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Abstract

Small molecule Bromodomain and Extra-Terminal (BET) inhibitors have shown
promising therapeutic interest in oncology and immuno-inflammation. However,
clinical studies have shown limited therapeutic window for pan-BET inhibitors,
restricting their use to aggressive oncology indications. A macrophage-targeted
approach, using the Esterase Sensitive Motif (ESM) technology, is being investigated
in our laboratories. The first ESM-BET inhibitor is currently progressing through
clinical studies for the treatment of rheumatoid arthritis. This cell-targeted approach
has so far demonstrated reduced toxicity in preclinical animal studies. Due to the
attrition rate during drug development, a second ESM-BET inhibitor is desired.

In this thesis, a novel series of ESM-BET inhibitors is investigated. The initial
molecules demonstrated high in vitro clearance in human and monkey species. This
was rationalised as due to a lack of carboxyl esterase (CES) selectivity, in particular
between CES-1 (desired) and CES-2 (undesired). The current study describes how
CES-1 vs. CES-2 selectivity was achieved. Further optimisation efforts led to the
discovery of two advanced molecules with suitable profiles for progression into in vivo
PK studies. In parallel to the medicinal chemistry optimisation, the synthetic route
towards the key benzazepinone motif was improved in terms of yields, step count and
robustness, enabling scale up to support investigation of multiple BET inhibitor series
within our laboratories. Finally, partial racemisation of two chiral centres was
identified during lead optimisation. A stereoselective route was established to address
this issue, providing crystalline material in excellent e.e. and good yields throughout

the synthetic route to support the progression of the molecules in in vivo studies.

GSK Confidential — Copying Not Permitted



Table of contents

N 0L = Uod TSRS 4

ADDIEVIALIONS ... bbb bbb 7

INEFOAUCTION ..ttt bbbt 11

1. BET proteins and epigenetic ModifiCations ............ccccevereneienininnieniseeene 12

2. Therapeutic value of small molecule BET inhibitors ..., 18

3. Targeted small molecule BET inhibitors for rheumatoid arthritis treatment.. 20

4. From a pan-BET inhibitor series to an ESM-BET inhibitor series................. 24
4.1.  Binding mode of a benzazepinone fragment into the bromodomain of BET

O 01 0] USSP PP PP UTPTPTRPRPRPN 26

4.2, AIMS OF thiS WOTK.....c.eiiiiiiiii it 28

4.3, INItial COMPOUNDS.....c.ccviiiiiiiitiiiee s 38

4.4, ReSEarch ODJECHIVES.......ccii i et 40

RESUIES and dISCUSSION ......ooivieiieiiiiiieie et ee e 41

5. Increasing CES-2 half-life.........ccooiiiiie e, 41

5.1.  Evaluation of in silico ChromlogD7.4 model .............ccooviiiiiiiniiiie, 41

5.2.  Working hypothesis to reach the desired in vitro profile............cccccovvevinnnne. 43

5.3.  Understanding CES hydrolysis rate ............ccoouririniiiieiiinesiseseseeeeesei 44

5.4.  Design hypothesis to increase the CES-2 half-life.........cccccoocviveiiiiiiiein, 47

5.5, Design of NEW HNKETS ......cviiiiiiiiiieieeees e 48

5.6.  Benzazepinone building block retrosynthetic analysis ............cccocevvvveveieinenne. 52

5.7.  Synthesis of the benzazepinone building bIOCK ... 53

5.8. Initial set of compounds — Synthesis and impact on CES activity...................... 67

6. Increasing CES-1 turnover — Optimisation of molecule 5.06......................... 79

6.1.  Design hypothesis to increase CES-1 esterase tUrnOVEr ..........ccccevvvveresieseenne. 81

6.2.  Optimisation of the synthetic route for SAR exploration ............cc.ccocevvnvnne. 84

6.3.  Synthesis and impact of the ZA channel substituent on the CES-1 turnover......85

6.4.  Synthesis and impact of the ESM on the CES-1 turnover ..........ccccccoeveverveeene. 90

GSK Confidential — Copying Not Permitted



7. Reaching the desired profile — Optimisation of molecule 6.26....................... 95

7.1.  Initial pyrazole analogues (1% generation analogues) ..........cccceeueerererirerereniennns 96

7.2.  Second generation molecules — balancing in vitro clearance and potency ....... 110

7.3.  Assessment of the pharmacological profile of the lead molecules ................... 139

8.  Synthetic chemistry route optimisation of molecules 7.38 and 7.44 ............ 143
8.1.  Partial racemisation mitigation Strategy ........cccccevviieeierieeieiie e 145

8.2.  Optimisation of the reductive amination SEP .........cccovvvviirireniieiceeesee 149

8.3.  Final steps towards the synthesis of the lead compounds 7.38 and 7.44 .......... 157

8.4.  Summary and scope of the new Synthetic route............ccocovvveiireieiciniiiinne 163

8.5, CONCIUSIONS.....cuiiiitiiiiiieie e ettt bbbt nne s 166

(O70] 000 1] [0 3 LRSS 168
FULUIE WOTK ...ttt enes 174
EXPEIIMENTAL ....c.oiieiieee s 176
RETEIBNCES ...t b e bbb 314

GSK Confidential — Copying Not Permitted



Abbreviations

Ac

AMP

Asn

AUC

BD

BET

Brd

CES
cChromlogD7.4
ChromlogD7.4
CTBP

Cyno

CYP

DCM

d.e.

DEAD
DIBAL
DIPEA

DMF

DMP

DNA

dppf

Acetyl

Artificial membrane permeability
Asparagine

Area under the curve

Bromodomain

Bromodomain and extra-terminal domain
Bromodomain-containing protein
Carboxylesterase

Calculated chromatographic distribution coefficient at pH 7.4
Measured chromatographic distribution coefficient at pH 7.4
Cyanomethylenetributylphosphorane
Cynomolgus monkey

Cytochrome P450

Dichloromethane

Diastereomeric excess

Diethyl azodicarboxylate

Di-isobutyl aluminium hydride
N,N-Diisopropylamine
N,N-Dimethylformamide

Dess-Martin periodinane
Deoxyribonucleic acid

1,1’-Bis(diphenylphosphino)ferrocene

GSK Confidential — Copying Not Permitted


https://en.wikipedia.org/wiki/Diethyl_azodicarboxylate
https://www.sigmaaldrich.com/catalog/product/aldrich/177261?lang=en&region=US

€.e.
ESI
ESM
ET

Et

HAC

HATU

Heps
HLM
HPLC
HRMS
Hu
hWwB

hWB AtBu

ICso

iPr

IVC

LCMS

Enantiomeric excess

Electrospray ionisation

Esterase sensitive motif

Extra-terminal

Ethyl

Bioavailability

Hour

Heavy atom count
N-[(Dimethylamino)-1H-1,2,3-triazolo-[4,5-b]pyridin-1-
ylmethylene]-N-methylmethanaminium hexafluorophosphate N-
oxide

Hepatocytes

Human liver microsome

High performance liquid chromatography

High resolution mass spectrometry

Human

Human whole blood

Difference between the hWB potencies of a compound and its tBu
ester direct analogue.

Concentration of the substance that exhibits 50% inhibition
iso-Propyl

Infrared spectroscopy

In vitro clearance

Liquid chromatography — mass spectrometry

GSK Confidential — Copying Not Permitted



LDA Lithium di-isopropyl amide

LE Ligand efficiency

LLEAT Lipophilic ligand efficiency (as defined by Astex)
LBF Liver blood flow

MDAP Mass-directed auto-preparative chromatography
Me Methyl

min Minute

m.p. Melting point

MW Molecular weight

NaHMDS Sodium bis-(trimethylsilyl)amide
NMR Nuclear magnetic resonance

PDB Protein data bank

Ph Phenyl

Phe Phenylalanine

pin Pinacolato

Piv Pivalic

PK Pharmacokinetics

ppm Parts per million

Pro Proline

PPTS Pyridinium para-toluenesulfonate
PTSA Para-toluenesulfonic acid

PTT Phenyltrimethylammonium tribromide
rt Room temperature

SAR Structure-activity relationship

GSK Confidential — Copying Not Permitted



SEM
SNAr
12
T3P
tBu
Tf
TFA
THF
Thr
tPSA
R
Trp
Ts
Tyr

WPF

2-(Trimethylsilyl)-ethoxymethyl
Nucleophilic aromatic substitution
Half-life

Propylphosphonic anhydride solution, 50% in EtOAc
tert-butyl

Triflyl

Trifluoroacetic acid
Tetrahydrofuran

Threonine

Topological polar surface area
Retention time

Tryptophan

Tosyl

Tyrosine

Tryptophan-Proline-Phenylalanine

GSK Confidential — Copying Not Permitted

10



Introduction

Rheumatoid arthritis is an auto-immune disease affecting around 1% of the world’s
population.! The disease is caused by the over-stimulation of the immune response in
the joints, leading to stiffness, pain and progressive loss of the joint function.? The
symptoms are due to the accumulation of immune cells, such as macrophages, in the
joint synovium, thickening the synovial liquid and preventing normal mobility of the
joint. The disease further progresses by attacking the bones and cartilages within the
joint, causing pain and weakening the joint.>® Studies have shown a correlation
between a reduction of the number of macrophages in affected joints and an
improvement over rheumatoid arthritis clinical symptoms.*

Macrophages are immune cells recruited by pro-inflammatory cytokines produced in

response to an inflammatory stimulus (Figure 1).°

Inflammatory
stimulus
BET protein

[/ om
unwrapping

Pro-inflammatory Pro-inflammatory
DNA level genes genes
Heterochromatin Euchromatin
lDNA translation
Pro-inflammatory Cytokines
/—\' Physiological level
Joint infiltration
Cell level
and damage
Activated
Myeloid cells macrophages

Figure 1: In rheumatoid arthritis patients, joint damage is caused by over expression
of the inflammatory response. In vitro inhibition of BET proteins has been shown to
reduce the production of several pro-inflammatory cytokines involved in macrophage
recruitment. Limiting the macrophage activation should limit joint damages.5’8
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Inhibition of bromodomain and extra-terminal (BET) proteins has been shown to have
an impact on the production of pro-inflammatory cytokines by partially blocking the
corresponding gene transcription.®” Thus, BET inhibition has the potential to reduce
the cytokine-induced inflammatory response by reducing the production of pro-
inflammatory cytokines.®® This could limit the recruitment of macrophages involved
in the inflammatory response, demonstrating the potential application of BET

inhibitors for the treatment of rheumatoid arthritis.

1. BET proteins and epigenetic modifications

The BET proteins are bromodomain-containing proteins, involved in the regulation of
gene expression at the deoxyribonucleic acid (DNA) level. In a cell, the DNA double
helix is wrapped around histone proteins to form a nucleosome (Figure 2).°
Nucleosomes can themselves be tightly packed to form a chromatin fibre that is
condensed in cells to form chromosomes. The nucleosome unit is formed of eight
histone proteins, a repetition of two H2A, H2B, H3 and H4 units, forming a cluster
around which approximately 146 base pairs of DNA are wrapped.®% A histone protein
is formed of a core and two histone tails, the C-terminal and the N-terminal histone

tails.
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CHROMOSOME CHROMATIN FIBRE NUCLEOSOME EPIGENETIC CODE

' Enzymes that add a
mark such as
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and phosphorylases
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(O histone mark

daem nyi na
Oeraser yhosphatases

READERS ticiohe Proteins that interpret
\\\\ " reader histone marks include
. " the bromodomain,
chromodomain readers
> READERS Proteins that interpret modified
¥ cytosine residues such as
i < ‘ S5-methylcytosine (5mC) and
5 a8 = G S5-hydroxymethylcytosine
& DNA (5hmC) include MBD and Tet

| reader

DNA \

Figure 2: In cells, the DNA double helix is wrapped around histone proteins to form a
nucleosome. Histone tails can interact with epigenetic proteins (writers, readers or
erasers) to regulate gene expression.®

chromatin fibre

Proteins interacting with histone tails are referred to as epigenetic proteins. Interaction
of these proteins with histone tails can trigger a variety of biological events and
regulate gene expression. This regulation through histone tail modifications is called
epigenetic regulation. Gene expression is governed by inherited and adaptive
mechanisms to enable the organism to react to environmental and lifestyle stimuli.®
Epigenetic regulation is part of the adaptive mechanism and it includes, but is not
restricted to, DNA methylation and covalent modifications of histone tails.® Different
families of epigenetic proteins are able to interact with histone tails in the following
manner:

e Writers, able to add modifications onto histone tails such as acetyl, methyl and

phosphate groups;
e Readers, able to recognise histone tail modifications;

e Erasers, able to remove histone tail modifications.8?

GSK Confidential — Copying Not Permitted
13



Wrapping of the DNA (heterochromatin)
preventing its transcription HN}‘

o) ®

NH3
ﬁ Ac-CoA L-Lysine

Ac-CoA

Histone acetyl
transferase

‘ Histone deacetylase
Writer protein

Eraser protein

CoA

Recognition of the acetyl lysine motif
by a bromodomain containing protein e.g. BET
Reader protein

ﬂ

Unwrapping of the DNA (euchromatin)
enabling its transcription
Figure 3: After acetylation of a histone tail by a writer protein, a reader protein, e.g.
a BET protein (in green), can trigger the unwrapping of the DNA allowing gene
expression.

For instance, histone acetyl transferase proteins are a family of writer proteins able to
introduce an acetyl group onto a lysine residue of a histone tail (Figure 3).1! The
acetylated lysine motif can then be recognised by a family of bromodomain-containing
proteins (reader proteins), including BET proteins. A bromodomain is a sequence of
approximately 110 amino acids able to recognise acetylated lysine motifs on histone
tails.!2 The recognition of an acetylated lysine modification on histone tails triggers
the recruitment of chromatin-regulating proteins, leading to the unwrapping of the
corresponding genes. Finally, after transcription, eraser proteins, such as histone
deacetylases, can remove histone tail markers (in this case the acetyl group). As a
consequence of this de-acetylation, the DNA will return to its tightly packed form,

called heterochromatin.
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BET proteins, by recognising the acetylated lysine epigenetic modification, take part
in the cellular process of unwrapping DNA to its euchromatin state, the first step
towards the expression of the associated genetic information.*? Therefore, interactions
of epigenetic proteins with histone tails can regulate the transcription of the DNA, by
controlling its packing state in either euchromatin or heterochromatin.

There are four members of the human BET protein family: bromodomain-containing

protein 2 (Brd2), Brd3, Brd4 and BrdT (Figure 4).

Domains
BD1 BD2 ET

P s -
proteins  Brd3 C_ T T )
TP s -
- )

Figure 4: Proteins of the BET family showing BD1, BD2 and extra-terminal (ET)
domains.

The acetylated lysine moiety is recognised by the bromodomains. Each of these BET
proteins contains two bromodomains (BD), BD1 and BD2, and an extra-terminal
domain (Figure 4). The two bromodomains BD1 and BD2 are both able to interact
with an acetylated lysine motif. The acetylated lysine binding site of the BET
bromodomains is shaped by four a-helices (aZ, aA, aB, aC) and two loops (ZA and

BC) (Figure 5).10:13
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Acetyl lysine
binding pocket [

\ “BC loﬁ)

N &S}a‘

/
Figure 5: X-ray crystal structure of an acetylated lysine peptide (green) in the first
bromodomain (BD1) of BET protein 4 (Brd4) showing the four a-helices (in red) and
the ZA and BC loops shaping the binding site (PDB file gsk3uvw).1*

The acetylated lysine (green) interacts with the bromodomain via a direct hydrogen
bond between the oxygen of the acetyl group and one of the hydrogens of the side-
chain amide of Asn140 (yellow, Figure 6). In addition, there is a water-mediated

hydrogen bond between the acetyl oxygen atom and the hydroxyl group of Tyr97

(orange).!

= ans

Figure 6: X-ray crystal structure of an acetylated lysine (green) in Brd4 BD1 (blue)
showing a hydrogen bond between the acetylated lysine and Asn140 (yellow) and a
water-mediated hydrogen bond with Tyr97 (orange). Hydrogen bonds are drawn in
black and distances are measured in A (PDB file gsk3uvw).1*

" The position of these amino acids in the protein sequence is given for Brd4 BD1. However, these two
residues are conserved within BD1 and BD?2 of the four proteins Brd2, Brd3, Brd4 and BrdT.
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Another key feature of the BET bromodomains is the presence of three conserved
residues (tryptophan Trp81, proline Pro82 and phenylalanine Phe83) delimiting a

lipophilic space, described in the literature as the WPF shelf (Figure 7).12133

) - .

'

?

Va

ZA loop
iting the ZA

hannel
|\

A

Figure 7: X-ray crystal structure of an acetylated lysine (green) in Brd4 BD1 (blue)
showing the WPF shelf and ZA channel (PDB file gsk3uvw).'4

'}'. . ) Al‘

| I\
'l \\

\\ .

Interactions with these residues are known to be beneficial to BET potency, and due
to some variations of these residues in non-BET bromodomains, interactions with the
WPF shelf can be used to achieve selectivity against non-BET bromodomain-
containing proteins.**3° Finally, the ZA loop forms a region, referred to as the ZA
channel.*21335 The ZA and BC loops are the main points of diversity, in terms of amino
acid sequences, between all the bromodomain-containing proteins. The width of the
ZA channel can vary substantially between BET and non-BET bromodomains. As a
consequence, the ZA channel equally can be used to achieve selectivity against non-

BET bromodomains.1213
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2. Therapeutic value of small molecule BET inhibitors

Due to their ability to regulate gene expression and the cell cycle, BET proteins are of
tremendous interest for pharmaceutical research.’® BET proteins have been shown to
play a role in several disease indications within oncology and immuno-inflammation
therapeutic areas.!? In particular, studies have shown that disruption of the epigenetic
regulation, such as increased levels of acetylated histone tails, has an impact on the
production of pro-inflammatory cytokines in rheumatoid arthritis patients.®> This
finding demonstrates the relevance of targeting proteins involved in the epigenetic
regulation of the DNA transcription for rheumatoid arthritis indications.

Several BET inhibitors have already progressed to clinical trials in recent years for a
number of disease indications, in particular RV X208, molecule 2.1, for cardiovascular
diseases (Phase Ill) and I-BET762, molecule 2.2, for oncology therapy (Phase II)

(Figure 8).1617.18

\r/N\
N
o N~
o ® .
(e} N ~ _
_OL :: N o N >/~NH
O
NH O
Cl

2.1 2.2
RVX208 I-BET762

Figure 8: Structures of two small molecule pan-BET inhibitors currently in clinical
trials.

RVX208 preferentially binds to the BD2 domain across the BET family (Brd2, Brd3,
Brd4 and BrdT), whereas I-BET762 is a pan-BET inhibitor, which is equipotent across
the BET family and the two bromodomains (BD1 and BD2).1® The early development
of these molecules has demonstrated attractive preclinical pharmacological profiles for

these indications. However, they were also associated with target-mediated toxicity
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such as a high level of hepatic transaminases during clinical trials for RV X208, which
were found to be reversible upon discontinuing the treatment administration.*®* Mice
studies on JQ1, one of the early BET inhibitors closely structurally related to I-BET762
(Figure 9), have shown to cause body weight loss, hematology changes and testicular
changes.!’ Clinical trials of other BET inhibitors for oncology indications have also

reported severe thrombocytopenia, fatigue, nausea and gastro-intestinal side-effects.*®

\(/N‘N

s N~
S | il
—N (@]
o>f )L
Cl
2.3
JQ1

Figure 9: Structure of JQ1, one of the first reported BET inhibitors.

Based on all of the above, the therapeutic window for these early molecules was found
to be incompatible with non-oncologic indications,*® and in particular with diseases
such as rheumatoid arthritis, where a chronic treatment is necessary. Therefore,
developing a BET inhibitor with a higher therapeutic index than these predecessors is
highly desirable in order to treat chronic diseases such as rheumatoid arthritis.

A strategy to increase the therapeutic index could be to deliver the BET-inhibitor
molecule to the cell type of interest, such as macrophages for rheumatoid arthritis
patients. This would limit the exposure of the BET-inhibitor in other cell types and,
therefore, should decrease the target-mediated toxicity usually observed with systemic

BET inhibition.
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3. Targeted small molecule BET inhibitors for rheumatoid arthritis

treatment

A technology that targets cells from the monocyte-macrophage lineage has been
developed by Chroma Therapeutics.?’ Targeting a drug molecule to the relevant cells
has the potential to reduce the levels of target-mediated toxicity, by limiting the drug’s
systemic exposure. A cell targeted approach has, therefore, the potential to improve
the therapeutic window of a drug. The technology developed by Chroma Therapeutics
has demonstrated an increased therapeutic window in in vivo studies on transgenic
mice, for a histone deacetylase inhibitor (an epigenetic protein inhibitor).2® This
targeting technology is based on the introduction of an esterase sensitive motif (ESM)

onto a drug molecule (Figure 10).

Q e} H CES-1 e} H
Cij,N\/ Drug molecule Hci?,N\/ Drug molecule

%(—/

Esterase sensitive motif
Figure 10: The esterase sensitive motif (ESM) is specifically hydrolysed by CES-1 to
give the corresponding acid.

The ESM, derived from natural amino acids, can be specifically hydrolysed by
carboxylesterase 1 (CES-1) to give the corresponding acid.?® In human, CES-1 is
predominantly expressed in cells from the monocyte-macrophage lineage and in
hepatocytes. In CES-1 negative cells, the ESM targeted histone deacetylase inhibitor
has demonstrated similar activity level to the non-targeted inhibitor.?® In CES-1
positive cells, a 10-30 fold increase in inhibitory activity was reported.?° This study
also showed significant production of the corresponding acid specifically in cells
containing CES-1. The acid, due to its intrinsic polarity at physiological pH (7.4), has

limited cell membrane permeability, in contrast to the corresponding ester which is
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neutral at this pH (measured pKa amino ester ~ 5-6), and therefore has higher
membrane permeability (Figure 11). These principles govern the ESM targeting
mechanism, and combined with a drug molecule, the ESM technology can target the
drug molecule to CES-1 positive cells as a result of the hydrolysis which occurs

specifically in those cells.

Intracellular
CES-1 positive cell
e.g. macrophages

SN S
o] N._- BET inhibitor ();j/Nv BET inhibitor
CES-1
-
Esterase sensitive motif o
H
@o N._- BET inhibitor

Intracellular
Extracellular

CES-1 negative cell

i Uy
() N._- BET inhibitor O;j,N\/ BET inhibitor
-
Esterase sensitive motif

Figure 11: The principle of the ESM targeting mechanism. In CES-1 positive cells, the
ester is hydrolysed to its corresponding acid. Due to its polarity, the acid is retained
longer in the targeted cells. In CES-1 negative cells, the acid is not generated.

Extracellular

A drug molecule bearing an ESM group can permeate into cells as the ester and only
in CES-1 positive cells is the acid generated. Due to its limited permeability, the acid
bearing the drug molecule is retained in the cells for an extended time. This creates a
high local concentration of the drug in CES-1 positive cells. In CES-1 negative cells,

due to the lack of the specific esterase, the acid is not generated and the drug remains
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in equilibrium with the systemic circulation, and is therefore rapidly cleared by
esterase metabolic enzymes in the liver.

In human, CES-1 is mainly present in cells from the monocyte-macrophage lineage
and in the liver.?® The distribution of CES-1 in human has two consequences: the
generation of the acid, and subsequent retention of the drug, in the cells from the
monocyte-macrophage lineage;?! and, the rapid systemic clearance of the ester due to
the presence of CES-1 in hepatocytes.

Due to the crucial role of macrophages in the inflammation of joints of rheumatoid
arthritis patients and the role of BET proteins in inflammatory mechanisms,*8 a BET
inhibitor associated with the ESM technology is of interest for rheumatoid arthritis

treatment and is currently under investigation in our laboratories.

Profile of the first ESM-BET inhibitor suitable for in vivo studies

The structure and the profile of the first ESM-BET inhibitor progressed into pre-

clinical studies is shown in Table 1.
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3.01
\ J
Y
CES-1 BET
pharmacophore pharmacophore
hWB pIC,, 7.6
hWB ABu' +0.9
Brd4 BDI pICy, 7.3
ChromlogD, , 3.0

AMP (nm/s) / tPSA (A% 73/ 108

HLM IVC (-/+ benzil)

1. :
(mL/min/g) 2709

Heps IVC Hu / Cyno (LBF) | 73%/41%

Table 1: Structure and profile of the first ESM-BET inhibitor suitable for in vivo
studies.

Molecule 3.01 has the ESM (drawn in orange) branched on the BET inhibitor (drawn
in black). The pyridone is the acetyl mimetic motif and the ESM is branched on the
benzimidazole core, residing in the ZA channel (cf. section 4.1). The profile of the
molecule, shown in Table 1,7 has proven to be suitable for in vivo studies in
cynomolgus monkey and the molecule has shown promising in vitro and in vivo
results.?! Initial studies show a decrease in pro-inflammatory activity in cells from the
monocyte-macrophage lineage and reduced pre-clinical toxicity when compared to the

pan-BET molecules currently in clinical trials.?* Indeed, the rapid hepatic metabolic

ThWB AtBuU is the difference between the human whole blood potencies of the compound and its tBu
ester direct analogue (non-hydrolysed by CES). It is used in this thesis to estimate the CES turnover.
it The assays will be discussed in section 4.2.
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clearance, due to the presence of the ESM group, helps to moderate the target-mediated
adverse effects usually observed with pan-BET inhibitors. This is achieved by limiting
the duration of systemic exposure and retaining the active metabolite (the acid) only
in the targeted cells, thereby increasing the therapeutic window when compared to a
non-targeted pan-BET inhibitor.?!

