further 1 h at 0 °C. The solvent was evaporated in vacuo and the solid residue
was partitioned between water (300 mL) and DCM (300 mL), the organic layer was washed with brine,
dried and evaporated in vacuo to give 1-benzyl-5-bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-
carboxamide (61, 27.6 g, 86 mmol, 95% yield) as a brown solid. LCMS (2 min Formic): Rt = 0.97 min,
[MH]+ =321.0 & 323.1. 'H NMR (400 MHz, CHCl5-d) & ppm 9.57 (br. s., 1 H) 8.60 (d, J=2.9 Hz, 1 H) 7.62
(d, J=2.9 Hz, 1 H) 7.34 - 7.48 (m, 3 H) 7.29 - 7.33 (m, 2 H) 5.20 (s, 2 H) 3.00 (d, J=4.9 Hz, 3 H). Step 4:
2,4,6-Trichlorophenyl 1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (62). 1-
Benzyl-5-bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (61, 2 g, 6.23 mmol), Xantphos
(0.360 g, 0.623 mmol), palladium acetate (0.070 g, 0.311 mmol) and Et3;N (1.302 mL, 9.34 mmol) were
combined in a three necked flask equipped with a dropping funnel and a condenser with a nitrogen
bubbler on the top. Toluene (30 mL) was added and the mixture was heated at 80 °C for 20 min, then
a solution of 2,4,6-trichlorophenyl formate (2.106 g, 9.34 mmol) in toluene (20 mL) was added
dropwise over 30 min and heating continued for 2 h. The reaction mixture was diluted with EtOAc (50
mL) and washed with water (50 mL) and brine (50 mL), dried and evaporated in vacuo to give an orange
oil. This was dissolved in DCM (10 mL) and loaded onto a 50 g silica column, then eluted with 0-50%
EtOAc/cyclohexane and the product-containing fractions evaporated in vacuo to give 2,4,6-
trichlorophenyl 1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (62, 2.52 g,
5.41 mmol, 87% yield) as a beige solid. LCMS (2 min Formic): Rt=1.36min, [MH]+ = 465, 467. *H NMR
(400 MHz, CHCl5-d) 6 ppm 9.32 (br. d, J=4.4 Hz, 1 H) 9.20 (d, J=2.7 Hz, 1 H) 8.58 (d, J=2.7 Hz, 1 H) 7.30
- 750 (m, 7 H) 5.29 (s, 2 H) 3.01 (d, J=4.9 Hz, 3 H). Step 5: 1-Benzyl-N3>-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (16). Prepared from 62 (1 g, 2.15 mmol) and ammonia (21.47 mL,
10.74 mmol, 0.5M in 1,4-dioxane) using the same procedure as for compound 21, to give 1-benzyl-N3-
methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (562 mg, 1.87 mmol, 87% yield) as a white solid.
LCMS (2 min High pH): Rt = 0.74 min, [MH]* = 286.3. 'H NMR (400 MHz, DMSO-ds) 6 ppm 9.36 (br g,
J=4.4 Hz, 1 H) 8.82 (d, J=2.5 Hz, 1 H) 8.78 (d, J=2.9 Hz, 1 H) 7.88 - 8.19 (m, 1 H) 7.12 - 7.57 (m, 6 H) 5.29

(s, 2 H) 2.83 (d, J=4.4 Hz, 3 H).
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1-Benzyl-N3,N°-dimethyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (17). Prepared from 62 (40 mg,
0.086 mmol) and methanamine (2M in THF, 0.09 mL, 0.180 mmol) using the same procedure as for
21, to give 1-benzyl-N3,N°-dimethyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (16 mg, 0.048
mmol, 56% yield). LCMS (2 min Formic): Rt = 0.75 min, [MH]* = 300.0. *H NMR (400 MHz, MeOH-d,) 6
ppm 8.85 (d, J=2.9 Hz, 1 H) 8.58 (d, J=2.9 Hz, 1 H) 7.26 - 7.44 (m, 5 H) 5.34 (s, 2 H) 2.97 (s, 3 H) 2.90 (s,
3 H). Exchangeable protons not observed.
1-Benzyl-N>-ethyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (18): Step 1: Ethyl 1-
benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate  (101). 1-Benzyl-5-bromo-N-
methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (61, 23 g, 71.6 mmol), DMSO (60 mL), ethanol (70
g, 1519 mmol), Et;N (19.96 mL, 143 mmol), dppb (3.05 g, 7.16 mmol) and palladium acetate (1.608 g,
7.16 mmol) were placed in a steel Parr vessel, which was then purged with carbon monoxide by filling
to 50 psi, then releasing the pressure, then refilled to 50 psi and heated overnight at 100 °C. The
mixture was diluted with water (200 mL) and extracted with EtOAc (2 x 300 mL), the organic layer
washed with water (2 x 300 mL), then dried and evaporated in vacuo and the residue was triturated
with ether (200 mL) and the solid collected by filtration to give ethyl 1-benzyl-5-(methylcarbamoyl)-6-
oxo-1,6-dihydropyridine-3-carboxylate (101, 21.2 g, 67.4 mmol, 94% yield). LCMS (2 min Formic): Rt =
0.99 min, [MH]+ = 315.2. 'H NMR (400 MHz, CHCl;-d) & ppm 9.37 (br. s., 1 H) 9.03 (d, J=2.4 Hz, 1 H)
8.38 (d, J=2.7 Hz, 1 H) 7.34 - 7.42 (m, 3 H) 7.28 - 7.34 (m, 2 H) 5.25 (s, 2 H) 4.35 (q, J=7.1 Hz, 2 H) 2.99
(d, J=4.9 Hz, 3 H) 1.37 (t, J=7.2 Hz, 3 H). Step 2: 1-Benzyl-5-(methylcarbamoyl)-6-oxo-1,6-
dihydropyridine-3-carboxylic acid (64). Sodium hydroxide (99 mL, 199 mmol, 2M aq.) was added to a
solution of ethyl 1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (101, 20.8 g,
66.2 mmol) in a mixture of methanol (100 mL) and THF (100 mL) and the resulting solution was stirred
for 2 h at rt, then evaporated in vacuo to approximately 100 mL volume. The mixture was diluted with
water (200 mL), then filtered to remove a dark grey solid, the filtrate was washed with MTBE (200 mL),
then acidified to pH 4 with 2M HCI and the resulting suspension stirred for 2 h, then filtered and the

product washed with water, then dried in the vacuum oven to give 1-benzyl-5-(methylcarbamoyl)-6-
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oxo-1,6-dihydropyridine-3-carboxylic acid (64, 15.2 g, 53.1 mmol, 80% yield). LCMS (2 min High pH):
Rt = 0.58 min, [MH]+ = 287.2. 'H NMR (400 MHz, DMSO-d;) 6 ppm 13.19 (br.s., 1 H) 9.14-9.34 (m, 1
H) 8.88 (d, J=2.7 Hz, 1 H) 8.70 (d, J=2.7 Hz, 1 H) 7.25 - 7.42 (m, 5 H) 5.33 (s, 2 H) 2.82 (d, J=4.6 Hz, 3 H).
Step 3: 1-Benzyl-N°-ethyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (18). Prepared
from 64 (250 mg, 0.873 mmol) and ethanamine (2M in THF, 0.873 mL, 1.747 mmol) using the same
procedure as for 20, to give 1-benzyl-N>-ethyl-N3-methyl-2-ox0-1,2-dihydropyridine-3,5-
dicarboxamide (242 mg, 0.772 mmol, 88% yield) as a cream solid. LCMS (2 min Formic): Rt = 0.80 min,
[MH]* = 314.1. 'H NMR (400 MHz, DMSO-dg) & ppm 9.31 - 9.43 (m, 1 H) 8.82 (d, J=2.7 Hz, 1 H) 8.73 (d,
J=2.7 Hz, 1 H) 8.56 (br. t, J=5.3, 5.3 Hz, 1 H) 7.27 - 7.40 (m, 5 H) 5.30 (s, 2 H) 3.22 - 3.28 (m, 2 H) 2.83
(d, J=4.9 Hz, 3 H) 1.11 (t, J=7.2 Hz, 3 H).

1-Benzyl-N*>-isopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (19). Prepared from 62
(50 mg, 0.107 mmol) and propan-2-amine (0.018 mL, 0.215 mmol), using the same procedure as for
compound 21, to give 1-benzyl-N>-isopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(32 mg, 0.083 mmol, 77% yield) as a white solid. LCMS (2 min Formic): Rt = 0.92 min, [MH]* = 328.0.
14 NMR (400 MHz, MeOH-d,) 6 ppm 9.67 - 9.94 (m, 1 H) 8.87 (d, J=2.4 Hz, 1 H) 8.58 (d, J=2.4 Hz, 1 H)
7.28 - 7.44 (m, 5 H) 5.33 (s, 2 H) 4.17 (quin, J=6.4 Hz, 1 H) 2.92 - 3.01 (m, 3 H) 1.25 (d, J=6.8 Hz, 6 H).
One exchangeable proton not observed.

1-Benzyl-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide  (20). 1-Benzyl-5-
(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylic acid (64, 5.5 g, 19.21 mmol) was
suspended in DCM (100 mL) and Et;N (3.21 mL, 23.05 mmol), HATU (9.50 g, 24.98 mmol) and
cyclopropylamine (1.625 mL, 23.05 mmol) were added, then the mixture was stirred for 2 h at rt. The
mixture was washed with water (100 mL), 0.5 M HCI (100 mL) and saturated sodium bicarbonate
solution (100 mL) and the organic layer was dried and evaporated in vacuo to give a pale yellow solid.
The solid was suspended in ether (20 mL) and sonicated, then filtered and the solid dried in the
vacuum oven to  give 1-benzyl-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-

dicarboxamide (5.25 g, 16.14 mmol, 84 % vyield) as a colourless solid. The product was combined with
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another batch, prepared by a similar method (2.4 g), the combined material was dissolved by refluxing
in ethanol (200 mL) for 20 min, then Silicycle thiourea palladium scavenging resin (10 g) was added
and the mixture heated for a further 30 min. The mixture was filtered into a Buchner flask and allowed
to cool to rt over 1 h, then cooled in an ice bath for 1 h and the resulting solid collected by filtration
and dried in the vacuum oven to give 1-benzyl-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-
3,5-dicarboxamide (6.76 g, 20.78 mmol, 66% vyield) as a colourless solid. LCMS (2 min high pH): Rt =
0.84 min, [MH]*. 326.3. HRMS (C;gH19N303): [M+H]* calculated 326.1499, found 326.1499. 'H NMR
(400 MHz, DMSO-d;) & ppm 9.35 (d, J=4.9 Hz, 1 H) 8.80 (d, J=2.7 Hz, 1 H) 8.72 (d, J=2.7 Hz, 1 H) 8.54
(d, J=3.9 Hz, 1 H) 7.25 - 7.42 (m, 5 H) 5.29 (s, 2 H) 2.75 - 2.89 (m, 4 H) 0.65 - 0.72 (m, 2 H) 0.53 - 0.59
(m, 2 H). 3C NMR (151 MHz, DMSO-dg) & ppm 163.9, 163.1, 161.1, 144.0, 140.8, 136.2, 128.6 (2C),
127.7,127.7 (2C), 119.3, 113.5, 52.8, 25.8, 22.9, 5.5 (2C).
1-Benzyl-N>-cyclobutyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (21). 2,4,6-
Trichlorophenyl 1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (62, 401 mg,
0.861 mmol), cyclobutanamine (0.15 mL, 1.757 mmol), DMAP (23 mg, 0.188 mmol), triethylamine
(0.48 mL, 3.44 mmol) and THF (8 mL) were stirred at 45 °C under N, for 3 h. The reaction mixture was
concentrated to give 600 mg of an off white solid which was purified by chromatography on SiO,
(Biotage SNAP 50 g cartridge, eluting with 0-100% ethylacetate/cyclohexane). The desired fractions
were concentrated to give 1-benzyl-N>-cyclobutyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (295 mg, 0.782 mmol, 91% vyield) as an off white solid. LCMS (2 min Formic): Rt=0.91
min, [MH]* = 340.0. *H NMR (400 MHz, MeOH-d,) 6 ppm 8.88 (d, /=2.9 Hz, 1 H) 8.59 (d, J/=2.9 Hz, 1 H)
7.29-7.43 (m, 5 H) 5.33 (s, 2 H) 4.46 (quin, J/=8.3 Hz, 1 H) 2.97 (s, 3 H) 2.22 - 2.47 (m, 2 H) 1.95 - 2.22
(m, 2 H)1.62-1.91 (m, 2 H). Exchangeable protons not observed.
1-Benzyl-N3-methyl-2-oxo-N>-(tetrahydro-2H-pyran-4-yl)-1,2-dihydropyridine-3,5-dicarboxamide (22).
Prepared from 64 (49.5 mg, 0.173 mmol) and tetrahydro-2H-pyran-4-amine, hydrochloride (50.2 mg,
0.365 mmol) using the same procedure as for 20, to give 1-benzyl-N3-methyl-2-oxo-N>-(tetrahydro-

2H-pyran-4-yl)-1,2-dihydropyridine-3,5-dicarboxamide (58.8 mg, 0.159 mmol, 92% yield). LCMS (2 min
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formic): Rt =0.81 min, [MH]*=370.3. *H NMR (400 MHz, DMSO-dg) 6 ppm 9.32-9.42 (m, 1 H) 8.85 (d,
J=2.7 Hz, 1 H) 8.75 (d, J=2.7 Hz, 1 H) 8.43 (d, J/=7.6 Hz, 1 H) 7.26 - 7.40 (m, 5 H) 5.30 (s, 2 H) 3.92 - 4.05
(m, 1 H) 3.87 (br. dd, J=11.9, 2.1 Hz, 2 H) 3.37 (td, J/=11.7, 1.8 Hz, 2 H) 2.83 (d, J=4.9 Hz, 3 H) 1.75 (br.
dd, J=12.5, 2.2 Hz, 2 H) 1.56 (qd, J/=12.0, 4.4 Hz, 2 H).
1-Benzyl-N>-(2-methoxyethyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (23). Prepared
from 64 (50 mg, 0.175 mmol) and 2-methoxyethanamine (0.015 mL, 0.175 mmol) using the same
procedure as 20, to give the title compound (46 mg, 0.135 mmol, 77%). LCMS (2 min formic): Rt =0.78
min, [MH]* = 344.3. 'H NMR (400 MHz, MeOH-d,) & ppm 8.86 (d, J=2.7 Hz, 1 H) 8.58 (d, J=2.7 Hz, 1 H)
7.29-7.40 (m, 5H)5.33 (s, 2 H) 3.51-3.56 (m, 4 H) 3.37 (s, 3 H) 2.96 (s, 3 H). Exchangeable protons
not observed.

1-Benzyl-N>-(2-hydroxyethyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (24). Prepared
from 64 (154.3 mg, 0.539 mmol) and ethanolamine (0.065 mL, 1.078 mmol) using the same procedure
as 20, to give 1-benzyl-N>-(2-hydroxyethyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(175 mg, 0.531 mmol, 99% yield). LCMS (2 min formic): Rt = 0.69 min, [MH]* = 330.1. *H NMR (400
MHz, DMSO-dg) 8 ppm 9.37 (br. q, J=4.4, 4.4, 4.4 Hz, 1 H) 8.83 (d, J=2.7 Hz, 1 H) 8.79 (d, J=2.7 Hz, 1 H)
8.56 (br. t, J=5.4, 5.4 Hz, 1 H) 7.27 - 7.40 (m, 5 H) 5.30 (s, 2 H) 4.71 (t, J=5.6 Hz, 1 H) 3.50 (g, J=5.9 Hz,
2 H) 3.26 - 3.34 (obs. q, J=5.6 Hz, 2 H) 2.83 (d, J=4.9 Hz, 3 H).
1-Benzyl-N*-isobutyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (25). Prepared from 62
(52 mg, 0.112 mmol) and 2-methylpropan-1-amine (0.02 mL, 0.201 mmol), using the same procedure
as for compound 21, to give 1-benzyl-N>-isobutyl-N3-methyl-2-oxo0-1,2-dihydropyridine-3,5-
dicarboxamide (36 mg, 0.095 mmol, 85% yield). LCMS (2 min Formic): Rt = 0.98 min, [MH]* = 342.0. *H
NMR (400 MHz, MeOH-d,) 6 ppm 8.88 (d, J/=2.4 Hz, 1 H) 8.58 (d, J=2.9 Hz, 1 H) 7.28 - 7.45 (m, 5 H) 5.34
(s,2H)3.17 (d, )=6.8 Hz, 2 H) 2.97 (s, 3 H) 1.91 (dquin, J=13.4, 6.8, 6.8, 6.8, 6.8 Hz, 1 H) 0.96 (d, J=6.4
Hz, 6 H). Exchangeable protons not observed.
1-Benzyl-N>-isopentyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (26). Prepared from 62

(50 mg, 0.107 mmol) and 3-methylbutan-1-amine (18.72 mg, 0.215 mmol) using the same procedure
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as for compound 21, to give the title compound (6 mg, 16%). LCMS (2 min Formic): Rt = 1.04 min,
[MH]* = 356.3. *H NMR (400 MHz, MeOH-d,) 6 ppm 8.85 (d, J/=2.4 Hz, 1 H) 8.56 (d, J=2.4 Hz, 1 H) 7.28
-7.42 (m,5H)5.33(s,2H)3.35-3.42 (m, 2 H) 2.97 (s, 3 H) 1.59 - 1.74 (m, 1 H) 1.45 - 1.55 (m, 2 H)
0.97 (d, J=6.4 Hz, 6 H). Exchangeable protons not observed.
1-Benzyl-N3-methyl-2-oxo-N>-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1,2-dihydropyridine-3,5-
dicarboxamide (27). Prepared from 62 (61 mg, 0.131 mmol) and 2-(tetrahydro-2H-pyran-4-
yl)ethanamine (33.8 mg, 0.262 mmol), using the same procedure as for compound 21, to give 1-
benzyl-N3-methyl-2-oxo-N°-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1,2-dihydropyridine-3,5-
dicarboxamide (9 mg, 0.020 mmol, 16% yield) as a white solid. LCMS (2 min Formic): Rt=0.90 min,
[MH]* = 398.1. 'H NMR (400 MHz, MeOH-d,) & ppm 8.86 (d, J=2.4 Hz, 1 H) 8.57 (d, J=2.9 Hz, 1 H) 7.28
-7.44 (m, 5 H) 5.34 (s, 2 H) 3.88-3.98 (m, 2 H) 3.36 - 3.47 (m, 4 H) 2.97 (s, 3 H) 1.52 - 1.76 (m, 6 H)
1.22 - 1.40 (m, 2 H). Exchangeable protons not observed.
1-Benzyl-N3-methyl-2-oxo-N>-(2-(piperidin-3-yl)ethyl)-1,2-dihydropyridine-3,5-dicarboxamide,
hydrochloride (28): Step 1. tert-Butyl 3-(2-(1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-
3-carboxamido)ethyl)piperidine-1-carboxylate (65): Prepared from 64 (101 mg, 0.353 mmol), and tert-
butyl 3-(2-aminoethyl)piperidine-1-carboxylate (174 mg, 0.762 mmol) using the same procedure as
for 20, to give tert-butyl 3-(2-(1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-
carboxamido)ethyl)piperidine-1-carboxylate (175 mg, 0.282 mmol, 80% yield) as a colourless oil. LCMS
(2 min formic):Rt = 1.18 min, [MH]* = 397.2. 'H NMR (400 MHz, MeOH-d,) & ppm 8.45 (d, J=2.7 Hz, 1
H) 8.21 (d, J=2.7 Hz, 1 H) 7.27 - 7.41 (m, 5 H) 5.23 - 5.37 (ABq, J=14.4 Hz, 2 H) 2.97 - 3.11 (m, 3 H) 2.94
(s,3H)2.69-2.84(m,2H)1.87-1.99 (m, 1 H) 1.66 - 1.80 (m, 1 H) 1.19 - 1.65 (m, 14 H).