Due to the high attrition rate between the pre-clinical stage and the launch of a drug
on the market,? it is of interest to discover and progress a second ESM-BET inhibitor
with a similar profile to molecule 3.01 but with some structural diversity to mitigate
any unexpected structurally-related toxicity. The investigation of a new ESM-BET
inhibitor series will be described herein, aiming to identify a molecule with the

potential to be assessed in pre-clinical safety studies, and potentially beyond.

4. From a pan-BET inhibitor series to an ESM-BET inhibitor series

Historically, several pan-BET series have been developed in our laboratories.?3242°
Amongst them, one of the most recently identified series has a benzazepinone

acetylated lysine mimetic, as exemplified in molecule 4.01 and molecule 4.02 (Figure

0O 0O
N
-
SUeE" -

12).26

4.01 4.02 L
N-NH
clogP 3.1 clogP 1.9
MW (g.mol") 280 MW (g.mol") 327
HAC 21 HAC 24
Brd4 BD1 plCs, 6.8 Brd4 BD1 plCsq 7.7

LE 0.44 LE 0.44

LLE A 0.36 LLE 7 0.44

Figure 12: Structure and selected properties of molecules 4.01 and 4.02, highlighted
in green is the structure of the benzazepinone motif.
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A number of studies over the last two decades have shown the importance of physico-
chemical properties of hit and lead molecules in medicinal chemistry.?2272829 From
these observations, based on the study of molecular properties of past clinical
successes and failures, a set of drug-like parameters for good oral absorption was
defined, guiding scientists during the design and synthesis of oral drug candidate
molecules.?”?30 To assist with the comparison of activities and some key physico-
chemical parameters of fragments or more advanced molecules, several tools such as
the ligand efficiency index (LE, Equation 1)3'32 or the lipophilic ligand efficiency
metric developed by Astex Ltd (LLEAaT, Equation 2),% have been reported in the
literature. A threshold value of 0.30 kcal.mol? (1.3 kJ.mol?) per heavy atom count
(HAC), calculated based on a plCso of 8 and a HAC of 36, is commonly used to define
a good starting point for lead optimisation.

(1) LE = AG%/ HAC = - RT Ln(Ki) / HAC = 1.37 x pICso / HAC

Equation 1: Ligand Efficiency (LE) is defined as the Gibbs free energy of binding per
HAC.?

(2) LLEAT=0.111 + [1.37 x (pICso - clogP)] / HAC
Equation 2: Lipophilic ligand efficiency developed by Astex Ltd, LLEaT, takes into

consideration the lipophilicity of the molecule in addition to the potency and HAC.%

Whilst LE only considers the binding energy and the HAC, the LLEaT offers a more
advanced and interesting comparison of two molecules or fragments. Specifically, the
LLEAT, in addition to the binding energy and HAC, takes into consideration the
lipophilicity of the molecule. This is particularly interesting as high lipophilicity has
been correlated with lack of success in clinical studies of a candidate drug.*° Therefore,

a tool enabling the comparison of two fragments in terms of potency and lipophilicity
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together is very valuable. In order to maintain the same threshold value of 0.30 to
compare fragments between the two tools, the scales of LLEaT and LE have been
harmonised by adding 0.111 to the calculated LLEAT.

Molecule 4.02 (Figure 12) is significantly more potent in the Brd4 BD1 assay, however
molecule 4.01 is smaller. Interestingly, both fragments exhibit a similar LE value, well
above the 0.30 conventional threshold. The different profiles of molecule 4.01 (small
and more lipophilic) and molecule 4.02 (more potent, more polar but with a higher
molecular weight) are more easily compared using the LLEAT. Molecule 4.02, despite
a larger molecular weight, showed a clear advantage in terms of potency and polarity,
translating into a high LLEaT value.

Despite these differences in LLEAT, these two fragments show excellent LE and LLEAT

making them good starting points to develop an ESM-BET inhibitor series.

4.1. Binding mode of a benzazepinone fragment into the bromodomain of BET
proteins

As explained in section 1, the two bromodomains BD1 and BD2 of the four BET

proteins (Brd2, Brd3, Brd4 and BrdT) can bind an acetylated lysine motif. Figure 13

shows the X-ray crystal structure of a benzazepinone fragment, molecule 4.01, in the

Brd2 BD2 binding site.3*
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Interaction with

WP.F shelf o Acetyl lysine
N mimetic
L
™ o //
Towards
ZA channel
4.01
ChromlogDy 4 4.0

Brd4 BD1 pICsg, 6.8

Figure 13: X-ray crystal structure of molecule 4.01 (green) in Brd2 BD2, showing
direct and indirect hydrogen bonds (black) between Asn429 (yellow), Tyr386 (orange)
and the amide carbony! of the benzazepinone motif. Distances are measured in A (PDB
file gsk7toac).3

The amide of the benzazepinone motif interacts with the bromodomain binding site
via a hydrogen bond between the carbonyl oxygen and the amide functionality of
Asn429 (yellow). There is also an indirect hydrogen bond, mediated by a water
molecule, between the oxygen of the benzazepinone amide and the hydroxyl group of
Tyr386 (orange).®® These interactions of the benzazepinone group with the Asn and
the Tyr residues are similar to the interactions of the bromodomain with the acetylated
lysine fragment (Figure 6, p.16). These two interactions have proven to be important

for small molecule BET inhibitors and are conserved in most fragments demonstrating

activity against the BET family.'3
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Tyr386
Interaction with -

WPF shelf Acetyl lysine ZA Channel
—_— o \>0 mimetic
N 8
- 3
S N Pro371
O T Trp370
4.01 / N
Tovgrds Phe372
channel

Figure 14: Structure of molecule 4.01 and X-ray crystal structure of molecule 4.01
(green) in Brd2 BD2 showing the ZA channel and the WPF residues (blue). (PDB file
gsk7toac).3*

This X-ray crystal structure (Figure 14) also shows that the pyridine ring of molecule
4.01 interacts with the WPF shelf lipophilic region via edge-to-face interactions with
the tryptophan Trp370 and there is no interaction of this fragment with the ZA channel.
Initial X-ray crystallography of molecule 4.01 has demonstrated that interactions with
each of these three regions of the BET bromodomains are feasible using the
benzazepinone motif: the amide bond of the benzazepinone motif maintains the crucial
interactions with Asn and Tyr residues and acts as an acetyl mimetic, interaction with

the WPF shelf is possible from position 7 of molecule 4.01 and the ZA channel is

accessible from position 5 of molecule 4.01 (Figure 14).

4.2. Aims of this work

Previous work within our laboratories has shown that the ESM group can be
incorporated directly onto the WPF shelf group (discussed in section 4.3),%¢ with the
ESM group positioned outside of the bromodomain towards the solvent. The primary
goal of the work described in this thesis is to understand if an ESM-BET inhibitor,
with a good BET inhibitory activity and a low in vitro clearance profile (desired profile

discussed later in this section), can be obtained by branching the ESM onto the WPF

GSK Confidential — Copying Not Permitted
28


https://damocles.gsk.com/cgi-pb68823/new_proj/index-place.pl?project=Bromodomains&brd2c.swiss=on&place=gsk6rsfm

shelf of the benzazepinone series (Figure 15). Subsequent efforts will then focus on
identifying a molecule suitable for progression into in vivo pharmacokinetic (PK)
studies with balanced properties between the BET pharmacophore and the targeting
mechanism, driven by the CES-1 metabolic preference.

Interaction with
WPF shelf cetyl lysine

o A
N /E:(\j mimetic
EJ\

Towards
% ZA channel
Y
CES-1 pharmacophore  BET pharmacophore
Figure 15: Representation of a hybrid ESM-BET inhibitor, highlighting the BET
pharmacophore (in black) and the CES-1 pharmacophore (in orange).

The desired profile of an ESM-BET inhibitor suitable for progression to in vivo PK

studies is described in Table 2.

Desired profile of an ESM-BET inhibitor

hWB pIC;, >7.6
hWB ABu" ~1.0
Brd4 BD1 pICg," >17.0
ChromlogD, , <33
AMP (nm/s) / tPSA (A?) >50/<125
HLM IVC (- / + benzil) (mL/min/g) <3.0/<2.0
Heps IVC Hu / Cyno (LBF) <75% /<75%

Table 2: Desired profile for an ESM-BET inhibitor in the benzazepinone series for
progression to in vivo PK studies.

vV hWB AtBuU is the difference between the human whole blood potencies of the compound and its tBu
direct analogue (non-hydrolysed by CES). It is used in this thesis to estimate the CES turnover. The
Brd4 BD1 assay is a biochemical assay where the BD2 bromodomain is unable to bind an acetyl-
lysine mimetic due to a mutation. The in vitro clearance (IVC) was routinely measured using human
liver microsomes (HLM) and hepatocytes (heps) in human and monkeys to understand the metabolic
rate of our molecules.
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The required physico-chemical properties, potency and impact of the ESM mechanism
on the desired profile required to progress a molecule into PK studies will be discussed

in the subsequent sections.

4.2.1. Required human whole blood potency

The optimization efforts of the first ESM-BET inhibitor in our laboratories have
demonstrated that a human whole blood (hWB) potency of 7.6, associated with low in
vitro clearance (discussed in section 4.2.3.3), is required to progress a molecule to in
vivo PK studies.

Previous studies on an ESM epigenetic protein inhibitor (histone deacetylase) have
demonstrated that in CES-1 positive cells, there is a significant amount of the
corresponding acid generated and that the potency is enhanced compared to CES-1
negative cells.?’ This is due to the generation, in the CES-1 positive cells, of the
pharmacologically active acid. The acid, due to its limited permeability, is retained in
the targeted cells and, due to its inhibitory activity, it contributes to the enhanced
potency observed compared to CES-1 negative cells.Y Therefore, the human whole
blood potency measured after 24 h incubation in our assay is a result of the BET
inhibition of both the ester and the active acid metabolite. Both the ester and the acid
demonstrate BET inhibitory activity due to the fact that the ESM moiety is directed

towards the solvent and is not directly interacting with the BET protein.

v Indeed, in a in vitro assay where an ESM-BET inhibitor is incubated in presence of CES-1 positive
cells, the presence of acid can be measured in the cytosol of the CES-1 positive cells. However, in the
same assay, no trace of acid can be detected in the buffer solution. This demonstrates the lack of
permeability of the acid. In addition, this assay also demonstrated the tBu-ESM analogues are not
hydrolysed in CES-1 positive cells.
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4.2.2. Impact of the ESM targeting mechanism on the desired profile
In addition to the BET bromodomain potency, the hydrolysis of the ester by CES-1 is
an important component of the targeting mechanism, and also impacts the clearance
of the molecule. Indeed, CES-1 is present in macrophages but also in hepatocytes,
hence the CES-1 turnover is an important consideration in relation to the
bioavailability of an ESM-BET inhibitor.
Studies have shown the tBu ester analogue of an ESM-drug is not hydrolysed to the
corresponding acid by CES-1.2%2! The tBu ESM-BET molecules were therefore used
as negative controls to monitor CES-1 activity, by measuring the difference in human
whole blood activity between an hydrolysable ESM-BET inhibitor and the
corresponding non-hydrolysable tBu-ESM-BET inhibitor (formally expressed as hwB
AtBu). During the optimisation of the first series of ESM-BET inhibitors, it was
demonstrated that a difference of approximately one unit between the human whole
blood potency of the hydrolysable versus the non-hydrolysable ESM was optimal to
reach the correct balance between the targeting mechanism (generation of the acid in
the targeted cells) and the first pass metabolism of the compound (Figure 16).%

Acid is generated

Acid is not generated Good balance Ester is metabolised
No targeting effect bioavailability — by liver esterases
Targeting mechanism Almost no
bioavailability
| : D>
0 1 hWB AtBu >> 1

Figure 16: Representation of the balance between targeting effect and bioavailability
of an ESM-targeted drug molecule. The two opposite factors can be balanced by
measuring the difference in human whole blood potency of the ESM-BET inhibitor and
the corresponding non-hydrolysable tBu control.

Indeed, when hWB AtBu ~ 0, there is no targeting effect as the ester is not hydrolysed

to its corresponding acid. When hWB AtBu >> 1, the CES-1 turnover is extremely
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rapid and therefore the drug is almost totally cleared during first pass hepatic
metabolism. Therefore, efforts were focused on reaching a hwB AtBu value of one

log unit.

4.2.3. Physico-chemical properties
In recent years, studies into the attrition rate during drug development have highlighted
the importance of controlling the physico-chemical properties of a drug candidate to
minimize the risk of failure.??> Thus, tuning parameters such as lipophilicity,
topological polar surface area (tPSA), molecular size and permeability have proven to
improve the likelihood of success during the development of oral drugs.®” Given the
importance of physico-chemical properties for the development of an oral drug, and
with the objective of designing an ESM-BET inhibitor within a good physico-chemical
space, an analysis of several key parameters was conducted on the previous series of
ESM-BET inhibitors at the outset of the work described in this thesis. Lipophilicity is
a particularly important parameter to balance in a molecule. Indeed, a molecule with
low lipophilicity is likely to have poor membrane permeability which is likely to cause
poor oral absorption and low bioavailability.®” Conversely, a lipophilic molecule is
likely to have a high metabolic clearance and therefore poor bioavailability.®’
Therefore, relationships between ChromlogDy-.4, the chromatographically measured
distribution coefficient at pH 7.4, and artificial membrane permeability (AMP) on one
hand, and between ChromlogDy~.4 with human hepatocyte in vitro clearance (IVC) on
the other were established by the author. This analysis enabled the design of the desired

physico-chemical profile for a second small molecule ESM-BET inhibitor (Table 2).
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4.2.3.1. Relationship between ChromlogD7.4and AMP
Measured AMP and ChromlogD-.4 data of the first ESM-BET series generated
previously in our laboratories were obtained and analysed by the author. The
experimental data was plotted on the graph shown in Figure 17.

96% of compounds with AMP > 50 93% of compounds with AMP > 50 nm/sec
nm/sec have ChromlogD; , > 2.0 have ChromlogD; , = 2.5
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Figure 17: AMP vs. ChromlogD-.4 showing a large majority of the compounds from
the first ESM-BET inhibitor series with a good AMP have a ChromlogD~7.4 above 2.5.
Colouring: green: AMP > 100 nm/sec; yellow: 50 < AMP < 100 nm/sec; orange:
AMP < 50 nm/sec.
This analysis shows that:

e 93% of the compounds with an AMP > 50 nm/sec have a ChromlogD7.4 > 2.5,

and

e 96% of the compounds with an AMP > 50 nm/sec have a ChromlogD7.4 > 2.0.
The analysis demonstrates that compounds with low ChromlogD-7.4 are predicted to
have poor cell membrane permeability, in accordance with the literature.?’” This

analysis also shows that only 3% of compounds with a good predicted permeability (>

50 nm/s) have a ChromlogD~7.4 value between 2.0 and 2.5. As a consequence of this
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analysis, the synthesis of ESM-BET inhibitors in the benzazepinone series was focused
mainly on compounds with calculated ChromlogD74 > 2.5 in order to enhance the

probability of good cell permeability.

4.2.3.2. Polar surface area (PSA)
Egan et al. have shown that lipophilicity and polar surface area (PSA) can help to guide
the design of small molecules for an oral drug profile by targeting molecular properties
associated with well-absorbed compounds.?”*"® This analysis concluded that most
compounds within a clogP range of 2.5-3.3 and with good oral absorption have a tPSA
< 120-125 A2, These criteria were therefore used as the upper limit to guide the design

of compounds for the ESM-BET benzazepinone series (Table 2, p.29).

4.2.3.3. Relationship between ChromlogD~.4 and human hepatocyte in vitro
clearance

The human hepatocyte in vitro clearance assay is the gold standard used in
pharmaceutical research to evaluate the phase | and phase Il metabolism of a drug
molecule. Hepatocyte in vitro clearance data is used to predict the in vivo PK of the
compounds,®® and thus it is commonly used early in a structure-activity relationship
(SAR) analysis to identify compounds suitable for progression into more expensive
and time consuming in vivo PK experiments.
In addition to examining the correlation between the lipophilicity of the compounds
and the membrane permeability, an analysis of the relationship between human
hepatocyte in vitro clearance and ChromlogDy 4 for the previous series of ESM-BET

inhibitors was conducted by the author (Figure 18).

GSK Confidential — Copying Not Permitted
34



®

92% of compounds with an IVC < 75% LBF
have a ChromlogD; 4 < 3.3

= = A -
o =2 N W
®

i
1
1
1
|
1
|
. I
=) 1
c
E 9 d
| 1
£ 8 :
(®]
= 7 I o
2 1 @
& 6 I
8 I
o] 5 1
o : o
=
- 4 [ ] | o
£ 3 :
3 75% LBF ol
2 ® [ ] 1
1
1 ® a0 @ Qoo ® I
¥ 4 ool !

14 16 18 2 22 24 286 28 3 3.2 34 36 38 4

ChromlogDy 4
Figure 18: Human hepatocyte in vitro clearance data and ChromlogDy.4 for previous

ESM-BET inhibitors series. This representation shows that most compounds with a
good human hepatocyte in vitro clearance have a ChromlogD7.4 under 3.3.

It is worth noting the available data set for this analysis is much smaller than for the
analysis of the relationship between AMP and ChromlogD-.4. Nevertheless, this small
data set can be used to understand the trend between human hepatocyte in vitro
clearance and ChromlogDy 4. Figure 18 shows that all compounds with a ChromlogD7 4
> 3.4 have a high human hepatocyte in vitro clearance (> 75% liver blood flow (LBF)).
This analysis also shows that 92% of the compounds with good human hepatocyte in
vitro clearance (< 75% liver blood flow), have a ChromlogD-.4 < 3.3. This result, that
lipophilic molecules tend to have higher intrinsic clearance than more polar
compounds, is again supported by the literature.?” Based on the analysis of the

relationship between the ChromlogD-.4 and the human hepatocyte in vitro clearance

data of previous ESM-BET inhibitor series, the synthesis of compounds was focused
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on molecules with an in silico ChromlogD~.4 < 3.3, as shown in the desired profile
criteria in Table 2 (p.29).

The screening cascade (Figure 19), used to drive our optimisation trajectory, was
therefore designed to reflect the emphasis on populating good physico-chemical

property space as established from the analysis presented above.

ChromlogDy; ,, AMP, tPSA Brd4 BD1 plCsq, hWE plICsq

£

[ HLM IVC (+/- Benzil) J [ Cyno heps IVC }

4

[ Human heps IVC J

4

[ Cyno in vivo PK }

[ Physico-chemical properties }[ Biological data }

Figure 19: Screening cascade used for progression of the benzazepinone series of
ESM-BET inhibitors.*

Molecules with the desired human whole blood potency, a positive hWB AtBu and
within the desired physico-chemical space were progressed for human liver
microsome in vitro clearance (HLM IVC) assays. Although the hepatocyte in vitro
clearance assay is the gold standard for prediction of in vivo clearance from in vitro
clearance data, the cheaper and higher throughput human liver microsome in vitro
clearance assay is often used to triage compounds to send for hepatocyte in vitro
clearance. Microsomes are vesicles formed from lysate of hepatocyte cells and are

often used to predict phase | metabolism. As the phase Il metabolism is not
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represented, it is often an under-prediction of the actual clearance of the molecule.®
Molecules with high human liver microsome in vitro clearance (> 3.0 mL/min/g) were
therefore not submitted for human hepatocyte in vitro clearance assays.

The human liver microsome in vitro clearance assays were performed twice for each
new compound. The second human liver microsome in vitro clearance assay was run
in presence of benzil, a diketone derivative used as a human CES inhibitor, suppressing
the CES component of the phase | metabolic activities.**?4® These two assays were
routinely used to dissociate the underlying metabolism of the molecule (human liver
microsome in vitro clearance + benzil) from the overall metabolic activity including
the specific metabolic esterase activity (human liver microsome in vitro
clearance - benzil). Compounds with an overall human liver microsome in vitro
clearance (- benzil) < 3.0 mL/min/g, corresponding to an 80% liver blood flow
threshold, were then progressed to human hepatocyte in vitro clearance to understand
phase | and phase Il metabolism of the compounds. In parallel to the human liver
microsome in vitro clearance assays, the cynomolgus monkey hepatocytes in vitro
clearance data was generated in preparation for in vivo PK studies.

To conclude, analysis of the progenitor ESM-BET inhibitor series and literature
guidelines of the desired physico-chemical space for oral drug molecules have been
used to inform the desired profile for a successor series of ESM-BET inhibitors (Table
2, p.29). Reaching this desired profile with an ESM-benzazepinone compound, should
enable the progression of the selected molecule to in vivo PK studies, the first step
towards the development of an oral ESM-BET inhibitor drug candidate, as a potential

alternative to our existing asset.
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4.3. Initial compounds
Prior to the work described in this thesis, the first ESM-BET inhibitors from the
benzazepinone series were designed based on molecules 4.01 and 4.02.3 The data

associated with these compounds (molecules 4.03 and 4.04) is shown in Table 3.

OH
o] 0
H — N—
o o n LI O\)i,¢ _
“'OH N
4.03 4.04  N-y
\
Molecule 4.03 Molecule 4.04  Desired profile
hWB pIC;, 8.1 >17.6
hWB ArBu" + +0.9 ~+1.0
Brd4 BD1 pIC;, 7.0 7.6 >17.0
ChromlogD- , 3.9 3.0 <33
AMP (nm/s) / tPSA (A2%) 270/ 110 235/115 >50/<125
HLM I -/+ il
VC G+ benzil) 7.7 /3.0 57/1.6 <3.0/<2.0
(mL/min/g)
Heps IVC Hu / Cyno
P LB ¥ _/>99% -1 95% <75% /< 75%
CES-2 t1/2 (min) - 3 > 139

Table 3: Chemical structures and physico-chemical and biological data for molecule
4.03 and 4.04.

The data on these initial compounds showed a hWB AtBu > 0, demonstrating the ESM
group is hydrolysed by CES-1, one of the crucial requirements for the targeting
mechanism. Molecule 4.03 also shows a comparatively high ChromlogDy7.4, which is

associated with elevated human liver microsome in vitro clearance and cynomolgus

Vi hWB AtBuU is the difference between the human whole blood potencies of the compound and its tBu
direct analogue (non-hydrolysed by CES). It is used in this thesis to estimate the CES turnover.
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monkey (cyno) hepatocyte in vitro clearance. Molecule 4.04 overall showed good
potency and an acceptable physico-chemical profile. However, the human liver
microsome in vitro clearance assay showed a high overall value (HLM-benzil), despite
the low underlying clearance of the molecule (HLM+benzil)."" This deconvolution of
the human liver microsome in vitro clearance data demonstrates that the apparent high
clearance of the compound is due to an excessive esterase turnover. This is in apparent
contradiction with the hWB AtBu value, showing an ester hydrolysis rate in the desired
range (~1).

The human liver microsome in vitro clearance additive, benzil, can inhibit both CES-1
and CES-2 esterases,* and CES-2 is not present in myeloid cells. Therefore, it was
proposed by the research team that molecule 4.04 might be hydrolysed by both
esterases CES-1 and CES-2,*° as this would be consistent with the human liver
microsome in vitro clearance profile and the hwB AtBu value observed. To confirm
this hypothesis, the half-life (ty2) of molecule 4.04 in the presence of human CES-2
was measured. The extremely short CES-2 half-life measured for molecule 4.04
(3 min) demonstrates the lack of esterase selectivity of our molecule, at least in the
human CES family of esterases, and therefore highlighted one of the first issues to be

addressed in this chemical series.

vii Benzil is a CES inhibitor able to inhibit the esterase component of the human liver phase | metabolism.
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4.4. Research objectives

4.4.1. Synthetic chemistry
At the beginning of this work, the synthesis of the benzazepinone motif was low
yielding and was rapidly identified as a priority in order to facilitate the efficient
establishment of the SAR within the ESM-benzazepinone series. One of the first
research objectives was therefore to identify key intermediates for the ESM-
benzazepinone series and to improve the synthesis of the benzazepinone motif in order

to support the development of the SAR in this series.

4.4.2. Medicinal chemistry
From the initial data on molecules 4.03 and 4.04, the medicinal chemistry objectives
for the work described in this thesis were to:

e Understand the CES hydrolytic activity and design molecules with an
increased CES-2 t1» whilst maintaining an appropriate level of CES-1 turnover.
This was anticipated to be instrumental in decreasing the high in vitro clearance
observed in the initial lead molecules.

e Designing molecules with controlled lipophilicity, i.e. 2.5 < ChromlogD7.4 <
3.3, equally should be instrumental in the reduction of the in vitro clearance as
demonstrated in Figure 18 (p.35).

e Maintain the human whole blood potency above a pICso of 7.6 and meeting the
desired overall profile (Table 2, p.29) in order to identify one or several

molecules suitable for progression into monkey in vivo PK and safety studies.
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Results and discussion

5. Increasing CES-2 half-life

This chapter describes the substrate requirements to reach the catalytic triad in CES-1

and CES-2 and the strategy implemented to increase the CES-2 half-life in our series.

5.1. Evaluation of in silico ChromlogD7.4 model

As demonstrated in section 4.2.3, the ChromlogD~.4 values can be optimised for ESM-
drug molecules to balance metabolic clearance and permeability. Therefore, molecules
proposed for synthesis were submitted to the model for ChromlogD7.4 calculation
available in our laboratories. However, the first few compounds synthesised within the
ESM- benzazepinone series showed a significant discrepancy between the in silico
ChromlogD7.4 model and the ChromlogD7.4 values determined experimentally, as

exemplified in Table 4.

Molecule 4.03 Molecule 4.04

Calculated ChromlogD7.4
2.9 2.1
(global model)
Measured ChromlogD7 4 3.9 3.0

Table 4: Comparison of calculated (global model) and measured ChromlogD7 4.

The lack of accuracy associated with the global ChromlogD7.s model for the
ESM-benzazepinone molecules ultimately led to the synthesis of several molecules
which were more lipophilic than desired. After identification of this issue, an analysis
of the first set of ESM-benzazepinone molecules was conducted by the author at the
outset of this work, in order to establish the relationship between the calculated and
measured values. This difference between the model and the experimental values is

illustrated in Figure 20.
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y=al + a1 + a2*x"2 + a3*x"3
® y=1.33 + (0.54 % x) + (016 * (x * 2.000) + (-0.01 * (x ~3.00))—

Experimentally measured ChromlogD5 4

o o5 1 16 2 25 3 35 4 45 & 65 6 65 7

Global model in silico ChromlogD5 ,

Figure 20: Measured ChromlogDy~ 4 vs. the calculated value. The black line is the unity
line (y=x) and the blue curve is the third-degree polynomial curve fitting the
experimental data. From the equation of the blue fitting curve, more accurate in silico
ChromlogD~.4 values were generated. Colouring per the ESM pharmacophore used:
red tBu-Thr, green iPr-Thr, yellow (S)-THF-Thr, blue acid.

This plot shows in black the unity line (y = x) and the calculated and measured
ChromlogD7.4 values for ESM-benzazepinone compounds. The difference between
calculated and measured values is often substantial, resulting in an under-estimation
of the lipophilicity of the compounds by approximately one log unit. A third-degree
polynomial curve, fitting the experimental data, was generated from this plot; the
equation associated to the curve is:
Y =1.33+0.54 X +0.16 X2-0.01 X3
Y = corrected calculated
ChromlogD7.4
X = global model for
ChromlogD7.4

Equation 3: Corrected calculated ChromlogD7.4 equation for ESM-benzazepinone
molecules
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This equation was used to generate more accurate calculated ChromlogD-.4 values and
was used by the team for subsequent work carried out in this series. Hereafter, it will

be referred to as cChromlogD7 4.

5.2. Working hypothesis to reach the desired in vitro profile

As stated above, one of the key challenges to reach the desired profile is to understand
how to modulate the CES activity. Indeed, controlling both CES activity and the
lipophilicity, will be instrumental in reaching the desired in vitro clearance properties.
The human CES-1 active site is described in the literature as a lipophilic pocket with
a narrow channel.*®¢ By incorporating steric bulk in the ZA channel and thereby
reducing the linearity of the molecule, the affinity of the compound for the CES-1
active site should decrease, potentially slowing the esterase turnover to reach the
desired value of hWB AtBu ~ 1. Introducing an appropriate substituent in the ZA
channel should also help to increase the human whole blood potency of molecule 4.03,

by increasing the BET activity, and also help to reduce the lipophilicity as exemplified

in Table 5.
o} o}
N— N—
~o =/ ~o _
5.01 N\
N-N
\
5.02
+1.3
Brd4 BD1 pICso 6.0 > 7.3
-0.8
ChromlogD7.4 4.3 > 3.5

Table 5: Effect of the addition of a substituent in the ZA channel on the Brd4 Bdl
potency and lipophilicity.
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In addition to the relatively high CES-1 turnover, molecule 4.04 (Table 3, p.38)
showed a very short CES-2 ti,. CES-2 is a metabolic esterase mainly present in the
human intestinal membrane,*’ therefore a high turnover by this CES isoform would
negatively impact oral bioavailability, and is thus undesirable for the development of
an oral ESM-BET inhibitor. In addition to the CES-2 instability, the in vitro clearance
of molecule 4.04 in cynomolgus monkey hepatocytes proved to be very high.
Similarities between human and cynomolgus monkey CES families have been
established and the relevance of the use of monkey as a large animal species for PK
and toxicity studies for CES-based mechanism drugs has been acknowledged.*
However, it is worth highlighting that depending on the substrate, the ester hydrolysis
rate by cynomolgus monkey CES may be substantially higher than the human CES
hydrolysis rate of the same substrate.*® It was proposed by the author that the high
cynomolgus monkey hepatocytes in vitro clearance, the high apparent human liver
microsome in vitro clearance (-benzil) and the short CES-2 t1> of molecule 4.04 were

resulting from a single issue: a lack of esterase selectivity.

5.3. Understanding CES hydrolysis rate

The CES family is divided into five subfamilies: CES-1, CES-2, CES-3, CES-4 and
CES-5, according to their amino acid sequences.*® Each CES-X subfamily is further
subdivided according to species differences e.g. CES-1A for human, monkey and
rabbits, CES-1B for rat, mouse and hamster and CES-1C for dog, cat, and pig.

In human, the distribution and level of expression of the CES-X subfamilies can
substantially vary.*® CES-1 is mainly expressed in the liver and in myeloid cells.*64°

CES-2 is mainly located in intestinal cells.*® CES-3 can be found in the liver and
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gastrointestinal tract but is expressed at very low levels compared to CES-1 and
CES-2.*° CES-4 does not appear to play a role in the human metabolic system.*°
Finally, CES-5 has a different structure compared to the other CES-X families,*® and
this should prevent any selectivity issues using the ESM technology. Therefore, CES-2
appears to be the only member of the CES family able to potentially cause an issue
during the development of an oral drug using the ESM technology. Consequently, the
research efforts presented in this thesis were focussed on increasing the CES-2 stability
of the compounds whilst maintaining some degree of CES-1 turnover, necessary for
the targeting mechanism.

In several reports, it has been suggested that the steric bulk of the ester could have a
significant importance on the hydrolysis rate by and within the CES family.4"#849 |n
particular, an ester substrate leading to a sterically hindered acid and a small alcohol
would favour CES-1 hydrolysis over CES-2 (Figure 21).4"% Conversely, a more

narrow and flexible acid and a bulky alcohol would favour rapid hydrolysis by CES-2.

e I o
CES-1 substrate Rigid and hindered acid motif
@ — @
(0] OH HO
CES-2 substrate Flexible acid motif

Figure 21: Mnemonic for substrate specificity for CES-1 and CES-2 hydrolysis.

The hydrolysis of a substrate by CES-1 or CES-2 occurs by the nucleophilic attack of
a serine residue onto the ester functionality.*® The reaction progresses due to the
stabilization of the ionic species generated during the ester cleavage by adjacent
hydrogen bond donors on amino acid residues in the hydrolytic cavity.*® This set of

amino acids responsible for the ester hydrolysis in the CES family, are known as the
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CES catalytic triad (hydrolytic serine and two adjacent stabilising amino acid residues,
histidine and glutamate).*®
Crystallographic data for CES-1 is available in the public domain, however, no crystal
structure of human CES-2 protein has yet been reported.*® A homology model of
CES-2 compared to CES-1 suggested that the entrance to the binding site of the two
esterases is different.*® In CES-1, the ester substrate can access the catalytic triad
through a deep pocket with a narrow gorge at the entrance (Figure 22). In CES-2, due
to the replacement of a valine residue in CES-1 by a larger phenylalanine residue, the
access of the substrate to the hydrolytic site is forbidden at this position. However, a
loop present in CES-1 is missing in CES-2 and this creates a new possible entrance for
an ester substrate to access the catalytic triad. This new access point requires a flexible
and slightly narrower linker to the amino ester motif, which are able to bend and match
the shape of this new access to reach the catalytic domain.
/7 e
A ydrolytic site
%’jw -
oH
ORNGS
N

/\ \ CES-1 access to

hydrolytic site

CES-1 access to
hydrolytic site

CES-1 CES-2

Figure 22: Schematic representation of the access to CES-1 and CES-2 hydrolytic
sites.

These differences in size and angle to access the catalytic triad in CES-1 and CES-2

explain the differences in substrate preference, shown qualitatively in Figure 21 (p.45).

GSK Confidential — Copying Not Permitted
46



5.4. Design hypothesis to increase the CES-2 half-life
Based on the differences between the CES-1 and CES-2 active sites presented above,
the strategy developed by the author to increase the CES-2 ti» whilst maintaining the

CES-1 turnover was based on increasing the steric hindrance of the linker to the ESM

(Figure 23).
Ol
(0]
O
Approach A RSN
sShe -
,—> o) (6] o) —
TN
o 0] N=N
O 0 \
@ H N—  Maintain CES-1 turnover
0 o — Reduce CES-2 turnover X=CH,, @
“'OH B
N-
\ e 0
4.04 0]
O\ Qy N—
(e} N X —
Approach B )
"OH TN
N-N

Figure 23: Strategy to increase the CES-2 half-life based on increasing the steric
hindrance of the linker.

Two approaches to increase the steric hindrance of the linker were investigated:
e Physically increasing the steric hindrance of the linker by replacing the ethyl
linker with a saturated or unsaturated ring (approach A).
e Increasing the steric hindrance of the linker by reducing the linker length and
thus bringing the bulky BET inhibitor closer to the ESM (approach B).
These two approaches both aimed at accessing a linker angle o2 or o3 > a1 (Figure
23). With a more rigid and sterically hindered linker to the ESM, the new molecules

should be preferred substrates for CES-1 compared to CES-2. Indeed, to reach the
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catalytic triad, the molecule needs some level of flexibility to reach the CES-2
hydrolytic site due to the non-linear shape of the active site. In CES-1, the pocket is
able to accommodate larger and more rigid linkers to the ESM due to the
comparatively linear shape of the active site, thus these new molecules should retain
some level of CES-1 hydrolysis. This set of molecules should therefore demonstrate a
longer CES-2 ty2 and retain some level of CES-1 hydrolysis compared to molecule

4.04.

5.5. Design of new linkers

5.5.1. Approach A
As shown in molecule 4.03, an aromatic ring can be used as the linker to the ESM
whilst demonstrating good Brd4 BD1 potency (Table 3, p.38). Therefore, the aliphatic
linker of molecule 4.04 was replaced by an aromatic ring to provide molecule 5.03
(Figure 24). The aryl ring will increase the steric hindrance of the linker and decrease
its flexibility, and accordingly decrease the affinity of the molecule for the CES-2
active site. This new molecule was designed with a pyrazine ring to help balance the
ChromlogD~ 4 of the molecule. Molecule 5.03 has a cChromlogD7.4 within the desired
range and the new linker is the single point change compared to molecule 4.04 (both

the ESM and ZA channel groups are retained).

OH o
RS U °
RCNGFON Ny o N.,
o A /j\ N N
o N~ o — “OH (o) =

5.03 // 5.04 and 5.05 //
cChromlogDy 4 3.2 N=N (cis and trans cyclohexyl) N-N

cChromlogDy 4 4.2

Figure 24: Structure of molecule 5.03-5.05 to investigate the impact of the linker on
the CES-2 stability.

GSK Confidential — Copying Not Permitted
48



In parallel, cyclohexanol linkers in molecules 5.04 and 5.05 were also designed by the
author to increase the steric hindrance of the linker. In particular, introducing sp®
character in the linker via the use of a saturated ring was thought to be an alternative
solution to increase further the CES-2 half-life. Molecules 5.04 and 5.05 unfortunately
showed a high cChromlogDy 4, above the desired range [2.5-3.3]. However, to compare
the sole impact of the linker on the CES-2 turnover, the decision was made not to make
any additional change to molecules 5.04 and 5.05. This would enable a direct
comparison of the CES-2 stability for the different linkers. However, the difference in
lipophilicity of the molecule was expected to have an impact on the wider profile of

the molecule, in particular on the in vitro clearance data.

5.5.2. Approach B
The second approach investigated was to shorten the linker to its minimum length.
This was thought to potentially bring two positive considerations. Firstly, this
approach should increase the CES-2 half-life by bringing the ESM closer to the
benzazepinone core and therefore decreasing the affinity for CES-2, by reducing the
flexibility and the linearity of the molecule. This would also significantly decrease the
molecular weight of the compounds to a 400-475 g/mol range, which is an under-
investigated space in the ESM-BET series of interest to our laboratories (delimited by
the dotted lines in Figure 25). Indeed, as shown on the box plot, most ESM series

investigated so far have a median molecular weight in the 478-514 g/mol range.
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Figure 25: Box plot for the historical series of ESM-BET inhibitors (unpublished data)
showing the series median molecular weight is above 475 g/mol.

Two compounds, molecules 5.06 and 5.07, were therefore designed to understand the
effect of short linkers on the CES-2 half-life. Molecule 5.06 (Figure 26) has a benzylic
linker which is the original linker used with the ESM technology as developed by
Chroma Therapeutics for their histone deacetylase inhibitor molecules.?® It is worth
noting that the pyrazine linker of molecule 5.03 was also designed with this methylene

to the ESM, to retain the original design.
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cChromlogD; 4 2.9

Figure 26: ESM-BET inhibitor with the original benzylic linker to the ESM as
described by Chroma Therapeutics.

Finally, an ESM directly attached to the core of the BET inhibitor, molecule 5.07
(Figure 27), was designed to understand if this minimal design was compatible with

the CES-1 targeting mechanism, and if it would increase the CES-2 half-life (Figure

o)
OH
N_
NN _
o@’ N
o}

5.07
cChromlogD7; 4 4.1

Figure 27: Directly attached ESM-BET inhibitor.

27).

In this compound, the absence of a methylene linker between the ESM and the acetyl-
lysine mimetic significantly reduces the flexibility, and thus the ability of this
compound to fit in the CES-X pocket. Due to the relative lack of flexibility of this
molecule compared to progenitor 4.04, this molecule was designed to have an
increased CES-2 stability. The absence of the pyrazole ring, by making the molecule
more linear was thought to be a good starting point to understand if this molecule still
demonstrates some level of CES-1 hydrolysis. If CES-1 and CES-2 turnovers were to
be in the optimal range, the properties of this molecule, in particular the ChromlogD~.4
and potency, could be refined for example by subsequently introducing a ZA channel

substituent.
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5.6. Benzazepinone building block retrosynthetic analysis
To achieve the synthesis of molecules 5.03-5.07, the core template 5.08 was identified

as a possible common building block (Figure 28).

OH 0
SRS RV GRS SO

H - .
0 o SN o — “OH

5.03 =

= 5.04 and 5.05

NN

N\N
SNA\ /@d % -alkylation

Buchwald- HartW|g via carbonylatlon
amination 5.0 of triflate
5.07 5.06

Figure 28: Synthetic strategy for investigating an ESM-BET inhibitor series
containing the benzazepinone motif as the acetylated-lysine mimetic.

Molecule 5.08 was thought to be a very versatile intermediate enabling synthetic
chemistry using SnAr, O-alkylation, or cross-coupling chemistry via the
corresponding triflate. Optimisation of the synthetic route towards this building block
was needed to facilitate its synthesis on a scale of several hundred grams to support

this and any future SAR investigations on this series.
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5.7. Synthesis of the benzazepinone building block
Prior to the work described in this thesis, the route used to access intermediate 5.08

had eight steps with an overall maximum yield of 7%"" as shown in Scheme 1.5

P P
oy I
N N
Sz es s Gl eg o
HN’& Br © Br ©
5.09 0 5.11 5.12
5.10
(iii)
0 | OMe i
/dj (v) N OMe * <—(N) /@/L"/OH
EBF = Br © : Br ©
i 5.15 5.14 5.13
(Vi)
0] [e) (0]
(vii) (viii)

O\? = HO = ~o =
© 516 517 5.08

7% overall yield

(i) PivCl, NEtg, toluene, 80 °C - 100 °C, 16 h, 60%, (i) NaHMDS, Mel, THF, -78
°Ctort, 8 h, 79%, 99% d.e. (iii) LiOH, H,O,, THF : water, 0 °C to rt, 1 h, 88% (iv)
2,2-dimethoxy-N-methylethan-1-amine, T3P, DIPEA, THF, 80 °C, 2 h, 80% (v)
AICI3, DCM, 0 °C to rt, 16 h, 5-32% (vi) KOAc, B,pin,, PdCl,(dppf).DCM, 1,4-
dioxane, 80 °C, 16 h, 97% (vii) H,O,, NaOH, THF, water, 0 °C, 2 h, 76% (viii)
Mel, Cs,CO3, DMF, rt, 8 h, 90%.
Scher2116e 1: First generation synthetic route to access key building block molecule
5.08.

In this route, the commercial carboxylic acid 5.09 is coupled with the Evans auxiliary
5.10 via a mixed anhydride to give building block 5.11.5* The methyl group is then

introduced with an excellent diastereomeric excess (d.e.). The chiral auxiliary is then

Vil The overall yield was calculated using the highest yields obtained for each step using this route.
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cleaved to afford the carboxylic acid 5.13. This acid is then used in a T3P-mediated
amide coupling to afford amide 5.14.5? The seven-membered ring is then closed by a
low vyielding intramolecular Friedel-Crafts acylation.?® The halide 5.15 is then
converted to the methoxy 5.08 in a three-step sequence via oxidation of the boronic
ester 5.16, followed by the protection of the phenol 5.17.26 Two main issues were
identified with this route: the high number of steps and the inconsistency in yields
(5-32%) during the Friedel-Crafts intramolecular acylation to close the
seven-membered ring (step 5).

In order to improve and shorten the synthesis of this common building block, a new
ring closing reaction was investigated. An alternative ring closing sequence was

known for the des-methyl benzazepinone intermediate 5.21 (Scheme 2).%°

O
O . 0] "
OEt
9 5.20

/=/
EtO

5.18 5.1 5.21

(i) K,CO3, Pd(PPhs),, 1,4-dioxane, water, 120 °C, 3.5 h, 82%.
(i) 4 M HCl in 1,4-dioxane, 70 °C, 1 h, 75%.

Scheme 2: Ring closing conditions known for des-methyl benzazepinone intermediate
5.21.%

In this sequence, a vinyl ether 5.20 is formed by a Suzuki cross-coupling of molecule
5.18. The lactam is then closed by an intramolecular reaction of the amide nitrogen
with the aldehyde deprotected in situ from the vinyl ether 5.20. These cyclisation
conditions had the advantage of being robust on scale-up for the des-methyl
intermediate 5.21. Based on the identification of this disconnection, the scope of these
ring closing conditions was investigated for the synthesis of molecule 5.08, as shown

in the new retrosynthetic analysis (Scheme 3).
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5.08 5.22 5.23 5.19

5.25 5.24
Scheme 3: Retrosynthetic analysis for molecule 5.08.

In this new retrosynthetic route, the cyclisation is obtained by intramolecular reaction
between the amide nitrogen and the aldehyde generated in situ from the vinyl ether
5.22. The enol ether 5.22 could be accessed through a cross-coupling between the aryl
bromide 5.23 and the boronic ester 5.19. Aryl bromide 5.23 could be obtained by an
amide coupling using acid 5.24. Finally, the a-methyl carboxylic acid 5.24 could be
synthesized from the carboxylic acid 5.25, a relatively inexpensive building block
(£165 for 25 @)™, by enantioselective alkylation at the o-position of the carbonyl
functionality.

The main advantages of this new route to access molecule 5.08 are that it avoided the
problematic ring closing reaction, whilst reducing the number of steps and used robust

transformations throughout the entire route.

X Sigma-Aldrich, March 2017.
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5.7.1. Synthesis of molecule 5.08 using the new disconnections

5.7.1.1. Step 1: Coupling of the chiral auxiliary

The new route used to synthesize molecule 5.08 from the commercially available

carboxylic acid 5.25 is shown in Scheme 4.

(0]
(@) (0]
o )9 o E/
0w w3 -
o BrOH Ph
Ph
\O Br
5.25 5.10 5.27
N s
~ HN Bpin N HN
o > p 0 Br >
| S~
OEt EtO
5.22 5.19 5.23
(vi, vii)
O
N_
\o —
5.08

O}/O
"'/, Ph
\O Br
5.28
\(iii)
(iv) ©
\O BrOH
5.24

(i) PivCl, NEts, toluene, 110 °C, 24 h, 75% (ii) NaHMDS, Mel, THF, -78 °C to rt, 24 h,
81% (iii) LiOH, H,0,, THF, water, 0 °C to rt, 25 h, 92% (iv) MeNH, in THF, HATU,
DIPEA, DMF, rt, 50 min, 80% in two batches (v) K,CO5, Pd(PPh3),, 1,4-dioxane,
water, 120 °C, 2 h, 81% (vi) 4 M HCI in 1,4-dioxane, 70 °C, 1 h, 82%, e.e. 83%

(vii) Recrystallisation in MeCN 71%, e.e. 99%.
Scheme 4: New synthetic route for molecule 5.08.

To introduce the methyl in a stereoselective fashion, the phenylalanine-derived

oxazolidinone developed by Evans was initially chosen as chiral auxiliary.>® The

stoichiometric auxiliary was introduced by amide coupling via the pivalic anhydride

formed in situ (Scheme 5).
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o
B 7] HN
O _OH O§)< OYO
(i) 0.0 Ph 1) N{
5.10
~o Br Ph
595 ~o Br o Br
5.27

(i) PivCl, NEts, toluene, 110 °C, 24 h, 75%.
Scheme 5: Step 1, introduction of the chiral auxiliary.

Amide couplings using the mixed anhydride generated in situ are reported to give
variable yields, depending on the acid starting material, the temperature and the
stoichiometry of the acid starting material.® Therefore, several reaction conditions

were examined to optimise the process for the substrate molecule 5.25 (Table 6).

Entry Acid Temperature (°C) Reaction time (h) Yield (%)
equivalents
1 1.5 110 4 39
2 1.5 110 24 75
3 1.5 80 (1 h), 100 (18 h) 19 44
4 2.0 110 4 58
5 2.0 110 20 64

Table 6: Conditions used for coupling of the Evans auxiliary to molecule 5.25. The
chiral auxiliary was used as the limiting reagent.

Initially, the reaction was performed with 1.5 equivalents of acid (with respect to the
Evans auxiliary) at 110 °C for 4 hours and provided the desired product in 39% yield
(entry 1). Increasing the reaction time from 4 hours (entry 1) to 24 hours (entry 2)
significantly increased the reaction yield (+36%). By contrast, increasing the reaction
time whilst reducing the temperature of the reaction (entry 3) resulted in only a small
increase in yield when compared to entry 1 (+5%). When the stoichiometry of acid
was increased to two equivalents and the reaction mixture heated to 110 °C for 4 hours

(entry 4), the yield was increased by 19% compared to entry 1. Finally, when the
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reaction time was increased to 20 hours with two equivalents of acid, the reaction only

gave a 6% increase in product yield compared to the 4 hours reaction time (entry 4).

In conclusion, the yield was successfully increased from 39% to 75% by varying three
reaction parameters. The conditions shown in entry 2 have shown the best results
overall in terms of yield and economy of acid starting material and were therefore

subsequently used.

5.7.1.2. Step 2: Stereoselective alkylation
The methyl substituent was then introduced through the generation of the enolate with
NaHMDS and alkylating the methylene in the a-position of the carbonyl functionality

with methyl iodide (Scheme 6).

© (0] ° 0]
o) E:C (i) o) E:{
: \j Ph (:E i, Ph
\O Br \O Br
5.27 5.28

(i) NaHMDS, Mel, THF, -78 °C to rt, 24 h, 81%.
Scheme 6: Stereoselective alkylation.

The diastereomeric excess obtained using this Evans auxiliary is attributable to the
chelation of the metallic cation with the two carbonyl groups, locking the conformation
of the molecule. Due to the steric hindrance on the upper face, created by the benzyl
group, the enolate attacks the alkyl halide preferentially from the face opposite to the

benzyl group, providing the d.e.
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5.7.1.2.1 Impact of the aryl ring substitution pattern on the d.e.

a- Calculations of the enolates’ relative energy

The d.e. obtained in the original route (Scheme 1, p.53) was 99% with the
phenylalanine-derived chiral auxiliary. Computational calculations,* carried out by
another member of our laboratory, of the relative stabilities of the Z and E enolates
have indicated that the E-enolate (undesired) is significantly less favoured than the
Z-enolate with a 43.5 ki/mol energy difference (Figure 29).4%° The E-enolate
exhibits a steric strain between the aryl ring and the oxazolidinone substituent (as
shown in red in Figure 29). The Z-enolate does not exhibit this steric strain. Moreover,
the desired Z-enolate has some additional stabilisation from one of the protons of the
aryl ring (as shown in green in Figure 29).

Z-enolate (desired) E-enolate (undesired)
© M
o~ R‘/;g

$ L

Br
+43.5 kJ/mol

Figure 29:The E-enolate was calculated as being 43.5 kJ/mol higher in energy than
the Z-enolate. These calculations highlighted a possible steric hindrance between the
aryl ring and the oxazolidinone (red arrow). In addition, there is a possible beneficial
intramolecular interaction in the Z-enolate between one of the protons of the aryl ring
and the negative charge of the enolate oxygen atom (green arrow).*

* All calculations were performed at the B3LYP/6-31+G** level of theory using Gaussian 16. Post-
optimisation frequency calculations confirmed that all structures were genuine local minima and
transition states on the energy hypersurface. The calculations were performed in the gas phase at 0 °K,
in infinite dilution.
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The energy difference between the Z and E enolates can explain the d.e. observed
experimentally for substrate 5.11. Unfortunately, when using the substrate 5.27, the
d.e. obtained using the same reaction conditions, was only 86% (as determined by *H
NMR). The relative energy between the two enolates was calculated for the two

substrates 5.11 and 5.27 (Table 7).54%¢

Aryl ring OYO OYO
o9ty o5t
Oxazolidinone R R
R group Br o Br
Bn +43.5 (molecule 5.11)  + 52.3 (molecule 5.27)

Table 7: Relative energy difference (in kJ/mol) between the Z and the E enolate
intermediates for different aryl rings. The E-enolate is always calculated to be higher
in energy.