Step 2: 1-Benzyl-N3-methyl-2-oxo-N>-(2-(piperidin-3-yl)ethyl)-1,2-dihydropyridine-3,5-dicarboxamide,
hydrochloride (28). tert-Butyl 3-(2-(1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-
carboxamido)ethyl)piperidine-1-carboxylate (65, 146 mg, 0.294 mmol) and TFA (1 mL, 12.98 mmol)
were stirred at rt in DCM (4 mL) for 1 h. The reaction mixture was concentrated and loaded onto a 2

g SCX cartridge (pre-conditioned with MeOH) and eluted with MeOH (40 mL) followed by 2M NH; in
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MeOH (40 mL). The methanolic ammonia fractions containing product were combined and
concentrated to give 112 mg of a colourless oil. The reaction was purified by MDAP (High pH).
Fractions containing the desired product were concentrated to give 1-benzyl-N3-methyl-2-oxo-N°-(2-
(piperidin-3-yl)ethyl)-1,2-dihydropyridine-3,5-dicarboxamide (93 mg, 0.211 mmol, 72% vyield). The
yellow oil was dissolved in 1 mL MeOH and 1M HCl in diethyl ether (0.23 mL, 0.230 mmol) was added
and the solvent removed to afford 1-benzyl-N3>-methyl-2-oxo-N°-(2-(piperidin-3-yl)ethyl)-1,2-
dihydropyridine-3,5-dicarboxamide, hydrochloride (97 mg, 0.202 mmol, 69% yield) as a white solid.
LCMS (2 min formic): Rt = 0.54 min, [MH]* = 397.2. 'H NMR (400 MHz, DMSO-dg) 6 ppm 9.39 (br q,
J=4.7 Hz, 1 H) 8.45 (d, J=2.4 Hz, 1 H) 8.34 (d, J=2.4 Hz, 1 H) 7.71-7.91 (m, 3 H) 7.29 - 7.42 (m, 5 H) 5.25
-5.34 (ABq, J=14.2 Hz, 2 H) 3.90 (brs, 2 H) 2.95 - 3.12 (m, 1 H) 2.74 - 2.90 (m, 6 H) 1.78 - 1.88 (m, 1 H)
1.54-1.73 (m, 2H) 1.36-1.54 (m, 3 H) 1.15 - 1.32 (m, 1 H).
1-Benzyl-N3-methyl-2-oxo-N>-(3-(piperidin-3-yl)propyl)-1,2-dihydropyridine-3,5-dicarboxamide

hydrochloride (29): Step 1: tert-Butyl 3-(3-(1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-
3-carboxamido)propyl)piperidine-1-carboxylate (66). Prepared from 64 (123 mg, 0.430 mmol) and
tert-butyl 3-(3-aminopropyl)piperidine-1-carboxylate (125 mg, 0.516 mmol) using the same procedure
as for 20, to give tert-butyl 3-(3-(1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-
carboxamido)propyl)piperidine-1-carboxylate (188 mg, 0.331 mmol, 77% yield) as a white solid. LCMS
(2 min Formic): Rt = 1.20 min, [MH]* = 511.2. 'H NMR (400 MHz, CHCls-d) & ppm 9.54 (br d, J=4.9 Hz,
1 H) 8.75 (d, J=2.9 Hz, 1 H) 8.47 (d, J=2.9 Hz, 1 H) 7.32 - 7.41 (m, 5 H) 6.36 (br s, 1 H) 5.27 (s, 2 H) 3.87
-4.03 (m, 2 H) 3.36-3.49 (m, 2 H) 3.00 (d, J=4.9 Hz, 3H) 2.74 - 2.86 (m, 2 H) 2.39 - 2.59 (m, 1 H) 1.76
-1.92(m,1H)1.62-1.69(m,3H)1.41-1.53(m,9H)1.18-1.36 (m, 3 H) 1.04-1.17 (m, 1 H). Step 2:
1-Benzyl-N3-methyl-2-oxo-N>-(3-(piperidin-3-yl)propyl)-1,2-dihydropyridine-3,5-dicarboxamide
hydrochloride (29). Prepared from 66 (177 mg, 0.347 mmol) using the same deprotection conditions
as for 28, to give 1-benzyl-N3-methyl-2-oxo-N°-(3-(piperidin-3-yl)propyl)-1,2-dihydropyridine-3,5-
dicarboxamide, hydrochloride (40 mg, 0.081 mmol, 23% yield) as a white solid. LCMS (2 min Formic):

Rt = 0.57 min, [MH]* = 411.2. 'H NMR (400 MHz, DMSO-ds) & ppm 9.38 (g, J=4.9 Hz, 1 H) 8.78 - 8.86

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

(m, 2 H) 8.60 (brt, J=5.1 Hz, 1 H) 7.28 - 7.40 (m, 5 H) 5.31 (s, 2 H) 3.19 - 3.25 (m, 3 H) 2.92 - 3.08 (m, 3
H) 2.83 (d, J=4.9 Hz, 3H) 2.52-2.62 (m, 1 H) 2.19-2.39(m, 1 H) 1.69- 1.84 (m, 1 H) 1.58 - 1.70 (m, 1
H)1.34-1.58 (m,4H)1.13-1.31(m, 2H)0.95-1.06 (m, 1 H).
(+/-)-1-Benzyl-N3>-methyl-N>-(3-(morpholin-2-yl)propyl)-2-oxo-1,2-dihydropyridine-3, 5-
dicarboxamide (30): Step 1: (+/-)-tert-Butyl 2-(3-(1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-
dihydropyridine-3-carboxamido)propyl)morpholine-4-carboxylate (63): Prepared from 62 (25.7 mg,
0.055 mmol) and tert-butyl 2-(3-aminopropyl)morpholine-4-carboxylate (18 mg, 0.037 mmol) using
the same procedure as for compound 21, to give tert-butyl 2-(3-(1-benzyl-5-(methylcarbamoyl)-6-oxo-
1,6-dihydropyridine-3-carboxamido)propyl)morpholine-4-carboxylate (8 mg, 0.012 mmol, 34% yield)
as a colourless oil. LCMS (2 min Formic): Rt = 1.07 min, [MH]+ = 513.5. Step 2: (+/-)-1-Benzyl-N3-
methyl-N>-(3-(morpholin-2-yl)propyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (30). tert-Butyl 2-
(3-(1-benzyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxamido)propyl)morpholine-4-
carboxylate (63, 11 mg, 0.017 mmol) and TFA (0.1 mL, 1.298 mmol) were stirred at rt in
dichloromethane (0.4 mL) for 30 min. The reaction mixture was then concentrated and loaded onto a
500 mg SCX cartridge (pre-conditioned with MeOH) and eluted with MeOH (4 CV's) followed by 2M
NH; in MeOH (4 CV's). The ammonia fractions containing product were combined and concentrated
to give 15 mg of a colourless oil. This oil was purified by MDAP (High pH). The appropriate fractions
were concentrated to give (+/-)-1-benzyl-N3-methyl-N°>-(3-(morpholin-2-yl)propyl)-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (2 mg, 4.36 umol, 25% yield) as a white solid. LCMS (2 min Formic):
Rt = 0.54 min, [MH]+ = 413.5. 'H NMR (400 MHz, MeOH-d,) 6 ppm 9.79 (br s, 1 H) 8.85 (d, J/=2.9 Hz, 1
H) 8.45-8.62 (m, 2 H) 7.26 - 7.44 (m, 5 H) 5.34 (s, 2 H) 4.04 (dd, J=12.7, 3.4 Hz, 1 H) 3.75 (td, J=12.5,
24Hz,1H)3.62-3.71(m,1H)3.34-3.44(m, 2H)3.12-3.25(m, 2 H) 3.00- 3.12 (m, 1 H) 2.97 (s, 3
H) 2.79 (dd, J=12.2, 11.2 Hz, 1 H) 1.62 - 1.86 (m, 2 H) 1.51 - 1.61 (m, 2 H). One exchangeable proton
not observed.
(R)-N>-Cyclopropyl-N3-methyl-2-oxo-1-(1-phenylethyl)-1,2-dihydropyridine-3,5-dicarboxamide ~ (31):

Step 1. (R)-Methyl 2-oxo-1-(1-phenylethyl)-1,2-dihydropyridine-3-carboxylate  (97). (R)-1-
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Phenylethanamine (8.93 mL, 70.2 mmol) was added to a stirred solution of methyl 2-oxo-2H-pyran-3-
carboxylate (96, 10.3 g, 66.8 mmol, commercially available from, for example, Sigma-Aldrich) in a
mixture of dry DMF (43 mL) and dry THF (173 mL). The resulting dark red solution was stirred for 30
min, under N,. EDC (16.66 g, 87 mmol) and DMAP (0.506 g, 4.14 mmol) were added and the resulting
suspension stirred over the weekend. The reaction mixture was evaporated in vacuo to a brown
slurry. The residue was partitioned between EtOAc and water and the aqueous layer removed. The
organic layer was washed (3x 2 M aq. HCI, 1x brine), dried over MgSO, and filtered through silica
eluting with EtOAc. The filtrate was evaporated in vacuo to give the product as a brown oil (12.94 g).
LCMS (2 min TFA): Rt = 0.84 min, [MH]* = 258.1. 'H NMR (400 MHz, DMSO-d¢) & ppm 7.97 - 8.01 (m, 1
H) 7.94 (dd, J=6.8, 2.4 Hz, 1 H) 7.25 - 7.41 (m, 5 H) 6.34 (t, J=6.8 Hz, 1 H) 6.20 (g, J=7.2 Hz, 1 H) 3.74 (s,
3 H)1.71 (d, J=7.3 Hz, 3 H). Step 2: (R)-Methyl 5-bromo-2-oxo-1-(1-phenylethyl)-1,2-dihydropyridine-
3-carboxylate (131). NBS (10.74 g, 60.4 mmol) was added in one portion to a dark brown solution of
(R)-methyl 2-oxo-1-(1-phenylethyl)-1,2-dihydropyridine-3-carboxylate (97, 12.94 g, 50.3 mmol) in 2-
MeTHF (150 mL). The initial suspension became a light brown solution and was stirred for 15 min
whereupon it was a dark brown solution. The reaction mixture was washed [3x sat. ag. NaHCO; (40
mL), 1x ag. 10% sodium thiosulfate (20 mL), 1x brine (10 mL)], dried over MgSQO, and evaporated in
vacuo to a black oil. The residue was dissolved in toluene (40 mL), filtered through celite, washing
with toluene (80 mL) and evaporated in vacuo to give the product (19.62 g, 81% yield, 70% purity) as
a black oil which was used without further purification. LCMS (2 min TFA): Rt = 1.02 min, [MH]* = 336.0
& 337.9. Step 3: (R)-5-Bromo-N-methyl-2-oxo-1-(1-phenylethyl)-1,2-dihydropyridine-3-carboxamide
(98). Methylamine solution (74 mL, 40% ag., 855 mmol) was added to a solution of (R)-methyl 5-
bromo-2-oxo-1-(1-phenylethyl)-1,2-dihydropyridine-3-carboxylate (131, 19.2 g, 40.0 mmol) in
methanol (133 mL). The resulting solution was heated to 50 °C with a balloon fitted to the top of a
condenser. The reaction mixture was stirred for 90 min. The reaction mixture was evaporated in
vacuo to a black gum that was suspended in EtOAc. The suspension was filtered through silica eluting

with EtOAc and the filtrate evaporated to give the product (13.1 g, 83% yield, 85% purity) as a brown
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gum. LCMS (2 min TFA): Rt = 1.01 min, [MH]* = 335.1 & 337.1. 'H NMR (400 MHz, DMSO-d¢) 6 ppm
9.45 (brd, J=4.4 Hz, 1 H) 8.22 - 8.32 (m, 2 H) 7.25 - 7.47 (m, 5 H) 6.20 (q, J/=7.2 Hz, 1 H) 2.83 (d, J=4.9
Hz, 3 H) 1.79 (d, J=6.8 Hz, 3 H). Step 4: (R)-Methyl 5-(methylcarbamoyl)-6-oxo-1-(1-phenylethyl)-1,6-
dihydropyridine-3-carboxylate (132). Xantphos (1.65 g, 2.85 mmol) and palladium(ll) acetate (0.877 g,
3.91 mmol) were added to a solution of (R)-5-bromo-N-methyl-2-oxo0-1-(1-phenylethyl)-1,2-
dihydropyridine-3-carboxamide (98, 13.1 g, 39.1 mmol), triethylamine (16.34 mL, 117 mmol) and
methanol (15.81 mL, 391 mmol) in DMF (220 mL). Carbon monoxide was sparged through the mixture
until a brown suspension formed. The reaction was held under a balloon of carbon monoxide and
heated to 60 °C for 4 h. The reaction mixture was cooled to rt and sparged with N, to remove any
residual carbon monoxide. The reaction mixture was filtered through celite, rinsing with EtOAc and
the filtrate evaporated in vacuo to a black slurry. The residue was partitioned between EtOAc (350
mL) and water (100 mL). The aqueous layer was removed, the organic layer washed (2x water [50
mL], 1x brine [50 mL]), dried over MgSO, and evaporated in vacuo to a black gum. The gum was
dissolved in toluene (60 mL) and loaded on to a Biotage 340 g silica column. The column was eluted
with cyclohexane:EtOAc (20 -> 66%). The product containing fractions were evaporated to give the
product (7.43 g, 58% vyield) as a brown gum. LCMS (2 min TFA): Rt = 0.94 min, [MH]* = 315.2. *H NMR
(400 MHz, DMSO-dg) &6 ppm 9.18 - 9.31 (m, 1 H) 8.68 (d, J=2.4 Hz, 1 H) 8.46 (d, J=2.4 Hz, 1 H) 7.28 -
7.46 (m, 5 H) 6.21 (g, J=7.3 Hz, 1 H) 3.81 (s, 3 H) 2.84 (d, J=4.9 Hz, 3 H) 1.81 (d, J=6.8 Hz, 3 H). Step 5:
(R)-5-(Methylcarbamoyl)-6-oxo-1-(1-phenylethyl)-1,6-dihydropyridine-3-carboxylic acid (133). Sodium
hydroxide (1.891 g, 47.3 mmol) was added to a solution of (R)-methyl 5-(methylcarbamoyl)-6-oxo-1-
(1-phenylethyl)-1,6-dihydropyridine-3-carboxylate (132, 7.43 g, 23.64 mmol) in methanol (70 mL).
Water was added to the stirred suspension and the resulting solution stirred overnight. The reaction
mixture was evaporated in vacuo to a pale brown solid and acidified with 2M aq. HCl (100 mL).
Acetone (10 mL) was added and the suspension stirred for 15 min and filtered. The filtercake was
washed [water:acetone (1:1, 20 mL), acetone (20 mL)] and dried in vacuo to give the product (6.40 g,

86% yield) as a beige solid. LCMS (2 min TFA): Rt = 0.82 min, [MH]* = 301.0. 'H NMR (400 MHz, DMSO-
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ds) 6 ppm 13.21 (brs, 1 H) 9.29 (br d, J=4.9 Hz, 1 H) 8.68 (d, J/=2.4 Hz, 1 H) 8.40 (d, /=2.4 Hz, 1 H) 7.23
-7.52 (m, 5 H) 6.22 (g, J=7.2 Hz, 1 H) 2.84 (d, J=4.9 Hz, 3 H) 1.80 (d, J=7.3 Hz, 3 H). Step 6: (R)-N°-
Cyclopropyl-N3-methyl-2-oxo-1-(1-phenylethyl)-1,2-dihydropyridine-3,5-dicarboxamide (31). HATU (95
mg, 0.250 mmol) was added to a solution of (R)-5-(methylcarbamoyl)-6-oxo-1-(1-phenylethyl)-1,6-
dihydropyridine-3-carboxylic acid (133, 50 mg, 0.166 mmol) and DIPEA (0.058 mL, 0.333 mmol) in DMF
(0.5 mL). The solution was stirred for 5 min and cyclopropylamine (0.014 mL, 0.200 mmol) added.
The resulting solution was stirred for 1 h. The reaction mixture was purified by MDAP (Formic). The
product containing fraction was azeotroped in vacuo to dryness with EtOH to give a white solid (50
mg, 84% yield). LCMS (2 min TFA): Rt = 0.85 min, [MH]* = 340.1. *H NMR (400 MHz, DMSO-dg) 6 ppm
9.39 (q, J=4.4 Hz, 1 H) 8.80 (d, J=2.4 Hz, 1 H) 8.59 (d, J=3.4 Hz, 1 H) 8.41 (d, J=2.4 Hz, 1 H) 7.35 - 7.44
(m, 2 H) 7.29 - 7.35 (m, 3 H) 6.23 (g, J/=7.3 Hz, 1 H) 2.73 - 2.87 (m, 4 H) 1.80 (d, J=7.3 Hz, 3 H) 0.65 -
0.73 (m, 2 H) 0.51 - 0.58 (m, 2 H). Chiral HPLC (25 cm Chiralcel 0OJ, col.no. OJOOCE-IF013, eluent: 5%
EtOH/heptane, flow rate = 1 mL/min, detection wavelength = 215 nm, RT, sample dissolved in
EtOH/heptane): Rt = 12.8 min, er = 100 : 0. (Enantiomer, Rt = 17.8 min). 1-Benzyl-N>-cyclopropy!-N3,6-
dimethyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (32): Step 1: Methyl 2-
((dimethylamino)methylene)-3-oxobutanoate (128).8° A solution of methyl 3-oxobutanoate (4640 pL,
43.0 mmol) and DMF-DMA (6050 pL, 45.2 mmol) was heated to 80 °C for 3 h after which TLC (80 %
ethyl acetate/cyclohexane) indicated reaction completion. The reaction mixture was evaporated in
vacuo, and azeotroped with toluene 3 times to remove any residual DMF-DMA. The residual red oil
was left to stand overnight, after which time it solidified to give methyl 2-
((dimethylamino)methylene)-3-oxobutanoate (5761 mg, 30.3 mmol, 70% yield) as a single unknown
geometric isomer (E/Z). LCMS (2 min Formic): Rt = 0.50 min, [MH]* = 172.1. Step 2: Dimethyl 6-methyl-
2-oxo-1,2-dihydropyridine-3,5-dicarboxylate (94).74 A mixture of methyl 2-
((dimethylamino)methylene)-3-oxobutanoate (128, 4600 mg, 26.9 mmol) and methyl 2-cyanoacetate
(2371 pl, 26.9 mmol) was stirred for 5 h at 40 °C, then cooled to rt and left to stand over a weekend.

The solid reaction mixture was suspended in diethyl ether (50 mL) by sonication and filtered. The filter
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cake was washed with diethyl ether (3 x 15 mL) and dried in vacuo to yield the desired product
dimethyl 6-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxylate (5480 mg, 21.90 mmol, 82% yield) as
an orange solid. LCMS (2 min Formic): Rt = 0.58 min, [MH]* = 226.2. Step 3: Dimethy! 1-benzyl-6-
methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxylate (129). To a stirred solution of dimethyl 6-methyl-
2-oxo0-1,2-dihydropyridine-3,5-dicarboxylate (94, 2000 mg, 8.88 mmol) in DMF (40 mL) was added
potassium carbonate (3682 mg, 26.6 mmol) and (bromomethyl)benzene (1.056 mL, 8.88 mmol) and
the reaction was heated to 40 °C for 4 h. The reaction mixture was then poured onto water (400 mL)
and extracted with ethyl acetate (3 x 100 mL). The combined organics were washed with brine (3 x 50
mL), dried through a hydrophobic frit and evaporated in vacuo to yield an orange solid (2.35 g). The
residue was loaded in dichloromethane onto a 50 g SNAP cartridge and purified via Biotage SP4 flash
chromatography, eluting from 17-87% ethyl acetate / cyclohexane. The relevant fractions were
combined and evaporated in vacuo to yield the desired product - dimethyl 1-benzyl-6-methyl-2-oxo-
1,2-dihydropyridine-3,5-dicarboxylate (1034 mg, 3.12 mmol, 35% yield) as an orange solid. LCMS (2
min Formic): Rt = 0.97 min, [MH]* = 316.1. 'H NMR (400 MHz, CHCl;-d)  ppm 8.78 (s, 1 H) 7.25 - 7.38
(obs. m, 3 H) 7.13 - 7.20 (m, 2 H) 5.50 (br s, 2 H) 3.94 (s, 3 H) 3.87 (s, 3 H) 2.81 (s, 3 H). Step 4: Methy!
1-benzyl-2-methyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (95). Methanamine
(2M in THF, 7.9 mL, 15.80 mmol) was added to a solution of dimethyl 1-benzyl-6-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxylate (129, 500 mg, 1.586 mmol) in methanol (5.8 mL) and the resulting
solution was heated to 50 °C for 30 min then left to stand at rt overnight. The reaction mixture was
evaporated in vacuo to yield the crude product as a yellow solid (525 mg). The residue was loaded in
dichloromethane onto a 25 g SNAP cartridge and purified via Biotage SP4 flash chromatography,
eluting from 0 - 50% (3:1 ethyl acetate:ethanol) / cyclohexane. The relevant fractions were combined
and evaporated in vacuo to yield the desired product methyl 1-benzyl-2-methyl-5-(methylcarbamoyl)-
6-oxo-1,6-dihydropyridine-3-carboxylate (430 mg, 1.300 mmol, 82% yield) as a white solid. LCMS (2
min Formic): Rt = 0.95 min, [MH]* = 315.1. *H NMR (600 MHz, DMSO-dg) & ppm 9.25 (q, J=4.3 Hz, 1 H)

8.78 (s, 1 H) 7.32-7.37 (m, 2 H) 7.26 - 7.31 (m, 1 H) 7.13 (d, J=7.3 Hz, 2 H) 5.51 (br s, 2 H) 3.82 (s, 3 H)
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2.83 (d, J=4.8 Hz, 3 H) 2.73 (s, 3 H). Step 5: 1-Benzyl-2-methyl-5-(methylcarbamoyl)-6-oxo-1,6-
dihydropyridine-3-carboxylic acid (130). Methyl 1-benzyl-2-methyl-5-(methylcarbamoyl)-6-oxo-1,6-
dihydropyridine-3-carboxylate (95, 420 mg, 1.336 mmol) was suspended in 1,4-dioxane (3.4 mL).
Water (3.4 mL) was added, followed by lithium hydroxide (64.0 mg, 2.67 mmol) and the reaction
mixture stirred at rt for 1 h 45 min. The reaction mixture was neutralized with 2M HCl and evaporated
in vacuo to yield 1-benzyl-2-methyl-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylic acid
(613 mg, 1.327 mmol, 99% vyield) as a white solid which was used crude in the subsequent reaction.
LCMS (2 min Formic): Rt = 0.83 min, [MH]* = 301.1. *H NMR (400 MHz, DMSO-dg) & ppm 12.19 - 14.36
(m, 1 H)9.28 (q, J=4.7 Hz, 1 H) 8.80 (s, 1 H) 7.31- 7.38 (m, 2 H) 7.24 - 7.31 (m, 1 H) 7.10 - 7.16 (m, 2 H)
5.51 (s, 2 H) 2.83 (d, J=4.9 Hz, 3 H) 2.75 (s, 3 H). Step 6: 1-Benzyl-N°-cyclopropyl!-N3,6-dimethyl-2-oxo-
1,2-dihydropyridine-3,5-dicarboxamide (32). To a solution of 1-benzyl-2-methyl-5-(methylcarbamoyl)-
6-oxo-1,6-dihydropyridine-3-carboxylic acid (130, 120 mg, 0.240 mmol) and HATU (164 mg, 0.432
mmol) in DMF (2.4 mL) was added DIPEA (84 uL, 0.480 mmol) and cyclopropanamine (19.9 uL, 0.287
mmol). The reaction mixture was stirred for 1 h. The reaction mixture was then poured onto water
(30 mL) and extracted with ethyl acetate (3 x 10 mL). The ethyl acetate portions were washed with
brine (2 x 10 mL) and evaporated in vacuo to yield the crude product (162 mg) as a red gum. The
residue was loaded in dichloromethane and purified via Biotage SP4 flash chromatography, eluting
from 12-62% (3:1 ethyl acetate:ethanol) / cyclohexane. The relevant fractions were combined and
evaporated in vacuo. The residue was taken up in ethyl acetate (30 mL) and washed with water (2 x
30 mL) and brine (10 mL). The organic layer was dried through a hydrophobic frit and evaporated in
vacuo to yield the desired product, 1-benzyl-N>-cyclopropyl-N3,6-dimethyl-2-oxo-1,2-dihydropyridine-
3,5-dicarboxamide (63 mg, 0.176 mmol, 74% vyield) as an off white solid. LCMS (2 min Formic): Rt =
0.80 min, [MH]* = 340.2. 'H NMR (400 MHz, DMSO-dg) & ppm 9.35-9.49 (m, 1 H) 8.52 (d, /=3.9 Hz, 1
H)8.29 (s, 1 H) 7.32-7.40 (m, 2 H) 7.25-7.32 (m, 1 H) 7.10- 7.17 (m, 2 H) 5.47 (s, 2 H) 2.75 - 2.87 (m,