In all cases, the E-enolate was always calculated to be higher in energy. The energy
difference between the Z and the E enolates for molecule 5.27 is calculated to be
slightly larger than for molecule 5.11. From these computational results, the same d.e.
or even a higher d.e. for molecule 5.27 would be expected. However, experimentally
we observe an erosion of the d.e. for substrate 5.27. Therefore, the energy difference
between the two enolate intermediates cannot explain the d.e. erosion between
substrate 5.11 and substrate 5.27.

b- Calculations of the transition states’ relative energy

The difference in d.e. between the two substrates could be explained by the energy
difference between the pro-E and pro-Z transition states during the formation of the
two enolates. Computational calculations of the pro-Z and pro-E transition states have
provided the structures shown in Figure 30.>* To simplify the computational

calculations, in the first instance, the substituents of the oxazolidinone and of the aryl

ring are not shown.
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Pro-Z enolate transition state Pro-E enolate transition state

X

_ Tt — s
Ar ?iMes H ?iMeg,
/J\ ””I/H\\\\“\N\ ; /J\ tiagy W N~
HT W \ SiMey Ar g\ 'H \ SiMe;
\ ,—”OI”I”’Na A\ —”O”””’Na
Ox Ox
Z enolate E enolate
S
o--M-

R °

C g"_M‘~o H—= NDO

R 4
MQOQ\AN_ AO Br
H)
MeO
#
Me /
_Me

)

(6} Br
Desired Undesired
Figure 30: Transition states for the formation of the Z or E enolates of substrate 5.27
showing unfavourable interactions that govern the stereochemistry of the enolate.
Attack of the enolate is preferred on the face opposite to the bulky group. The Z or E
enolates give rise to different diastereomers.
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When the Z-enolate is formed, there is an unfavourable 1,3-diaxial strain (red) between
the aromatic ring (Ar) and the SiMes group in the axial position. During the formation
of the E-enolate, there is an unfavoured interaction (blue) between the aromatic ring
(Ar) and the oxazolidinone ring (Ox). Computational modelling of the transition states
has shown the energy difference between the pro-E and pro-Z transition states for the
two different aryl rings 5.11 and 5.27 is identical.>* The pro-E transition state was
found to be 3.3 kJ/mol higher in energy than the pro-Z transition state for both aryl
rings. This is in contradiction with the experimental results where a lower d.e. was
obtained for substrate 5.27 compared to substrate 5.11. This highlights some of the
limitations of the model used. A calculation at a higher level of theory might be in
more agreement with the experimental data and provide an understanding of the impact
of the aryl ring substitution pattern on the d.e. Alternatively, the lack of correlation
with the experimental data might be due to the fact that the simple isolated gas phase
model used here does not account for more complex interactions that might be seen in

condensed phases, such as solvent system.

5.7.1.2.2. Impact of the oxazolidinone substituent on the d.e.

In parallel to the impact of the aryl ring substituents on the d.e., different Evans
auxiliaries were investigated with the hypothesis that increasing the steric bulk of the
oxazolidinone substituent could favour a greater d.e. by favouring the formation of the
Z-enolate over the E-enolate. To test this hypothesis, the valine-derived oxazolidinone
adduct (molecule 5.30, Scheme 7) and the tert-leucine-derived oxazolidinone adduct
(molecule 5.33) were examined in the same synthetic sequences as the phenylalanine-

derived oxazolidinone. Alkylated products 5.31 and 5.34 were again synthesised via
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the pivalic mixed anhydride using the same reaction conditions as previously described

in Scheme 5 (p.57).

0 o

YO YO

~ o) o

(0] Br 0
H,\?_ ™o Br ~o Br

5.25 5.30 5.31

5.29

o) 0

O._OH YO YO
(iii) o Nﬁ (iv) 0 Nﬁ
~ o) o

O Br 0

HN>L ™o Br ™o Br

5.25 5.33 5.34

5.32

(i) PivCl, NEt3, toluene, 110 °C, 24 h, 30%.

(i) NaHMDS, Mel, THF, -78 °C to rt, 2.5 h, 39%, 80% d.e. by NMR.

(iii) PivCl, NEts, toluene, 110 °C, 24 h, 17%.

(iv) NaHMDS, Mel, THF, -78 °C to rt, 2.5 h, 55%, > 95% d.e. by NMR.
Scheme 7: Alkylation using different chiral auxiliaries.

The alkylation of the valine-derived oxazolidinone adduct 5.30 provided intermediate
5.31 with an 80% d.e. (as determined by *H NMR), thus providing a similar result to
the phenylalanine-derived oxazolidinone. In contrast, when using the
tert-leucine-derived oxazolidinone analogue 5.33, the undesired enantiomer was not
observed. This can be explained by the increase of the steric bulk at the oxazolidinone
chiral centre. When the substituent of the oxazolidinone is a tBu group, one of the
methyl substituents is projecting towards the methylene being deprotonated
(Transition state C, Figure 31).°" In contrast, when the oxazolidinone systems derived
from phenylalanine (Transition state A) and from valine (Transition state B) are used

on the substrate of interest, a hydrogen atom is directed towards the methylene group
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being deprotonated, reducing the steric strain between the aryl ring (in blue, Figure 31)
and the oxazolidinone. By increasing the steric strain between the aryl ring and the
oxazolidinone, the E-enolate formation becomes less favourable and it experimentally

results in a higher d.e. for 5.34 compared to products 5.28 and 5.31.

Q/*Q\f

H ?iMeg

N
Ar/J \““" Haw \\SlMes
_ _Ol////// Na

E-enolate
Transition state (A)
for molecule 5.28

t

H ?iMe3

N
Ar /J\\/“//' Ha \\SiMe3
%\‘ ====0"ng

&JYO
— (o]

Transition state (B)
for molecule 5.31

H SIM83

/I///H\\\\“‘ \SIME3
Ol/////,N
>L£\f0
(0]

E-enolate
Transition state (C)
for molecule 5.34

{

) N

Figure 31: Transition states with the three different oxazolidinones. The high steric
hindrance of the tert-leucine-derived oxazolidinone favoured the formation of the
desired Z-enolate only, yielding to a higher d.e. than the valine or phenylalanine-
derived oxazolidinones.>*

Computational calculations, carried out by another member of our laboratory, of the
relative transition state energies for these three oxazolidinones have confirmed that the
energy difference for the transition states of the tert-leucine-derived oxazolidinone is
larger than for the valine or phenylalanine substrates (Table 8).>* However, as

mentioned earlier, the computational method does not enable one to discriminate

between the two substrates 5.11 and 5.27.

GSK Confidential — Copying Not Permitted

64



O (0]
Aryl ring YO Yo
o._N O.__N
1 ]
Oxazolidinone R R
R group Br \O Br
Bn +3.3 +3.3
iPr - +5.0
Bu - +6.3

Table 8: Relative energy difference (in kJ/mol) between the E and the Z enolate
transition states for different aryl rings and different Evans oxazolidinone.>*

To conclude, the tert-leucine-derived oxazolidinone provided the desired d.e. for the
substrate of interest. In parallel to this work on using alternative oxazolidinone motifs,
separation of the two diastereomers of material 5.28 (86% d.e.) by column
chromatography or recrystallisation were unsuccessful. The material was carried
through the synthetic route with this d.e., aiming to establish suitable recrystallisation

conditions to reach the desired e.e. for molecule 5.08.

5.7.1.3. Final steps of the synthesis
The final steps of the synthesis were completed as described in Scheme 8. After the
introduction of the methyl, the chiral auxiliary was hydrolysed using hydroperoxide
anion generated in situ using lithium hydroxide and hydrogen peroxide. A HATU
mediated coupling afforded the amide 5.23 in good yield. This material was then used
in a Suzuki cross-coupling with the vinyl ether boronic ester 5.19 to afford molecule

5.22 in good yield.
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0 Br 5.24 5.23
5.28
Bpin
EtO o (V)
5.19
(6]
O (i), (vii)
N— \O HN\
~o __ |
OEt
5.08 5.22

(ii) LiOH, H,0,, Water : THF, 0 °C, 25 h, 92%. (iv) MeNH, in THF, HATU,
DIPEA, DMF, rt, 45 min, 80% in two batches (v) K,CO3, Pd(PPhj),, 1,4-dioxane,
water, 120 °C, 2 h, 81% (vi) 4 M HCl in 1,4-dioxane, 70 °C, 1 h, 82%, e.e. 83%
(vii) Recrystallisation in MeCN 71%, e.e. 99%.

Scheme 8: Final steps of the synthesis of intermediate 5.08.

Finally, precursor 5.22 was used in a one-pot deprotection and cyclisation of the
aldehyde under acidic conditions to afford the desired building block 5.08 in good
yield. The stereochemistry of the chiral centre observed during step 2 (86% d.e.)* was
retained during the following synthetic steps and translated into an 83% e.e.X! for
molecule 5.08. The material was recrystallized from MeCN in 71% yield to afford the
desired product with an excellent e.e. of 99%.*"

In conclusion, the retrosynthetic analysis conducted on the key benzazepinone
building block has allowed the replacement of the capricious ring closing step with a
very robust cyclisation. Overall, the development of this new synthetic route, using

robust transformations, has enabled the removal of two reaction steps and increased

X Measured by NMR
Xi Measured by chiral HPLC
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the overall yield from 7% to 20%. This new route has successfully been used on
hundreds of grams scale to supply this key building block to the research team to

develop new SAR knowledge on several series containing this benzazepinone motif.

5.8. Initial set of compounds — Synthesis and impact on CES activity

With the key building block 5.08 in hand, the five molecules shown in Figure 32 were
synthesized to investigate their CES-2 stability as explained in section 5.5. Firstly, the
direct analogues of molecule 4.04 with an aromatic linker (molecule 5.03) and a
saturated cyclohexyl linker (molecules 5.04 and 5.05) were synthesized (approach A).
Secondly, shorter linkers such as benzylic linker (molecule 5.06) and the directly

linked ESM (molecule 5.07) were synthesized to investigate approach B.

OH
O o) ) "N =
H N—| (j H/\[ ]\ N—
@O)EQN\/\O _ o) 0 SN o _
HO // 5.03 //
N-N cChromlogDy 4 3.2 N=N
4.04
ChromlogD; 4 3.0
hWB pICs; 8.1

Brd4 BD1 pIC5, 7.6
IVC (-/+ benzil) 5.7 / 1.6 mL/min/g

% o (0] H
cyno heps IVC 95% LBF O\O)j’N\O\
“'OH o)

0
CES-2 t1/2 3 min N—
5.04 and 5.05 =
cChromlogD; 4 4.2 NN

O o)
OH g o o .
_ N—
Q‘.\O ':,H __ @O N __
o} o
OH =N
N-N

5.07 506
cChromlogD7 4 4.2 cChromlogD7 4 2.9

Figure 32: Single point changes around molecule 4.04 to understand the impact of the
linker on the CES-2 turnover.
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5.8.1. Synthesis of the common intermediate 5.38
All molecules prioritised for synthesis shared a unique synthetic intermediate 5.38,

which was prepared in three steps from the benzazepinone intermediate 5.08 (Scheme

HO_ /OH
5.3 N\N

9).

5.08
537 |
5.36
(i)
(0]
(i) PTT, MeCN, rt, 30 min, 92% (ii) K,COs, Pd(PPhs),, N
1,4-dioxane, water, 120 °C, 2.5 h, 79% (iii) BBrs, DCM, HO
_78°C to rt, 21 h, 93%. N\
N-N
\
5.38

Scheme 9: Synthesis of molecule 5.38.

The synthesis of this key building block will be described hereafter.

5.8.1.1. Bromination of the core molecule
Molecule 5.08 was brominated selectively at the desired position using
phenyltrimethylammonium tribromide (PTT). PTT is a mild brominating agent able to
generate small amounts of Brz in situ. It is typically used to selectively introduce a
bromine atom at the a-position of ketones or alkenes.®8°%606162 |t js known for its
interesting selectivity, especially with respect to aromatic rings, and for its ease of
handling, as a shelf-stable solid.5>®3 For our substrate 5.08, the bromination with PTT

was complete in 30 min at room temperature, and in excellent yield.
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5.8.1.2. Suzuki cross coupling and demethylation
Vinyl bromide 5.35 was then used in a Suzuki cross-coupling with the commercially

available boronic acid 5.36 to give intermediate 5.37 (Scheme 10).

o} o o}
(ii) N— (iii) N—
N_ —_— ~N
\O _— O = HO —
HO. _OH
N =N =N
N— \ \
5.35 N 5.37 5.38
5.36

(i) K,COg, Pd(PPhs),, 1,4-dioxane, water, 120 °C, 2.5 h, 79%.

(iii) BBrg, DCM, -78 °C to rt, 21 h, 93%.
Scheme 10: Cross-coupling conditions to introduce the ZA channel substituent and
deprotection of the methoxy group.
Suzuki-Miyaura cross couplings are amongst the five most commonly used reactions
in medicinal chemistry, demonstrating the importance and robustness of this
transformation.®* The coupling occurs between a boronic acid and an aryl halide. First
reported in 1979, several variations have been established enabling the use of a
diversity of coupling partners, extending the scope of the initial reaction with a range
of boron-based coupling partners.55667.68 |n the current study, molecule 5.37 was
obtained by coupling the bromo-alkene 5.35 with the boronic acid 5.36 with a good
yield of 79%. Phenol 5.38 was subsequently obtained in excellent yield by
deprotection of the methoxy group using boron tribromide.®"°
This synthesis of the key phenol intermediate 5.38, for the investigation of the CES-2

stability of a small set of molecules, proved to be very robust, and enabled the rapid

preparation of molecules 5.03-5.07.
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5.8.2. Synthesis of an aryl linker — molecule 5.03
Molecule 5.03 was synthesized in a four-step sequence from the common phenol
intermediate 5.38 as shown in Scheme 11.

O O

o)
- (iv) ~o N N
L
HO — 0 N~ o =
N~ . N-
N\ N N

5.38 5.39
(v)
(0] (0]
N i N
T - O -
N” o = N~ o =
542 [ 541 [
N-N N-N
\ \
o 0
(v Qlo)i,NHz
“'OH
5.43

o  (iv) K,COs, DMF, 110 °C, 1 h, 69%.

OH

Q\.\OJN«EN]\ () NaBH,, MeOH, THF, 70 °C, 19 h, 9%
H PR—

0 © SN o

__ (vi) DMP, DCM, rt, 1 h, used crude in next
step. (vii) NEts, picoline borane, AcOH,
iPrOH, rt, 20 h, 23%, over two steps.

=
/
5.03 N-N
Scheme 11: Synthetic route for molecule 5.03.

The phenol 5.38 was functionalised via a nucleophilic aromatic substitution (SnAr) to
introduce the pyrazine ring and give molecule 5.40."47273 The ester functionality of

molecule 5.40 was then reduced to afford alcohol 5.41 (Scheme 12).
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N\
AT -
NT o = =

HO
(v) A\ A\
N-N N-N
\ \
0 0 5.41 5.38
o )J\[N\ - 9% yield 53% yield
L I
N (6]
5.40 { N (v) NaBH,, MeOH, THF, 70 °C, 19 h
' N (v-a) DIBAL, THF, -78 °C to rt, 22 h

o

)
o
N N
HO > __ HO X N—
L L

N~ "0 — N~ "0 ==
1N B
N-N N-N

5.41 \ 5.44 \
6% yield 4% yield

Scheme 12: Reduction of the ester 5.40 to alcohol 5.41.

The reduction was first attempted with sodium borohydride in a mixture of MeOH-
THF. These reduction conditions, which usually provide high yields, gave a
surprisingly low yield for our substrate (9%).”* In this case, a substantial amount of
molecule 5.38 was isolated (53% yield) explaining the apparent low yield for the ester
reduction. A test reaction using DIBAL as the reducing agent was performed in
parallel. The reaction appeared to give a number of products as evidenced by LCMS
and upon purification, afforded the desired intermediate 5.41 (6% yield) and a new
product 5.44 (4% vyield) with a reduced amide. Due to a cleaner reaction profile and
the possibility of recovering the previous intermediate 5.38, the reduction of the ester
was conducted with sodium borohydride in MeOH-THF.

The formation of the phenol 5.38 could be attributable to an SnAr reaction on the

starting material 5.40 by the methoxide ion present in the reaction mixture. This would
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be favoured by the presence of the ester in the para position and the stability of the
benzazepinone phenol 5.38 generated. A possible improvement of the reaction
conditions would be to use a different additive to enhance the reactivity of NaBHa,

such as ZnCly," or to use a stronger reducing agent such as LiBHa.

Alcohol 5.41 was then oxidized using Dess-Martin periodinane (DMP) to give the
corresponding aldehyde 5.42 (Scheme 11), used crude in a reductive amination with

the amino ester 5.43, available in our laboratory,® to afford the desired molecule 5.03.

5.8.3. Synthesis of a saturated cyclic linker — molecules 5.04 and 5.05
The synthetic route used to obtain molecules 5.04 and 5.05 from phenol intermediate

5.38 is shown in Scheme 13.

Y o)
N— (i) and (ii) Om -
HO — (\O o =
N o) TN
NN /O\ N-N

5.38 OH 5.47 \
5.46 fl 0
(iii) o)j»NHz
(iv) “'OH
5.43
o SR
N_
OQ “'OH o) S
5.45 7 -
. /
NN

Diastereomers 5.04 and 5.05
(i) CTBP, toluene, 100 °C to 120 °C, 75 min. (ii) 2 M aqueous HCI, rt to 60 °C,
25 h, 31% over two steps. (iii) NEts, picoline borane, AcOH, /PrOH, rt, 51 h,
5.04 (8% yield, d.e. 80%) and 5.05 (7% vyield, d.e. 80%). (iv) NaBH,, MeOH,
0°C, 2 h, 84%.
Scheme 13: Synthetic route to molecules 5.04 and 5.05 from the common phenol
intermediate 5.38.
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The intermediate ether 5.47 was synthesized by a Mitsunobu reaction’”"®"® between
the phenol 5.38 and alcohol 5.46, itself obtained by reduction of the commercially
available ketone 5.458 The Mitsunobu reaction was carried out with
cyanomethylenetributylphosphorane (CTBP) at 120 °C.8182 This reagent is described
in the literature as stable at high temperature and very efficient for Mitsunobu reactions
with secondary alcohols compared to the traditional conditions using diethyl
azodicarboxylate (DEAD) and PPhs. The use of CTBP was crucial for the success of
this challenging Mitsunobu reaction; indeed, no product was formed at 100 °C, but
complete conversion (observed by HPLC) to the desired product was rapidly achieved
at 120 °C. The crude acetal was then deprotected under acidic conditions to afford the
desired ketone 5.47 with a 31% isolated yield over the two transformations. The
desired target molecules 5.04 and 5.05 were obtained by reductive amination on the
ketone 5.47 with the amino ester 5.43. Due to technical issues with the automated
purification system, the amounts of products recovered were low and the two
unattributed diastereomers cis and trans were both obtained with a d.e. of 80% (by H
NMR). Due to the very low amounts recovered, further separation and characterisation
of the diastereomers was precluded. However, the quantity synthesized was sufficient

for generating the required biological data.

5.8.4. Synthesis of a benzylic methylene linker — molecule 5.06
The reaction sequence to synthesize molecule 5.06 from the common intermediate

5.38 is shown in Scheme 14.
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HO = TfO — /O —
(@]

T T I
N~N N~N N‘N
5.38' 548 ' 549

(i)
(o] (o]
(iv)
Ox N HO N
N\
N-N
\
5.50

(i) PAN(SO,CF3),, NEt;, DCM, 0 °C to rt, 2.5 h, 62% (ii) Pd(OAc),, Xantphos, NEtj,
CO gas, MeOH, DMF, rt to 60 °C, 28 h, 52% (+ 14% of recovered ftriflate starting
material in two batches) (iii) LiBH,, THF, 55 °C, 18 h, 94% (iv) DMP, DCM, rt, 15 min,
54% (v) Picoline borane, AcOH, iPrOH, rt, 2.5 h, 46%.
Scheme 14: Synthesis of molecule 5.06.
The phenol 5.38 was converted to the triflate 5.48 using N-phenyl-bis-
(trifluoromethanesulfonimide), PhN(Tf)2. This bench stable solid triflating agent
affords an ease of use, especially upon scale up, and avoids the use of the more
hazardous liquid triflic anhydride. Aryl triflate 5.48, which was sufficiently stable to
be purified by column chromatography, was obtained in a 62% vyield. The triflate

molecule 5.48 was then used in a palladium-mediated carbonylation reaction to give

the ester 5.49. This transformation gave a moderate 52% yield due to the partial
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conversion of the triflate. Indeed, a substantial amount (14%) of the starting material
5.48 was recovered during purification. The ester derivative 5.49 was reduced to the
alcohol 5.50, which was subsequently oxidized with DMP to give the corresponding
aldehyde 5.51. Molecule 5.06 was ultimately obtained by reductive amination in a 45%

yield.

5.8.5. Synthesis of a directly attached ESM — molecule 5.07
The directly attached ESM molecule 5.07 was synthesized from the bromo

intermediate 5.15 available in the laboratory (Scheme 15) .

OMe
O (0]
(i) OH
N N_  [MeO P(tBu),
Br — O (j-‘\o "’H —
NH, le) (6]
5 5.07
‘OH

B @\ iPr iPr
. ®

iPr

5.43 tBuBrettPhos

(i) Cs,CO3, NEt3, tBuBrettPhos Pd G3, toluene, 100 °C, 24.5 h, 3%.
Scheme 15: Synthesis of molecule 5.07.

5.15

The aryl halide 5.15 was used in a Buchwald-Hartwig coupling®8 with the amino
ester 5.43. The catalyst and solvent, identified elsewhere in our laboratories in a screen
of reaction conditions as the best yielding conditions for the coupling of the ESM
amine with a different aryl bromide starting material > provided a low yield for the
substrate 5.15. This is likely to be due to the limited solubility of the amino ester in the
reaction mixture. To improve this, NEtz was added during the reaction, to help the

dissolution of the amino ester salt. Only partial conversion to the desired product was

Xii Erom the initial route to access the benzazepinone molecule 5.08
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achieved, however, a sufficient amount was isolated to profile this molecule and some
of the starting material 5.15 was also recovered (32% isolated yield).

In previous examples in our laboratories with a different aryl-bromide substrate, the
reaction showed better yields with more lipophilic amino esters such as tBu-L-
threonine and iPr-L-threonine.® This is thought to be due to the increased solubility of
the ESM in toluene. The use of a stronger base such as tBuOK,®’ for the amination of
substrate 5.15, was not attempted due to the known racemisation of the chiral centre
in the a-position to the amide carbonyl functionality in presence of a strong inorganic

base in moderate to high temperature, as observed previously in our laboratories.®

5.8.6. Results and discussion on initial set of compounds
After the successful synthesis of the five molecules 5.03-5.07 with alternative linkers
to explore the CES-2 SAR, the key biological and physico-chemical data were
measured. This data is shown in Table 9, along with the desired profile of an ESM-

BET inhibitor.
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(0]
N
@\ T Ji:g\;(,q_ Ao 1[ hg AO\ 5N AO S AA i Desired profile
N =z (o) (o}
0 ~X — N (0]
5 A
“/OH R 4.04 5.03 5.04 5.05 5.06 5.07
R TOU = = = = = MTW _
o /N\N/ /N\N/ /N\N/ /N\N/ /N\N/ "
hWB pIC, 8.1 75 8.0 8.1 7.3 6.0 >7.6
Brd4 BDI pIC,, 7.6 7.7 8.0 7.8 7.3 7.4 >7.0
ChromlogD, , 3.0 3.2 3.7 3.8 2.7 2.9 <33
AMP (nm/s) / tPSA 235/115 78 /141 36/115 92 /115 205/106 140/ 88 >50/<125
MW (g/mol) 499 563 553 553 468 374 -
CES-2 ti/2 (min) 3 17 > 139 71 > 139 - > 139
HLM IVC (-/+ il
VC (-/+ benzil) 57/1.6 6.6/4.1 92/65 83/63 12107 - <3.0/<2.0
(mL/min/g)
Heps IVC Cyno (LBF) 95% 93% - - 74% - <75%

Table 9: Impact of the nature of the linker onto the CES-2 half-life and in vitro profile of the molecules.
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Most of the compounds showed good to excellent human whole blood potency, except
for molecule 5.07. This directly attached ESM compound showed a ten-fold drop
between the biochemical assay (Brd4 BD1 pICsp) and the human whole blood plCso.
As molecule 5.07 demonstrates good permeability (AMP of 140 nm/s), the drop in
potency is thought to be due to a small or absent turnover of the ESM by CES-1 in the
targeted cells. This is also supported by comparison of the profiles of molecules 5.06
and 5.07. Indeed, both compounds showed similar physicochemical properties (AMP,
ChromlogDy.4) and the same Brd4 BD1 plCso, within the margin of the assay error, but
their human whole blood potency is significantly different.

The CES-2 ty, of the remaining four compounds 5.03-5.06 were measured and
pleasingly they showed a significantly improved CES-2 t1> compared to the original
lead compound 4.04, with molecules 5.04 and 5.06 being at the upper limit of the assay
with a half-life above 139 min. Interestingly the cis and trans cyclohexanol linkers
showed a significant difference in CES-2 affinity, likely to be due to their different
shape complementarity between the molecule and the CES-2 hydrolytic cavity.
Molecule 5.06 exhibits the most promising profile with an excellent human liver
microsome in vitro clearance demonstrating some level of CES-1 hydrolysis through
the -/+ benzil difference and a slow or absent CES-2 hydrolysis. In addition, this
compound has one of the lowest calculated tPSA values amongst this set of molecules,
and is one of the lowest molecular weight compounds in the ESM-BET inhibitor series
known so far, making it a particularly interesting lead molecule in an excellent
physico-chemical space.

From this analysis of the linker changes, the decision was made by the author to further

optimise the methylene linked compound 5.06.
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6. Increasing CES-1 turnover — Optimisation of molecule 5.06

This chapter describes the optimisation of the lead molecule 5.06, in particular in terms
of CES-1 turnover and in vitro clearance.