4 H)2.47 (s, 3 H) 0.65 - 0.72 (m, 2 H) 0.49 - 0.55 (m, 2 H).
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1-(Cyclohexylmethyl)-N°-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide ~ (33)::
Step 1: 5-Bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (67): Methyl 5-bromo-2-oxo-1,2-
dihydropyridine-3-carboxylate (60, 2 g, 8.62 mmol) and methylamine (13 mL, 26.0 mmol, 2M in THF)
were refluxed under N,. After 4 h a white precipitate had formed. THF (15 mL) was added and the
solution was refluxed for 1 h. Further methylamine (13 mL, 26.0 mmol, 2M in THF) was added and the
reaction refluxed for 2 h. Further methylamine (22 mL, 44.0 mmol, 2M in THF) was added and the
reaction refluxed overnight. The solution was concentrated to give a yellow solid. This was transferred
to 2 x 20 mL microwave vials with methylamine (15 mL, 30.0 mmol, 2M in THF) and THF (15 mL) and
both were heated at 80 °C for 1 h. The suspension from the first microwave vial was concentrated,
and triturated from diethyl ether to give 5-bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-
carboxamide (67, 880 mg, 38% yield, 85% purity). The suspension from the second microwave vial was
concentrated and triturated from diethyl ether to give further 5-bromo-N-methyl-2-oxo-1,2-
dihydropyridine-3-carboxamide (67, 880 mg, 40% yield, 90% purity). LCMS (2 min Formic): Rt = 0.50
min, [MH]+ = 231.0, 233.0. *H NMR (400 MHz, MeOH-d,) 6 ppm 8.38 (d, J/=2.9 Hz, 1 H) 7.87 (d, J=2.9
Hz, 1 H) 2.95 (s, 3 H). Exchangeable protons not observed. Step 2: 5-Bromo-1-(cyclohexylmethyl)-N-
methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (69). Prepared from 67 (103.4 mg, 0.448 mmol) and
(bromomethyl)cyclohexane (0.156 mL, 1.119 mmol) using the same procedure as for 68, to give 5-
bromo-1-(cyclohexylmethyl)-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (83.4 mg, 0.255
mmol, 57% yield) as a white solid. LCMS (2 min Formic): Rt = 1.16 min, [MH]* = 327.1, 329.1. *H NMR
(400 MHz, CHCl;-d) & ppm 9.61 (br's, 1 H) 8.59 (d, J=2.9 Hz, 1 H) 7.54 (d, J=2.9 Hz, 1 H) 3.83 (d, J=7.3
Hz, 2 H) 2.99 (d, J=4.9 Hz, 3 H) 1.66 - 1.91 (m, 6 H) 1.14 - 1.33 (m, 3 H) 0.96 - 1.09 (m, 2 H). Step 3: 1-
(Cyclohexylmethyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (33).
Prepared from 69 (30.2 mg, 0.092 mmol) and cyclopropylamine (0.020 mL, 0.277 mmol), using the
same procedure as for 35, to give 1-(cyclohexylmethyl)-N°-cyclopropyl-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (7.4 mg, 0.022 mmol, 24% vyield) as a cream solid. LCMS (2 min

Formic): Rt =0.97 min, [MH]* = 332.3. *H NMR (400 MHz, CHCl;-d) 6 ppm 9.67 (br d, J/=4.4 Hz, 1 H) 8.83
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(d, J=2.9 Hz, 1 H) 8.35 (d, J=2.9 Hz, 1 H) 6.95 (br s, 1 H) 3.93 (d, J=7.3 Hz, 2 H) 3.00 (d, J=5.4 Hz, 3 H)
2.82-2.96 (m, 1 H) 1.64-1.92 (m, 6 H) 1.13 - 1.30 (m, 3 H) 0.98 - 1.13 (m, 2 H) 0.82 - 0.95 (m, 2 H)
0.59-0.73 (m, 2 H).
(+/-)-N>-Cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-2-yl)methyl)-1,2-dihydropyridine-3,5-
dicarboxamide (34). Step 1: (+/-)-5-Bromo-N-methyl-2-oxo-1-((tetrahydro-2H-pyran-2-yl)methyl)-1,2-
dihydropyridine-3-carboxamide (70). Prepared from 67 (99.8 mg, 0.432 mmol) and (%)-2-
(bromomethyl)tetrahydro-2H-pyran (0.138 mL, 1.080 mmol) using the same procedure as for 68, to
give (%)-5-bromo-N-methyl-2-oxo-1-((tetrahydro-2H-pyran-2-yl)methyl)-1,2-dihydropyridine-3-
carboxamide (45.3 mg, 0.138 mmol, 32% yield) as a white solid. LCMS (2 min Formic): Rt = 0.92 min,
[MH]* = 329.1, 331.1. 'H NMR (400 MHz, CHCls-d) & ppm 9.56 (br's, 1 H) 8.59 (d, J=2.9 Hz, 1 H) 7.72 (d,
J=2.9Hz,1H)4.36-4.43 (m, 1 H) 3.94-4.00 (m, 1 H) 3.56 - 3.64 (m, 2 H) 3.29 - 3.40 (m, 1 H) 2.99 (d,
J=4.9 Hz, 3 H) 1.85-1.95 (m, 1 H) 1.73 (br d, /=12.2 Hz, 1 H) 1.49 - 1.64 (m, 3 H) 1.23 - 1.37 (m, 1 H).
Step 2: (+/-)-N>-Cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-2-yl)methyl)-1,2-
dihydropyridine-3,5-dicarboxamide (34). Prepared from 70 (45.3 mg, 0.138 mmol) and
cyclopropylamine (0.029 mlL, 0.413 mmol) using the same procedure as for 35, to give (*)-N°-
cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-2-yl)methyl)-1,2-dihydropyridine-3,5-
dicarboxamide (3.7 mg, 0.011 mmol, 8% yield) as a yellow solid. LCMS (2 min High pH): Rt = 0.78 min,
[MH]* = 334.2. 'H NMR (400 MHz, CHCl5-d) & ppm 9.56 (br d, J=4.4 Hz, 1 H) 8.76 (d, J=2.9 Hz, 1 H) 8.44
(d, J/=2.9 Hz, 1 H) 6.69 (brs, 1 H) 4.39 (dd, J=13.2, 2.4 Hz, 1 H) 3.91-3.98 (m, 1 H) 3.76 (dd, /=13.2, 8.8
Hz, 1 H) 3.63 (ddt, /=11.0, 8.7, 2.4, 2.4 Hz, 1 H) 3.26 - 3.36 (m, 1 H) 3.00 (d, J=4.9 Hz, 3 H) 2.83 - 2.97
(m, 1H)1.85-1.96 (m, 1 H) 1.72 (brd, J=12.7 Hz, 1 H) 1.46 - 1.67 (m, 3 H) 1.24 - 1.46 (m, 1 H) 0.81 -
0.94 (m,2H)0.57-0.71 (m, 2 H).
(+/-)-N°-Cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-3-yl)methyl)-1,2-dihydropyridine-3, 5-
dicarboxamide (35): Step 1: (+/-)-5-Bromo-N-methyl-2-oxo-1-((tetrahydro-2H-pyran-3-yl)methyl)-1,2-
dihydropyridine-3-carboxamide (68). 5-Bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide

(67, 102.8 mg, 0.445 mmol), (%)-3-(bromomethyl)tetrahydro-2H-pyran (197.6 mg, 1.104 mmol) and
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potassium carbonate (134.5 mg, 0.973 mmol) were stirred in methanol (2 mL) and the mixture was
heated at 60 °C for 8 days. The reaction mixture was then sealed and left to stand at room temperature
for 2.75 days before stirring at 60 °C was resumed for 3 days. Over this time the solvent level was
maintained at 2 mL by the addition of further methanol. After allowing to cool to rt, the mixture was
partitioned between water (5 mL) and ethyl acetate (5 mL). The aqueous phase was extracted with
further ethyl acetate (2 x 5 mL) and the combined organic phases were dried by filtering through a
hydrophobic frit. The solvent was evaporated under a stream of nitrogen and the residue was
dissolved in a mixture of DMSO/methanol (1:1, 2 mL) and directly purified by MDAP (formic). The
required fractions were concentrated in vacuo to give (t)-5-bromo-N-methyl-2-oxo-1-((tetrahydro-
2H-pyran-3-yl)methyl)-1,2-dihydropyridine-3-carboxamide (71.2 mg, 0.216 mmol, 49% vyield) as a
cream solid. A small amount of the O-alkylated regioisomer: ()-5-bromo-N-methyl-2-((tetrahydro-2H-
pyran-3-yl)methoxy)nicotinamide (7.2 mg, 0.022 mmol, 5% vyield) was also isolated. LCMS (2 min
Formic): Rt = 0.77 min, [MH]* = 329.1, 331.1. 'H NMR (400 MHz, DMSO-dg) 6 ppm 9.47 (br d, J=4.9 Hz,
1 H)8.35(d, J/=2.9 Hz, 1 H) 8.28 (d, J/=2.9 Hz, 1 H) 3.87 - 3.96 (m, 2 H) 3.63 - 3.73 (m, 2 H) 3.31 - 3.39
(m, 1 H) 3.17 (dd, J=11.2, 9.3 Hz, 1 H) 2.83 (d, J=4.9 Hz, 3 H) 1.99 - 2.09 (m, 1 H) 1.58 - 1.69 (m, 2 H)
1.37-1.49 (m, 1 H) 1.21 - 1.31 (m, 1 H). Step 2: (+/-)-N>-Cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-
2H-pyran-3-yl)methyl)-1,2-dihydropyridine-3,5-dicarboxamide (35). A microwave vial was charged
with (%)-5-bromo-N-methyl-2-oxo-1-((tetrahydro-2H-pyran-3-yl)methyl)-1,2-dihydropyridine-3-
carboxamide (68, 66.8 mg, 0.203 mmol), cobalt octacarbonyl (17.8 mg, 0.052 mmol), palladium (lI)
acetate (3.6 mg, 0.016 mmol), xantphos (6.1 mg, 10.54 umol) and DMAP (52.8 mg, 0.432 mmol). 1,4-
Dioxane (2 mL) was added followed by cyclopropylamine (0.043 mL, 0.609 mmol), the vial was sealed
and the reaction mixture was heated in a microwave reactor at 75 °C for 30 min. The mixture was
diluted with ethyl acetate (5 mL) and filtered using a Celite cartridge (2.5 g) which was eluted with
further ethyl acetate (3 x 5 mL). The combined organic fractions were concentrated in vacuo to give a
brown residue which was dissolved in DMSO/methanol (1:1, 2 mL) and directly purified by MDAP

(formic). The required fractions were combined and concentrated in vacuo to give the desired product
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as a pale brown solid, ()-N>-cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-3-yl)methyl)-1,2-
dihydropyridine-3,5-dicarboxamide (18.1 mg, 0.054 mmol, 27% yield). LCMS (2 min High pH): Rt = 0.69
min, [MH]* = 334.2. 'H NMR (400 MHz, DMSO-dg) 6 ppm 9.41 (br d, J/=4.4 Hz, 1 H) 8.77 (d, J=2.9 Hz, 1
H) 8.51 (d, J/=2.9 Hz, 2 H) 3.88 - 4.08 (m, 2 H) 3.59 - 3.77 (m, 2 H) 3.29 - 3.42 (m, 1 H) 3.19 (dd, J=11.0,
9.0 Hz, 1 H) 2.84 (d, J=4.9 Hz, 3 H) 1.99 - 2.11 (m, 1 H) 1.58 - 1.70 (m, 2 H) 1.36 - 1.50 (m, 1 H) 1.23 -
1.35 (m, 1 H) 0.66 - 0.73 (m, 2 H) 0.54 - 0.60 (m, 2 H).
N>-Cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-4-yl)methyl)-1,2-dihydropyridine-3,5-
dicarboxamide (36): Step 1: 5-Bromo-N-methyl-2-oxo-1-((tetrahydro-2H-pyran-4-yl)methyl)-1,2-
dihydropyridine-3-carboxamide (71). Prepared from 67 (99.2 mg, 0.429 mmol) and 4-
(bromomethyl)tetrahydro-2H-pyran (194.4 mg, 1.086 mmol) using the same procedure as for 68, to
give 5-bromo-N-methyl-2-oxo-1-((tetrahydro-2H-pyran-4-yl)methyl)-1,2-dihydropyridine-3-
carboxamide (70.4 mg, 0.214 mmol, 50% yield) as a white solid. LCMS (2 min Formic): Rt = 0.73 min,
[MH]*=329.1 & 331.1. 'H NMR (400 MHz, DMSO-dg) 6 ppm 9.49 (br d, J=4.9 Hz, 1 H) 8.37 (d, J=2.9 Hz,
1H)8.29 (d, /=2.9 Hz, 1 H) 3.92 (d, J=7.3 Hz, 2 H) 3.84 (dd, J=11.5, 2.7 Hz, 2 H) 3.23 (td, J=11.6, 2.2 Hz,
2 H) 2.83 (d, J=4.9 Hz, 3 H) 1.98 - 2.14 (m, 1 H) 1.42 (br dd, J=12.7, 2.0 Hz, 2 H) 1.27 (qd, J=12.2, 4.4 Hz,
2 H). Step 2:  N>-Cyclopropyl-N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-4-yl)methyl)-1,2-
dihydropyridine-3,5-dicarboxamide (36). Prepared from 71 (65.2 mg, 0.198 mmol) and
cyclopropylamine (0.028 mL, 0.396 mmol) using the same procedure as for 35, to give N°-cyclopropyl-
N3-methyl-2-oxo-1-((tetrahydro-2H-pyran-4-yl)methyl)-1,2-dihydropyridine-3,5-dicarboxamide (13.8
mg, 0.041 mmol, 21% vyield) as a cream coloured solid. LCMS (2 min Formic): Rt = 0.63 min, [MH]* =
334.1. *H NMR (400 MHz, DMSO-dg) 6 ppm 9.44 (br d, J=4.9 Hz, 1 H) 8.78 (d, J=2.4 Hz, 1 H) 8.46 - 8.56
(m, 2 H)3.99(d, J=7.3 Hz, 2 H) 3.84 (br dd, J=11.5, 2.7 Hz, 2 H) 3.23 (td, J=11.5, 2.0 Hz, 2 H) 2.80 - 2.87
(m,4H)1.98-2.13(m,1H)1.37-1.51(m,2H)1.22-1.37(m, 2 H) 0.63-0.73 (m, 2 H) 0.52 - 0.63 (m,
2 H).

Compounds 37-39: Step 1: Methyl 2-(benzyloxy)-5-bromonicotinate (110). Methyl 5-bromo-2-oxo-1,2-

dihydropyridine-3-carboxylate (60, 5 g, 21.55 mmol, commercially available from, for example, Sigma-
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Aldrich) was dissolved in chloroform (100 mL), then silver carbonate (11.88 g, 43.1 mmol) and benzyl
bromide (3.33 mL, 28.0 mmol) were added and the mixture heated at reflux overnight. The mixture
was filtered and the filtrate evaporated in vacuo to give a pale yellow liquid. This was dissolved in DCM
(5 mL) and loaded onto a 50 g silica column, then eluted with 0-50% EtOAc/cyclohexane and the
product-containing fractions evaporated in vacuo to give methyl 2-(benzyloxy)-5-bromonicotinate
(4.65 g, 14.43 mmol, 67% yield) as a colourless solid. LCMS (2 min High pH): Rt = 1.37 min, [MH]+ =
322.1,324.1. *H NMR (400 MHz, CHCl;-d) 6 ppm 8.35 (d, J=2.7 Hz, 1 H) 8.29 (d, J=2.4 Hz, 1 H) 7.51 (d,
J=7.6 Hz, 2 H) 7.38 (t, J=7.5 Hz, 2 H) 7.28 - 7.34 (m, 1 H) 5.51 (s, 2 H) 3.93 (s, 3 H). Step 2: 2-(Benzyloxy)-5-
bromonicotinic acid (111). Methyl 2-(benzyloxy)-5-bromonicotinate (110, 4.6 g, 14.28 mmol) was
dissolved in THF (50 mL) and methanol (50 mL), then LiOH (1.368 g, 57.1 mmol) in water (50 mL) was
added and the mixture stirred for 2 h at rt. The solvent was evaporated in vacuo and the residue was
suspended in water (100 mL) and acidified with 2M HCl to pH 4, then extracted with 10% MeOH/DCM
(3 x 100 mL, poor solubility) and the organic layer washed with water, dried and evaporated in vacuo
to give 2-(benzyloxy)-5-bromonicotinic acid (4.15 g, 13.47 mmol, 94% yield) as a colourless solid. LCMS
(2 min High pH): Rt = 0.68 min, [MH]+ = 308.2, 310.0. 'H NMR (400 MHz, DMSO-ds) & ppm 8.43 (d,
J=2.4 Hz, 1 H) 8.18 (d, J=2.7 Hz, 1 H) 7.47 (d, J=7.1 Hz, 2 H) 7.37 (t, J=7.3 Hz, 2 H) 7.27 - 7.33 (m, 1 H)
543 (s, 2 H). Step 3: 2-(Benzyloxy)-5-bromo-N-methylnicotinamide (85). 2-(Benzyloxy)-5-
bromonicotinic acid (111, 4.2 g, 13.63 mmol) was suspended in DCM (50 mL) and oxalyl chloride (2.386
mL, 27.3 mmol) was added, followed by DMF (0.053 mL, 0.682 mmol) and the reaction mixture was
stirred for 2 h at rt, then evaporated in vacuo. The residue was dissolved in THF (50 mL), then
methanamine (13.63 mL, 2M in THF, 27.3 mmol) was added and the resulting suspension stirred for 2
h at rt, then evaporated in vacuo. The residue was dissolved in THF (50 mL) and methanamine (13.63
mL, 2M in THF, 27.3 mmol) was added, then the resulting mixture stirred for 2 h, then evaporated in
vacuo. The residue was partitioned between EtOAc (100 mL) and water (100 mL), the aqg. layer was
extracted with further EtOAc (100 mL) and the combined organics washed with brine, dried and

evaporated in vacuo to give a yellow gummy solid. This was dissolved in a mixture of DCM (20 mL) and
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methanol (5 mL) with difficulty, then loaded onto a 50 g silica column, which was then sucked dry
using a vacuum line. The column was eluted with 0-100% EtOAc/cyclohexane to give 2-(benzyloxy)-5-
bromo-N-methylnicotinamide (2.35 g, 7.32 mmol, 54% yield). LCMS (2 min High pH): Rt = 1.19 min,
[MH]+=321.1, 323.1. 'H NMR (400 MHz, CHCl3-d) 6 ppm 8.65 (d, J=2.4 Hz, 1 H) 8.31 (d, J=2.4 Hz, 1 H)
7.87 (br.s., 1H) 7.33 - 7.48 (m, 5 H) 5.53 (s, 2 H) 2.94 (d, J=4.9 Hz, 3 H). Step 4: 2,4,6-Trichlorophenyl
6-(benzyloxy)-5-(methylcarbamoyl)nicotinate (116). Prepared from 85 (2 g, 6.23 mmol) and 2,4,6-
trichlorophenyl formate (2.106 g, 9.34 mmol) using the same procedure as for 62, to give 2,4,6-
trichlorophenyl 6-(benzyloxy)-5-(methylcarbamoyl)nicotinate (1.65 g, 3.54 mmol, 56.9 % yield). LCMS
(2 min High pH): Rt = 1.52 min, [MH]+ = 465.3. 'H NMR (400 MHz, CHCl5-d) & ppm 9.31 (d, J=2.4 Hz, 1
H) 9.10 (d, J=2.4 Hz, 1 H) 7.80 (d, J=3.7 Hz, 1 H) 7.38 - 7.53 (m, 7 H) 5.68 (s, 2 H) 2.98 (d, J=4.6 Hz, 3 H).
Step 5: 2-(Benzyloxy)-N>-cyclobutyl-N3-methylpyridine-3,5-dicarboxamide (118). Prepared from 116
(1.65 g, 3.54 mmol) and cyclobutanamine (0.605 mL, 7.09 mmol) using the same procedure as for 21,
to give 2-(benzyloxy)-N’-cyclobutyl-N3-methylpyridine-3,5-dicarboxamide (1.025 g, 3.02 mmol, 85%
yield) as a white solid. LCMS (2 min Formic): Rt = 1.01 min, [MH]* = 340.0. *H NMR (400 MHz, DMSO-
de) & ppm 8.77 (d, J=7.8 Hz, 1 H) 8.70 (d, J=2.4 Hz, 1 H) 8.51 (d, J=2.4 Hz, 1 H) 8.33 (br d, J=4.4 Hz, 1 H)
7.46-7.51(m,2H)7.36-7.42(m,2H)7.29-7.35(m, 1 H) 5.56 (s, 2 H) 4.41 (sxt, J/=8.1 Hz, 1 H) 2.81
(d, J=4.9 Hz, 3 H) 2.15- 2.28 (m, 2 H) 2.00 - 2.14 (m, 2 H) 1.61 - 1.75 (m, 2 H).