The extended profile of molecule 5.06 is shown in Table 10, along with the target

property space.
0
O -
0)5' ==
"OH N
506 N
Molecule 5.06 Desired profile
hWB pICso 7.3 >17.6
hWB ArBu +0.2 ~+1.0
Brd4 BD1 pIC;, 7.3 >17.0
ChromlogD, , 2.7 <33
AMP (nm/s) / tPSA (A?) 205/ 106 >50/<125
CES-2 t1/2 (min) > 139 > 139
WAS i
HLMIVC (-/+ benzil) 12/0.7 <3.0/<2.0
(mL/min/g)
Heps IVC Hu / Cyno (LBF) 85% / 74% <75%/<75%

Table 10: Chemical structure, physico-chemical and biological data for molecule
5.06.

As discussed in the previous section, molecule 5.06 exhibited a significantly improved
CES-2 half-life, compared to the hit molecule 4.04, due to the replacement of the
ethanolamine linker (molecule 4.04) by the benzylic system of molecule 5.06.
Pleasingly, molecule 5.06 demonstrated a good Brd4 BD1 potency, however the hWB
pICso was slightly lower than desired. This was likely to be due to a moderate CES-1

turnover, as demonstrated by the low hWB AfBu. This parameter is used as an
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indication of the ESM targeting effect by demonstrating the acid is generated in the
targeted cell and is providing an enhanced human whole blood potency compared to a
non-hydrolysable ESM (#Bu analogue). From these two observations, one of the key
questions with such a profile remained: can the hWB AtBu, indicative of the ESM
targeting effect, be increased to the desired level whilst maintaining a long CES-2
half-life?

In addition to the CES-X activities, the molecule demonstrated a very interesting in
vitro clearance profile. Indeed, this compound was the first molecule from the
benzazepinone series with the ESM group towards the WPF residues to demonstrate a
cynomolgus monkey hepatocytes in vitro clearance predicted below 75% liver blood
flow. This was thought to be due to a decrease in esterase promiscuity for this
compound, through replacement of the flexible linker in molecule 4.04 by a more rigid
and shorter linker in molecule 5.06, which is less compatible with the hydrolytic active
site of non-ESM-targeted cynomolgus monkey esterases.

In human, although the liver microsome in vitro clearance was encouraging, the
hepatocyte in vitro clearance remained too high. This indicated that despite only
modest phase I metabolism, including a controlled esterase turnover, the phase II
metabolism was too high and needed to be addressed.

At the time of this analysis, new in vivo cynomolgus monkey PK data generated in
our laboratory suggested that the cynomolgus monkey hepatocytes in vitro clearance
should be lower than 60% liver blood flow in order to achieve an acceptable in vivo

monkey PK profile.2® As a consequence of this experimental PK result, and of the

XV On a lead molecule on a related series not described in this thesis.
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author’s analysis of the profile of molecule 5.06, new analogues were designed, with
the following aims:

e Firstly, increase the hWB ArBu to ~ 1, which should be instrumental in
increasing the human whole blood potency of the molecule to the desired level.
This would also help us to understand if the CES-2 hydrolysis rate can be
independently lowered without reducing the CES-1 turnover and therefore
without reducing the ESM-targeting effect.

e Secondly, decrease the cynomolgus monkey hepatocytes in vitro clearance to
under 60% liver blood flow and reach the desired human hepatocyte in vitro
clearance value (< 75% liver blood flow), whilst maintaining an optimal
physico-chemical profile as previously established (ChromlogD7.4 ~ [2.5-3.3];

tPSA < 120 A? and AMP > 50 nm/sec).

6.1. Design hypothesis to increase CES-1 esterase turnover
To increase the hWB ArBu, several modifications around molecule 5.06 were designed
as shown in Figure 34. In this thesis, modifications will focus on the ESM and the ZA

channel substituent.
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Figure 34: Strategies to increase the hWB AtBu of molecule 5.06.
Firstly, the size of the ZA channel group is likely to impact the CES-1 turnover. Indeed,
a more linear molecule should have a greater affinity for the CES-1 hydrolytic active
site as explained in section 5.2. Therefore, small ZA channel groups, such as hydrogen,
methyl, nitrile and methyl carboxamide, were designed to understand if the CES-1
turnover, through the comparison of the hWB ArBu parameter, could be improved by
decreasing the size of the ZA channel substituent.
Secondly, reducing the size of the amino ester could increase the CES-1 turnover by
enhancing the ability of the molecule to be accommodated in the esterase active site.
Therefore, molecules with an ESM derived from the L-serine amino acid were
designed to understand their impact on the turnover compared to molecule 5.06, based
on the L-threonine. In addition, as enzymes are stereospecific, using the L-allo-
threonine (epimer of the L-threonine at the S-position to the carbonyl) as the amino
acid motif should have an impact on the esterase turnover. The L-allo-threonine has
been used previously within our laboratory and has proven to be successful in reducing

the cynomolgus monkey hepatocytes in vitro clearance.*® Consequently, ESMs based
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on this non-natural amino acid were also included in the set of compounds used to
investigate the impact of the ESM on the CES-1 turnover.

Thirdly, the nature of the ester group itself is expected to impact the ester hydrolysis
rate through steric and electronic effects.®* Indeed, when the ester motif is being
hydrolysed by CES-1, the ester is occupying a small, rigid and lipophilic pocket. 464749
Therefore, hindered ester motifs or polar ester motifs (e.g. a THF-ester) will have a
disfavoured conformation in the catalytic pocket, slowing down the hydrolysis rate.
Conversely, a smaller and more lipophilic ester (e.g. cyclobutyl-ester) should have a
higher CES-1 catalytic rate due to a better ability to fit in the catalytic pocket. This is
confirmed by historical data, the ESM-BET series have shown that cyclobutyl and
isopropyl ESM esters are hydrolysed more rapidly than the corresponding (S)-THF
ESM ester. Therefore, these two esters were used in combination with the different

amino acids selected above.

As described in section 4.2.3, the physico-chemical space thought to be required to
develop a balanced ESM-BET inhibitor is well defined. Therefore, all molecules
synthesized to tune the CES-1 turnover SAR around molecule 5.06 were carefully
designed to comply with these guidelines.

This work to understand the impact of each vector on the CES-1 turnover was divided
into two independent parts: the impact of the ZA channel substituent and the impact
of the ESM group itself. To help to investigate these two points of diversification, the
synthetic route was optimised to enable late stage functionalisation of these two

vectors.
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6.2. Optimisation of the synthetic route for SAR exploration

To rapidly establish SAR around molecule 5.06, the late stage intermediate 6.06 was
synthesized enabling a two-step derivatization to the final molecules. The synthetic
route to synthesize this key intermediate, which is related to the route developed for

the initial analogues, is shown in Scheme 16.

O O
HO = TfO =

6.01 6.02

i |

(0]

N_
\O __

5.08
O (0]
(v) (iv) N—
0 B N— o B N— o) /
6.04

6.05 © 6.03
(vi)[

o (i) BBr3, DCM, -78 °C to rt, overnight, 77% (ii) PhN(SO,CF3),,
pyridine, NEt;, DCM, 0 °C to rt, 20 h, 62% (iii) CO gas, Pd(OAc),,

O N7 | Xantphos, NEt;, DMF, MeOH, 60 °C, 1.5 h, 87% (iv) LiBH,, 2-

MeTHF, 55 °C, 2 h, 83% (v) DMP, DCM, rt, 1 h, 85% (vi) PTT,

MeCN, rt, 10 min, 80%

Scheme 16: Synthetic route to key intermediate 6.06 for SAR establishment on the two

vectors of interest.

The synthesis was initiated by the demethylation of the ether derivative 5.08 to give

6.06 Br

the free hydroxy analogue 6.01. The methoxy group was deprotected using boron
tribromide at -78 °C in a good yield of 77%. Subsequently, the phenol was then reacted
with PhN(Tf)2 in good yield to afford the triflate 6.02. Molecule 6.02 proved to be
stable enough to be purified by silica column chromatography. The triflate 6.02 was
then used in a carbonylation reaction, using CO gas and a Pd catalyst, to afford the
corresponding methyl ester 6.03 in a very good yield. The ester functionality was
reduced to the corresponding alcohol 6.04 using LiBH. at 55 °C, before reoxidation to

give the corresponding aldehyde 6.05. This aldehyde was finally reacted with PTT to
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give the key bromo-aldehyde intermediate 6.06. Molecule 6.06 was used to generate

most analogues around molecule 5.06.

6.3. Synthesis and impact of the ZA channel substituent on the CES-1 turnover

As discussed in section 6.1, to understand the impact of the ZA channel substituent on
potency, but more importantly on the CES-1 turnover, different substituents with a
range of steric bulk were introduced. All analogues were designed with the (S)-THF
threonine ESM, sharing the substructure shown in Figure 35. The direct tBu-L-
threonine analogues were also synthesized to enable the determination of the hWB

AtBu parameter.

)
0] H N—
2
e J),N _
., R1
‘OH
R? = (S)-THF R? = tBu
R'= H (6.07) cChromlogDy 4 6.12
CH5 (6.08) c¢ChromlogD7 4 3.6 6.13
CN (6.09) cChromlogD7 4 6.14
C(O)NHMe (6.10) cChromlogD7 4 6.15
N-methyl-1,2,4-triazole (6.11) cChromlogD; 4 6.16

Figure 35: Common substructure to investigate impact of ZA channel substituents.
The direct analogue of compound 5.06 without a substituent in the ZA channel,
molecule 6.07, was synthesized as a single point comparison to understand the
maximum turnover achievable with the (S)-THF-L-threonine amino ester. Deletion of
the ZA channel group increases the linearity of the molecule and this should favour its
affinity for the CES-1 hydrolytic cavity, therefore should favour the hydrolysis of this
ester compared to molecules with a substituent in the ZA channel.

A range of small substituents such as methyl 6.08, nitrile 6.09 and secondary amide

6.10 were also designed to investigate how the size and shape of the ZA channel
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substituent can impact both Brd4 BD1 and human whole blood potencies.®¥ Finally,
molecule 6.11 was designed incorporating the N-methyl-1,2,4-triazole as this group
has shown to have a good balance between Brd4 BD1 potency and reducing the
lipophilicity of the molecule in the pan-BET benzazepinone series.?® The synthesis and

data generated for these analogues will be presented hereafter.

6.3.1. Synthesis of molecules 6.07 and 6.12-R'=H

(0] (0]
(1
(0]
. H .
O __ N RZ\OJB,N / N
. “'OH

(0]
6.05 R%O)i,NHZ
“'OH
R? = (S)-THF 5.43 R? = (S)-THF 6.07
tBu 6.17 tBu 6.12

(i) DIPEA, AcOH, NaBH(OAc)s, 40 °C to rt, 25-56%.
Scheme 17: Synthesis of molecules 6.07 and 6.12 from the common intermediate 6.05.

The aldehyde 6.05, an intermediate for the synthesis of the bromo-aldehyde 6.06
(Scheme 16, p.84), was used in two reductive amination reactions to give the desired

products 6.07 and 6.12, respectively with 25% and 56% yield (Scheme 17).

6.3.2. Synthesis of molecules 6.08 and 6.13 — R! = methyl
The two steps to synthesize molecule 6.08 from the common intermediate 6.06 are

shown in Scheme 18.

* Nitrile analogues were designed by the author but synthesized by another member of our laboratory
from intermediate 6.06 supplied by the author.
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R e Y

6.06
"OH
R? = (S)-THF 5.43 R? = (S)-THF 6.08
tBu 6.17 tBu 6.13

(i) B3O3Mes, Pd(PPhg),, K3PO,, 1,4-dioxane, water, 80 °C to 110 °C, 4 h, 38%.

(i) DIPEA, AcOH, NaBH(OACc)3, 40 °C to rt, 4.5 h, 29-43%.
Scheme 18: Synthetic route to molecules 6.08 and 6.13 from the common intermediate
6.06.
The bromo-aldehyde 6.06 was used in a Suzuki cross coupling to afford intermediate
6.18. This aldehyde was used in a reductive amination with an amino ester and sodium

triacetoxyborohydride as the reducing agent to give the desired products 6.08 and 6.13,

respectively in 29% and 43% vyield.

6.3.3. Synthesis of molecules 6.10 and 6.15 — R! = secondary amide

0
ST R? i N N—
\O)j, _
OH  HNTY,

R2 = THF 5 43 R? = (S)-THF 6.10
tBu 6.17 tBu 6.15
(i) Picoline borane, AcOH, iPrOH rt, 1 h, 12-50%.

Scheme 19: Synthesis of molecules 6.10 and 6.15.

Intermediate 6.19 was used in two reductive amination reactions to give molecules
6.10 and 6.15 with 50% and 12% yield, respectively (Scheme 19). Molecule 6.19 was
available elsewhere in the laboratory as an intermediate.® It can be synthesized in a
one-step carbonylation reaction in the presence of CO gas and methylamine from the

vinyl bromide building block 6.06.
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6.3.4. Synthesis of molecules 6.11 and 6.16 — R' = N-methyl-1,2,4-triazole

6.05
. \( ||)
\=N
6.21
R2 os
N/
’OH
R? = (S)- THF611 R? = (S)-THF 5.43 622
tBu 6.16 tBu 6.17 :

(i) Bopin,, PACI,(dppf).DCM, KOAc, 1,4-dioxane, 95 °C, 2 h, 67% of product 6.20, 32% of
molecule 6.05 recovered. (ii) K,CO3, PdCly(dppf).DCM, iPrOH, water, 120 °C, 30 min,
57% yield of product 6.22, 31% vyield of product 6.05 (iii)) DIPEA, AcOH, NaBH(OAc),,
THF, 40 °C, 4 h, 17-45%.

Scheme 20: Synthetic route for molecules 6.11 and 6.16 from the common intermediate

6.06.

The bromo-aldehyde 6.06 was used in a Miyaura borylation reaction (Scheme 20).93%

The resulting pinacol borane intermediate 6.20 was used in a Suzuki cross coupling to

afford aldehyde 6.22 in 67% yield. This somewhat moderate yield can be explained by
the partial deborylation of molecule 6.20, to give the side-product 6.05 in 32% isolated

yield.®> Aldehyde 6.22 was then used in reductive amination reactions to afford

molecules 6.11 and 6.16 in 17% and 45% yield, respectively.

6.3.5. Results and discussion of the impact of the ZA channel substituent
The data associated with the analogues with varied ZA channel substituents is

summarized in Table 11.
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I T % T LI

i HN™ ~0 N\/ N
N-N N ! /N—//
5.06 6.07 6.08 6.09*V 6.10 6.11
hWB pIC;, 7.3 7.7 7.8 6.8 5.6 6.3
hWB ArBu +0.2 +15 +1.3 +0.7 -0.2 0.0
Brd4 BD1
7.3 5.7 6.6 6.2 5.2 6.1
pIC,,
ChromlogD, , 2.7 3.0 35 3.2 1.7 2.0
AMP (nm/s) / 205 370 420 340 20 50
tPSA 106 88 88 112 117 119
HLM IVC
(-/+ benzil) 1.2/0.7 45/11 45/21 - - -
(mL/min/g)

Table 11: Impact of ZA channel substituent investigation on molecules’ profiles.
Comparison of molecule 5.06 and 6.07 shows the ZA channel substituent plays a
critical role in the rate of esterase turnover as shown by the difference in hWB A/Bu
values and the difference between the human liver microsome in vitro
clearance -/+ benzil. When no ZA channel substituent is present, the turnover is high
with a hWB A7Bu of + 1.5. When the size of the ZA channel substituent is increased
(H <Me < CN < amide or 5-membered rings), the turnover progressively decreases.
This set also highlights the important role played by the ZA channel substituent in
modulating the lipophilicity of the molecules. Indeed, a fairly large range of

ChromlogD7.4 can be achieved [1.7-3.5] by modification of this group. These two

i This nitrile analogue was designed by the author but synthesized by another member of our
laboratory from intermediate 6.06 supplied by the author.
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factors: turnover of the ester and lipophilicity of the molecule, both directly impacted
by the choice of the ZA channel substituent, are likely to be instrumental in controlling
the in vitro clearance of future compounds.

It is also worth noting that the Brd4 BD1 potency is strongly impacted by the choice
of the ZA channel substituent. When the ZA channel group is a secondary amide 6.10,
or a hydrogen atom 6.07, the Brd4 BD1 potency is the lowest in this series of
molecules. Interestingly, molecule 6.11 shows the 1,2,4-triazole is 10-fold less potent
in the Brd4 BD1 assay than the pyrazole 5.06, but both demonstrate a very slow or
absent esterase turnover [hWB ArBu ~ 0], when used in combination with the
(S)-THF-L-threonine.

Overall, these results confirm the design hypothesis outlined in section 6. /. This small
set of compounds demonstrates that the ZA channel substituent has a very strong
impact on the hWB AsBu, which is used as an early indicator of the esterase turnover.
Moreover, this set demonstrated that the ZA channel group is also a key component of
the Brd4 BD1 potency of the molecule, and thus is very likely to play a crucial role in
the design of the next molecules. Therefore, careful choice of the ZA channel group
will be instrumental in reaching the desired profile of an ESM-BET inhibitor,
especially in terms of potency, CES-1 turnover and very likely in terms of in vitro

clearance.

6.4. Synthesis and impact of the ESM on the CES-1 turnover
The second hypothesis developed in section 6.1 was that the ESM itself could be used
to regulate the CES-1 turnover, by varying the ester group and/or by varying the amino

acid group. To understand the impact of the ESM itself on the CES-1 turnover, a series
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of close analogues were designed. In order to accommodate smaller and more
lipophilic esters such as isopropyl and cyclobutyl esters whilst remaining within the
desired ChromlogDy~.4 range, the targets were designed with N-methyl-1,2,4-triazole.
These molecules would therefore be within the targeted ChromlogD7.4 range, whilst
enabling a direct comparison with the (S)-THF-L-threonine analogue 6.11. The target
compounds were synthesized using the same synthetic route as for molecule 6.11 (cf.
Scheme 20, p.88) using aldehyde 6.22 as starting material. The reductive amination

yields are shown in Table 12.

0
ESM N
"
7/
I 2 oy o
*o”j“\; Aoﬁ“\; Qo)j»w R%OJ\[N?"
“OH OH OH OH
6.23 6.24 6.25
R 5
Yield 48% " 0% R? = iPr (6.26) 42%

R2 = tBu (6.27) 34%

Table 12: Yield for reductive amination final step.

The structures and associated data for these compounds are shown in Table 13.

GSK Confidential — Copying Not Permitted
91



ESM N
N/
v
O 0 o] o] o] o]
H H H H H
“'OH “OH OH "'OH OH
6.11 6.23 6.24 6.25 6.26
hWB pIC,, 6.3 7.1 7.2 7.3 7.3
hWB ArBu 0.0 +0.8 - +1.0 +1.3
Brd4 BD1
6.1 6.4 6.4 6.4 6.5
plC,,
ChromlogD,, | 2.0 3.1 2.9 3.4 2.4
AMP (nm/s) / 50 260 290 310 136
tPSA 119 110 110 110 110
HLM IVC
(-/+ benzil) - 1.1/0.8 1.2/0.7 19/13 1.2/0.6
(mL/min/g)
Heps IVC
; 71% 0 0 0
Cyno (LBF) 0 64% 80% 55%
CES-2u2 | > 139 > 139 . > 139
(min)

Table 13: Impact of ester and amino acid groups on the molecules’ profiles.

Compounds 6.23 and 6.25 represented a single point change at the ester position
compared to molecule 6.11. Both analogues exhibited a hWB ArBu within the desired
range and significantly higher than molecule 6.11. This indicated that the iPr and the
cyclobutyl ester are hydrolysed more rapidly than the (S)-THF analogue, and was
thought to be due to the smaller steric hindrance of these two groups, compared to the
THF ester, which should facilitate the attack on the acyl functionality. In addition, the
hydrolytic triad of CES-1 is accessed through a hydrophobic gorge, delimited by

aromatic amino acids.®® The gradient of lipophilicity increases from the entrance to the
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catalytic triad. All things being equal, this should favour access to the catalytic triad
by more lipophilic substrates such as molecules 6.23 and 6.25 compared to more polar
compounds such as molecule 6.11.

This focused set of molecules also showed the amino acid motif itself has an impact
on the hydrolysis rate. Indeed, the serine ESM 6.26 has a higher esterase turnover than
its direct threonine analogue 6.23," confirming the design hypothesis for this
molecule. Moreover, using serine decreased the ChromlogD7.4 (~ 0.5) which can be
used to modulate the physico-chemical profile of the molecule.

As well as contributing to the regulation of the turnover, the choice of the amino acid
motif can have an impact on the in vitro clearance as demonstrated by comparison of
the L-threonine 6.23, L-allo-threonine 6.24 and the L-serine 6.26. These three
molecules demonstrate a low human liver microsome in vitro clearance profile, but
interestingly, the L-allo-threonine analogue 6.24 demonstrated a significantly lower
cynomolgus monkey hepatocytes in vitro clearance than the corresponding natural
amino acid 6.23. The serine analogue 6.26 displayed an even lower cynomolgus
monkey hepatocytes in vitro clearance, likely to be due to its lower lipophilicity.

This small set of molecules showed that the choice of the amino acid and of the ester
motif has a significant impact on the esterase turnover, as well as balancing the
physico-chemical profile of the molecule. This, in conjunction with the choice of the
ZA channel group, should therefore be crucial to reach the desired profile.
Furthermore, to understand further the CES-1 vs. CES-2 stability and as molecules

6.23 and 6.26 exhibited good hWB A7Bu ~ 1, the CES-2 half-life of these molecules

il By comparison of the hWB AtBu and the -/+benzil differences for compounds 6.23 and 6.25.
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was measured. Pleasingly, both molecules as well as molecule 6.24 showed a half-life
above 139 min in presence of CES-2. This demonstrated that CES-1 hydrolysis can
successfully be increased whilst keeping a low or absent CES-2 turnover. All of the
above led to the identification of a new lead molecule 6.26, demonstrating a profile
very close to the target profile defined at the outset of the current study. Whilst
additional studies were undertaken to evaluate the wider pharmacological profile of
molecule 6.26, further investigations were conducted by the author to identify

molecules with higher whole blood potency, whilst still fulfilling the desired profile.
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7. Reaching the desired profile — Optimisation of molecule 6.26

This chapter describes the optimisation of the new lead molecule 6.26 in terms of
potency. The knowledge around CES-1 and CES-2 turnover and in vitro clearance
established for this series are also applied to design and identify new compounds with

a suitable profile for in vivo studies.

After identification of molecule 6.26 as an emerging lead candidate, further
optimisation around this compound was conducted in order to meet the desired profile.
The profile of molecule 6.26 is shown in Table 14, along with the desired profile
defined at the outset of this work. The lead molecule 6.26 exhibited a marginally lower
Brd4 BD1 potency than desired and, as a consequence, a lower human whole blood
potency than was considered optimal. However, compound 6.26 had good physico-
chemical properties and exhibited a good in vitro clearance profile, unlike previous
exemplars. As the esterase turnover, monitored by the hWB ArBu parameter, was in
the desired range, the Brd4 BD1 potency needed to be increased in order to increase

the human whole blood potency.
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Desired profile
OH NN
N
7
6.26
hWB pIC,, 7.3 >7.6
hWB ArBu +1.3 ~+1.0
Brd4 BD1 pIC,, 6.5 >7.0
ChromlogD, , 2.4 <33
AMP (nm/s) / tPSA 136/ 110 >50/<125
HLM IVC (mL/min/g) 1.2 <3

Heps IVC Cyno (LBF) 55% <60%
Heps IVC human (LBF) 60% <60%
CES-2 t1/2 (min) > 139 >139

Table 14: Comparison of the profiles of the new lead molecule 6.26 and the desired

profile.

7.1. Initial pyrazole analogues (1%t generation analogues)

7.1.1. Design rationale

In order to increase the Brd4 BD1 potency, an analysis of the compounds already

synthesized in this series was performed. This study highlighted that the pyrazole

substituent in molecule 5.06 had a higher Brd4 BD1 potency than the 1,2,4-triazole in

molecule 6.11, as shown in Table 15. Accordingly, this high Brd4 BD1 potency

translated into a higher human whole blood potency than for molecule 5.06.
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5.06 6.11
hWB pIC,, 7.3 6.3
hWB ArBu +0.2 0.0
Brd4 BD1 pICj, 7.3 6.1
ChromlogD, , 2.7 2.0

Table 15: Comparison of the profiles of the matched pair 5.06 and 6.11 according to
their ZA channel substituents.

Molecule 5.06 exhibited the desired Brd4 BD1 potency, nevertheless its hWB ArBu (+
0.2) needed to be increased. Therefore, a new set of targets were designed (Figure 36).
As demonstrated in section 6.4, the use of smaller ester groups such as iPr or cyclobutyl
esters, the use of the serine derived amino ester, or a combination of both strategies
would be anticipated to reach the desired CES-1 turnover with a hWB ArBu ~ 1. The
L-allo-threonine moiety had also been shown to decrease the cynomolgus monkey
hepatocytes in vitro clearance compared to the L-threonine as shown in Table 13
(p.92), therefore this non-natural amino acid motif was also incorporated in the new
set of target molecules. When applying these more lipophilic amino esters and in order
to design compounds in the correct physico-chemical space, the unsubstituted pyrazole
derivative was used to help balance the ChromlogD74 of the molecules and thus

maintain optimal physico-chemical properties as shown in Figure 36.
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Jj g ﬁ = ot g
"'OH = OH = OH =
/ / /
HN = HN=p HN =

7.01 7.02 7.03
cChromlogD7 4 3.3 cChromlogD; 4 3.3 cChromlogD; 4 2.7
L-threonine L-allo-threonine L-serine

Figure 36: Targets designed within the correct lipophilicity range to provide high
Brd4 BD1 potency (> 7.0).