Step 6: Standard Procedure for the alkylation of N°-cyclobutyl-N3>-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide. A stock solution of N°-cyclobutyl-N3-methyl-2-oxo0-1,2-
dihydropyridine-3,5-dicarboxamide (88, 475 mg) in DMSO (11.4 mL) was made up. 0.6 mL of this
solution was added separately to each of 2-(bromomethyl)pyridine, 3-(bromomethyl)pyridine and 4-
(chloromethyl)pyridine, (0.301 mmol). Potassium carbonate (41.6 mg, 0.301 mmol) was added to each
of the reaction vessels and the reactions left stirring overnight. The samples were then filtered before
purification. The samples were dissolved in DMSO (0.8 mL) and purified by high pH MDAP. The solvent
was dried under a stream of nitrogen to give the required products: N>-Cyclobutyl-N3-methyl-2-oxo-1-

(pyridin-2-ylmethyl)-1,2-dihydropyridine-3,5-dicarboxamide (37): (13 mg, 34% vyield). LCMS (2 min
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Formic): Rt = 0.71 min, [MH]* = 341.0. *H NMR (600 MHz, DMSO-dg) 6§ ppm 9.30 (br d, /=4.9 Hz, 1 H)
8.87 (d, J=2.6 Hz, 1 H) 8.70 - 8.81 (m, 2 H) 8.47 (d, J=4.5 Hz, 1 H) 7.79 (td, J=7.7, 1.5 Hz, 1 H) 7.37 (d,
J=7.9 Hz, 1 H) 7.30 (dd, J=6.8, 5.3 Hz, 1 H) 5.39 (s, 2 H) 4.40 (sxt, J=7.9 Hz, 1 H) 2.80 (d, J=4.9 Hz, 3 H)
2.16-2.27 (m, 2H) 2.00-2.13 (m, 2 H) 1.61 - 1.74 (m, 2 H). N°>-Cyclobutyl-N3-methyl-2-oxo-1-(pyridin-3-
ylmethyl)-1,2-dihydropyridine-3,5-dicarboxamide (38): (12 mg, 32% yield). LCMS (2 min Formic): Rt =
0.51 min, [MH]* = 341.0. 'H NMR (600 MHz, DMSO-dg) & ppm 9.31 (br d, J=4.5 Hz, 1 H) 8.83 (d, J=1.9
Hz, 2 H) 8.76 (br d, J=7.2 Hz, 1 H) 8.63 (s, 1 H) 8.51 (d, J=4.2 Hz, 1 H) 7.74 (br d, J=7.9 Hz, 1 H) 7.38 (dd,
J=7.7,4.7 Hz, 1 H) 5.32 (s, 2 H) 4.39 (sxt, J=8.2 Hz, 1 H) 2.82 (d, J=4.9 Hz, 3 H) 2.13 - 2.28 (m, 2 H) 2.02
- 210 (m, 2 H) 1.62 - 1.74 (m, 2 H). N°-Cyclobutyl-N>-methyl-2-oxo-1-(pyridin-4-ylmethyl)-1,2-
dihydropyridine-3,5-dicarboxamide (39): (15 mg, 39% yield). LCMS (2 min Formic): Rt = 0.46 min, [MH]*
=341.0. *H NMR (600 MHz, DMSO-dg) 6 ppm 9.28 (br d, J=4.5 Hz, 1 H) 8.87 (d, J=2.6 Hz, 1 H) 8.71 -
8.81(m, 2 H) 8.53 (d, J=6.0 Hz, 2 H) 7.22 (d, J=6.0 Hz, 2 H) 5.33 (s, 2 H) 4.39 (sxt, J=8.2 Hz, 1 H) 2.81 (d,
J=4.9 Hz, 3 H) 2.21 (dtd, J=10.8, 8.0, 8.0, 2.6 Hz, 2 H) 2.00 - 2.12 (m, 2 H) 1.61 - 1.75 (m, 2 H).

N>-Cyclopropyl-1-(2-fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (40): Step
1: 5-Bromo-1-(2-fluorobenzyl)-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (72). Prepared
from 67 (500 mg, 2.164 mmol) and 1-(bromomethyl)-2-fluorobenzene (0.392 mL, 3.25 mmol) using
the same procedure as for 68, to give the title compound (536.3 mg, 73%) as a pale yellow solid. LCMS
(2 min Formic): Rt = 0.98 min, [MH]* = 338.9 & 340.9. 'H NMR (400 MHz, CHCls-d) & ppm 9.51 (brs, 1
H) 8.58 (d, J=2.9 Hz, 1 H) 7.74 (dd, J=2.9, 1.0 Hz, 1 H) 7.44 (td, J=7.5, 1.7 Hz, 1 H) 7.37 (tdd, J=7.8, 7.8,
5.7,1.7Hz,1H)7.11-7.21 (m, 2 H) 5.22 (s, 2 H) 2.99 (d, J=4.9 Hz, 3 H). Step 2: N°>-Cyclopropy!-1-(2-
fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (40). Prepared from 72 (150
mg, 0.442 mmol) and cyclopropanamine (0.061 mL, 0.885 mmol) using the same procedure as for 35,
to give N°-cyclopropyl-1-(2-fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(59.6 mg, 0.174 mmol, 39% yield) as a pale yellow solid. LCMS (2 min Formic): Rt = 0.82 min, [MH]* =

344.1. *H NMR (400 MHz, DMSO-d¢) 6 ppm 9.29 (q, J=4.4 Hz, 1 H) 8.82 (d, J=2.9 Hz, 1 H) 8.70 (d, J=2.0
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Hz, 1 H) 8.57 (brd, J=4.4 Hz, 1 H) 7.32-7.43 (m, 1 H) 7.16 - 7.26 (m, 3 H) 5.34 (s, 2 H) 2.78 - 2.88 (m, 4
H) 0.67 - 0.73 (m, 2 H) 0.54 - 0.61 (m, 2 H).
N>-Cyclopropyl-1-(3-fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (41): Step
1: 5-Bromo-1-(3-fluorobenzyl)-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (73). Prepared
from 67 (150 mg, 0.649 mmol) and 1-(bromomethyl)-3-fluorobenzene (116 uL, 0.946 mmol) using the
same procedure as for 68 to give 5-bromo-1-(3-fluorobenzyl)-N-methyl-2-oxo0-1,2-dihydropyridine-3-
carboxamide (135 mg, 0.398 mmol, 61% yield) as a white solid. LCMS (2 min Formic): Rt = 0.96 min,
[MH]* = 338.9, 340.9. 'H NMR (400 MHz, CHCls-d) & ppm 9.51 (brs, 1 H) 8.61 (d, J=2.9 Hz, 1 H) 7.63 (d,
J=2.9 Hz, 1 H) 7.38 (td, J=7.8, 5.9 Hz, 1 H) 7.01 - 7.10 (m, 3 H) 5.18 (s, 2 H) 3.00 (d, J=4.9 Hz, 3 H). Step
2:  N°-Cyclopropyl-1-(3-fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide  (41).
Prepared from 73 (122 mg, 0.360 mmol) and cyclopropylamine (50.7 puL, 0.719 mmol) using the same
procedure as for 35, to give N°-cyclopropyl-1-(3-fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-
3,5-dicarboxamide (38 mg, 0.105 mmol, 29% yield) as a white solid. LCMS (2 min Formic): Rt = 0.84
min, [MH]* = 344.1. 'H NMR (400 MHz, CHCls-d) & ppm 9.50 (br s, 1 H) 8.74 (d, J=2.4 Hz, 1 H) 8.47 (d,
J=2.9 Hz, 1 H) 7.31 - 7.40 (m, 1 H) 7.02 - 7.12 (m, 3 H) 6.63 (brs, 1 H) 5.25 (s, 2 H) 3.00 (d, J=4.9 Hz, 3
H) 2.85 - 2.94 (m, 1 H) 0.85 - 0.92 (m, 2 H) 0.61 - 0.67 (m, 2 H).
N>-Cyclopropyl-1-(4-fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (42): Step
1: 5-Bromo-1-(4-fluorobenzyl)-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (74). Prepared
from 67 (150 mg, 0.649 mmol) and 1-(bromomethyl)-4-fluorobenzene (118 uL, 0.947 mmol). using
the same procedure as for 68, to give 5-bromo-1-(4-fluorobenzyl)-N-methyl-2-oxo-1,2-
dihydropyridine-3-carboxamide (127 mg, 0.374 mmol, 58% yield) as a white solid. LCMS (2 min
Formic): Rt = 0.96 min, [MH]* = 339.0, 341.0. *H NMR (400 MHz, CHCl3-d) 6 ppm 9.53 (br s, 1 H) 8.60
(d, J=2.9 Hz, 1 H) 7.62 (d, J=2.9 Hz, 1 H) 7.29 - 7.34 (m, 2 H) 7.05 - 7.13 (m, 2 H) 5.16 (s, 2 H) 3.00 (d,
J=4.9 Hz, 3 H). Step 2: N>-Cyclopropyl-1-(4-fluorobenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (42): Prepared from 74 (123 mg, 0.363 mmol) and cyclopropylamine (51.1 pL, 0.725

mmol) using the same procedure as for 35, to give N°-cyclopropyl-1-(4-fluorobenzyl)-N3-methyl-2-
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oxo-1,2-dihydropyridine-3,5-dicarboxamide (47 mg, 0.130 mmol, 36% yield) as a white solid. LCMS (2
min Formic): Rt = 0.85 min, [MH]* = 344.2. *H NMR (400 MHz, CHCl5-d) 6 ppm 9.52 (br d, J=4.4 Hz, 1
H) 8.76 (d, J/=2.9 Hz, 1 H) 8.49 (d, J=2.9 Hz, 1 H) 7.32-7.37 (m, 2 H) 7.04 - 7.10 (m, 2 H) 6.74 (br s, 1 H)
5.23 (s, 2 H) 2.99 (d, J=5.4 Hz, 3 H) 2.85 - 2.92 (m, 1 H) 0.83 - 0.92 (m, 2 H) 0.60 - 0.67 (m, 2 H).
N>°-Cyclopropyl-N3-methyl-1-(3-methylbenzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (43): Step
1: 5-Bromo-N-methyl-1-(3-methylbenzyl)-2-oxo-1,2-dihydropyridine-3-carboxamide (75). Prepared
from 67 (300 mg, 1.298 mmol) and 1-(bromomethyl)-3-methylbenzene (0.263 mL, 1.948 mmol) using
the same procedure as for 68, to give 5-bromo-N-methyl-1-(3-methylbenzyl)-2-oxo-1,2-
dihydropyridine-3-carboxamide (205.8 mg, 0.614 mmol, 47% vyield) as a white solid. LCMS (2 min
Formic): Rt = 1.05 min, [MH]*=335.0 & 337.0. *H NMR (400 MHz, CHCl;-d) 6 ppm 9.58 (br s, 1 H) 8.59
(d, J=2.9 Hz,1H) 7.61(d, J/=2.9 Hz, 1 H) 7.27 - 7.32 (obs. m, 1 H) 7.19 (d, J=7.8 Hz, 1 H) 7.08 - 7.11 (m,
2 H) 5.16 (s, 2 H) 3.00 (d, J=4.9 Hz, 3 H) 2.38 (s, 3 H). Step 2: N°-Cyclopropyl-N3*-methyl-1-(3-
methylbenzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (43). Prepared from 75 (100 mg, 0.298
mmol) and cyclopropanamine (0.041 mL, 0.597 mmol) using the same procedure as for 35, to give N*-
cyclopropyl-N3-methyl-1-(3-methylbenzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (52.7 mg,
0.155 mmol, 52% yield) as a yellow solid. LCMS (2 min Formic): Rt = 0.90 min, [MH]* = 340.1. 'H NMR
(400 MHz, CHCl;-d) 6 ppm 9.55 (br d, J=1.5 Hz, 1 H) 8.69 (br t, J=2.9 Hz, 1 H) 8.46 (d, J=2.4 Hz, 1 H) 7.24
-7.30 (obs. m, 1 H) 7.10 - 7.19 (m, 3 H) 6.46 (br d, J=10.8 Hz, 1 H) 5.22 (s, 2 H) 3.00 (d, J=4.9 Hz, 3 H)
2.85-2.93(m, 1H)2.36(s,3H)0.85-0.92 (m, 2 H) 0.61-0.67 (m, 2 H).
N>-Cyclopropyl-N3-methyl-1-(4-methylbenzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (44): Step
1: 5-Bromo-N-methyl-1-(4-methylbenzyl)-2-oxo-1,2-dihydropyridine-3-carboxamide (76). Prepared
from 67 (136 mg, 0.589 mmol) and 1-(bromomethyl)-4-methylbenzene (327 mg, 1.766 mmol) using
the same procedure as for 68, to give 5-bromo-N-methyl-1-(4-methylbenzyl)-2-oxo-1,2-
dihydropyridine-3-carboxamide (120 mg, 0.358 mmol, 61% yield) as a white solid. LCMS (2 min
Formic): Rt = 1.04 min, [MH]* = 335.0, 337.0. 'H NMR (400 MHz, CHCl5-d) & ppm 9.58 (br d, J=1.5 Hz,

1 H) 8.58 (d, J=2.9 Hz, 1 H) 7.60 (d, J=2.9 Hz, 1 H) 7.21 (app. s, 4 H) 5.15 (s, 2 H) 3.00 (d, J=4.9 Hz, 3 H)
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2.38 (s, 3 H). Step 2: N°-Cyclopropyl-N3-methyl-1-(4-methylbenzyl)-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (44). Prepared from 76 (120 mg, 0.358 mmol) and cyclopropylamine (50.5 pL, 0.716
mmol) using the same procedure as for 35, to give N>-cyclopropyl-N3-methyl-1-(4-methylbenzyl)-2-
oxo-1,2-dihydropyridine-3,5-dicarboxamide (51 mg, 0.150 mmol, 42% yield) as a white solid. LCMS (2
min Formic): Rt = 0.90 min, [MH]* = 340.1. 'H NMR (400 MHz, CHCl5-d) & ppm 9.56 (br d, J=4.4 Hz, 1
H) 8.73 (d, J=2.4 Hz, 1 H) 8.47 (d, J=2.9 Hz, 1 H) 7.15-7.26 (m, 4 H) 6.66 (br s, 1 H) 5.22 (s, 2 H) 2.99 (d,
J=4.9 Hz, 3 H) 2.84 - 2.92 (m, 1 H) 2.35 (s, 3 H) 0.83 - 0.91 (m, 2 H) 0.60 - 0.65 (M, 2 H).

N>-Cyclopropyl-1-(3-methoxybenzyl)-N3>-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide ~ (45):
Step 1: 5-Bromo-2-methoxynicotinoyl! chloride (112). 5-Bromo-2-methoxynicotinic acid (83, 15 g, 64.6
mmol, commercially available from, for example Apollo Scientific) was suspended in DCM (100 mL)
and then oxalyl chloride (16.98 mL, 194 mmol) was added, followed by DMF (5.01 mL, 64.6 mmol) and
the mixture was stirred for 18 h at rt. The solvent was evaporated in vacuo and the residue was
redissolved in DCM (100 mL) and evaporated to dryness to give 5-bromo-2-methoxynicotinoyl chloride
(16.33 g, 65.2 mmol, quant.) which was used in the next step immediately. *H NMR (400 MHz, CHCl;-
d) & ppm 8.49 (d, J=2.7 Hz, 1 H) 8.44 (d, J=2.4 Hz, 1 H) 4.06 (s, 3 H). Step 2: 5-Bromo-2-methoxy-N-
methylnicotinamide (84). 5-Bromo-2-methoxynicotinoyl chloride (112, 16 g, 63.9 mmol) was dissolved
in 2-methyltetrahydrofuran (100 mL) and EtsN (8.90 mL, 63.9 mmol) was added, followed by
methanamine (31.9 mL, 2M in THF, 63.9 mmol) and the mixture was stirred for 3 h at rt, then added
to water (200 mL) and extracted with EtOAc (200 mL). The organic layer was washed with brine (200
mL), dried and evaporated in vacuo to give 5-bromo-2-methoxy-N-methylnicotinamide (14.8 g, 60.4
mmol, 95% yield) as a pale yellow solid. LCMS (2 min High pH): Rt = 0.83 min, [MH]+ = 245.1, 247.1.
H NMR (400 MHz, CHCl;-d) & ppm 8.62 (d, J=2.4 Hz, 1 H) 8.29 (d, J=2.4 Hz, 1 H) 7.80 (br. s., 1 H) 4.09
(s, 3H)3.02(d, J=4.9 Hz, 3 H). Step 3: Methyl 6-methoxy-5-(methylcarbamoyl)nicotinate (113). Carbon
monoxide was gently bubbled through a mixture of 5-bromo-2-methoxy-N-methylnicotinamide (84,
10.6 g, 43.3 mmol), xantphos (1.502 g, 2.60 mmol), triethylamine (12.06 mL, 87 mmol), palladium(Il)

acetate (0.486 g, 2.163 mmol) and methanol (17.50 mL, 433 mmol) in DMF (150 mL) until a
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yellow/green suspension resulted. The suspension was held under a balloon of carbon monoxide and
heated to 60 °C for 5 h. LCMS showed significant SM, so the reaction was left overnight (16 h). The
reaction mixture was then allowed to cool to rt. The solution was diluted with water (300 mL) and
extracted with EtOAc (3 x 300 mL), and the combined organics back extracted with brine (3 x 100 mL).
The combined organics were then dried (Na25S04) and evaporated in vacuo to a brown solid. The
residue was dissolved in DCM, loaded on to a 340 g Biotage silica SNAP column and eluted with 20 ->
80% EtOAc/cyclohexane. The product containing fractions were evaporated in vacuo to a yellow solid
- methyl 6-methoxy-5-(methylcarbamoyl)nicotinate (4 g, 17.84 mmol, 41% yield). As the yield was
lower than expected, the retained aqueous layer was analysed by LCMS and found to contain further
product. This was therefore further extracted with DCM (3 x 100 mL), the combined organics were
dried (Na,S0,) and concentrated in vacuo (for a prolonged period to remove DMF). The aqueous layer
was re-analysed by LCMS and found to no longer contain product. The crude product from the organic
phase, a yellow solid was taken up in DCM and added to a SNAP silica cartridge (100 g) and eluted with
20 -> 80% EtOAc/cyclohexane The product containing fractions were evaporated in vacuo to a yellow
solid - methyl 6-methoxy-5-(methylcarbamoyl)nicotinate (1.9 g, 8.47 mmol, 20% yield). LCMS (2 min
Formic): Rt = 0.67 min, [MH]+ = 225.1. '*H NMR (400 MHz, DMSO-d,) & ppm 8.82 (d, J=2.2 Hz, 1 H) 8.55
(d, J=2.4 Hz, 1 H) 8.30 (br. d, J=3.9 Hz, 1 H) 4.05 (s, 3 H) 3.87 (s, 3 H) 2.82 (d, J=4.6 Hz, 3 H). Step 4:
Methyl 5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (86). Sodium iodide (4.88 g,
32.6 mmol) was added to a solution of methyl 6-methoxy-5-(methylcarbamoyl)nicotinate (113, 3.65
g, 16.28 mmol) in acetonitrile (100 mL) and this solution was stirred for 10 min. TMS-CI (10.40 mL, 81
mmol) was added dropwise, and the reaction mixture was stirred at rt for 1 h. The reaction was
guenched with water (100 mL) and the mixture was extracted five times with a mix of DCM/MeOH
and the combined organic phase was dried over a hydrophobic frit and evaporated under vacuum.
The crude material was dissolved in DCM and loaded onto a 100 g SNAP silica cartridge and eluted
with 0-100% ethanol in EtOAc. The appropriate fractions were evaporated under vacuum, and the