7.1.2. Synthesis

The three target molecules 7.01-7.03, along with the rfBu analogues 7.17 and 7.18, were
synthesized from the common intermediate 6.06 (Scheme 16, p.84) by Suzuki cross-
coupling with the SEM-protected pyrazole boronic ester 7.04 as shown in Scheme 21.

This reaction provided an excellent isolated yield of 96%.

(0]
© N
(i) Ox _
o N—
X — Bpin
= g
Br = /
/4 N-N
N~
6.06 sem N SEM7 o5
iPr  tBu o
R? = (R)-CH(Me)OH 7.06 7.09 R[())K(NHz
R? = (S)-CH(Me)OH 7.07 7.10 4
R? = CH,OH 7.08 7.1 | o) or TsOH salt
o o)
Q o)
H N— .
RloJ\(N B (iii) R J\(H N
O —
R2 RZ
HN// N//
N )
R sem” N R!
iPr  {Bu iPr tBu
R? = (R)-CH(Me)OH 7.01 7.17 R? = (R)-CH(Me)OH 7.12 7.15
R? = (S)-CH(Me)OH 7.02 7.18 R? = (S)-CH(Me)OH 7.13 7.16
R? = CH,OH 7.03 7.19 R? = CH,OH 714 NA

(i) K,COg3, Pd(PPh3),, 1,4-dioxane, water, 120 °C, 1 h, 96% yield.
(i) DIPEA, AcOH, NaBH(OAc)3, THF, 40 °C, 4 h.
(ii) 1 M solution of BBr; in DCM, -78 °C, 20 min.

Scheme 21: Synthesis of molecules 7.01-7.03 and 7.17-7.19.
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The product of this coupling, aldehyde 7.05, was used in a series of reductive
amination reactions with the different amino ester motifs 7.06-7.10, to afford the
desired products 7.01-7.03, 7.17 and 7.18, after deprotection of the SEM group. "'
Deprotection of the SEM group with TBAF was found to be very slow at room
temperature (more than 24 h).%” Heating at 40 °C decreased the reaction time, however
this was associated with formation of several impurities, often leading to challenging
purification.®” Therefore, alternative deprotection conditions were attempted. The
deprotection of the SEM protecting group has been exemplified in the literature with
several Lewis acids such as ZnCl, or MgBr.%% In our case, the use of boron
tribromide at -78 °C afforded the desired deprotected molecules in a few minutes with
a very clean reaction profile as determined by HPLC. The yields associated with the

reductive amination and deprotection reactions are shown in Table 16.

0 0 0 0
yo8s *o”j“f *o)i“\; Aoy
“OH OH OH
HNTN/ 7.01 7.02 7.03
Reductive amination yield 46% 67% 65%
Deprotection yield 17% 46% 19%
O 0] (0] 0O
N0 e A A e
“OH OH OH
HNTN/ 7.17 7.18 7.19
Reductive amination yield 36% 37% 48%*
Deprotection yield 5% + 10% acid 6% + 16% acid 18%*

Table 16: Yields for reductive amination and deprotection steps. *For molecule 7.19,
the aldehyde 7.05 was deprotected, and then the reductive amination was carried out.

il Eor molecule 7.19, the aldehyde 7.05 was deprotected, and then the reductive amination was
carried out.
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The reductive amination reactions showed moderate yields between 36% and 67%.
The deprotection reactions, unfortunately, had low isolated yields for molecules 7.01
and 7.03, despite very clean reaction profiles.X™ This is due to the high solubility of
the molecule in water, limiting recovery upon aqueous work-up. Indeed, following the
deprotection with BBr3, the reaction mixtures were quenched with a saturated aqueous
solution of sodium bicarbonate. The products were then extracted with ethyl acetate,
however significant amounts of products remained in the aqueous layer. This was
partially overcome for substrate 7.02 by re-extracting the aqueous layer with a 10%
methanol in ethyl acetate solution. Due to the affinity of the product for polar systems,
the crude product 7.02 was purified by C18 reverse phase chromatography to afford

the desired compound with an improved deprotection yield of 46%.

The same synthetic route was used to synthesize the corresponding /Bu analogues 7.17
and 7.18. The reductive amination reactions showed similar moderate yields, however
the selective deprotection reaction of the SEM group in presence of an acid labile /Bu
ester was challenging. Deprotection of the SEM protecting group was first attempted
with HCl in dioxane (Scheme 22). Unfortunately, under these Brensted acid
conditions, the /Bu ester was hydrolysed to the corresponding acid faster than the SEM

deprotection occurred.

XX Monitored by HPLC.
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N-N HN\N/
Desired product A

(ii) (i)

O 0
o o}
J A | w : -
HO , HO ——
R _— R2 >

N=p/ /

i sem N 1 HN~N
Product B Undesired product C

(i) 1 M solution of BBr5 in DCM, -78 °C to rt.

(i) 4 M HCl in 1,4-dioxane, rt.
Scheme 22: Reaction conditions to deprotect SEM protecting group for tBu ester
targets.
Selective deprotection conditions were therefore necessary to synthesize the tBu ester
analogues. The use of boron tribromide from -78 °C to room temperature was found
to rapidly deprotect the SEM protecting group in 5-10 minutes to give the product of
general structure A (Scheme 22). By leaving the reaction mixture to proceed further at
room temperature, the /Bu ester was found to be hydrolysed to the corresponding acid
C.1% The /Bu ester molecule A and the corresponding carboxylic acid C could be
isolated and purified from the crude mixture. These unoptimized conditions enabled
the deprotection of the SEM group in presence of a fBu ester by careful monitoring of
the reaction. The desired /Bu ester products 7.17 and 7.18 were isolated in sufficient
quantity to submit to the human whole blood assay and enabled the calculation of the
hWB ArBu values, key parameters to understand the esterase turnover. In these cases,

some carboxylic acid products were also isolated and characterised (10% and 16%

isolated yield, respectively). The acid products obtained were used by another member
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of our laboratory to develop analytical methods for the CES-2 hydrolysis assay to
measure the half-life of the compounds for this CES isoform.*
In parallel to the BBr3 deprotection conditions, a route to the /Bu ester analogue 7.19

was examined by changing the order of the synthetic sequence, as shown in Scheme

23.

e e

7.05 7.20 7.19

(i) 1 M solution of BBrz in DCM, -78 °C to rt, 45 min, 18%.
(i) DIPEA, AcOH, NaBH(OAc)3, THF, 40 °C to rt, 2 h, 48%.

Scheme 23: Alternative strategy to obtain the tBu ESM analogues.

The SEM-protected aldehyde 7.05 was treated with boron tribromide to provide
aldehyde 7.20 in a modest 18% yield. This benzylic aldehyde could unfortunately not
be extracted with methanol-ethyl acetate due to the formation of the corresponding
methyl hemiacetal as inferred from LCMS analysis of the crude reaction mixture. A
more sterically encumbered alcohol, like iPrOH could have potentially been used to
quench the excess of boron tribromide and avoid the issues associated with the
formation of the hemiacetal. Alternative deprotection and purification conditions using
HCI in 1,4-dioxane were later optimised for a similar intermediate providing an
excellent 97% isolated yield for the aldehyde deprotection step as exemplified in
section 8.3.2 (vide infra). Aldehyde 7.20 was then successfully used in a reductive

amination to provide the desired molecule 7.19 in 48% isolated yield.
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7.1.3. Data for the initial pyrazoles
Following successful synthesis and purification, the target compounds were assessed
in primary biological assays, as well as relevant physico-chemical tests and DMPK

evaluation. The data associated with molecules 7.01-7.03 is shown in Table 17.

0 o] o) o)
)\ N )\ N )\ N
N N N
O A A A
“OH OH OH prof”e
=
HN=N/ 7.01 7.02 7.03
hWB plICso 7.8 8.3 8.1 >7.6
hWB A7Bu +0.8 +1.4 +1.1 ~+1.0
Brd4 BD1 plCso 7.7 7.5 >7.0
ChromlogD7.4 3.1 3.0 2.5 <33
>50/
AMP (nm/s) / tPSA -/ 108 205/108 52 /108 <125
HLM IVC (-/+ benzil) 6.8/4.7 33/ 35/16 <3
(mL/min/q) ' ' ' ' ' -

Table 17: Data associated with analogues 7.01-7.03.
As anticipated in the design hypothesis, the pyrazole group in the ZA channel

demonstrated a high Brd4 BD1 potency and molecules 7.01-7.03 demonstrated an
appropriate level of CES-1 turnover. This translated into excellent human whole blood
potencies, well above the desired value of 7.6. The physico-chemical parameters for
these three analogues are within the desired range, however all three molecules
demonstrate elevated levels of human liver microsome in vitro clearance. The
comparison of the human liver microsome in vitro clearance values with and without
the esterase inhibitor benzil enabled more complete understanding of the metabolism.
Indeed, molecules 7.01 and 7.02 demonstrated high underlying non-esterase phase |
metabolism, with a human microsomal clearance in the presence of benzil of 4.7 and
2.2 mL/min/g, respectively. Molecule 7.03, despite having a lower lipophilicity, also

showed high human liver microsome in vitro clearance. The direct analogues
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containing the N-methyl-1,2,4-triazole, molecules 6.23, 6.24 and 6.26, all
demonstrated low human liver microsome in vitro clearance < 1.2 mL/min/g, with
comparable measured lipophilicities (Table 13, p.92). This suggests the pyrazole ring
of molecules 7.01, 7.02 and 7.03 has an inherent phase | metabolic liability.

To understand the potential sites of metabolism on these analogues, molecule 7.01 was
submitted for in silico metabolite identification, using MetaSite software.°%1%2 This
tool enables the identification of the most likely sites of CYP-mediated metabolism in
the molecule. The results of the in silico metabolite identification analysis are shown
in Figure 37.1%°

3-N-dealkylation
2-O-dealkylation T
H

1-N-dealkylation

6-Oxidation / /) — 5-Oxidation
HN~N
4-Dehydrogenation \ l
7-N-oxidation

Figure 37: Potential sites of metabolism of molecule 7.01 as predicted by the MetaSite
software. The numbers in red rank the most probable sites of metabolism.%®

This analysis predicted some potential N-dealkylation of the amide or amine groups
and the ESM was also highlighted by the software as having potential metabolic soft
spots. Interestingly, the analysis also identified the positions 3 and 5 of the pyrazole
ring as potential sites for oxidation by metabolic enzymes. This could explain the
difference in in vitro clearance observed between molecules 7.01 and 7.02 (both
containing a pyrazole ring) on the one hand and molecules 6.23 and 6.24 (containing
a 1,2,4-triazole) on the other (Table 18). Indeed, the in vitro clearance of the pyrazole
is significantly higher than the triazole with comparable lipophilicity (ChromlogD7 4)

and ESM. The matched pair comparison of the in vitro clearance associated with these
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two ZA channel groups seems to support the MetaSite predictions of one or two

metabolic soft spots on the pyrazole ring of molecules 7.01 and 7.02 (Figure 37).

0 O
(0]
/L i t N /L H T
“OH = “OH N
/
HN—pNf

N
/N\//
7.01 6.23
ChromlogD7.4 3.1 3.1
HLM IVC (-/+ benzil)
(mL/min/g) 6.8/4.7 1.1/0.8
o 0
)\ ? H N— /L 2 H N—
OH = OH N\
HN =/ N7
7.02 6.24
ChromlogD7.4 3.0 2.9
HLM IVC (-/+ benzil)
(mL/min/g) 3.3/ 1.2/0.7

Table 18:Comparison of the lipophilicity and human liver microsome in vitro
clearance for two pairs of molecules with a single point change at the ZA channel

group.
It is understood that metabolism of five membered heteroaryl rings is governed by
several factors including lipophilicity, metabolic soft spots and the electronic nature
of the rings.1%41% N-oxidation and C-oxidation of pyrazoles have been observed in in
vivo studies and led to conjugation of the metabolite (phase Il metabolism) and
excretion of the metabolites in urine.1®® The identification of positions 3 and 5 of the
pyrazole as metabolic soft spots implies that to reduce the in vitro clearance, these
positions should be blocked or the electron density of the ring should be further
decreased. Indeed, the sole reduction of the lipophilicity in molecule 7.03 (Table 17,
p.103) was insufficient to reduce the human liver microsome in vitro clearance to the

desired level, suggesting the presence of a metabolic soft spot. Several strategies to
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block these positions could be investigated. In the literature, blocking metabolically
vulnerable positions with a heteroatom or a substituent (e.g. Me, CF3, CHzF, F, D) has
been successful in several instances.94106:107.108 Noreover, adding an heteroatom has
proven to be successful in reducing the CYP450 mediated metabolism by decreasing
further the electron density of the ring.1%* These strategies will be incorporated into the

design of the second generation analogues.

In parallel to the investigation of the metabolism SAR of the ZA channel group, the
origin of the 10-fold difference in Brd4 BD1 potencies between the pyrazole ring and
the triazole ring was investigated in collaboration with our computational chemistry
group. The X-ray crystal structures of molecules 6.26 and 7.03 in Brd2 BD2 are shown

in Figure 38.1%°

o
LI v
O)K[ _
OH N""N
N-7
7/

6.26 7.03
Brd4 BD1 pICsy 6.5 Brd4 BD1 plCgo 7.5

Trp370

Figure 38: X-ray crystal structures of molecules 6.26 and 7.03 in Brd2 BD2 BET
protein (PDB files gsk1jmbq and gsk1idyr).1%® The dihedral angles between the alkene
and the heterocycle were measured at 14.9° and 25.0°, respectively for molecules 6.26
and 7.03. The distance between the CH in position 3 of the pyrazole (molecule 7.03)
and the oxygen atom of Pro371 was measured at 2.47 A and the angle between the
C-H---O atoms was measured at 153.3°.
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The two molecules overlaid well in these crystal structures suggesting a similar
binding pose in each case. The main difference in interactions between the molecules
and the protein was inferred to be attributable to two concurrent factors: a weak
interaction with the carbonyl of Pro 371, and the dihedral angle between the alkene
and the aryl groups.t1? Firstly, in the binding pose of molecule 7.03 in the BET protein,
the CH in position 3 or 5 of the pyrazole is directed towards the carbonyl functionality
of Pro371. The partial positive charge on the hydrogen atom of this carbon in position
3 (or 5) of the pyrazole could create a positive interaction with the lone pair of the
carbonyl oxygen atom. Such C-H---O interactions have been described in the literature
as weak hydrogen bonds (< 8.4 kJ/mol),!** with the caveat of sometimes being difficult
to distinguish from the adirectional VVan der Waals contact interactions, in particular
when the angle of these weak C-H---O interactions varies from linearity. 12113114 gych
C-H---O interactions are too weak to direct the binding mode of the ligand but are
nevertheless able to have a supportive contribution to the binding affinity governed by
stronger hydrogen bonds with the protein.!'? The favourable geometry for these weak
C-H---O interactions has been described as a C-H---O angle greater than 160° and
short distances (< 2.5 A). In our case, the C-H---O angle measured for molecule 7.03
in the X-ray crystal structure is 153° and the H---O distance was measured as 2.5 A.
This suboptimal geometry would suggest a modest contribution to the binding energy
of our ligand to the BET protein, well below the proposed 8.4 kJ/mol. Conversely, the
1,2,4-triazole of molecule 6.26 has nitrogen atoms in position 2 and 4. These
heteroatoms, bearing a partial negative charge, could create an unfavourable

interaction with the lone pair of the oxygen atom of the carbonyl of Pro371, decreasing
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the affinity of the molecule for the BET protein, hence decreasing the Brd4 BD1

potency.*°

Secondly, the dihedral angle between the benzazepinone alkene and the heteroaryl ring
is impacted by the nature of the atoms in the pseudo-ortho positions to the
benzazepinone branching point (two CH moieties or two N atoms). Figure 39 shows
the energy profile for different dihedral angles between the heteroaryl and the alkene
for a 4-substituted-pyrazole or a 1,2,4-triazole benzazepinone molecule.!’® As the
benzylic linker and the ESM group are not designed to interact with the BET protein,
this chain often led to several different possible poses during the computational energy
calculations as no key interaction is established. To simplify the calculations and
interpretation of the impact of the dihedral angle variations with the two different
heterocycles, the decision was made not to include the ESM chain in the calculations

in order to understand the sole impact of the nature of the heterocycle on the dihedral

angle.
20.0 o
N_
—_—
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~ N‘N
e
>~ 100
>
oo o]
c
w50 N—
—_—
N/
0.0 N \//N
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Figure 39: Diagram showing the variation of energy for different dihedral angles
between the benzazepinone alkene and the heteroaryl. The energy associated with the
pyrazole is shown in blue and the triazole energy profile is shown in red.*'° The crosses
mark the energy associated with these motifs at the dihedral angles measured in the
BET protein.
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For the two molecules, there are two minima around 40° and 220°. As shown in the
X-ray crystal structures in the Brd2 BD2 domain (Figure 38), the measured dihedral
angle between the alkene and the pyrazole 7.03 is 25.0° (blue cross) and is 14.9° for
the triazole 6.26 (red cross). Comparison of this energy for the two rings showed a
higher energy for the 1,2,4-triazole (red cross) than for the pyrazole (blue cross) of
approximately 2.3 kJ/mol. A 10-fold difference in potency corresponds to a difference
in Gibbs free energy of around 5.7 kJ/mol (Equation 4).1%°
AG=-23RTlogK=-5.7log K  (in kd/mol)

with R =8.314 J/mol and T = 298 K.
Equation 4: Relationship between the Gibbs free energy and the binding constant.

Thus, the conformational strain depending on the nature of the heteroaryl ring is likely
to be responsible for approximately half of the potency difference observed between
the 1,2,4-triazole and the pyrazole. Collectively both effects, the conformation of the
molecule and the weak C-H---O interaction are of a strength that is consistent with the

higher potency of the pyrazole compared to the 1,2,4-triazole.

To conclude, the metabolite identification study and the X-ray crystallography in the
BET protein have proven to be tremendously important in understanding the SAR of
these matched pairs of pyrazole and 1,2,4-triazole analogues. The data analysis of
molecules 7.01-7.03 has highlighted two crucial points for the future investigations:
the methine systems in the positions 3 or 5 of the pyrazole is increasing the potency of
the BET inhibitors and blocking this position could contribute to lowering the phase |
metabolism of the future analogues. These two concepts will be used to guide the

design of the second-generation analogues.
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7.2. Second generation molecules — balancing in vitro clearance and potency
7.2.1. Design of the second-generation molecules

As explained in section 7.1.3, crystallographic and modelling rationalisation of the

structure-activity relationship supported the hypothesis that a methine system in the

pseudo-ortho position to the benzazepinone branching point was important to reach

the desired potency level but was associated with some metabolic liability (Figure 40).

Conversely, the presence of a nitrogen atom in the pseudo-ortho position confers

metabolic stability but negatively impacts the BET potency.

0
o
H —_
A A N
O
OH N= N
6.26 N—/
e
Lower Brd4 BD1 potency Higher Brd4 BD1 potency
Metabolic stability Metabolic liability

Figure 40: Summary of the emerging structure-activity relationship in the series.

In order to combine high Brd4 BD1 potency and low human microsome in vitro
clearance, two strategies were investigated in parallel:

1%t approach: Combining high potency and low metabolism by blocking only one of the
two pseudo-ortho positions relative to the benzazepinone branching point in the 5

membered ring (Figure 41).
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7.22 jPr threonine:
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cChromlogDy 4
7.27 iPr serine:
7.28 iPr threonine: 4.3

cChromlogDy 4
7.23 iPr serine:
7.24 iPr threonine: 4.6
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/ i/

cChromlogD+7 4
7.25 iPr serine: 3.3
7.26 iPr threonine: 4.0
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7.29 iPr serine: 3.1
7.30 iPr threonine:
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Triazoles
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HN~Nf p

cChromlogD7 4

7.31 iPr serine: 2.5 7.33 iPr serine: 7.35 iPr serine: 3.3

7.32 jPr threonine: 3.1 7.34 jPr threonine: 4.5 7.36 iPr threonine: 4.0
Figure 41: Calculated ChromlogDy~ .4 for a range of heteroaryl rings with one of the
pseudo-ortho positions blocked, relative to the benzazepinone branching point. These
targets were designed to combine high potency and reduced CYP mediated metabolism
compared to molecules 7.01-7.03. The calculated values for L-threonine and L-allo-
threonine are identical and are therefore designated only by threonine.

cChromlogD7 4 cChromlogDy7 4

Introducing a heteroatom in one of the pseudo-ortho positions relative to the
benzazepinone branching point could reduce the CYP-mediated metabolism observed
in molecules 7.01-7.03. This led to the design of molecules 7.21-7.26 and 7.31-7.36.
The addition of a methyl group in position 1 or 5 (molecules 7.23-7.26) increases the
steric hindrance around the pyrazole system, and could further decrease the metabolic
activity on the suspected soft spot by decreasing the accessibility of the labile site by
the metabolic enzymes.?%® In addition, the position 5 of a pyrazole ring has been

associated with oxidative phase | metabolism reaction, therefore substituting this
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position could decrease the metabolic activity.'® Direct analogues of molecule 7.03
with a fluorine atom or a methyl group to block one of the vulnerable pseudo-ortho
positions of the pyrazole (7.27-7.30) have also been designed, to reduce the CYP-
mediated metabolism compared to molecule 7.03. Finally, the triazole analogues
7.31-7.36 were designed with one nitrogen atom and one free methine unit in the two
pseudo-ortho positions relative to the benzazepinone branching point. As explained in
section 7.1.3, a triazole ring, which is more electron-deficient than a pyrazole ring,
could have a reduced in vitro clearance. These analogues should help to understand if
by blocking one of the two metabolic soft spots predicted by the MetaSite software,
the CYP-mediated metabolism could be reduced under the targeted value of 3
mL/min/g.

The serine ESM of these analogues were first synthesized for these molecules to
understand the correlation between the calculated chromlogD-.4 (calculated as per
Equation 3, p.42) and the measured chromlogD~.4. After validation of the chromlogD7.4
model developed in this thesis, selected threonine derivatives will be synthesized if in
the desired lipophilicity range.

2" approach: Increasing the potency of 1,2,4-triazole already exhibiting low human

liver microsome metabolism (Figure 42).
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cChromlogDy; 4 cChromlogDy 4 cChromlogDy; 4 cChromlogD5 4
7.37 iPr serine: 2.7 7.39 iPr serine: 3.8 7.41 Pr serine: 7.43 iPr serine: 2.9

7.38 jPr threonine: 3.3 7.40 iPr threonine: 4.5 7.42 jPr threonine: 4.3 7.44 jPr threonine:
Figure 42: Proposed targets containing the 1,2,4-triazole demonstrating low human

liver microsome in vitro clearance, with a small single point change to increase the
potency of these analogues compared to molecule 6.26.

Molecules 7.37 and 7.38 were designed with an unsubstituted triazole to understand if
a hydrogen bond donor in one of the pseudo-ortho positions to the benzazepinone
branching point could act in a similar fashion to the methine of the pyrazole by creating
a positive interaction between the NH partial positive charge and the carbonyl of
Pro371.

Molecules 7.39-7.44 were designed to improve the interaction of the triazole motif
with the ZA channel. Indeed, the X-ray crystal structure of molecule 6.26'% (Figure
43) indicated that the triazole was contributing to potency by an edge-to-face
interaction with the Trp370, however it also suggested the possibility of interacting
more optimally with the protein pocket by occupying the ZA channel, in particular the

space created by three residues: Trp370, Tyr373 and Lys374.
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(0]
LA -
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s
Molecules 7.39-7.42 '4 % Molecules 7.43 and 7.44
Can a larger substituent in position 4 Can a substituent in position 5
cause a conformational change of the increase the occupancy of ZA
molecule and increase the Brd4 BD1 channel and therefore increase the
potency? Brd4 BD1 potency?

Figure 43: X-ray crystal structure of molecule 6.26 in Brd2 BD2 showing the potency
could be improved by enhancing the interaction with the ZA channel, in particular by
occupying the pocket created by Trp370, Tyr373 and Lys374 (PDB file gsk1jmbq).1%
This new interaction could potentially be obtained by substituting the 5-position of the
triazole (e.g. molecules 7.43 and 7.44). In addition, a methyl substituent in position 5
would increase the electron density of the triazole. This could increase the edge-to-
face interaction with the Trp370, and as such increase the potency of the target
molecules. It worth noting, however, that increasing the electron density of the triazole
could negatively impact the in vitro clearance.

Finally, increasing the length of the substituent in position 1 in molecules 7.39-7.42
could potentially cause a change of conformation of the molecule in order to favour

the interaction of the ethyl group or the methoxyethyl chain with the channel delimited

by the residues Trp370, Tyr373 and Lys374. Molecule 7.39, although anticipated to
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be too lipophilic, was synthesized to challenge the potency hypothesis with a single
point change compared to molecule 6.26.

As discussed previously, the iPr-L-serine ESM of these analogues were first
synthesized for these second-generation molecules to verify the correlation between
the calculated chromlogD74 (calculated as per Equation 3) and the measured

chromlogD7 4.

7.2.2. Synthesis
The synthesis of the molecules designed in section 7.2.1 was performed using the route
previously described in this thesis (Scheme 20, p.88), according to the general reaction
scheme shown in Figure 44. The common intermediate pinacol boronic ester 6.20 was
used in a Suzuki cross coupling with aryl bromides, followed by a reductive amination
onto the aldehyde functionality. Depending on the aryl bromide building-blocks used
in the cross-coupling reactions, the reductive amination step was followed by a SEM

deprotection if necessary.

_ (i) (iii) _
O [ Y i Y N
O/B\ Ar Ar
6] .
>\\<_ Desired products
6.20

(i) Suzuki cross coupling with Ar-Br. (ii) Reductive amination with ESM.

(iii) Deprotection of the SEM protecting group on the aryl ring if necessary.
Figure 44: General reaction scheme for the synthesis of the second-generation
molecules.
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The tBu direct analogues were also synthesized using the same synthetic route. The
reaction conditions and the yields associated with these reactions will be discussed in

the following sections.

7.2.2.1. Suzuki cross coupling reactions
The conditions for the Suzuki cross coupling to introduce the ZA channel group are
shown in Table 19. These conditions were found to be versatile for a range of
heteroaryl bromides with yield varying from 31% to 98% and enabled the rapid

development of the structure activity relationship for this series.

(0] (o]
(i)
N— N—
;f\@ :

6.20

(i) Ar-Br, Pd XPhos G2, XPhos, K;PO, (2 M ag.),
iPrOH, 120 °C, 30 min (microwave)

Product Ar Yield Product Ar Yield
oA by
SEM N= 68% N 98%
7.45 mixture of SEM'N\/
regioisomers [1:1 ratio]® 7.50
} o,
N 48% N~/ 31%
N (
s
7.46 7.51

* Molecules 7.27, 7.29, 7.31 and 7.32 were designed by the author but synthesized by another member
of our laboratory from intermediate 6.20 supplied by the author. The synthesis of these analogues will
not be included in this thesis, but the physico-chemical and biological data associated with these
molecules will be discussed in the following section.

GSK Confidential — Copying Not Permitted
116



SEM. I SEM. I
= \ NN

N N NN VN
- /) =
SEM” " 39% SEM'N\< N\< 50%
7.47 mixture of 7.52 mixture of
regioisomers [1:1 ratio]? regioisomers [1:0.2 ratio]?

A
N 89% NI

7.48 N/
5 50%
& :
NN >6% 7.53
7.49

Table 19: Reaction conditions and yields for the Suzuki cross coupling reactions.
2 Ratio was determined by *H NMR.

The majority of the aryl bromide motifs used in this study were commercially
available. For building blocks 7.45, 7.47 and 7.52 the unprotected heteroaryl bromide

materials were purchased and protected with SEMCI (Scheme 24),116:117.118,119

Br Br Br
N (i) N7 SEMN
H- N N=
R1 SEM R'] R1
7.54R'= H 7.55R" = H, 70 min, 71% yield, mixture of regioisomers
7.56 R' = Me 7.57 R' = Me, 3 h 45, 80% yield (two baches), mixture of regioisomers
Br ) Br Br
N)\N v N)\N SEM\N)QN
HN— N N={
R! SEM R R’
758 R'= H 7.59 and 7.60 R' = H, DMF, 45 min, 40% and 22% yield (respectively)
7.61 R'= Me 7.62 R' = Me, 45 min, 52% yield, mixture of regioisomers

(i) NaH, SEMCI, THF, 0 °C to rt.
Scheme 24: Protection of the heteroaryls with SEMCI.*

i The protection of building block 7.58 was carried out by another team member and the experimental
procedure will not be included in this thesis.
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The protected building blocks 7.55, 7.57 and 7.62 were obtained as mixture of
regioisomers. The mixtures were not separated by column chromatography and the
decision was made to use the building blocks as a mixture of regioisomers. The triazole
7.58 was protected using similar reaction conditions but the separation of the
regioisomers was successful by column chromatography, delivering the two
intermediates 7.59 and 7.60. Finally, the methoxyethyl substituted triazole was
synthesized from the 3-bromo-1,2,4-triazole by an Sn2 reaction on the bromoalkyl

7.63 as shown in Scheme 25.

Br

. Br \ /
(i) o) Br Br (o]
N)\N — E%N Y Ay T

N— - N N7 N

AN g O S = N
763

7.58 | 7.64 7.65 7.66

57% yield 18% yield 5% vyield

(i) tBUOK, DMF, rt to 60 °C, 2 d.
Scheme 25: Alkylation of 3-bromo-1,2,4-triazole.

A mixture of the three regioisomers was obtained. The regioisomers were analysed by
'H NMR, N HMBC and LCMS. The desired regioisomer 7.64 was obtained as the
main alkylation product. The other two regioisomers produced were separated by

column chromatography.

7.2.2.2. Reductive amination reactions
Following the synthesis of the Suzuki cross coupling products shown in Table 19
(p.117), intermediates 7.45-7.53 were used in reductive amination transformations as

shown in Scheme 26.
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i) - (ii o
3 - () - (i) 9 -
NS _— o \O)‘\E —
1
Ar R\O)KENH2 OH Ar

OH
7.08 or 7.11 as
HCI or TsOH salt
(i) Conditions A: 1) ESM (1.5 eq), DIPEA (2 eq), AcOH (2.5 eq), THF, 40 °C.
2) NaBH(OAc); (2.5-3 eq), rt.
Conditions B: ESM (1.5 eq), picoline borane (1.2 eq), AcOH, iPrOH, rt.
(ii) Deprotection of SEM group if necessary using either
Conditions C: 1 M solution of BBr3 in DCM or
Conditions D: 4 M HCl in 1,4-dioxane.
Scheme 26: General reaction scheme for the reductive aminations carried out on
building blocks 7.45-7.53.

Two sets of reaction conditions (A or B) were used during the development of the

structure activity relationship, as shown in Table 20.
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Yield (%)

Reactions
Entry Ar R? . Product  Reductive :
conditions amination Deprotection
1 ipr O 7.21 - .
'\\l// 7.45 section 8 '
2 sem tBu  A/C 7.67 - ga
3 iPr A 7.23 72b -
NZN 746
4 NS tBu A 7.68 19 -
N . 7.69 (with SEM)
5 sem— ) 747 iPr AIC e 23 36
6 NZN 748 iPr A 7.33 55 -
N-N
/
7 iPr A 7.35 420 -
N 7.49
8 N~N\ tBu A 7.70 350 -
9 I iPr D/B 7.71 (aldehyde) gbe 97¢
Ny 7.50 1.37
10 sy Bu Bic (2WIhSEM) oo 5
17.73
11 (N N 751 iPr B 7.39 18 -
12 e iPr  AIC 7.43 . 3de
N/
N .74 (aldehyde) .
13 K tBu  D/B 1775 4 46
A,
14 -/ iPr B 7.41 7t .

@BBr3 deprotection of the SEM group enabled the isolation of the tBu ester and the
corresponding acid. PYield including reductive amination and chiral separation.
°Deprotection was carried out before the reductive amination. 9Deprotection of the
product was carried out on the crude material. The yield indicated is over the reductive
amination, deprotection and chiral separation. éIncomplete conversion of the aldehyde
starting material was observed by HPLC analysis. fSignificant amounts of reduction
of the aldehyde to the corresponding alcohol was observed in the reaction mixture.

Table 20: Yields obtained for transformations described in Scheme 26 (p.119).
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Most reductive aminations were carried out under general conditions A, using sodium
triacetoxyborohydride as the imine-reducing agent (entries 2-8 and 12). These
conditions provided low to good yields depending on the substrate. The poor yield for
entry 12 was due to poor conversion of the aldehyde to the imine. Alternative reaction
conditions using picoline borane (entries 9-11, 13 and 14) were then attempted to
improve the conversion of the aldehyde as these mild conditions have been successful
in previous ESM-series developed in our laboratories.®*?° Unfortunately, reduction of
the aldehyde to the alcohol was observed for most entries using general reaction
conditions B and provided the desired amine in poor yields. These picoline borane
conditions have shown a higher success rate with poorly water-soluble aldehyde and
amine systems;*? in our case both reactants were found to be highly water-soluble and
these conditions proved not to be suitable for these substrates.

Despite the sub-optimal reductive amination conditions, methods A or B enabled the
synthesis of all desired intermediates and final molecules necessary to establish the
structure activity relationship in our series. Molecules bearing a SEM protecting group
were deprotected using boron tribromide or HCI as previously discussed in section
7.1.2. Most final molecules obtained following this synthetic sequence showed
presence of at least one diastereomeric impurity by *H NMR. Achiral chromatography
methods to isolate the desired diastereomer were often unsuccessful, and the mixtures
required chiral chromatography to efficiently separate the undesired diastereomer from
the desired product. Improvement of the reductive amination conditions, and of the

chiral integrity of the intermediates and products will be detailed in section 8.
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7.2.2.3. ChromlogDy7.4 correlation between the measured and calculated

values and synthesis of chosen iPr-L-allo- threonine analogues.
With the measured chromlogD- .4 values in hand for these different L-serine analogues,
the corrective model developed in this thesis (section 5.1) was evaluated. Better
understanding of the model would enable the decision to synthesize more lipophilic

analogues of the best molecules such as L-threonine or L-allo-threonine.

Color by
Ester R1
(S)-THF
®acid
@ cyclopentyl
@ Cyclopropyl
Ethyl
®ipr
@tBu
THF
THP

Model in silico ChromlogDy; 4

0 1 2 3 4 5 6 7 8 g

Experimentally measured ChromlogD; 4
Figure 45: Comparison of the measured chromlogD7;4 and the in silico values

calculated using Equation 3. The red line is the unity line. The black line is the straight
line for best fit for the values shown on the graph.

The comparison of the chromlogD7.4 values calculated using Equation 3 and their
corresponding measured values is shown in Figure 45. The calculated values are lying
0.3 log unit on average above the measured values. This small difference, inherent to

every in silico model, is minimal and enabled the validation of the use of the

chromlogD~.4 equation to select which molecules to synthesize next.
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Based on this, several iPr-L-allo-threonine analogues were synthesized as they were
predicted to be in the correct lipophilicity range. The aldehyde building blocks from
Table 19 (p.117) were used in reductive amination reactions with iPr-L-allo-threonine
building blocks; the yields are shown in Table 21. As the L-allo-threonine ESM-BET
inhibitors have shown to have lower cynomolgus monkey hepatocytes in vitro
clearance compared to the analogues containing the natural L-threonine amino ester,

the decision was made to synthesize only the L-allo-threonine analogues.

o)

o Yield Reaction conditions
H N—
R. N _ ) -
0 reductive . reductive .
Ar . deprotection - deprotection
OH amination amination
o i
,\\,§ 796 R=iPr 20% yield over two B D
HN steps
NN 736 R=iPr 64% - A -
N~-N
\
I 738 R=iPr 23% 25%:? A C
N -
\ N
HN— 779 R=1tBu 10% 979%" A D
I 744 R=iPr 12% 46%°1 B D
NN
"= 780 R=tBu 5% 46%" B D

aDeprotection yield includes chiral separation. ®The reductive amination was carried
out (on aldehyde 7.71) after the SEM-deprotection reaction. “The reductive amination
was carried out (on aldehyde 7.74) after the SEM-deprotection reaction. 9Separation
of the diastereomers was unsuccessful at this stage despite an extensive screen of
conditions.

Table 21: Yields for reductive aminations to install the iPr-L-allo-threonine. Sets of
conditions A-D are detailed in Scheme 26 (p.119).

The data associated with these molecules will be discussed in the next section with the
iPr-L-serine analogues. However, the triazole derivative 7.44 showed the presence of

27% of a diastereomer. An extensive screen of purification conditions was carried out;
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however, they were unsuccessful in separating the mixture. A stereoselective route,
discussed in section 8, enabled the synthesis of molecule 7.44 with the required purity.
The biological and physico-chemical data reported hereafter were obtained from the

pure batch of molecule 7.44.

7.2.3. Data for the second-generation molecules
7.2.3.1. Blocking position 3 of the pyrazole to decrease in vitro clearance
and maintain potency.

The second-generation analogues were designed following two approaches. The first
design hypothesis was aiming to understand if high potency and low metabolism can
be combined by blocking one of the two pseudo-ortho positions of the five-membered
ring, relative to the benzazepinone substitution point. Molecules 7.21-7.36 were
designed to answer this question, and the data associated with these compounds is

shown in Table 22.
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o HLM IVC
PP N— ChromlogD;, ~ rd4BD1 (-benzil)
0 = pICso (mL/min/g)
OH Ar

= 7.03 2.5 7.5
HN=/

NZ 7.21 2.8
HN—7/

NZ 7.23 3.2 7.0 2.4
/N /

N 7.25 3.2 74 3.0
HN
%F 7.27 3.1 9.9

HN-N
%, 7.29 2.8 5.7 -
HN =/

N2 7.31 6.3 2.4
HN-f

NZY 7.33 7.4

N~
"N

“&% 7.35 2.6 0.8
N-N

\

Table 22: Data associated with molecules 7.21-7.35, aiming to understand the
structure activity relationship in terms of Brd4 BD1 potency and in vitro clearance.

The pyrazole rings used in molecules 7.21 and 7.23 showed a modest decrease in
potency with respect to the reference molecule 7.03. Pleasingly, adding a methyl in
position 5 (molecule 7.25) regained the potency lost by moving the nitrogen atom to
the pseudo-ortho position. Molecules 7.21, 7.23 and 7.25 demonstrated, as proposed
during their design, a reduced human liver microsome in vitro clearance despite a
slight increase in lipophilicity, by blocking the potential metabolic soft spot of

molecule 7.03 with a nitrogen atom. The addition of a methyl group in position 1 or 5
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(molecules 7.23 and 7.25) further decreased the metabolic activity by increasing steric
hindrance near the metabolic soft spot. These potency and phase | clearance trends are
also confirmed by the 1,2,3-triazole 7.31 similarly demonstrating a loss in potency and
a lower human liver microsome in vitro clearance, likely to be due to the presence of
the nitrogen atom in position 2 of the ring. The addition of a methyl group in position
2 (molecule 7.33) increased the potency by 10-fold but also increased the lipophilicity
above the desired range, driving a higher human liver microsome in vitro clearance.
The addition of a methyl in position 1 (molecule 7.35) was only associated with a
modest increase in lipophilicity and potency but pleasingly demonstrated a lower in
vitro clearance than the unsubstituted 1,2,3 triazole 7.31. These analogues showed that
blocking one of the two pseudo-ortho positions to the benzazepinone branching point
with a nitrogen atom can reduce the phase | metabolism, even if this is also associated
with a small loss of Brd4 BD1 potency. This compound set also showed modification
of the substitution pattern of the aryl ring can be instrumental to increase the potency

and further reduce the microsomal in vitro clearance.

When trying to block one of the two pseudo-ortho positions to the benzazepinone
branching point with a fluorine atom (molecule 7.27) or with a methyl group (molecule
7.29), significant reductions in potency are observed, especially for molecule 7.29. The
loss of potency due to the addition of a methyl at this position is likely to be due to a
conformational change or movement of the molecule in the bromodomain to
accommodate the extra methyl. Indeed, computational calculations showed a dihedral
angle of 50° or 55° (depending on the tautomeric form) is associated with the minimum

conformational energy for molecule 7.29. This angle is significantly larger than the
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angles measured in the X-ray crystal structures for the pyrazole 7.03 (25.0°, Figure 38,
p.106) or for the triazole 6.26 (14.9° Figure 38, p.106), both more potent than
molecule 7.29. Thus, the methyl is having a very significant impact on the dihedral
angle between the aryl ring and the benzazepinone alkene, likely causing an extra
strain on the molecule to fit in the BET bromodomain site, and is therefore responsible
for the decrease in potency. As a consequence of its poor potency, this molecule was
not assessed in in vitro clearance assays.

The loss of potency and the higher phase I clearance of molecule 7.27 is perhaps more
surprising as fluorine atoms have frequently been used in medicinal chemistry as
hydrogen bioisosteres to decrease the phase | metabolism.*?* The increase in
microsomal clearance is likely to be attributable to the higher lipophilicity of molecule
7.27 compared to molecule 7.03. Computational calculations of the dihedral angle
associated with the minimum conformational energy for molecule 7.27 was found to
be 40° (for both tautomers), which is identical to the calculated minimal energy for the
very potent molecule 7.03. However, as explained in section 7.1.3 (Figure 38, p.106),
the partial positive charge on one of the pseudo-ortho positions to the benzazepinone
branching point is thought to be necessary to reach the desired potency. As the halide
is more electronegative than carbon atoms, replacing the hydrogen atom by the
fluorine atom is causing an inversion of the polarity of the bond. This could potentially
be responsible for the loss of potency observed due to the absence of the weak
hydrogen bond previously proposed to exist with Pro371. Given that fluorine is
slightly larger than the hydrogen,*?! the loss of potency could also be due to a subtle
change of conformation of the molecule to accommodate the larger fluorine atom in

the bromodomain. The hypothesis of the steric hindrance of the pseudo-ortho position
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substituent (H < F < Me) reducing the potency by causing an increasing strain of the
molecule in the protein correlates with the potency trend observed 7.03 > 7.27 > 7.29.
In conclusion, in accordance with the design hypothesis, blocking the 3-position of the
heteroaryl of molecule 7.03 with a nitrogen atom successfully enabled the reduction
of human liver microsome in vitro clearance in several analogues. However, this was
associated with a small to moderate loss of Brd4 BD1 potency, compared to the
progenitor compound. Addition of a methyl group at selected positions led to
molecules exhibiting high potency (e.g. pyrazole 7.25 or triazole 7.33), however,
introduction of substituents (F, Me) on the carbon in 3-position was not tolerated either

in terms of phase | clearance or potency.

7.2.3.2. Improving the potency of triazole analogues.
The second approach led to the design and synthesis of molecules 7.37, 7.39, 7.41,
7.43 (Table 23), aiming to understand if an alternative substitution pattern on the 1,2,4-
triazole ring with compounds already exhibiting low human liver microsome

metabolism could increase the Brd4 BD1 potency.
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o HLM IVC
PY § N—  ChromlogD;, ~ °rd4BD1 (-benzil)
0 = PICs0 (mL/min/g)
OH Ar
wl; 6.26 2.4 1.2
/N\//
Nl:: 7.37 <0.4
HN—
(’E/JN 7.39 2.9 6.1 1.9
A
\ N
XN\// 7.41 2.8 6.0 1.3
O
\
H:i; 7.43 7.2 <04

Table 23: Data associated with molecules 7.37-7.43, aiming to understand if the
potency of the 1,2,4-triazoles could be improved by altering the substitution of the ring,
whilst maintaining the low human liver microsome in vitro clearance.

Molecule 7.37 was designed to understand if one NH in position 2 or 4 (Tautomer 2
or 3, Figure 46) could mimic the positive interaction between the CH partial positive
charge and the carbonyl of Pro371, described in section 7.1.3. Unfortunately, the
difference in potency between molecules 6.26 and 7.37 remains within the limit of
error of the assay (x 0.3) and is significantly below the potency exhibited by the
pyrazole 7.03 (Table 22). This indicated that 1,2,4-triazoles are inherently less potent
than the pyrazole 7.03 or the 1,2,3-triazole 7.33, as they prove to be unable to replicate
the positive electrostatic interaction with Pro371 observed for the most potent
analogues 7.03 and 7.33. This can be explained by calculating, for each tautomeric

form, the energy associated with the dihedral angle between the alkene and the

heteroaryl for the three possible tautomers (Figure 46).11°
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Tautomer 1 Tautomer 2 Tautomer 3
Figure 46: Energy associated with the three tautomers according to the different
dihedral angles between the alkene and the 1,2,4 triazole. The energy profile for
tautomer 1 is shown in green, tautomer 2 in red and tautomer 3 in blue.1

NH

These calculations were performed by another member of our laboratory and showed
two minima for the three tautomers. For tautomer 1, where the NH is in position 1,
there are two unprotonated nitrogen atoms in positions 2 and 4, therefore one nitrogen
atom is having a disfavoured electrostatic interaction with the carbonyl of Pro371, thus
decreasing the potency of the molecule. The lowest energy minima for tautomers 2
and 3 correspond to a dihedral angle around 30° and are placing the non-protonated
nitrogen in the vicinity of Pro371 as drawn in Figure 47. The second conformational
energy minima of tautomer 2 and 3 with a dihedral angle around 220° are placing the
protonated NH in the vicinity of Pro371, however they are 10 kJ/mol higher for
tautomer 3 and approximately 18 kJ/mol higher for tautomer 2 and are therefore less

favoured.
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o) 0
ESM N ESM N
N

I Pro371 HN™X I Pro371
N=</

Tautomer 1 Tautomer 2
placing an unprotonated Lowest conformational energy minimum
nitrogen in vicinity of Pro371 placing an unprotonated nitrogen in vicinity
of Pro371
o .R.otate for o
minimal energy
N— conformer N—
ESM _ —_—a>  ESM _
NZ NHI Pro371 HNL\N I Pro371
N=/ =N
Tautomer 3 Tautomer 3
Higher conformational energy minimum Lowest conformational energy minimum
placing the NH in vicinity of Pro371 placing an unprotonated nitrogen in vicinity
of Pro371

Figure 47: In the calculated minimal conformational energy, the three tautomers of
the 1,2,4-triazole are placing an unprotonated nitrogen atom in the vicinity of Pro371,
creating a disfavoured electrostatic interaction. This explains why the potency of this
heteroaryl is lower than the pyrazole 7.03.

This means that all three possible tautomers have a minimum conformational energy
placing an unprotonated nitrogen atom in the vicinity of Pro371, therefore potentially
causing a disfavoured electrostatic interaction with this amino acid residue. This
perhaps accounts for why the unsubstituted 1,2,4-triazole of molecule 7.37 is unable
mimic the interaction observed with the very potent pyrazole 7.03 (Brd4 BD1 plICso
7.5) and is thus demonstrating moderate potency in the Brd4 BD1 assay (plCso 6.8).
As a consequence, the substituents of the triazole were altered aiming to improve the
potency by enhancing the interaction with the BET protein, as explained in section
7.2.1. Molecules 7.39 and 7.41 (Table 23, p.129) unfortunately showed a significantly

reduced affinity for the BET bromodomains. An X-ray crystallographic study of

molecule 7.39 (represented in brown) in Brd2 BD2 is shown in Figure 48.
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Minimal energy
contormation

\ _ |
Conformation in BET protein Minimal energy conformation
Ligand is in shape complementarity with protein Ligand is in contact with protein

Figure 48: X-ray crystal structure of molecule 7.39 in Brd2 BD2 is shown in brown
(PDB file gsk9vcgg)*®. The pale grey surface is the surface of the BET bromodomain.
The molecule in yellow is the conformation with the minimum energy, calculated by
MOE, overlaid with the BET Brd2 BD2 protein surface.

Molecule 7.39 is adopting the conformation shown in brown in order to fit the BET
active site. Some analysis carried out by the author showed that by minimizing the
energy of the molecule in absence of the BET protein and solvent using MOE software,
the molecule adopts its preferred conformation shown in yellow. The overlay of the
two structures in Figure 48 showed the main conformational change is the orientation
of the ethyl group compared to the triazole ring. The dihedral angle for the brown
conformation (i.e. in BET) is 50°, whereas for the minimum energy conformation (in
yellow), the dihedral angle is almost 80°. The brown ligand surface suggested a good

shape complementarity with the BET protein. Conversely, for the minimum energy
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conformation in yellow, the two surfaces of the protein and the ligand are overlapping
in the ethyl-triazole area (indicated by the red arrow in Figure 48). This means that to
fit the BET protein, the ethyl is forced to adopt a higher energy conformation with a
dihedral angle difference of 30° compared to its minimum conformation energy. This
strain on the molecule is likely to be causing the loss of potency observed between
molecules 6.26 and 7.39 (ApICso = 0.5). The same phenomenon is likely to also cause

the loss of potency observed for the extended chain molecule 7.41 (ApICso = 0.5).

Finally, the crystal structure of molecule 6.26 (Figure 49) showed a substituent in
position 5 of the triazole would be directed towards the ZA channel, and this
observation led to the design of molecule 7.43, aiming to increase the potency of these

molecules.

Figure 49: X-ray crystal structure of molecules 6.26 (in green) and 7.43 (in purple) in
Brd2 BD2 (PDB files gsk1jmbg and gsk5tien).2%® The methyl substituent of molecule
7.43 is in the ZA channel unlike the methyl substituent of molecule 6.26. This is
responsible for a small increase BET potency of molecule 7.43 compared to molecule
6.26.

Pleasingly, molecule 7.43 demonstrated a modest increase in Brd4 BD1 potency, just
above the variability of the Brd4 BD1 assay. A crystal structure of molecule 7.43
(Figure 49) showed a similar binding mode in the BET protein as molecule 6.26, with

the methyl substituent occupying the ZA channel. This increased occupancy of the ZA
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channel is likely to be responsible for the small increase in potency measured for

molecule 7.43.

In summary, all the 1,2,4-triazoles synthesized pleasingly exhibited a low human liver
microsome in vitro clearance. This validated the design hypothesis that by blocking
the two metabolic soft spots in pseudo-ortho positions to the benzazepinone branching
point, the human liver microsome in vitro clearance can be reduced. Molecule 7.37
showed a similar potency to molecule 6.26, despite the loss of the methyl in the
1-position. The loss of the methyl provided a molecule with a lower lipophilicity
translating into very low human liver microsomal clearance. Substitution in the
1-position of the ring system with a methyl was tolerated in molecule 6.26, however
larger sp® substituents were not tolerated and caused a loss in potency (molecules 7.39
and 7.41). A sp or sp? substituent maintaining a flat angle with the 1,2,4-triazole could
potentially be tolerated in the BET protein. The introduction of substituents in the
pseudo-ortho position to the benzazepinone has proven to negatively impact the
potency, as explained in section 7.2.3, and were not attempted within the 1,2,4-triazole
series. Finally, substitution at the 5-position with a methyl, molecule 7.43, showed a
modest but significant increase in Brd4 BD1 potency compared to molecule 6.26 due
to partial occupancy of the ZA channel. Pleasingly, this molecule also retained a very

low human liver microsome clearance.