desired product was obtained - methyl 5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate
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(1.5 g, 7.14 mmol, 44% yield). LCMS (2 min Formic): Rt = 0.47 min, [MH]+ = 211.1. *H NMR (400 MHz,
DMSO-dg) 6 ppm 10.25 (br. s, 1 H) 9.55 (br. d, J=4.4 Hz, 1 H) 8.63 (d, J=2.7 Hz, 1 H) 8.32 (d, J=2.7 Hz, 1
H) 3.80 (s, 3 H) 2.82 (d, J=4.9 Hz, 3 H). Step 5: Methyl 1-(3-methoxybenzyl)-5-(methylcarbamoyl)-6-oxo-
1,6-dihydropyridine-3-carboxylate (114). Methyl 5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-
carboxylate (86, 580 mg, 2.76 mmol), 1-(bromomethyl)-3-methoxybenzene (0.580 mL, 4.14 mmol),
potassium carbonate (770 mg, 5.57 mmol) and DMF (5 mL) were stirred at 90 °C for 1 h. This was
washed with LiCl (20 mL), partitioned between EtOAc (40 mL) and water (40 mL), the aqueous phase
was extracted with EtOAc (2 x 40 mL), dried over a hydrophobic frit and concentrated to give a
colourless oil. This was purified by chromatography on SiO, (Biotage SNAP 100 g cartridge, eluting with
0-100% EtOAc/cyclohexane). The appropriate fractions were concentrated to give methyl 1-(3-
methoxybenzyl)-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (683 mg, 1.861
mmol, 67% yield) as a white solid. LCMS (2 min Formic): Rt = 0.91 min, [MH]+ = 331.0. 'H NMR (400
MHz, DMSO-dg) & ppm 9.22 (br. d, J=4.6 Hz, 1 H) 8.93 (d, J=2.7 Hz, 1 H) 8.70 (d, J=2.7 Hz, 1 H) 7.27 {(t,
J=7.9 Hz, 1 H) 6.92 (m, J=1.7 Hz, 1 H) 6.84 - 6.90 (m, 2 H) 5.30 (s, 2 H) 3.84 (s, 3 H) 3.73 (s, 3 H) 2.83 (s,
3 H). Step 6: 1-(3-Methoxybenzyl)-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylic acid
(115). Methyl 1-(3-methoxybenzyl)-5-(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylate
(114, 670 mg, 2.028 mmol), lithium hydroxide (146 mg, 6.08 mmol), 1,4-dioxane (3 mL) and water (3
mL) were stirred at rt for 30 min. Acetic acid (1 mL, 17.47 mmol) was added and the solution was
partitioned between EtOAc (20 mL) and water (20 mL), the aqueous phase was extracted with EtOAc
(2 x 20 mL), dried over a hydrophobic frit and concentrated to give 1-(3-methoxybenzyl)-5-
(methylcarbamoyl)-6-oxo-1,6-dihydropyridine-3-carboxylic acid (641 mg, 1.824 mmol, 90% vyield) as a
white solid. LCMS (2 min Formic): Rt = 0.81 min, [MH]+ = 317.0. *H NMR (400 MHz, DMSO-d;) 6 ppm
13.09 (br.s, 1 H) 9.26 (br. q, J=4.4, 4.4, 4.4 Hz, 1 H) 8.84 (d, J=2.7 Hz, 1 H) 8.70 (d, J=2.4 Hz, 1 H) 7.27
(t,J)=7.9Hz,1H)6.91-6.94 (m, 1 H) 6.84 -6.90 (m, 2 H) 5.29 (s, 2 H) 3.73 (s, 3 H) 2.82 (d, J=4.9 Hz, 3
H). Step 7: N>°-Cyclopropyl-1-(3-methoxybenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-

dicarboxamide (45). Prepared from 115 (70 mg, 0.221 mmol) using the same procedure as for 20, to
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give  N>-cyclopropyl-1-(3-methoxybenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(97 mg, 0.232 mmol, 100 % yield) as a colourless oil. LCMS (2 min Formic): Rt=0.84 min, [MH]* = 356.2.
1H NMR (400 MHz, MeOH-d,) & ppm 8.83 (d, J=2.4 Hz, 1 H) 8.55 (d, /=2.9 Hz, 1 H) 7.27 (t, J=7.8 Hz, 1
H) 6.87 - 6.94 (m, 3 H) 5.28 (s, 2 H) 3.79 (s, 3 H) 2.96 (s, 3 H) 2.78 - 2.86 (m, 1 H) 0.76 - 0.84 (m, 2 H)
0.60-0.66 (m, 2 H).
N>°-Cyclopropyl-1-(4-methoxybenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide ~ (46):
Step 1: 5-Bromo-1-(4-methoxybenzyl)-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (77).
Prepared from 67 (205 mg, 0.887 mmol) and 1-(bromomethyl)-4-methoxybenzene (274 mg, 1.363
mmol), using the same procedure as for 68, to give 5-bromo-1-(4-methoxybenzyl)-N-methyl-2-oxo-
1,2-dihydropyridine-3-carboxamide (85 mg, 0.218 mmol, 25% yield) as a white solid. LCMS (2 min
Formic): Rt=0.97 min, [MH]* = 351, 353. *H NMR (400 MHz, MeOH-d,) 6 ppm 8.42 (d, J=2.9 Hz, 1 H)
8.19 (d, J=2.9 Hz, 1 H) 7.31-7.37 (m, 2 H) 6.90 - 6.95 (m, 2 H) 5.18 (s, 2 H) 3.79 (s, 3 H) 2.95 (s, 3 H).
Exchangeable proton not observed. Step 2: N>-Cyclopropyl-1-(4-methoxybenzyl)-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (46). Prepared from 77 (100 mg, 0.285 mmol) and
cyclopropanamine (0.04 mL, 0.577 mmol) using the same procedure as for 35, to give N>-cyclopropyl-
1-(4-methoxybenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (37 mg, 0.094 mmol,
33% vyield) as a white solid. LCMS (2 min Formic): Rt=0.82 min, [MH]* = 356.1. 'H NMR (400 MHz,
MeOH-d,) & ppm 9.80 (br d, J=3.9 Hz, 1 H) 8.81 (d, J=2.4 Hz, 1 H) 8.54 (d, J=2.4 Hz, 1 H) 7.32 - 7.36 (m,
2H)6.90-6.94 (m, 2H)5.24 (s, 2 H) 3.79 (s, 3 H) 2.96 (d, J/=4.9 Hz, 3 H) 2.82 (tt, J/=7.5, 3.8 Hz, 1 H) 0.76
-0.84 (m, 2 H) 0.59 - 0.68 (m, 2 H). One exchangeable proton not observed.
1-(3-Cyanobenzyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (47): Step
1: 5-Bromo-1-(3-cyanobenzyl)-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (78). Prepared
from 67 (155 mg, 0.671 mmol) and 3-(bromomethyl)benzonitrile (200 mg, 1.020 mmol) using the same
procedure as for 68, to give 5-bromo-1-(3-cyanobenzyl)-N-methyl-2-oxo-1,2-dihydropyridine-3-
carboxamide (182 mg, 0.473 mmol, 71% yield) as a white solid. LCMS (2 min formic):Rt = 0.88 min,

[MH]* = 346.0, 348.0. 'H NMR (400 MHz, MeOH-d,) 6 ppm 8.46 (d, J=2.9 Hz, 1 H) 8.35 (d, J/=2.9 Hz, 1
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H) 7.80 (s, 1 H) 7.68 - 7.72 (m, 2 H) 7.52 - 7.60 (m, 1 H) 5.29 (s, 2 H) 2.95 (s, 3 H). Exchangeable proton
not observed. Step 2: 1-(3-Cyanobenzyl)-N°-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (47). Prepared from 78 (92 mg, 0.266 mmol) and cyclopropanamine (0.04 mL, 0.577
mmol), using the same procedure as for 35, to give 1-(3-cyanobenzyl)-N°-cyclopropyl-N3-methyl-2-
ox0-1,2-dihydropyridine-3,5-dicarboxamide (13 mg, 0.033 mmol, 13% vyield) as a white solid. LCMS (2
min formic): Rt = 0.76 min, [MH]* = 351.1. H NMR (400 MHz, MeOH-d,) 6 ppm 8.84 (d, J=2.4 Hz, 1 H)
8.64 (d, J=2.9 Hz, 1 H) 7.82 (s, 1 H) 7.69 - 7.73 (m, 2 H) 7.54 - 7.58 (m, 1 H) 5.36 (s, 2 H) 2.94 - 2.97 (m,
3 H)2.84 (tt, J=7.5,3.8 Hz, 1 H) 0.78 - 0.85 (m, 2 H) 0.62 - 0.68 (m, 2 H). Exchangeable protons partially
evident: 9.70 (br. s, 0.65 H) and 8.45 (br. s, 0.49 H).
(R*)-N>-Cyclopropyl-1-(3-(1-hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (48): Step 1: 2-(Benzyloxy)-N>-cyclopropyl-N3-methylpyridine-3,5-dicarboxamide (117).
Prepared from 116 (771 mg, 1.656 mmol) and cyclopropanamine (327 mg, 5.73 mmol), using the same
procedure as for 21, to give 2-(benzyloxy)-N>-cyclopropyl-N3-methylpyridine-3,5-dicarboxamide
(485.2 mg, 1.417 mmol, 86% yield) as a cream solid. LCMS (2 min Formic): Rt = 0.90 min, [MH]+ =
326.3. 'H NMR (400 MHz, CHCls-d) & ppm 8.88 (d, J=2.7 Hz, 1 H) 8.72 (d, J=2.4 Hz, 1 H) 7.88 (br. s., 1
H) 7.32-7.50 (m, 5 H) 6.40 (br.s., 1 H) 5.62 (s, 2 H) 2.87 - 2.99 (m, 4 H) 0.82 - 0.95 (m, 2 H) 0.57 - 0.70
(m, 2 H). Step 2: N°-Cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (87). 2-
(Benzyloxy)-N>-cyclopropyl-N3-methylpyridine-3,5-dicarboxamide (117, 485 mg, 1.491 mmol) was
taken up in TFA (5 mL, 64.9 mmol) and heated to 90 °C for 3 h and the reaction was concentrated in
vacuo. The residue was stirred in Et,0 (20 mL) for 30 min and then left to stand over the weekend.
The resulting precipitate was collected by filtration to give N°-cyclopropyl-N3-methyl-2-oxo0-1,2-
dihydropyridine-3,5-dicarboxamide (364.9 mg, 1.474 mmol, 99% yield) as a cream solid. LCMS (2 min
Formic): Rt = 0.45 min, [MH]+ = 236.2. *H NMR (400 MHz, DMSO-d;) & ppm 12.79 (br. s., 1 H) 9.41 (d,
J=4.9 Hz, 1 H) 8.76 (d, J=2.7 Hz, 1 H) 8.44 (d, J=3.7 Hz, 1 H) 8.19 (d, J=2.7 Hz, 1 H) 2.76 - 2.87 (m, 4 H)
0.64 - 0.71 (m, 2 H) 0.51 - 0.57 (m, 2 H). Step 3: N°-Cyclopropyl-1-(3-formylbenzyl)-N3-methyl-2-oxo-

1,2-dihydropyridine-3,5-dicarboxamide (89). Prepared from 87 (300 mg, 1.275 mmol) and 3-
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(bromomethyl)benzaldehyde (381 mg, 1.913 mmol) using the same procedure as for 93, to give N*-
cyclopropyl-1-(3-formylbenzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (369 mg,
0.992 mmol, 78% yield). LCMS (2 min Formic): Rt = 0.73 min, [MH]* = 354.1. 'H NMR (400 MHz, DMSO-
ds) 6 ppm 10.00 (s, 1 H) 9.32 (q, J=4.4 Hz, 1 H) 8.82 (s, 2 H) 8.59 (d, /=3.9 Hz, 1 H) 7.82 - 7.88 (m, 2 H)
7.66-7.70 (m, 1 H) 7.61 (t, J=7.8 Hz, 1 H) 5.39 (s, 2 H) 2.77 - 2.88 (m, 4 H) 0.66 - 0.74 (m, 2 H) 0.53 -
0.60 (m, 2 H). Step 4: (R*)-N°-Cyclopropyl-1-(3-(1-hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (48). To a solution of N°-cyclopropyl-1-(3-formylbenzyl)-N3-
methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (89, 183 mg, 0.518 mmol) in THF (10 mL) at -78
°C was added drop-wise a solution of methylmagnesium bromide (3M in diethyl ether, 0.690 mL, 2.071
mmol). The reaction was stirred at -78 °C for 45 min. The reaction was quenched with methanol while
still at -78 °C. The solution was warmed to ambient temperature and concentrated in vacuo. The
residue was suspended in ethyl acetate (50 mL) and washed with water (50 mL). Some insoluble solid
remained in the aqueous layer. The aqueous layer was back extracted with ethyl acetate (2 x 20 mL)
and the combined organics were washed with brine (10 mL), dried through a hydrophobic frit and
evaporated in vacuo to yield the crude product as a yellow glass (202 mg). The solid was loaded in the
minimum volume of dichloromethane onto a SNAP cartridge (10 g) and purified via Biotage SP4 flash
chromatography, eluting from 15-75 % (3:1 ethyl acetate:ethanol)/cyclohexane. The relevant fractions
were combined and evaporated in vacuo to yield a pale yellow gum (145 mg). The sample was
dissolved in MeOH:DMSO (2 x 1 mL, 1:1) and purified by MDAP (High pH). The relevant fractions were
combined and evaporated in vacuo to vyield the desired product - N°-cyclopropyl-1-(3-(1-
hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (62 mg, 0.156 mmol,
30% yield) as a yellow solid. This product was combined with a second batch of the product prepared
in an analogous manner, by sonicating together in diethyl ether and evaporating in vacuo to yield - N*-
cyclopropyl-1-(3-(1-hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide

(86.4 mg, 0.222 mmol, 43% yield) as a pale yellow solid. The enantiomers were separated by chiral

HPLC: The sample was dissolved in EtOH (2 mL). Injection: 1 mL of the solution was injected onto the
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column (Column: 30 mm x 25 cm Chiralpak AD-H (5 pum, Lot No ADH12143-01) which was eluted with
25% EtOH (+0.2% isopropylamine)/heptane (+0.2% isopropylamine), flow rate = 25 mL/min, detection
wavelength, 215 nm, 4. Ref 550, 100. Total number of injections = 4. Fractions from 22-25.5 min were
bulked and labelled peak 1. Fractions from 25.5-28.5 min were bulked and labelled mix. Fractions from
28.5-35 min were bulked and labelled peak 2. The bulked mix fractions were concentrated in vacuo
and reprocessed using the prep method above. The bulked pure fractions were concentrated in vacuo
and then transferred to a weighed flask. Peak 1 was the desired product and was dried in vacuo to
afford — (R*)-N°-cyclopropyl-1-(3-(1-hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (36 mg, 0.097 mmol, 19% yield). LCMS (2 min Formic): Rt = 0.71 min, [MH]+ = 370.2.
1H NMR (400 MHz, DMSO-dg) 6 ppm 9.37 (q, J=4.4 Hz, 1 H) 8.81 (d, J=2.9 Hz, 1 H) 8.71 (d, J=2.9 Hz, 1
H) 8.55 (d, J=4.4 Hz, 1 H) 7.25 - 7.33 (m, 3 H) 7.14 (dt, J=6.8, 2.0 Hz, 1 H) 5.29 (s, 2 H) 5.15 (d, J=3.9 Hz,
1H)4.63-4.78(m,1H)2.78-2.87 (m, 3 H) 1.30 (d, J=6.8 Hz, 4 H) 0.65 - 0.74 (m, 2 H) 0.53 - 0.60 (m,
2 H).

N>-Cyclopropyl-N3-methyl-1-(3-(2-morpholinoethyl)benzyl)-2-oxo-1,2-dihydropyridine-3, 5-
dicarboxamide (49): Step 1: 2-(3-(Bromomethyl)phenyl)ethanol (119): Borane tetrahydrofuran
complex (1M in THF, 4.37 mL, 4.37 mmol) was added dropwise to a THF (20 mL) solution of 2-(3-
(bromomethyl)phenyl)acetic acid (500 mg, 2.18 mmol, commercially available from, for example,
Fluorochem) at 0 °C. The mixture was allowed to warm to rt and stirred for 2 h. Excess reagent was
guenched by the slow addition of MeOH at 0 °C. The reaction mixture was concentrated in vacuo,
loaded in DCM and purified by Biotage Isolera flash chromatography, using a SNAP 25 g silica cartridge
and eluting with a gradient of 0-100% EtOAc / cyclohexane to give after concentration in vacuo 2-(3-
(bromomethyl)phenyl)ethanol (440 mg, 2.05 mmol, 94% yield) as a brown residue. LCMS (2 min
Formic): Rt = 0.87 min, [MH]* = 216. *H NMR (400 MHz, DMSO-d¢) 6 ppm 7.25 - 7.32 (m, 3 H) 7.13 -
7.21 (m, 1 H)4.50-4.75 (m, 3 H) 3.61 (t, /=6.8 Hz, 2 H) 2.72 (t, J/=7.1 Hz, 2 H). Step 2: N°-Cyclopropy!-
1-(3-(2-hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide ~ (90).  2-(3-

(Bromomethyl)phenyl)ethanol (119, 247 mg, 1.15 mmol) was added to a solution of N°-cyclopropyl-
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N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (87, 270 mg, 1.15 mmol) and potassium
carbonate (317 mg, 2.30 mmol) in THF (15 mL). The reaction mixture was left to stir at rt for 2 h. The
reaction mixture was heated to 50 °C and left to stir under N, overnight. The reaction mixture was
then concentrated in vacuo and separated between DCM and water. The organic solution was
concentrated in vacuo, loaded in DCM and purified by Biotage Isolera flash chromatography using a
SNAP 25 g silica cartridge and eluting with a gradient of 0-10% EtOH / EtOAc to give, after
concentration in  vacuo - N°-cyclopropyl-1-(3-(2-hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (310 mg, 0.08 mmol, 23% yield) as a white solid. LCMS (2 min
Formic): Rt = 0.69 min, [MH]* = 370. 'H NMR (400 MHz, DMSO-d;) 6 ppm 9.37 (q, J=4.7 Hz, 1 H) 8.80
(d, J=2.9 Hz, 1 H) 8.70 (d, J=2.4 Hz, 1 H) 8.54 (d, J=3.9 Hz, 1 H) 7.26 (t, J=7.3 Hz, 1 H) 7.14 - 7.20 (m, 2
H) 7.10 (br d, J/=7.8 Hz, 1 H) 5.26 (s, 2 H) 4.60 (t, J=5.4 Hz, 1 H) 3.58 (td, J=7.1, 5.4 Hz, 2 H) 2.83 (d, J=4.9
Hz, 4 H) 2.70 (t, J=7.1 Hz, 2 H) 0.65 - 0.73 (m, 2 H) 0.54 - 0.60 (m, 2 H). Step 3: N°-Cyclopropy!-N3-
methyl-2-oxo-1-(3-(2-oxoethyl)benzyl)-1,2-dihydropyridine-3,5-dicarboxamide  (120). Dess-Martin
periodinane (149 mg, 0.35 mmol) was added to a solution of N°-cyclopropyl-1-(3-(2-
hydroxyethyl)benzyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (90, 100 mg, 0.27
mmol) in DCM (2.5 mL) at 0 °C. The reaction mixture was allowed to warm to rt and stirred for 48 h.
The reaction was quenched with water and extracted with DCM. The organic layer was passed through
a hydrophobic frit and concentrated in vacuo to give N°-cyclopropyl-N3*-methyl-2-oxo-1-(3-(2-
oxoethyl)benzyl)-1,2-dihydropyridine-3,5-dicarboxamide (100 mg, 0.27 mmol, quant.) as a white solid,
which was used crude in the next step. LCMS (2 min Formic): Rt = 0.70 min, [MH]+ = 368. Step 4: N°-
Cyclopropyl-N3-methyl-1-(3-(2-morpholinoethyl)benzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(49). A mixture of N°-cyclopropyl-N3-methyl-2-oxo-1-(3-(2-oxoethyl)benzyl)-1,2-dihydropyridine-3,5-
dicarboxamide (120, 100 mg, 0.27 mmol), morpholine (0.047 mL, 0.54 mmol) and triethylamine (0.152
mL, 1.09 mmol) in DCM (3 mL) were stirred at rt for 45 min. Sodium triacetoxyborohydride (231 mg,
1.09 mmol) was added and the reaction was stirred at rt for 24 h. The reaction mixture was then left

to stand for 9 days. Sat. NaHCO; (ag, 40 mL) was added and the mixture stirred at rt for 15 min. The
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organic phase was separated. The aqueous phase was extracted with DCM. The combined organics
were passed through a hydrophobic frit and concentrated in vacuo. The resulting compound was then
purified by MDAP (High pH). The appropriate fractions were combined and evaporated to give N*-
cyclopropyl-N3-methyl-1-(3-(2-morpholinoethyl)benzyl)-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (30 mg, 0.07 mmol, 25% vyield). LCMS (2 min Formic): Rt = 0.44 min, [MH]+ = 439.4. H
NMR (400 MHz, DMSO-d;) 6 ppm 9.37 (q, J=4.4 Hz, 1 H) 8.80 (d, J=2.4 Hz, 1 H) 8.70 (d, J=2.4 Hz, 1 H)
8.55 (d, J=3.9 Hz, 1 H) 7.26 (t, J=7.7 Hz, 1 H) 7.14 - 7.22 (m, 2 H) 7.11 (d, J=7.3 Hz, 1 H) 5.26 (s, 2 H) 3.50
-3.58(m, 4 H) 2.77 - 2.87 (m, 4 H) 2.67 - 2.76 (m, 2 H) 2.44 - 2.51 (obs. m, 2 H) 2.34 - 2.43 (m, 4 H) 0.65
-0.74 (m, 2 H) 0.52 - 0.60 (m, 2 H).
N>-Cyclobutyl-N3-methyl-1-(3-(methylamino)benzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(50): Step 1: N°-Cyclobutyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (88). Prepared
from 118 (1.18 g, 3.48 mmol) using the same procedure as for 87, to give N°-cyclobutyl-N3-methyl-2-
oxo-1,2-dihydropyridine-3,5-dicarboxamide (718 mg, 2.88 mmol, 83% yield) as a white solid. LCMS (2
min Formic): Rt = 0.55 min, [MH]* = 250.0. 'H NMR (400 MHz, DMSO-d;) & ppm 12.91 (brs, 1 H) 9.53
(brs, 1 H) 8.90 (brs, 1 H) 8.74 (brs, 1 H) 8.34 (brs, 1 H) 4.39 - 4.53 (m, 1 H) 2.95 (br d, J=2.5 Hz, 4 H)
2.29 (br s, 2 H) 2.07 - 2.21 (m, 2 H) 1.78 (br s, 2 H). Step 2: N>-Cyclobutyl-N3-methyl-1-(3-
(methylamino)benzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (50). N°-Cyclobutyl-N3-methyl-2-
oxo-1,2-dihydropyridine-3,5-dicarboxamide (88, 25 mg, 0.100 mmol), (3-
(methylamino)phenyl)methanol (20.64 mg, 0.150 mmol) and 2-
(tributylphosphoranylidene)acetonitrile (0.083 mL, 0.316 mmol) were combined in toluene (0.75 mL)
and the reaction mixture heated in a 5 mL microwave vial at 120 °C for 30 min. The reaction mixture
was poured onto water (10 mL) and extracted with ethyl acetate (3 x 8 mL). The combined ethyl
acetate layers were washed with brine (10 mL), dried through a hydrophobic frit and evaporated in
vacuo to yield the crude product (170 mg). The residue was dissolved in MeOH/DMSO (1:1, 2 x 1 mL
and purified by MDAP (High pH) The solvent was dried under a stream of nitrogen to leave a white

powder. The fractions were combined in dichloromethane, evaporated in vacuo, sonicated with
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diethyl ether and evaporated once more to yield the product - N°-cyclobutyl-N3-methyl-1-(3-
(methylamino)benzyl)-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (17 mg, 0.046 mmol, 46% yield)
as an off white solid. LCMS (2 min Formic): Rt = 0.72 min, [MH]* = 369.1. *H NMR (400 MHz, CHCI5-d)
6 ppm 9.59 (brd, J=3.4 Hz, 1 H) 8.73 (d, /=2.9 Hz, 1 H) 8.44 (d, J=2.9 Hz, 1 H) 7.18 (t, /=7.8 Hz, 1 H) 6.62
(d, J=7.3 Hz, 1 H) 6.57 (ddd, J=8.1, 2.5, 1.0 Hz, 1 H) 6.52 (t, J=2.0 Hz, 1 H) 6.42 (br d, J=7.3 Hz, 1 H) 5.17
(s, 2 H) 4.54 (sxt, J=8.1 Hz, 1 H) 3.74 - 3.92 (m, 1 H) 3.01 (d, J=4.9 Hz, 3 H) 2.83 (s, 3 H) 2.34 - 2.47 (m,
2 H)1.90-2.06 (m, 2 H) 1.71 - 1.87 (m, 2 H).
1-((1H-Benzol[d]imidazol-6-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3, 5-
dicarboxamide (51): Step 1: 6-(Bromomethyl)-1H-benzo[d]imidazole (121). 1H-Benzo[d]imidazol-6-
yl)methanol (205 mg, 1.384 mmol, commercially available from, for example, Fluorochem) and HBr
(3.4 mL, 48% in water, 28.2 mmol) were heated at 80 °C for 30 min. The pH of the solution was adjusted
to pH 9 with sodium bicarbonate solution and extracted with EtOAc (2 x 20 mL). The combined organic
layers were dried over a hydrophobic frit and concentrated to give 6-(bromomethyl)-1H-
benzo[d]imidazole (90 mg, 0.341 mmol, 25% yield) as a colourless oil. *H NMR (400 MHz, MeOH-d,) 6
ppm 8.26 (s, 1 H) 7.65 (s, 1 H) 7.61 (d, J=8.3 Hz, 1 H) 7.32 (dd, J=8.3, 1.5 Hz, 1 H) 5.66 - 5.66 (m, 1 H)
4.74 (s, 2 H). Exchangeable proton not observed. Step 2: 1-((1H-Benzo[d]imidazol-6-yl)methyl)-N>-
cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (51). Prepared from 87 (60 mg,
0.255 mmol) and 6-(bromomethyl)-1H-benzo[d]imidazole (121, 88 mg, 0.417 mmol), using the same
procedure as for 93, to give 1-((1H-benzo[d]imidazol-6-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-
1,2-dihydropyridine-3,5-dicarboxamide (7 mg, 0.017 mmol, 7% yield) as a white solid. LCMS (2 min
Formic): Rt = 0.40 min, [MH]+ = 366.2. 'H NMR (400 MHz, MeOH-d,) 6 ppm 9.81 (br d, J=4.4 Hz, 1 H)
8.83 (d, J=2.9 Hz, 1 H) 8.60 (d, J/=2.9 Hz, 1 H) 8.36 - 8.36 (m, 1 H) 8.22 (brs, 1 H) 7.69 (s, 1 H) 7.63 (d,
J=8.3Hz,1H)7.36 (d, /=8.3 Hz, 1 H) 5.45 (s, 2 H) 2.97 (d, J=4.9 Hz, 3 H) 2.81 (tt, J/=7.4, 3.9 Hz, 1 H) 0.76

-0.84 (m, 2 H) 0.58 - 0.66 (m, 2 H). One exchangeable proton not observed.
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N>-Cyclopropyl-N3-methyl-1-((2-methyl-1H-benzo[d]imidazol-4-yl)methyl)-2-oxo-1,2-dihydropyridine-

3,5-dicarboxamide (52): Step 1: Methyl 2-methyl-1H-benzo[d]imidazole-7-carboxylate (122). To 2-
methyl-1H-benzo[d]imidazole-7-carboxylic acid (500 mg, 2.84 mmol, commercially available from, for
example Fluorochem) in methanol (30 mL), sulfuric acid (2.84 mL, 53.3 mmol) was added and the
reaction stirred at 65 °C for 4 h. The reaction was then left to sit at rt for 3 days. The reaction mixture
was basified with aqueous ammonia at 65 °C. The reaction mixture was extracted with DCM and
concentrated under vacuum to give the title compound (410 mg, 2.156 mmol, 76% yield) as a yellow
solid. LCMS (2 min Formic): Rt = 0.35 min, [MH]* = 191.2. 'H NMR (400 MHz, DMSO-dg) & ppm 12.19
(brs, 1 H)7.79 (d, J=8.3 Hz, 1 H) 7.75 (d, J=8.3 Hz, 1 H) 7.23 (t, J=7.8 Hz, 1 H) 3.95 (s, 3 H) 2.56 (s, 3 H).
Step 2: (2-Methyl-1H-benzo[d]imidazol-7-yl)methanol (123). Lithium borohydride (85 mg, 3.88 mmol)
and methanol (4 mL, 99 mmol) were dissolved in THF (20 mL). Then, methyl 2-methyl-1H-
benzo[d]imidazole-7-carboxylate (122, 410 mg, 2.156 mmol) in THF (5 mL) was added to the mixture.
The reaction was then stirred overnight at 50 °C under an inert atmosphere. The reaction mixture was
guenched with water and 2M hydrochloric acid. The reaction mixture was then partitioned between
water (50 mL) and ethyl acetate (50 mL). The aqueous layer was then extracted with ethyl acetate (2
x 50 mL). The combined organic layers were passed through a hydrophobic frit and the solvent was
removed under vacuum to give mainly unreacted SM. DIBAL-H (1.812 mL, 25% in toluene, 2.69 mmol)
was added dropwise to the crude recovered sample (500 mg) in a solution of anhydrous DCM (20 mL)
cooled to 0 °C. The reaction was allowed to stir at 0 °C for 1 h. Further DIBAL-H (1.812 mL, 25% in
toluene, 2.69 mmol) was added to the solution and the reaction mixture was allowed to stir overnight.
Methanol (4 mL, 99 mmol) was added slowly to the solution, followed by Rochelle’s salt solution (40
mL) and the mixture allowed to stir for 40 min. The organic layer was separated and the aqueous layer
extracted with DCM (2 x 20 mL).The combined organics were washed with water (40 mL) followed by
brine (40 mL). The organic layer was passed through a hydrophobic frit and concentrated under
vacuum to give the title compound (250 mg, 1.541 mmol, 72% vyield) as a white solid which was used

crude in the next reaction. LCMS (2 min High pH): Rt = 0.48 min, [MH]* = 163.1. Step 3: tert-Butyl 7-
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(hydroxymethyl)-2-methyl-1H-benzo[d]imidazole-1-carboxylate (124). To a solution of (2-methyl-1H-
benzo[d]imidazol-7-yl)methanol (123, 250 mg, 1.541 mmol) in acetonitrile (11 mL) and water (2.75
mL) was added Boc,0 (0.501 mL, 2.158 mmol) and sodium bicarbonate (259 mg, 3.08 mmol). The
mixture was stirred overnight at rt. The reaction mixture was diluted with ethyl acetate (70 mL) and
washed with 10% aqueous citric acid (3 x 25 mL). The aqueous layer was extracted with ethyl acetate
(3 x 25 mL). The combined ethyl acetate portions were washed with water (25 mL) and brine (25 mL)
before drying through a hydrophobic frit and evaporating in vacuo to yield the crude product. The
product was loaded in dichloromethane onto a SNAP cartridge (25 g) and purified via Biotage SP4 flash
chromatography eluting from 0-100% ethyl acetate/cyclohexane. The relevant fractions were
evaporated in vacuo to yield the title compound (128 mg, 0.488 mmol, 32% yield) as a white solid.
LCMS (2 min Formic): Rt = 0.90 min, [MH]* = 263.1. 'H NMR (400 MHz, DMSO-dg) 6 ppm 7.76 (dd,
J=8.1,1.2Hz,1H)7.34-7.40 (m, 1 H) 7.31 (t, J=7.8 Hz, 1 H) 5.12 - 5.19 (m, 1 H) 4.88 (d, J=5.4 Hz, 2 H)
2.73 (s, 3 H) 1.67 (s, 9 H). Step 4: tert-Butyl 7-((5-(cyclopropylcarbamoyl)-3-(methylcarbamoyl)-2-
oxopyridin-1(2H)-yl)methyl)-2-methyl-1H-benzo[d]imidazole-1-carboxylate (91). DIAD (0.087 mlL,
0.446 mmol) was added to a suspension of N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (87, 50 mg, 0.213 mmol), tert-butyl 4-(hydroxymethyl)-2-methyl-1H-
benzo[d]imidazole-1-carboxylate (124, 66.9 mg, 0.255 mmol) and triphenylphosphine (117 mg, 0.446
mmol) in toluene (2 mL). The reaction was stirred at rt under N, overnight. Further DIAD (0.087 mlL,
0.446 mmol) and triphenylphosphine (117 mg, 0.446 mmol) were added and the reaction stirred for
3 h. The reaction was concentrated, loaded in DCM and purified by chromatography on SiO, (Biotage
SNAP 10 g cartridge, eluting with 0-100% EtOAc/cyclohexane). The appropriate fractions were
concentrated to give the crude product. This was purified further by MDAP (High pH). The appropriate
fractions were combined to give the title compound (14 mg, 0.029 mmol, 14% yield). LCMS (2 min
Formic): Rt = 1.07 min, [MH]* = 480.2. 'H NMR (400 MHz, MeOH-d,) 6 ppm 8.80 (d, J/=2.4 Hz, 1 H) 8.73
(d, J=2.4 Hz, 1 H) 7.95 (d, J=7.8 Hz, 1 H) 7.34 (t, J=7.8 Hz, 1 H) 7.23 (d, J=7.3 Hz, 1 H) 5.66 (s, 2 H) 2.94 -

2.97 (m, 3 H)2.84(s,3H)2.76 - 2.83 (m, 1 H) 1.73 (s, 9 H). Exchangeable protons not observed. Step
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5: N>-Cyclopropyl-N3-methyl-1-((2-methyl-1H-benzo[d]imidazol-4-yl)methyl)-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (52). tert-Butyl 7-((5-(cyclopropylcarbamoyl)-3-
(methylcarbamoyl)-2-oxopyridin-1(2H)-yl)methyl)-2-methyl-1H-benzo[d]imidazole-1-carboxylate (91,
10 mg, 0.021 mmol) was dissolved in HCl in IPA (0.634 uL, 0.021 mmol) and allowed to stir at rt over
3 days. The reaction mixture was concentrated under vacuum, dissolved in methanol and loaded onto
a pre-conditioned SCX column (1 g). Methanol (10 mL) was then passed through the column followed
by 2M methanolic ammonia. The methanolic ammonia fractions were combined and concentrated
under vacuum to give the title compound (3.7 mg, 9.75 umol, 47% yield). LCMS (2 min Formic): Rt =
0.42 min, [MH]*=380.2. 'H NMR (400 MHz, MeOH-d,) 6 ppm 8.82 (d, /=2.9 Hz, 1 H) 8.62 (d, J=2.9 Hz,
1H) 7.46 (br d, J=8.3 Hz, 1 H) 7.19 (t, J=7.6 Hz, 1 H) 7.09 (d, J=7.3 Hz, 1 H) 5.61 (s, 2 H) 2.96 (s, 3 H) 2.79
(tt, J/=7.2,3.8 Hz, 1 H) 2.63 (s, 3 H) 0.74 - 0.83 (m, 2 H) 0.58 - 0.65 (m, 2 H). Exchangeable protons not
observed.
1-((1H-Indazol-4-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(53): Step 1: 4-(Bromomethyl)-1H-indazole, hydrobromide (105). 1H-Indazol-4-yl)methanol (202 mg,
1.363 mmol, commercially available from, for example, Apollo Scientific) and HBr (3.3 mL, 48% in
water, 27.4 mmol) were heated at 80 °C for 2 h. The resulting suspension was allowed to cool to rt,
filtered under vacuum, washed with cold water and dried in a vacuum oven to give 4-(bromomethyl)-
1H-indazole, hydrobromide (105, 213 mg, 0.657 mmol, 48% yield) as an off white solid. LCMS (2 min
Formic): Rt=0.85 min, [MH]* = 211, 213. 'H NMR (400 MHz, MeOH-d,) 6 ppm 8.43 (d, J=1.0 Hz, 1 H)
7.59 (d, J=8.3 Hz, 1 H) 7.44 (dd, J=8.3, 6.8 Hz, 1 H) 7.28 (d, J=7.3 Hz, 1 H) 4.95 (s, 2 H). Step 2: 1-((1H-
Indazol-4-yl)methyl)-5-bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide  (79). Prepared
from 67 (130 mg, 0.563 mmol), 4-(bromomethyl)-1H-indazole, hydrobromide (105, 214 mg, 0.731
mmol), using the same procedure as for 68, to give 1-((1H-indazol-4-yl)methyl)-5-bromo-N-methyl-2-
oxo-1,2-dihydropyridine-3-carboxamide (234 mg, 0.453 mmol, 81% yield) as a colourless oil which was
used crude in the subsequent step. LCMS (2 min Formic): 74% purity, Rt=0.78 min, [MH]* = 361, 363.

1H NMR (400 MHz, MeOH-d,) 6 ppm 8.42 (d, J=2.9 Hz, 1 H) 8.19 (d, J=1.0 Hz, 1 H) 8.17 (d, J/=2.9 Hz, 1
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H) 7.53 (d, J=8.3 Hz, 1 H) 7.36 (dd, /=8.3, 6.8 Hz, 1 H) 7.01 - 7.06 (m, 1 H) 5.57 (s, 2 H) 2.94 (s, 3 H).
Exchangeable protons not observed. Step 3: 1-((1H-Indazol-4-yl)methyl)-N°-cyclopropyl-N3-methyl-2-
oxo-1,2-dihydropyridine-3,5-dicarboxamide (53). Prepared from 79 (140 mg, 0.388 mmol) and
cyclopropanamine (0.05 mL, 0.722 mmol), using the same procedure as for 35, to give 1-((1H-indazol-
4-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo0-1,2-dihydropyridine-3,5-dicarboxamide (10 mg, 0.025
mmol, 6% yield) as a white solid. LCMS (2 min Formic): Rt=0.67 min, [MH]* = 366.1. *H NMR (400 MHz,
MeOH-d,) & ppm 8.85 (d, J=2.9 Hz, 1 H) 8.57 (d, J=2.4 Hz, 1 H) 8.53 (brs, 1 H) 8.19 (s, 1 H) 7.56 (d, J=8.8
Hz, 1 H) 7.40 (dd, J=8.1, 7.1 Hz, 1 H) 7.07 (d, J=7.3 Hz, 1 H) 5.69 (s, 2 H) 2.97 (s, 3 H) 2.77 - 2.83 (m, 1
H) 0.75-0.81 (m, 2 H) 0.58 - 0.63 (m, 2 H). Two exchangeable protons not observed.
1-((1H-Indazol-7-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(54): Step 1: 7-(Bromomethyl)-1H-indazole, hydrobromide (106). (1H-Indazol-7-yl)methanol (250 mg,
1.687 mmol, commercially available from, for example Fluorochem) and HBr (4 mL, 48% in water, 33.2
mmol) were heated at 80 °C for 1 h. The suspension was allowed to cool to rt, filtered under vacuum,
washed with cold water and dried in a vacuum oven to give 7-(bromomethyl)-1H-indazole,
hydrobromide (106, 449 mg, 1.307 mmol, 77% yield) as a white solid. LCMS (2 min Formic): Rt=0.84
min, [MH]* = 211, 213. 'H NMR (400 MHz, DMSO-dg) & ppm 8.15 (s, 1 H) 7.77 (dd, J=7.8, 1.0 Hz, 1 H)
7.45 (d, J=7.8 Hz, 1 H) 7.11 (dd, J=8.1, 7.1 Hz, 1 H) 5.05 (s, 2 H). Exchangeable proton not observed.
Step 2: 1-((1H-Indazol-7-yl)methyl)-5-bromo-N-methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (80).
Prepared from 67 (312 mg, 1.350 mmol), 7-(bromomethyl)-1H-indazole, hydrobromide (106, 415 mg,
1.421 mmol), using the same procedure as for 68, to give 1-((1H-indazol-7-yl)methyl)-5-bromo-N-
methyl-2-oxo-1,2-dihydropyridine-3-carboxamide (396 mg, 0.877 mmol, 65% vyield) as an off white
solid. LCMS (2 min Formic): Rt=0.86 min, [MH]* =361, 363. 'H NMR (400 MHz, MeOH-d,) § ppm 8.48
(d, )=2.9 Hz, 1 H) 8.29 (d, J=2.4 Hz, 1 H) 8.12 (s, 1 H) 7.81 (d, J/=8.3 Hz, 1 H) 7.34 (d, J=7.3 Hz, 1 H) 7.13
-7.23(m, 1 H) 5.57 (s, 2 H) 2.97 (s, 3 H). Exchangeable protons not observed. Step 3: 1-((1H-Indazol-7-
yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide  (54). Prepared

from 80 (204 mg, 0.565 mmol) and cyclopropanamine (0.08 mL, 1.155 mmol), using the same
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procedure as for 35, to give 1-((1H-indazol-7-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (38 mg, 0.094 mmol, 17% yield) as a white solid. LCMS (2 min
Formic): Rt = 0.75 min, [MH]* = 366.1. *H NMR (400 MHz, MeOH-d,) 6 ppm 9.75 (br s, 1 H) 8.86 (d,
J=2.9 Hz, 1 H) 8.62 (d, J=2.4 Hz, 1 H) 8.13 (s, 1 H) 7.80 (d, J=8.3 Hz, 1 H) 7.33 (d, J=7.3 Hz, 1 H) 7.17 (t,
J=7.6 Hz, 1 H) 5.63 (s, 2 H) 2.98 (d, J=4.9 Hz, 3 H) 2.74 - 2.85 (m, 1 H) 0.71 - 0.83 (m, 2 H) 0.53 - 0.65
(m, 2 H). Two exchangeable protons not observed.
1-(Benzofuran-4-ylmethyl)-N°-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(55): Step 1: 4-(Bromomethyl)benzofuran (125). Benzofuran-4-ylmethanol (35 mg, 0.236 mmol) was
dissolved in diethyl ether (1 mL) and DCM (1 mL) at 0 °C under N,. PBr; (0.04 mL, 0.424 mmol) was
added dropwise and the reaction was stirred at rt under N,. After 30 min, TLC (eluting with 50:50
EtOAc:water) showed complete conversion to a non polar product. The solution was quenched with
water (10 mL) and extracted with diethyl ether (3 x 20 mL), dried over a hydrophobic frit and
concentrated to give 4-(bromomethyl)benzofuran (41 mg, 0.117 mmol, 49% vyield) as a white solid.
LCMS (2 min Formic): Rt = 1.15 min, product does not ionise at correct [MH]*. 'H NMR (400 MHz,
CHCl5-d) 8 ppm 7.73 (d, J=2.4 Hz, 1 H) 7.47 - 7.54 (m, 1 H) 7.27 - 7.29 (obs. m, 2 H) 6.98 (dd, J=2.4, 1.0
Hz, 1 H) 4.77 (s, 2 H). Step 2: 1-(Benzofuran-4-ylmethyl)-N°-cyclopropyl-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (55). Prepared from 87 (44 mg, 0.187 mmol) and 4-
(bromomethyl)benzofuran (105, 45 mg, 0.213 mmol) using the same procedure as for 93, to give 1-
(benzofuran-4-ylmethyl)-N>-cyclopropyl-N3-methyl-2-oxo0-1,2-dihydropyridine-3,5-dicarboxamide (13
mg, 0.032 mmol, 17% yield) as a colourless oil. LCMS (2 min Formic): Rt = 0.88 min, [MH]+ = 366.1. *H
NMR (400 MHz, MeOH-d,) 6 ppm 8.83 (d, J/=2.4 Hz, 1 H) 8.53 (d, J=2.9 Hz, 1 H) 7.81 (d, J=2.4 Hz, 1 H)
7.52 (d, J/=8.3 Hz, 1 H) 7.32 (t, /=7.8 Hz, 1 H) 7.19 (d, /=7.3 Hz, 1 H) 7.01 (d, J=2.0 Hz, 1 H) 5.59 (s, 2 H)
2.97 (s, 3 H) 2.80 (tt, J/=7.2,3.8 Hz, 1 H) 0.74 - 0.84 (m, 2 H) 0.56 - 0.65 (m, 2 H). Exchangeable protons
not observed.
1-((1H-Indol-4-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide

(56): Step 1: Methyl 1-tosyl-1H-indole-4-carboxylate (102). Methyl 1H-indole-4-carboxylate (750 mg,
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4.28 mmol, commercially available from, for example, Sigma-Aldrich) was dissolved in DMF (13.591
mL) at 0 °C. Sodium hydride (205 mg, 5.14 mmol, 60% dispersion in mineral oil) was added in portions.
The reaction was stirred at 0 °C for 10 min before warming to rt and stirring for 30 min. Tosyl-Cl (979
mg, 5.14 mmol) was added and the reaction mixture was stirred at rt for 10 min. The reaction was
cooled to 0 °C and quenched by the dropwise addition of water (3.86 mL, 214 mmol), before pouring
onto saturated aqueous lithium chloride (140 mL). The product was extracted with ethyl acetate (3 x
30 mL) and the combined organic portions were dried through a hydrophobic frit and evaporated in
vacuo to yield the crude product (2056 mg). The residue was dry loaded onto a 50 g SNAP silica
cartridge and purified via Biotage SP4 flash chromatography, eluting from 0-25% ethyl
acetate/cyclohexane. The relevant fractions were combined and evaporated in vacuo to yield the pure
product - methyl 1-tosyl-1H-indole-4-carboxylate (102, 1039 mg, 3.15 mmol, 74% yield) as a white
solid. LCMS (2 min Formic): Rt = 1.30 min, [MH]+ = 330.0. *H NMR (400 MHz, CHCl5-d) & ppm 8.23 (dt,
J=8.3,1.0Hz,1H) 7.99 (dd, J=7.8,1.0Hz, 1 H) 7.74-7.80 (m, 2 H) 7.71 (d, J/=3.4 Hz, 1 H) 7.33 - 7.42 (m,
2 H) 7.24 (d, J=7.8 Hz, 2 H) 3.97 (s, 3 H) 2.36 (s, 3 H). Step 2: (1-Tosyl-1H-indol-4-yl)methanol (103). A
solution of methyl 1-tosyl-1H-indole-4-carboxylate (102, 1016 mg, 3.08 mmol) in DCM (30 mL) was
cooled to -78 °C and DIBAL-H (1M in toluene, 13.57 mL, 13.57 mmol) was added dropwise over 1 h.
The reaction mixture was stirred for a further 1.5 h, followed by a further 40 min. The reaction was
guenched with methanol (0.125 mL, 3.08 mmol) when still at -78 °C and then allowed to warm to
ambient temperature. The reaction was diluted with saturated Rochelle’s salt solution (60 mL) and
stirred for 16 h. The layers were separated, and the aqueous phase was extracted with
dichloromethane (2 x 50 mL). The combined organic layers were dried through a hydrophobic frit and
evaporated in vacuo to yield the crude product (913 mg). The residue was loaded in dichloromethane
onto a 50 g SNAP cartridge and purified via Biotage SP4, eluting from 15-75% ethyl
acetate/cyclohexane. The relevant fractions were combined and evaporated in vacuo to yield the pure
product - (1-tosyl-1H-indol-4-yl)methanol (103, 901 mg, 2.84 mmol, 92% vyield) as a white solid. LCMS

(2 min Formic): Rt = 1.07 min, [M+Na]+ = 324.0. *H NMR (400 MHz, CHCI5-d) 6 ppm 7.97 (d, J=8.3 Hz,
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1H)7.75-7.82(m,2H)7.62 (d, /=3.4Hz, 1 H) 7.29-7.35(m, 1 H) 7.21 - 7.27 (m, 3 H) 6.81 - 6.87 (m,
1 H)4.91 (d, J=5.4 Hz, 2 H) 2.36 (s, 3 H) 1.69 (t, J=5.9 Hz, 1 H). Step 3: 4-(Bromomethyl)-1-tosyl-1H-
indole (104). (1-Tosyl-1H-indol-4-yl)methanol (103, 500 mg, 1.659 mmol) and HBr (3995 uL, 48% in
water, 33.2 mmol) were heated at 80 °C monitoring by LCMS. Initial LCMS indicated formation of
product and the reaction was heated for a further 4 h. The reaction mixture was poured onto water
(10 mL) and the product was extracted with dichloromethane (3 x 20 mL). The combined organic
portions were dried through a hydrophobic frit and evaporated in vacuo to yield the crude product -
4-(bromomethyl)-1-tosyl-1H-indole (104, 564 mg, 1.316 mmol, 79% yield) as a purple solid which was
used without further purification. LCMS (2 min Formic): Rt = 1.35 min, [M-H]- = 362.0, 364.0. 'H NMR
(400 MHz, CHCls-d) 6 ppm 7.90 - 8.04 (m, 1 H) 7.72 - 7.86 (m, 2 H) 7.68 (d, J=3.9 Hz, 1 H) 7.21 - 7.29
(m,4H)6.85(d, J=4.4Hz, 1 H)4.71 (s, 2 H) 2.37 (s, 3 H). Step 4: N>-Cyclopropyl-N3-methyl-2-oxo-1-((1-
tosyl-1H-indol-4-yl)methyl)-1,2-dihydropyridine-3,5-dicarboxamide (93). To a solution of N>-
cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (87, 100 mg, 0.425 mmol) in
DMF (4.2 mL) was added potassium carbonate (118 mg, 0.850 mmol) and 4-(bromomethyl)-1-tosyl-
1H-indole (104, 232 mg, 0.638 mmol) and the reaction was stirred at rt for 2.5 h. The reaction was
guenched with water (77 pL, 4.25 mmol), poured onto water (60 mL) and the aqueous layer extracted
with ethyl acetate (3 x 15 mL). The combined organic layers were washed with brine (2 x 5 mL), dried
through a hydrophobic frit and evaporated in vacuo. The residue was loaded in dichloromethane onto
a 25 g SNAP cartridge and purified via Biotage SP4 flash chromatography, eluting from 12-62 % (3:1
ethyl acetate : ethanol) / cyclohexane. The relevant fractions were combined and evaporated in vacuo
to yield N>-cyclopropyl-N3-methyl-2-oxo-1-((1-tosyl-1H-indol-4-yl)methyl)-1,2-dihydropyridine-3,5-
dicarboxamide (226 mg, 0.414 mmol, 97 % yield). LCMS (2 min Formic): Rt = 1.11 min, [MH]+ = 519.3.
IH NMR (400 MHz, CHCls-d) & ppm 9.46 - 9.63 (m, 1 H) 8.70 (d, /=2.4 Hz, 1 H) 8.40 (d, J=2.9 Hz, 1 H)
8.00 (d, J/=8.3 Hz, 1H) 7.75-7.88 (m, 2 H) 7.64 (d, J/=3.4 Hz, 1 H) 7.28 - 7.34 (m, 1 H) 7.26 (d, J/=7.8 Hz,
2 H) 7.11 (d, J=6.8 Hz, 1 H) 6.78 (dd, J=3.9, 1.0 Hz, 1 H) 6.56 (brs, 1 H) 5.47 (s, 2 H) 2.99 (d, J=4.9 Hz, 3

H) 2.79 - 2.88 (m, 1 H) 2.37 (s, 3 H) 0.78 - 0.90 (m, 2 H) 0.53 - 0.66 (m, 2 H). Step 5: 1-((1H-Indol-4-
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yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (56). To a solution
of N>-cyclopropyl-N3-methyl-2-oxo-1-((1-tosyl-1H-indol-4-yl)methyl)-1,2-dihydropyridine-3,5-
dicarboxamide (93, 216 mg, 0.417 mmol) in methanol (771 L) and THF (1543 pl) stirred at room
temp was added solid cesium carbonate (543 mg, 1.666 mmol) in one charge. The reaction mixture
was stirred at 70 °C for 30 min. The reaction mixture was concentrated in vacuo and taken up in ethyl
acetate (15 mL) and water (30 mL). The aqueous layer was extracted with ethyl acetate (2 x 15 mL)
and the combined organics were washed with brine (10 mL), dried through a hydrophobic frit and
evaporated in vacuo to yield the desired product 1-((1H-indol-4-yl)methyl)-N>-cyclopropyl-N3-methyl-
2-0x0-1,2-dihydropyridine-3,5-dicarboxamide (108 mg, 0.282 mmol, 68 % yield). LCMS (2 min High
pH): Rt = 0.82 min, [MH]+ = 365.2. HRMS (C,0H,0N403): [M+H]* calculated 365.1614, found 365.1606.
H NMR (400 MHz, DMSO-dg) 6 ppm 11.25 (brs, 1 H) 9.45 (q, /=4.6 Hz, 1 H) 8.81 (d, /=2.9 Hz, 1 H) 8.58
(d, J=2.9 Hz, 1 H) 8.54 (d, J=3.9 Hz, 1 H) 7.35-7.41 (m, 2 H) 7.04 - 7.10 (m, 1 H) 6.83 (d, J=6.4 Hz, 1 H)
6.49 - 6.54 (m, 1 H) 5.55 (s, 2 H) 2.84 (d, J/=4.9 Hz, 3 H) 2.78 (tq, /=7.4, 3.9 Hz, 1 H) 0.63 - 0.69 (m, 2 H)
0.51 - 0.57 (m, 2 H). 3C NMR (176 MHz, DMSO-d¢) 6 ppm 164.3, 163.7, 161.7, 144.4, 141.0, 136.4,
127.5, 126.5, 126.3, 121.4,119.6, 118.7, 113.7, 112.0, 99.5, 51.0, 26.4, 23.5, 6.0 (2C).
1-((1H-Indol-7-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide
(57): Step 1: Methyl 1-tosyl-1H-indole-7-carboxylate (107). Methyl 1H-indole-7-carboxylate (1 g, 5.71
mmol, commercially available from, for example, Apollo Scientific) was dissolved in DMF (18.12 mL)
at 0 °C. Sodium hydride (0.251 g, 60% dispersion in mineral oil, 6.28 mmol) was added in portions. The
reaction was stirred at 0 °C for 10 min before warming to rt and stirring for 30 min. Tosyl-Cl (1.197 g,
6.28 mmol) was added and the reaction mixture was stirred for 2 h. The reaction was cooled back
down to 0 °C and a further portion of sodium hydride (0.114 g, 60% dispersion in mineral oil, 2.85
mmol) was added portionwise. The reaction mixture was stirred for 10 min before warming to rt and
stirring for 30 min. An additional portion of tosyl-Cl (0.544 g, 2.85 mmol) was added at this point. The
reaction was stirred for a further 1.5 h. The reaction was quenched by the dropwise addition of water

(5.14 mL, 285 mmol). The reaction was poured onto saturated aqueous lithium chloride (100 mL) and
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the product was extracted with ethyl acetate (3 x 30 mL). The combined organic portions were dried
through a hydrophobic frit and evaporated in vacuo to yield the crude product (2158 mg). The residue
was dry loaded onto a 50 g SNAP silica cartridge and purified via Biotage SP4 flash chromatography,
eluting from 0 - 25% ethyl acetate/ cyclohexane. The relevant fractions were combined and
evaporated in vacuo to yield the pure product - methyl 1-tosyl-1H-indole-7-carboxylate (107, 1159
mg, 3.52 mmol, 62% yield) as a yellow solid. LCMS (2 min Formic): Rt = 1.18 min, [MH]* = 330.0. 'H
NMR (400 MHz, CHCl5-d) & ppm 7.57 - 7.63 (m, 3 H) 7.53 (dd, J=7.3, 1.0 Hz, 1 H) 7.50 (d, J=3.4 Hz, 1 H)
7.28 -7.33 (m, 1 H) 7.15 - 7.21 (m, 2 H) 6.69 (d, J=3.9 Hz, 1 H) 3.96 (s, 3 H) 2.35 (s, 3 H). Step 2: (1-
Tosyl-1H-indol-7-yl)methanol (108). A solution of methyl 1-tosyl-1H-indole-7-carboxylate (107, 1117
mg, 3.39 mmol) in DCM (33.913 mL) was cooled to -78 °C and DIBAL-H (14.92 mL, 1M in toluene, 14.92
mmol) was added dropwise over 15 min. The reaction mixture was stirred for 1.5 h more. The reaction
was quenched with methanol (6.04 mL, 149 mmol) when still at -78 °C and then allowed to warm to
ambient temperature. The reaction was diluted with Rochelle’s salt solution (60 mL) and stirred for 16
h. The layers were separated, and the agqueous phase was extracted with dichloromethane (2 x 50
mL). The combined organic layers were dried through a hydrophobic frit and evaporated in vacuo to
yield the crude product (1065 mg). The residue was loaded in dichloromethane and purified via
Biotage SP4, eluting from 10 - 50% ethyl acetate/cyclohexane. The relevant fractions were combined
and evaporated in vacuo to yield a clear oil. The product was air dried to yield (1-tosyl-1H-indol-7-
yl)methanol (108, 901 mg, 2.84 mmol, 84% yield). LCMS (2 min Formic): Rt = 1.07 min, [M-H]- = 300.1.
1H NMR (400 MHz, CHCls-d) & ppm 7.72 (d, J=3.9 Hz, 1 H) 7.53 - 7.58 (m, 2 H) 7.51 (dd, J=7.6, 1.2 Hz, 1
H) 7.36 (dd, J=7.3, 1.5 Hz, 1 H) 7.20 - 7.30 (obs. m, 3 H) 6.75 (d, J=3.4 Hz, 1 H) 4.91 (d, J=7.3 Hz, 2 H)
3.23(t,J=7.3 Hz, 1 H) 2.38 (s, 3 H). Step 3: 7-(Bromomethyl)-1-tosyl-1H-indole (109). (1-Tosyl-1H-indol-
7-yl)methanol (108, 500 mg, 1.659 mmol) and HBr (3995 L, 48% in water, 33.2 mmol) were heated
at 80 °Cfor 1 h. The reaction mixture was filtered through a sinter funnel and washed with water. The
collected precipitate was dissolved in dichloromethane (100 mL), dried through a hydrophobic frit and

evaporated in vacuo to yield the crude product 7-(bromomethyl)-1-tosyl-1H-indole (109, 602 mg,
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1.322 mmol, 80 % yield) as a deep red oil which was used without further purification. LCMS (2 min
Formic): Rt = 1.34 min, [MH]* = 364.0, 366.0. *H NMR (400 MHz, CHCls-d) 6 ppm 7.75 (d, J=3.9 Hz, 1 H)
7.58 -7.64 (m, 2 H) 7.49 (dd, J=7.8, 1.0 Hz, 1 H) 7.43 (dd, J=7.6, 1.2 Hz, 1 H) 7.21 - 7.29 (obs. m, 3 H)
6.72(d,J=3.4Hz,1H)5.18 (s, 2 H) 2.37 (s, 3 H). Step 4: 5-Bromo-N-methyl-2-oxo-1-((1-tosyl-1H-indol-7-
yl)methyl)-1,2-dihydropyridine-3-carboxamide (81). Prepared from 67 (300 mg, 1.298 mmol) and 7-
(bromomethyl)-1-tosyl-1H-indole (109, 568 mg, 1.558 mmol). using the same procedure as for 68, to
give 5-bromo-N-methyl-2-oxo-1-((1-tosyl-1H-indol-7-yl)methyl)-1,2-dihydropyridine-3-carboxamide
(326 mg, 0.570 mmol, 44% yield) as an orange solid. LCMS (2 min Formic): Rt =1.22 min, [MH]*=513.9,
515.9. 'H NMR (400 MHz, CHCls-d) & ppm 9.59 (br's, 1 H) 8.57 (d, J=2.4 Hz, 1 H) 7.81 (d, J=3.9 Hz, 1 H)
7.58 (dd, J=7.6, 1.2 Hz, 1 H) 7.50 - 7.55 (m, 2 H) 7.21 - 7.28 (m, 3 H) 7.19 (d, J=2.9 Hz, 1 H) 6.87 (d, J=6.8
Hz, 1 H) 6.79 (d, J/=3.4 Hz, 1 H) 5.68 (s, 2 H) 3.01 (d, J=4.9 Hz, 3 H) 2.38 (s, 3 H). Step 5: N>-Cyclopropy!-
N3-methyl-2-oxo-1-((1-tosyl-1H-indol-7-yl)methyl)-1,2-dihydropyridine-3,5-dicarboxamide (82).
Prepared from 81 (297 mg, 0.577 mmol) and cyclopropylamine (81 puL, 1.155 mmol) using the same
procedure as for 35, to give N°-cyclopropyl-N3-methyl-2-oxo-1-((1-tosyl-1H-indol-7-yl)methyl)-1,2-
dihydropyridine-3,5-dicarboxamide (251 mg, 0.290 mmol, 50 % yield) as an orange solid which was
used without further purification in subsequent chemistry. LCMS (2 min Formic): Rt = 1.09 min, [MH]*
= 519.0. 'H NMR (400 MHz, CHCl;-d) & ppm 9.54 (br d, J=4.9 Hz, 1 H) 8.72 (d, J=2.4 Hz, 1 H) 8.10 (d,
J=2.9 Hz, 1 H) 7.76 (d, J=3.4 Hz, 1 H) 7.52 - 7.56 (m, 3 H) 7.17 - 7.26 (m, 3 H) 6.75 - 6.79 (m, 2 H) 6.48
(brs, 1 H) 5.74 (s, 2 H) 3.00 (d, J=4.9 Hz, 3 H) 2.85 (tq, J=7.1, 3.6 Hz, 1 H) 2.36 (s, 3 H) 0.82 - 0.89 (m, 2
H) 0.59 - 0.65 (m, 2 H). Step 6: 1-((1H-Indol-7-yl)methyl)-N°-cyclopropyl-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (57). Prepared from 82 (124 mg, 0.120 mmol) using the same
procedure as for 56, to give 1-((1H-indol-7-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-
dihydropyridine-3,5-dicarboxamide (18.8 mg, 0.049 mmol, 41% yield) as a white solid. LCMS (2 min
Formic): Rt = 0.91 min, [MH]* = 365.1. *H NMR (400 MHz, CHCl;-d) 6 ppm 9.94 (br s, 1 H) 9.56 (br d,

J=4.9 Hz, 1 H) 8.69 (d, J=2.4 Hz, 1 H) 8.61 (d, J=2.4 Hz, 1 H) 7.69 (d, J=7.8 Hz, 1 H) 7.27 - 7.32 (obs. m, 2
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H) 7.13 (dd, J=8.1, 7.1 Hz, 1 H) 6.58 (dd, J=3.2, 2.2 Hz, 1 H) 6.46 (br s, 1 H) 5.52 (s, 2 H) 3.06 (d, J=4.9
Hz, 3 H) 2.82-2.90 (m, 1 H) 0.83-0.89 (m, 2 H) 0.57 - 0.63 (m, 2 H).
1-((1H-Pyrrolo[3,2-c]pyridin-4-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
dicarboxamide (58): Step 1: (1H-Pyrrolo[3,2-c]pyridin-4-yl)methanol, hydrochloride (126). To a solution
of 1H-pyrrolo[3,2-c]pyridine-4-carboxylic acid (400 mg, 2.47 mmol, commercially available from, for
example, Sigma-Aldrich) in THF (16 mL), was added borane tetrahydrofuran complex (1M in THF, 4.93
mL, 4.93 mmol) at rt. The reaction was stirred at rt for 3 h. The reaction was then quenched with
methanol (0.998 mL, 24.67 mmol) and hydrochloric acid (1M, 3.08 mL, 6.17 mmol) and stirred for 1 h
at rt. The reaction mixture was left to stand overnight. A precipitate was noted in the reaction mixture
which was filtered off to yield (1H-pyrrolo[3,2-c]pyridin-4-yl)methanol, hydrochloride (306 mg, 1.33
mmol, 54% yield) as an off-white solid which was used without further purification. LCMS (2 min High
pH): Rt = 0.43 min, [MH]* = 149.1. Step 2: 1-((1H-Pyrrolo[3,2-c]pyridin-4-yl)methyl)-N>-cyclopropy!-N3-
methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (58). To a suspension of N°-cyclopropyl-N3-
methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (87, 55 mg, 0.23 mmol) in acetonitrile (2.3 mL)
was added (1H-pyrrolo[3,2-c]pyridin-4-yl)methanol hydrochloride (86 mg, 0.468 mmol),
triphenylphosphine (184 mg, 0.70 mmol), triethylamine (0.068 mL, 0.49 mmol) and DIAD (0.136 mL,
0.701 mmol). The reaction was stirred at rt for 5 h. Further portions of triphenylphosphine (184 mg,
0.70 mmol) and DIAD (0.136 mL, 0.70 mmol) were added. After 21 h, the reaction mixture was poured
onto saturated aqueous sodium bicarbonate (10 mL) and extracted with ethyl acetate (3 x 15 mL). The
combined organics were dried through a hydrophobic frit and evaporated in vacuo to yield the crude
product (727 mg). The residue was dry loaded in methanol onto a 50 g SNAP cartridge and purified by
Biotage SP4 flash chromatography, eluting from 18-88% (80:20 DCM:2M methanolicammonia) / DCM.
Poor separation was achieved and all fractions containing product were recombined and evaporated
in vacuo to yield a clear glass (41 mg). The sample was dissolved in 1:1 MeOH:DMSO (1 mL) and
purified by MDAP (High pH). The solvent was dried under a stream of nitrogen to give 1-((1H-

pyrrolo[3,2-c]pyridin-4-yl)methyl)-N>-cyclopropyl-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-
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dicarboxamide (3.2 mg, 8.32 umol, 4% yield) as a white solid. LCMS (2 min High pH): Rt = 0.66 min,
[MH]* = 366.4. 'H NMR (400 MHz, DMSO-dg) 6 ppm 11.61 (br s, 1 H) 9.32 (g, /=4.7 Hz, 1 H) 8.84 (d,
J=2.9 Hz, 1 H) 8.73 (d, J/=2.4 Hz, 1 H) 8.56 (d, J=4.4 Hz, 1 H) 8.01 (d, J=5.4 Hz, 1 H) 7.49 (dd, J=2.9, 2.0
Hz, 1 H) 7.27 - 7.36 (m, 1 H) 6.67 (d, J=2.9 Hz, 1 H) 5.66 (s, 2 H) 2.84 (tq, J/=7.4, 3.9 Hz, 1 H) 2.79 (d,
J=4.9 Hz, 3 H) 0.66 - 0.72 (m, 2 H) 0.55 - 0.60 (M, 2 H).
N>°-Cyclopropyl-1-(indolin-4-ylmethyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide (59):
Step 1: tert-Butyl 4-(hydroxymethyl)indoline-1-carboxylate (127). Indolin-4-ylmethanol (301 mg, 2.018
mmol, commercially available from, for example, Fluorochem) was dissolved in DCM (5 mL), Boc-
anhydride (660 mg, 3.03 mmol) was added and the reaction stirred at rt under N, for 2 h. The reaction
was diluted with sat. aq. sodium bicarbonate (10 mL), extracted with DCM (2 x 10 mL), dried over a
hydrophobic frit and concentrated to give an orange oil (776 mg). This was purified by chromatography
on SiO, (Biotage SNAP 50 g cartridge, eluting with 0-50% EtOAc/cyclohexane). The appropriate
fractions were concentrated to give tert-butyl 4-(hydroxymethyl)indoline-1-carboxylate (472 mg,
1.704 mmol, 84% yield) as a colourless oil. LCMS (2 min Formic): Rt = 1.00 min, [MH]* = 194.1. 'H NMR
(400 MHz, DMSO-d,) 6 ppm 7.52 (br. s., 1 H) 7.12 (t, J=7.7 Hz, 1 H) 6.95 (d, J=7.6 Hz, 1 H) 5.05 (t, J=5.5
Hz, 1 H) 4.42 (d, J=5.4 Hz, 2 H) 3.91 (t, J=8.7 Hz, 2 H) 3.00 (t, J=8.7 Hz, 2 H) 1.50 (s, 9 H). Step 2: tert-
Butyl 4-((5-(cyclopropylcarbamoyl)-3-(methylcarbamoyl)-2-oxopyridin-1(2H)-yl)methyl)indoline-1-
carboxylate (92). Prepared from 87 (50 mg, 0.213 mmol) and tert-butyl 4-(hydroxymethyl)indoline-1-
carboxylate (127, 79 mg, 0.319 mmol) using the same procedure as for 91, to give tert-butyl 4-((5-
(cyclopropylcarbamoyl)-3-(methylcarbamoyl)-2-oxopyridin-1(2H)-yl)methyl)indoline-1-carboxylate
(41 mg, 0.075 mmol, 35.1 % vyield) as a colourless oil. LCMS (2 min Formic): Rt = 1.08 min, [MH]+ =
467.2. 'H NMR (400 MHz, MeOH-d,) 6 ppm 8.83 (d, J=2.7 Hz, 1 H) 8.47 (d, J=2.7 Hz, 1 H) 7.60 - 7.71
(m, 1H)7.14 (t, J=7.9 Hz, 1 H) 6.73 (d, J=7.6 Hz, 1 H) 5.24 (s, 2 H) 4.00 (t, J=8.7 Hz, 2 H) 3.14 (t, J=8.7
Hz, 2 H) 2.93 (s, 3 H) 2.80 (tt, J=7.3, 3.7 Hz, 1 H) 1.56 (s, 9 H) 0.74 - 0.82 (m, 2 H) 0.58 - 0.65 (m, 2 H).
Step 3: N>-Cyclopropyl-1-(indolin-4-ylmethyl)-N3-methyl-2-oxo-1,2-dihydropyridine-3,5-dicarboxamide

(59). tert-Butyl 4-((5-(cyclopropylcarbamoyl)-3-(methylcarbamoyl)-2-oxopyridin-1(2H)-
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yl)methyl)indoline-1-carboxylate (92, 43 mg, 0.092 mmol) and TFA (0.5 mL, 6.49 mmol) were stirred
atrtin DCM for 30 min (2 mL). The reaction mixture was concentrated and loaded onto a SCX cartridge
(5 g, pre-conditioned with MeOH) and eluted with MeOH (20 mL) followed by 2M NH; in MeOH (20
mL). The ammonia fractions containing product were combined and concentrated to give N°-
cyclopropyl-1-(indolin-4-ylmethyl)-N3-methyl-2-oxo0-1,2-dihydropyridine-3,5-dicarboxamide (30 mg,
0.074 mmol, 80% yield) as a yellow solid. LCMS (2 min Formic): Rt = 0.45 min, [MH]+ = 367.2. 'H NMR
(400 MHz, MeOH-d,) & ppm 8.81 (d, J=2.7 Hz, 1 H) 8.43 (d, J=2.7 Hz, 1 H) 6.97 (t, J=7.8 Hz, 1 H) 6.61 (d,
J=7.8 Hz, 1 H) 6.47 (d, J=7.6 Hz, 1 H) 5.22 (s, 2 H) 3.49 (t, J=8.4 Hz, 2 H) 2.98 (t, J=8.4 Hz, 2 H) 2.94 (s, 3

H) 2.79 (tt, J=7.3, 3.8 Hz, 1 H) 0.74 - 0.81 (m, 2 H) 0.58 - 0.63 (m, 2 H).

X-ray Diffraction Study of 20

Data were collected with an Oxford Diffraction Gemini A Ultra diffractometer at 150(2)K using Cu-
Ka X-radiation (A = 1.54178 A).

Crystal data and refinement summary for 20: Ci3H;9N303; M = 325.36; colourless needle from the
slow evaporation of a solution of 20 in methanol and water; 0.24 x 0.04 x 0.01 mm; monoclinic; space
group P2,/n (alt. P2,/c, #14); a = 13.4672(4) A, b = 5.79643(15) A, c = 20.7574(6) A, 6 =97.299(3) °, V
=1607.23(8) A3; Z = 4; D,y = 1.345 Mgm3; O,,4¢ = 67.00 °; reflections collected = 11968; independent
reflections = 2833; R;,; = 0.0438; coverage = 99.1 %; restraints = 0; parameters = 227; S = 1.032; R;

[1>20(1)] = 0.0384; wWR, (all data) = 0.0940; and largest difference peak and hole = 0.240 and -0.190 eA=.

A description of the refinement and the full tables associated with the crystal structure are given in
the Supporting Information. A crystallographic information file has been deposited with the
Cambridge Crystallographic Data Centre. CCDC 2001550 contains the supplementary crystallographic
data for this paper. The data can be obtained free of charge from The Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/structures.
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BRD4 Mutant TR-FRET Assay®?

Tandem bromodomains of 6His-Thr-BRD4(1-477) were expressed, with an appropriate mutation in
BD2 (Y390A) to monitor compound binding to BD1, or in BD1 (97A) to monitor compound binding to
BD2. Analogous Y->A mutants were used to measure binding to the other BET bromodomains: 6His-
Thr-BRD2 (1-473 Y386A or Y113A), 6His-Thr-BRD3 (1-435 Y348A or Y73A), 6His-FLAG-Tev-BRDT
(1-397 Y309A or Y66A). The AlexaFluor 647 labelled BET bromodomain ligand was prepared as
follows: To a solution of AlexaFluor 647 hydroxysuccinimide ester in DMF was added a 1.8-fold excess
of N-(5-aminopentyl)-2-((45)-6-(4-chlorophenyl)-8-methoxy-1-methyl-4H-benzol[f][1,2,4]triazolo[4,3-
a][1,4]-diazepin-4-yl)acetamide, also in DMF, and when thoroughly mixed, the solution was basified
by the addition of a 3-fold excess of diisopropylethylamine. Reaction progress was followed by
electrospray LC/MS, and when judged complete, the product was isolated and purified by reversed-
phase C18 HPLC. The final compound was characterized by mass spectroscopy and analytical reversed-
phase HPLC.

Compounds were titrated from 10 mM in 100% DMSO and 50 nL transferred to a low volume black
384 well micro titre plate using a Labcyte Echo 555. A Thermo Scientific Multidrop Combi was used to
dispense 5 uL of 20 nM protein in an assay buffer of 50 mM HEPES, 150 mM NaCl, 5% glycerol, 1 mM
DTT and 1 mM CHAPS, pH 7.4, and in the presence of 100 nM fluorescent ligand (~Ky4 concentration
for the interaction between BRD4 BD1 and ligand). After equilibrating for 30 min in the dark at rt, the
bromodomain protein:fluorescent ligand interaction was detected using TR-FRET following a 5 ulL
addition of 3 nM europium chelate labelled anti-6His antibody (Perkin EImer, W1024, AD0111) in assay
buffer. Time resolved fluorescence (TRF) was then detected on a TRF laser equipped Perkin Elmer
Envision multimode plate reader (excitation = 337 nm; emission 1 = 615 nm; emission 2 = 665 nm;
dual wavelength bias dichroic = 400 nm, 630 nm). TR-FRET ratio was calculated using the following
equation: Ratio = ((Acceptor fluorescence at 665 nm) / (Donor fluorescence at 615 nm)) * 1000. TR-

FRET ratio data were normalised to high (DMSO) and low (compound control derivative of I-BET762)
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controls and IC5q values determined for each of the compounds tested by fitting the fluorescence ratio
data to a four parameter model:

y=A+(B—A)/(1+ (10"¢c/x)"D)
where ‘@’ is the minimum, ‘b’ is the Hill slope, ‘c’ is the ICsq and ‘d’ is the maximum.

BRD4 SPR Assay

BRD4 SPR was measured using published protocols.>? In brief SPR were performed using a Biacore
$200 instrument (GE Healthcare) on CM5 chips (GE Healthcare) at 25 °C. Two proteins (1) 6His-Thr-
Brd4 (1-477) Y390A and (2) His-tagged cleaved BRD4 (347-463), were immobilised onto the same CM5
to allow simultaneously affinity data to be obtained for BRD4-BD1 and BRD4-BD2 binding respectively
. The top concentration used for triple dilution dose response titrations was 10 uM.

Physicochemical Properties

Permeability across a lipid membrane, chromatographic LogD at pH 7.4, and CLND solubility by
precipitation into saline were measured using published protocols.86-8

FaSSIF solubility

Compounds were dissolved in DMSO at 2.5 mg/mL and then diluted in Fast State Simulated
Intestinal Fluid (FaSSIF pH 6.5) at 125 pug/mL (final DMSO concentration is 5%). After 16 h of incubation
at 25 °C, the suspension was filtered. The concentration of the compound was determined by a fast
HPLC gradient. The ratio of the peak areas obtained from the standards and the sample filtrate was

used to calculate the solubility of the compound.

All animal studies were ethically reviewed and carried out in accordance with Animals (Scientific
Procedures) Act 1986 and the GSK Policy on the Care, Welfare and Treatment of Animals.

The human biological samples were sourced ethically and their research use was in accord with the
terms of the informed consents under an IRB/EC approved protocol.

Intrinsic Clearance (CL;,;) Measurements
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The human biological samples were sourced ethically and their research use was in accord with the
terms of the informed consents under an IRB/EC approved protocol.

Microsome Intrinsic Clearance data were determined by Cyprotex UK. To test the metabolic stability
of 12, it was incubated in male Wistar Han rat and mixed gender pooled human liver microsomes.
Microsomes (final protein concentration 0.5 mg/mL), 0.1 M phosphate buffer pH7.4 and test
compound (final substrate concentration = 0.5 uM) were pre-incubated at 37 °C prior to the addition
of NADPH (final concentration = 1 mM) to initiate the reaction. The test compound was incubated for
0, 5, 15, 30 and 45 min. The control (minus NADPH) was incubated for 45 min only. The reactions were
stopped by the addition of 50 uL methanol containing internal standard at the appropriate time points.
Following protein precipitation, the compound remaining in the supernatants was measured using
specific LC-MS/MS methods as a ratio to the internal standard in the absence of a calibration curve.
Peak area ratios (Compound to IS) were fitted to an unweighted logarithmic decline in substrate. Using
the first order rate constant, clearance was calculated by adjustment for protein concentration,
volume of the incubation and hepatic scaling factor (52.5 mg microsomal protein/g liver for all
species).

Hepatocyte Intrinsic Clearance data were determined by Cyprotex UK. Test compound (0.5 uM) was
incubated with cryopreserved hepatocytes in suspension. Samples were removed at 6 time points
over the course of a 60 min (rat) or 120 min (human) experiment and test compound analysed by
LC-MS/MS. Cryopreserved pooled hepatocytes were purchased from a reputable commercial supplier
and stored in liquid nitrogen prior to use. Williams E media supplemented with 2 mM L-glutamine and
25 mM HEPES and test compound (final substrate concentration 0.5 uM; final DMSO concentration
0.25%) was pre-incubated at 37 °C prior to the addition of a suspension of cryopreserved hepatocytes
(final cell density 0.5 x 108 viable cells/mL in Williams E media supplemented with 2 mM L-glutamine
and 25 mM HEPES) to initiate the reaction. The final incubation volume was 500 pL. The reactions
were stopped by transferring 50 uL of incubate to 100 pL acetonitrile at the appropriate time points.

The termination plates were centrifuged at 2500 rpm at 4 °C for 30 min to precipitate the protein. The
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remaining incubate (200 uL) was crashed with 400 uL acetonitrile at the end of the incubation.
Following protein precipitation, the sample supernatants were combined in cassettes of up to 4

compounds and analysed using Cyprotex generic LC-MS/MS conditions.

Intrinsic Clearance (CL;,) Data Analysis

From a plot of In peak area ratio (compound peak area/internal standard peak area) against time,
the gradient of the line was determined. Subsequently, half-life (t,;) and intrinsic clearance (CL;.;) were
calculated using the equations below:

Elimination rate constant (k) = (- gradient)

Half-life (t,)(min) :¥

. . - V x 0.693
Intrinsic clearance (CLiy:)(uL/min/million cells) = Xti

where V = Incubation volume (uL)/Number of cells

Fraction Unbound in Blood

Control blood from Wistar Han Rat and Beagle Dog were obtained on the day of experimentation
from in house GSK stock animals. The fraction unbound in blood of each species was determined using
rapid equilibrium dialysis technology (RED plate (Linden Bioscience, Woburn, MA) at a concentration
of 200 & 1000 ng/mL. Blood was dialyzed against phosphate buffered saline solution by incubating
the dialysis units at 37 °C for 4 h. Following incubation aliquots of blood and buffer were matrix
matched prior to analysis by LC-MS/MS. The unbound fraction was determined using the peak area

ratios in buffer and in blood as a mean value of the two concentrations investigated.

in vivo DMPK Studies

All animal studies were ethically reviewed and carried out in accordance with Animals (Scientific

Procedures) Act 1986 and the GSK Policy on the Care, Welfare and Treatment of Animals.
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For all in vivo studies, the temperature and humidity were nominally maintained at 21 °C+ 2 °Cand
55% + 10%, respectively. The diet for rodents was 5LF2 Eurodent Diet 14% (PMI Labdiet, Richmond,
IN) and for dogs was Harlan Teklad 2021C (HarlanTeklad, Madison, WI). There were no known
contaminants in the diet or water at concentrations that could interfere with the outcome of the

studies.

Rat surgical preparation for IV infusion study

Male Wistar Han rats (supplied by Charles River UK Ltd.) were surgically prepared at GSK with
implanted cannulae in the femoral vein (for drug administration) and jugular vein (for blood sampling).
The rats received Cefuroxime (116 mg/kg sc) and carprofen (7.5 mg/kg sc) as a preoperative antibiotic
and analgesic, respectively. The rats were allowed to recover for at least 2 days prior to dosing and

had free access to food and water throughout.

Rat IV n=1 PK study

Surgically prepared male Wistar Han Rats received a 1 h intravenous (iv) infusion of Compound of
interest as a discrete dose, formulated in DMSO and 10% (w/v) Kleptose HPB in saline aq (2%:98%
(v/v)) at a concentration of 0.2 mg/mL to achieve a target dose of 1 mg/kg. Serial blood samples (25
uL) were collected predose and up to 7 h after the start of the iv infusion. Diluted blood samples were
analyzed for parent compound using a specific LC-MS/MS assay (LLQ = 2-10 ng/mL). At the end of the

study the rats were euthanized by a Schedule 1 technique.

Rat PO n=3 PK study

3 naive Male Wistar Han Rats (Female Lewis Rats for 56) with no surgical preparation received an
oral gavage administration of Compound of interest as a discrete dose, suspended in 1% (w/v)

methylcellulose aq at a concentration of 0.6 mg/mL to achieve a target dose of 3 mg/kg (a
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concentration of 2 mg/mL to achieve a target dose of 10 mg/kg for 56). Serial blood samples (25 pL)
were collected via temporary tail vein cannulation up to 7 h after oral dosing and additional blood
sampling via tail vein venepuncture up to 24 h after oral dosing. Diluted blood samples were analysed
for parent compound using a specific LC-MS/MS assay (LLQ = 2-10 ng/mL). At the end of the study the

rats were euthanized by a Schedule 1 technique.

Rat IV PO n=3 crossover PK study

This study was conducted as a crossover design over two dosing occasions, with 5 days between
dose administrations in 3 surgically prepared male Wistar Han Rats. On the first dosing occasion, rats
each received a 1 h intravenous (iv) infusion of Compound 18 formulated in DMSO and 10% (w/v)
Kleptose HPB in saline aq (2%:98% (v/v)) at a concentration of 0.2 mg/mL to achieve a target dose of
1 mg/kg. On the second dosing occasion, the same 3 rats were administered with Compound 18
suspended in 1% (w/v) methylcellulose 400 aq at a concentration of 0.6 mg/mL orally, at a target dose
of 3 mg/kg. Serial blood samples (25 uL) were collected predose and up to 24 h after the start of the
iv infusion and after oral dosing. Diluted blood samples were analysed using a specific LC-MS/MS

assay (LLQ = 2 ng/mL). At the end of the study the rats were euthanized by a Schedule 1 technique.

Dog PK Study

One healthy, laboratory-bred, male Beagle dog (supplied by Harlan Laboratories, U.K.) was used.
The dog was fasted overnight prior to each dose administration and fed approximately 4 h after the
start of dosing and had free access to water throughout the study. This study was conducted as a
crossover design, with 8 days between dose administrations. On the first dosing occasion, the dog
received a 1 h intravenous (iv) infusion of 20 formulated in DMSO and 10% (w/v) Kleptose HPB in
saline aq (2%:98% (v/v)), at a concentration of 0.1 mg/mL to achieve a target dose of 0.5 mg/kg. On a

subsequent dosing occasion, the same dog was administered with 20, suspended in 1% (w/v)
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methylcellulose aq at a concentration of 0.1 mg/mL to achieve a target dose of 1 mg/kg. A temporary
cannula was inserted into the cephalic vein from which serial blood samples (50 uL) were collected
predose and up to 26 h after the start of dosing. After collection of the 2 h time point the cannula was
removed and later time points were taken via direct venepuncture of the jugular vein. Diluted blood
samples were analyzed for parent drug concentration using a specific LC-MS/MS assay (LLQ = 5

ng/mL). At the end of each study the dog was returned to the colony.

Blood Sample Analysis

Diluted blood samples (1:1 with water) were extracted using protein precipitation with acetonitrile
containing an analytical internal standard. An aliquot of the supernatant was analyzed by reverse
phase LC-MS/MS using a heat assisted electrospray interface in positive ion mode. Samples were

assayed against calibration standards prepared in control blood.

PK Data Analysis from PK Studies

PK parameters were obtained from the blood concentration-time profiles using noncompartmental

analysis with WinNonlin Professional 6.3 (Pharsight, Mountain View, CA).

hWB MCP-1 Assay

The human biological samples were sourced ethically and their research use was in accord with the
terms of the informed consents under an IRB/EC approved protocol.

Compounds to be tested were diluted in 100% DMSO to give a range of appropriate concentrations
at 140x the required final assay concentration, of which 1 puL was added to a 96 well tissue culture
plate. 130 pL of human whole blood, collected into sodium heparin anticoagulant, (1 unit/mL final)
was added to each well and plates were incubated at 37°C (5% C02) for 30 min before the addition of
10 pL of 2.8 ug/mL LPS (Salmonella Typhosa), diluted in complete RPMI 1640 (final concentration 200

ng/mL), to give a total volume of 140 uL per well. After further incubation for 24 h at 37 °C, 140 pL of

ACS Paragon Plus Environment

Page 86 of 101



Page 87 of 101 Journal of Medicinal Chemistry

1

2

z PBS was added to each well. The plates were sealed, shaken for 10 min and then centrifuged (2500
Z rom x 10 min). 100 pL of the supernatant was removed and MCP-1 levels assayed immediately by
7

8 immunoassay (MesoScale Discovery technology).
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ABBREVIATIONS

AMP, artificial membrane permeability; BAZ2B, bromodomain adjacent to zinc finger domain 2B; BD1,
bromodomain 1 (N-terminal bromodomain); BD2, bromodomain 2 (C-terminal bromodomain); BET,
bromo and extra-terminal domain; BRD2,3,4,T, bromodomain containing protein 2,3,4,T; BSEP, bile
salt export pump; CHAPS, (3-((3-cholamidopropyl) dimethylammonio)-1-propanesulfonate); CL,,
blood clearance; CL;,, intrinsic clearance; CLND, chemiluminscent nitrogen detection; CMTP, 2-
(tributylphosphoranylidene)acetonitrile; D, dose; DIAD, diisopropyl azodicarboxylate; dppb, 1,4-
bis(diphenylphosphino)butane; EDC, N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide;  EDG,
electron-donating group; EWG, electron-withdrawing group; FACS, flow cytometry staining buffer; FP,
fluorescence polarisation, fu, fraction unbound in blood; GSH, glutathione; HATU, 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium  3-oxid hexafluorophosphate;
HepG2, human liver cancer cell line; HEPES, (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid);
hWB, human whole blood; k, elimination rate constant; KAc, acetylated lysine; LLE,;, Astex lipophilic
ligand efficiency; MCP-1/CCL2, monocyte chemoattractant protein-1; MDAP, mass-directed auto
preparation; MDI, metabolism dependent inhibition; MLA, mouse lymphoma assay; RPMI, Roswell
Park Memorial Institute; SPR, surface plasmon resonance; STAB, sodium triacetoxyborohydride; TDI,
time dependent inhibition; TR-FRET, time resolved fluorescence resonance energy transfer, V,
incubation volume; V, volume of distribution at steady state; WPF, tryptophan-proline-

phenylalanine; XRPD, X-ray powder diffraction; 2-MeTHF, 2-methyltetrahydrofuran.
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