7.2.3.3. Data for the selected iPr-L-allo-threonine analogues.
The data associated with the selection of iPr-L-allo-threonine analogues is shown in

Table 24, along with their corresponding L-serine analogues for comparison.
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0
Brd4 BD1 HLM IVC
ESM N— ESM ChromlogD7.4 pICso / (-benzil)
— hWB pICso  (mL/min/g)
Ar
§ iPr-L-serine 7.25 3.2 74185 3.0
N/
N/ iPr-L-allo-threonine
HN
7 96 73/7.8 49
iPr-L-serine 7.35 2.6 /7.8 0.8
NN . ;
\ iPr-L-allo-threonine
N-
N\ 736 3.0 /7.6 2.3
I iPr-L-serine 7.37 / <04
NN iPr-L-allo-threonine
HN—7 738 / 0.7
e iPr-L-serine 7.43 72176 <04
N/
\ N ; ;
HN— iPr-L-allo-threonine
K 2 44 2.5 / 0.5

Table 24: Comparison of L-serine and L-allo-threonine direct analogues for a small
selection of compounds. Due to a slightly higher chromlogD7.4, only the molecules
within the desired lipophilicity range were synthesized and profiled.

The iPr-L-allo-threonine analogues demonstrated similar Brd4 BD1 potency to their
corresponding iPr-L-serine analogues, and the majority of the molecules showed a
human whole blood potency above the 7.6 desired threshold. The iPr-L-allo-threonine
molecules exhibited a slightly higher lipophilicity than the direct serine analogues as
expected by the addition of a methyl substituent. This increased lipophilicity in general
correlated with an increased human liver microsome in vitro clearance. However, with
the exception of molecule 7.26, all molecules remained under the in vitro clearance
threshold defined at the outset of this work. As molecule 7.26 exhibited a chromlogDz 4
above the upper limit defined, this translated into a high human liver microsome in
vitro clearance. Based on these initial in vitro clearance results, these molecules, with

the exception of molecule 7.26, were further profiled in the hepatocyte in vitro

clearance assay.
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7.2.3.4. Extended profile of the molecules showing low in vitro clearance
and good potency and selection of the molecules for in vivo studies.
Molecules demonstrating a good Brd4 BD1 potency and a human liver microsome in
vitro clearance < 3 mL/min/g, were further profiled in the hepatocyte in vitro clearance
assays (human and cynomolgus monkey). The data associated with these analogues is

shown in Table 25.
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LET

0
HLM IVC
N— ESM ChromlogDy.4 (-benzil) hWB pICso Heps IVC (LBF)
=SV ~ i Cyno / Human
(mL/min/g)

Ar
'}‘5 iPr-L-serine 7.23 3.2 2.4 7.9 -1 96%
N
H’;§ iPr-L-serine 7.25 3.2 3.0 8.3 93% / 92%
l\\l// iPr-L-serine 7.31 2.3 2.4 7.0 87% / 84%
HN\N
N iPr-L-serine 7.35 2.6 0.8 7.8 81% /91%
\
N\N\ iPr-L-allo-threonine 7.36 3.0 2.3 7.6 % / -
I iPr-L-serine 7.37 <0.4 % | 64%
N/
Hl‘\l\//N iPr-L-allo-threonine 7.38 0.7 38% / 49%
e iPr-L-serine 7.43 <04 7.6 < 38% / 58%
NN
HN\< iPr-L-allo-threonine 7.44 25 0.5 38% / 64%

Table 25: Hepatocyte in vitro clearance data for the molecules demonstrating high potency (hWB pIC50 >7.0) and human liver microsome
in vitro clearance < 3.0 mL/min/g.*
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The molecules, selected based on a human liver microsome in vitro clearance under 3
mL/min/g, showed a broad range of values in the hepatocyte in vitro clearance assays
(cynomolgus monkey and/or human hepatocytes). Some molecules, like the 1,2,3-
triazole 7.35, exhibited a very high human hepatocyte in vitro clearance which is likely
to indicate a significant degree of phase 1l metabolism for this compound. Conversely
the analogues with a 1,2,4-triazole, such as molecule 7.38, have shown moderate to
low hepatocyte in vitro clearance values for the two species. Two matched pairs,
molecules 7.35 and 7.36 and molecules 7.37 and 7.38, exhibited lower hepatocyte in
vitro clearance for the L-allo-threonine than for the L-serine, despite an increase in
lipophilicity (AChromlogD~.4 0.4 and 0.5, respectively). This suggests that increasing
steric hindrance at the serine hydroxyl is decreasing metabolism. This is in accordance
with the literature, where several examples of increased steric hindrance have
correlated with decreased phase Il metabolism, due to inhibiting glucuronide
conjugation reactions.’%® Unfortunately, the molecules with the lowest in vitro
hepatocyte clearance profile also showed a human whole blood potency slightly under

the desired value.

In summary, the extensive investigation of potency and metabolism detailed in this
chapter enabled the discovery of three new ESM-BET inhibitors, molecules 7.38, 7.43

and 7.44, as potential candidates for in vivo studies.
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7.3. Assessment of the pharmacological profile of the lead molecules

The extended profile of molecules 7.38, 7.43 and 7.44 is shown in Table 26, along

with the initial lead molecule 6.26 and desired profile as determined at the outset of

this work.
o)
ESM N7
Ar
NI NI I I
N HN A H'\\jN N HE N Desired
g \< profile
6.26 7.38 7.43 7.44
ESM iPr-L- iPr-L-allo- iPr-L- iPr-L-allo-
serine threonine serine threonine
hWB pIC;, 7.3 7.2 7.6 7.3 >17.6
hWB A/Bu +1.3 + 1.1 +15 +1.2 ~+1.0
Brd4 BD1
6.5 6.7 7.2 6.9 >7.0
pIC50
ChromlogD, , 2.4 2.4 2.2 2.5 <33
AMP (nm/sec) 136 84 42 81 >50/
/tPSA 110 120 120 120 <125
Heps IVC 0
% 49% % 64% <609
Human (LBF) 60% 9% 58% () < 60%
Heps IVC 0
< 0, < 0 o) < 0
Cyno (LBF) 55% 38% 38% 38% < 60%
CES-2t . . . ) .
. 1 >139min >139min >139min >139min > 139 min
(min)
Early
estimated 164 mg 113 mg 126 mg 130 mg <100 mg
dose!??

Table 26: Profiles of the three lead molecules designed, synthesized and profiled
within this project scope.

All four molecules which displayed a cynomolgus monkey hepatocytes in vitro

clearance in the desired range contained a 1,2,4-triazole motif. This ring was
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unfortunately associated with lower BET BD1 affinity as explained in section 7.1.3.
This modest BD1 potency did, however, translate into an acceptable human whole
blood potency, slightly under the targeted value of 7.6. Pleasingly, molecule 7.43
reached the targeted potency value, due to a marginally higher BD1 potency.

Despite the fact the three new lead molecules 7.38, 7.43, and 7.44 did not demonstrate
significantly higher whole blood potency than the early lead molecule 6.26, the three
optimised molecules resulted into a lower human early predicted dose.™" This early
dose estimation was calculated by modelling the bioavailability of each compound.
The model used in vitro parameters such as the human whole blood potency and
hepatocyte clearance. The model was built by another member of our laboratory,
assuming a rapid oral absorption and an in vivo clearance which would mainly be liver-
mediated and correlating with the in vitro clearance data.'?? This evaluation of the full
profile of these advanced lead molecules resulted in halting the progression of
molecule 6.26, as it was associated with a significantly higher estimated dose than for
the three emerging lead molecules.

The evaluation of the broader pharmacological profile of molecules 7.38, 7.43, and
7.44 led to identification of a high risk of potential drug-drug interactions for molecule
7.43, due to a significant time-dependent inhibition of cytochrome P450 3A4 at the
proposed dose.*?® Drug-drug interactions are associated with adverse drug reactions
and reduced efficacy.'?*?° Such interactions are of particular concern in poly-therapy,

which is common with elderly population, and therefore of particular relevance for the

il Early estimated dose of active pharmaceutical ingredient for an oral administration, once daily.
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development of a drug for the treatment of chronic rheumatoid arthritis. Due to this
potential risk, molecule 7.43 was not selected for in vivo studies.

Therefore, the early estimated dose and the potential risk of drug-drug interactions
stopped the progression of two of the four lead molecules, molecules 6.26 and 7.43,
discovered during the work described in this thesis. This demonstrates the importance
of understanding the full pharmacological profile of potential drug candidates and the
complexity of reaching the desired profile ahead of clinical studies. Molecules 7.38
and 7.44, demonstrating the best pharmacological profiles for this series, were
therefore selected for in vivo pharmacokinetic studies.

According to FDA regulations, a rodent and a non-rodent species must be used in
pre-clinical studies so both molecules were first evaluated in rat.?® The in vivo rodent

pharmacokinetic results are summarized in Table 27.

*ﬁﬁ?*t??

HN\<

7.38
Pharmacokinetic parameters Molecule 7.38 Molecule 7.44

F (%) 69 29

in vivo clearance (LBF) > 100% > 100%
Volume (L/Kg) 9.2 9.5
t12 (h, oral) 2.8 2.2
tiz2 (h, i.v.) 0.2 0.2
AUCo-» (ng.h/mL, oral) 209 83
Cmax (ng/mL, oral) 103 112
AUCo-» (ng.h/mL, i.v.) 31 31
Cmax (ng/mL, i.v.) 40 36

Table 27: Results of the rat in vivo pharmacokinetic studies for molecules 7.38 and
7.44.127
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Pleasingly, both molecules exhibited good to excellent bioavailability in rat. The
modest half-life of the compounds in this species was attributed to the high number of
esterases present in the blood and was expected due to the ESM-targeting
mechanism.'?8 In addition, significant levels of renal clearance were observed for both
molecules, which contributed to the in vivo clearance being greater than the liver blood
flow. Following on this promising initial rodent pharmacokinetic data, the molecules
were scaled up in order to supply material for downstream in vivo evaluation in higher

animal species.
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8. Synthetic chemistry route optimisation of molecules 7.38 and 7.44

Due to the significant level of interest in the pharmacological profile of molecules 7.38
and 7.44 (Figure 50), their synthetic route was reinvestigated aiming to establish a
stereoselective synthesis, avoiding chiral chromatography, and providing the material

in sufficient quantity and purity for the future monkey PK experiments.

0 0 0
o) 0 o)
H — H - H —
K IR N UK N
o = o = o) =
OH NEN OH NI OH NN

| | |
HN— HN\< HN\<
7.38 7.43 7.44
Figure 50: Structures of molecules 7.38, 7.43 and 7.44. The synthetic route was

optimised for molecule 7.38, and the optimised route was then applied to molecules
7.43 and 7.44.

The majority of final molecules synthesized to understand the SAR of the series,
including molecule 7.38, had to be purified by chiral chromatography. Indeed, the
presence of approximately 10% diastereomeric impurities was a recurring issue in our
series. Some diastereomeric mixtures were successfully separated by normal or reverse
phase achiral chromatography, however in certain cases, chiral chromatography was
required to isolate the desired product. In addition, diastereomeric separation to isolate
molecule 7.44 was unsuccessful despite an extensive screen of chiral chromatography
conditions.'?® Therefore, a synthetic route without any racemisation was required to
progress this molecule further. Investigation into the SAR synthetic route within our
laboratories led to the identification of two separate issues (Scheme 27).2*° The
enantiomeric excess of the aldehyde intermediate 6.06 was confirmed by chiral HPLC

as greater than 99% with the racemic counterpart used as standard (Scheme 27). The

same analysis was carried out on the pinacol boronic ester 6.20 and the cross-coupling
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product. The chiral HPLC analysis performed showed between 5-10% of racemisation
occurred during these two steps. The reductive amination conditions were investigated
in the same fashion and demonstrated up to 30% racemisation at the carbon in the
a-position of the amino acid moiety. The racemisation of this chiral centre was
observed in our laboratories when employing either set of conditions shown below.
This led to final products being complex mixtures of diastereomers requiring extensive

purification to isolate the desired molecule.

O (@] (@]
S O R ()N _
O B N O B N O B N
Br _B Ar
O \O
6.06 >‘\<\

6.20 (iif)

0
o)ji"‘ _
OH Ar

Chiral HPLC needed

(i) Bopiny, KOAC, PdCly(dppf),1,4-dioxane, 95 °C, 67%, ~ 5% racemisation
(i) Ar-Br, XPhos Pd G2, XPhos, 2 M aq. K3PO,, iPrOH, 31-98%, ~ 5-10% racemisation
(iii) Conditions A:

1) ESM (1.5 eq), DIPEA (2 eq), AcOH (2.5 eq), THF, 40 °C.

2) NaBH(OACc); (2.5-3 eq), rt, ~5-15% racemisation

Conditions B:

ESM (1.5 eq), picoline borane (1.2 eq), AcOH, /PrOH, rt, ~10-30% racemisation
Scheme 27: Three of the reaction steps are responsible for partial racemisation of two
chiral centres in the molecules.
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8.1.Partial racemisation mitigation strategy
8.1.1. Hypothesis to mitigate the racemisation of the benzazepinone chiral
centre
The racemisation of the benzazepinone chiral centre is due to a partial deprotonation
of the CH in the a-position of the amide carbonyl of aldehyde 6.06 (shown in red in

Figure 51) during the borylation and cross-coupling reactions.

6.06 8.01 8.02
Calculated pK, 18 Calculated pK, 26 Calculated pK, 23

Figure 51: Calculated pKa using the commercially available software Jaguar.t31:132

The acidity of this hydrogen is increased by the presence of the electron-withdrawing
group in the para position (calculated pKa 18).13! Therefore, it was proposed that
having the corresponding benzylic alcohol in the para position would increase the pKa
of this CH (molecule 8.01 calculated pKa 26).13 The higher pKa should decrease the
level of racemisation of the benzazepinone chiral centre observed during the borylation
and cross-coupling. An alternative to this would be to first perform the reductive
amination on the bromo-aldehyde 6.06 (Scheme 28). The aldehyde would thus be
replaced by a benzylic amine, resulting in a decreased acidity of the proton in the
a-position of the amide (calculated pKa for molecule 8.02 is 23)*! compared to the
aldehyde 6.06 and thus should decrease the potential for racemisation. This second

hypothesis was investigated as part of this thesis.

GSK Confidential — Copying Not Permitted
145



SAR route

1) Miyaura borylation N— Reductive

2) Suzuki cross-coupling = amination
/ )i \
(0] O

Ox N ESM N
Br Ar
6.06 0o
Reductive H N— 1) Miyaura borylation
amination z{N _ 2) Suzuki cross-coupling

Br

Mitigation strategy
for BZP chiral centre racemisation

Scheme 28: Mitigation strategy for the partial racemisation of the benzazepinone
chiral centre.

8.1.2. Hypothesis to mitigate the racemisation of the a-position of the
amino ester
After identification of the partial racemisation during the reductive amination step, an
analysis of the reaction conditions was performed. The two sets of conditions used in
our laboratories were: conditions A [NaBH(OAc)s, DIPEA (2 eq.), AcOH (2.5 eq.)]
and conditions B [picoline borane, AcOH: iPrOH (1:10 v/v)]. Both sets of conditions
contained acetic acid, however conditions B had a substantially higher amount of
acetic acid than conditions A, and conditions B were also associated with substantially
higher level of racemisation at the amino ester. This was particularly noticeable for
longer reaction times (~20 h) when the reductive amination was left overnight under
conditions B. The key role of acetic acid in the racemisation of amino ester motif
through the formation of imine intermediates is supported by literature
evidence. 133134135136 However, acetic acid is still described as the additive of choice

to increase the rate of the imine intermediate formation with amino acid motifs.'3” This
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is associated with loss of enantiomeric excess and the need to separate the mixture of
diastereomers obtained with these reaction conditions. 3”138

In this context, a reductive amination with the benzazepinone aldehyde of interest with
triethylamine and the free base amino ester but without an acid additive was attempted

(Scheme 29). After two hours, no imine formation was observed by HPLC
0
AOJINHZ
OH

0 7.07 (o)
Free base (1.5
N— V( em /J\ (0] H N—
N OH =

N= N
| | N
N-7 N-7
SEM SEM
7.50 7.78
(i) NEts3 (3 eq), no acid, NaBH(OAc)3, THF, 50 °C, 2 h, pH 7.9.

Scheme 29: Reductive amination attempt in absence of acid catalysis.

This confirmed the use of an additive was needed to favour the imine formation on the
substrate of interest. The literature suggests racemisation in the a-position of the amino
ester motif occurs after formation of the imine, by protonation of the imine followed
by extraction of the proton in the a-position of the amino ester by the acetate counter

anion (Scheme 30).133135

il The imine formation was monitored by HPLC before addition of the reducing agent.
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0 @ 0 O
Oy N H%}j N HO N
Q ®NH2 Ar
o

©
0
0 0

o ’H O H
H1® N— )\ @ N—
N N

e L Oﬁc _

OH OH Al

\)ss of chirality

Scheme 30: Mechanism for imine formation and loss of chlral mtegrlty of the amino
ester motif, 13313

Based on this mechanism, using a less basic counter-ion than acetate should minimise
the racemisation, by preventing the deprotonation steps. A stronger acid should also
be able to provide the required catalysis for the imine formation. For the current study,
a range of less basic counter ions was therefore investigated. In addition to reducing
the level of racemisation, attention will be given to increasing the reaction yield. This

will be detailed in the next section.
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8.2. Optimisation of the reductive amination step
8.2.1. Counter-ion investigation

To reduce the level of racemisation observed during the reductive amination in the
presence of acetic acid, a range of less basic anions were selected. TFA (pKa -0.3) and
tosic acid (PTSA, pKa -2.8) are stronger acids than acetic acid (pKa 4.8) and therefore
the corresponding weaker counter ions should be unable to deprotonate the proton in
the a-position of the amino ester. This should ensure no racemisation occurs at this
chiral centre during the reductive amination. In addition, pyridinium para-
toluenesulfonic acid (PPTS, pKa 6.0) was included in the screen to understand the
effect of the pH on the reductive amination reaction outcome. Finally, hydrochloric
acid (pKa -2.2) was also investigated as the amino ester building blocks in our
laboratories are often available as HCI or tosic acid salts. The reactions were performed
in parallel with 1.5 equivalents of amino ester and three equivalents of triethylamine
in THF at 50 °C, with activated molecular sieves and one equivalent of the acid. The
pH range of the reaction mixture varied from 8.4 to 6.6 due to the addition of only one
equivalent of acid for each reaction. The sodium triacetoxyborohydride was added at
room temperature after the imine formation time shown in Table 28, and the results of
the acid and pH screen are also shown in Table 28. At the time, the counter-ion screen
was carried out on a batch of aldehyde 7.50 having an enantiomeric excess of 80% as

the chiral integrity of the bromo-aldehyde 6.06 was still being confirmed at this stage.
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0
Sou
0 0
oH (1.5eq) o
N— 7.07 H N—
(i)
OH NN
N7
SEM

7.50 7.78

\ o

(0]
QK N—
(i) 1) Acid (1 eq), NEts, THF, 50 °C, )\O N /
4 A mol. sieves 2) NaBH(OACc)s, rt
OH N= N

(i) HCl in 1,4-dioxane, rt or 40 °C

HN—/
7.38
Imine d.e. of molecule
Entry Acid pH formation Yield over two steps 7.38 (by 'H
time NMR)
1 PPTS | 8.4 19h 33% 80%
24% 80%
2 AcOH | 7.9 19h + 8% of a different 80%
diastereomeric mixture
3 HCI 7.6 24 h 15% 80%
4 PTSA | 7.2 19h 41% 80%
5 TFA 6.6 19h 49% 80%

Table 28: Acid and pH investigations for optimisation of the reductive amination step.
The d.e. was determined by *H NMR at the benzylic CH2 doublet at 3.62 ppm (major
diastereomer) and 3.64 ppm (minor diastereomer).

The imine was left to form between 19 h and 24 h and monitored by HPLC. After 19 h,
all reactions showed presence of the imine and the reducing agent was added to the
reaction mixture at room temperature. Following reduction of the imine, the triazole
was deprotected using HCI in 1,4-dioxane and the diastereomeric excess was measured

by *H NMR (Doublet at 3.62 ppm (major diastereomer) and 3.64 ppm (minor

diastereomer)). At the time of the acid counter-ion screening, the batch of aldehyde
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7.50 contained 10% of the undesired (S)-enantiomer (at the benzazepinone). The 80%
e.e. of aldehyde 7.50 should therefore translate into an 80% d.e. if no racemisation
occurred during the reductive amination step. If racemisation occurred in the
a-position of the amino ester moiety, a mixture of four diastereomers should be
obtained.

Acetic acid was used in a control experiment (entry 2). As explained in section 8.1.2,
this led to some racemisation of the chiral centre in the a-position of the amino ester
motif (Scheme 31). This was observed by HPLC where two close peaks (Atr=0.01 min

on a 2 min method) were observed in the reaction mixture analysis.
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O O

90% 10%
7.50 mixture of enantiomers

1) Reductive amination with AcOH
2) Deprotection

_ Batch 1 (24% yield)

(0]
— HH
Lo JI N N
N/
7 38 HN\/ HN\/
major diastereomer (batch 1) 90% Mminor diastereomer (batch 1) 10%
TH NMR § = 3.12 ppm "H NMR 5 = 3.16 ppm

— Batch 2 (8% yield) .

A&J@ﬁ; A&J@g

HN\/ HN\/
major diastereomer (batch 2) 90% minor diastereomer (batch 2) 10%
TH NMR 5 = 3.04 ppm TH NMR 5 = 3.01 ppm

Scheme 31: The use of acetic acid during the reductive amination led to [?artial
racemisation of the chiral centre in the a-position of the amino ester (conditions entry
2, Table 28). Two mixtures of diastereomers were separated (24% and 8% yield). Both
mixtures showed by NMR the presence of an another diastereomeric impurity in a 9:1
ratio. The proton in the a-position of the amino ester (shown in red) was used to
determine the d.e. for the two batches. The chemical shift for this proton is indicated
in red.

During the purification, four different diastereomers were obtained in two batches
(24% and 8% yields), with batches consisting of a diastereomeric mixture in a 9:1 ratio
as shown in Scheme 31. The four diastereomers showed a different chemical shift by
'H NMR for the proton in the a-position of the amino ester (indicated in red in Scheme

31). This demonstrated that, as expected, acetic acid was not suitable to maintain the

chiral integrity of the amino ester motif during the reductive amination.
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Pleasingly, for entries 1 and 3-5 (Table 28) using weakly basic counter-ions, no other
diastereomers were observed by HPLC or isolated during the purification, and the 80%
e.e. starting material translated into an 80% d.e. product as expected. The use of both
TFA and PTSA provided better yields after purification, due to a cleaner reaction
profile. Finally, it is worth noting that the imine formation was significantly faster for
entry 5V this is likely to be due to the slightly acidic pH which favoured the imine

formation.%®

These preliminary results confirmed the key role of acetic acid in the racemisation of
the chiral centre in the a-position of the amino ester moiety. This small screening set
has also identified several alternative acid additives for reductive aminations which
are able to prevent the racemisation of the chiral centre in the a-position of an amine.
Amongst these promising acid additives, TFA and PTSA were chosen for further
investigation due to their cleaner reaction profile observed by HPLC during this

preliminary screen.

8.2.2. Optimisation of the reductive amination conditions
Following from the initial investigations of the counter-ion, the reductive amination
with TFA as additive was attempted on aldehyde 6.06 with the L-allo-threonine amino
ester, according to the mitigation strategy outlined in section 8.1. The optimised

reaction conditions are shown in Scheme 32. Compared to entry 5 in Table 28, the

¥V Monitored by HPLC. Complete conversion was obtained in two hours, but the imine was left to stir
at 50 °C overnight for comparison with the other entries and to determine if any racemisation was
occurring.
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amount of TFA was successfully reduced from one equivalent to a catalytic amount
(0.1eq., 25 pL of TFA was used for 1 g of aldehyde 6.06). Reducing the stoichiometric
amount of TFA to a catalytic quantity was particularly important for the future scale-up
of the target molecule as it reduces the quantities of both additives (acid and base) used
to establish the pH of the reaction. The triethylamine was added dropwise until
reaching a slightly acidic pH (here pH 5.8), where the reaction was left to proceed at
50 °C for 18 h.*V After formation of the imine, the reducing agent was added to the

reaction mixture at room temperature and stirred until the reduction was complete.

(e}
O O
OH (1.5€q) o
— H —
O B N 7.07 )\o H B N
(i)
OH Br

Br

6.06 8.03
e.e 100%

(i) 1) TFA (0.1 eq), NEt; (added to set pH at 5.8), 4 A mol. sieves,
THF, 50 °C, 18 h. 2) NaBH(OAc)3, rt, 4 h. 85% yield, 100% d.e.

Scheme 32: Optimised reaction conditions with an amino ester and an aldehyde to
avoid partial racemisation of the chiral centre in the a-position of the amino ester.

These conditions gave an excellent yield of 85% on a 1 g scale, with a 100% e.e.
determined by chiral HPLC. Pleasingly, leaving the imine formation with the new
TFA-NEtz system gave no racemisation at all, even after 18 h at 50 °C, compared to
significant levels of racemisation with the AcOH-NEt; system. In addition, the imine

formation was complete in less than two hours and these new reaction conditions gave

v A repeat of this reaction showed the imine formation was complete in 90 min.
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significant and reliably higher yields than the previous reaction conditions used to

establish the SAR (section 7.1.2).

To understand the versatility of these conditions, and as molecule 7.43 contains a

L-serine moiety, these conditions were tested with this amino ester, which was found

to racemise more rapidly than the L-threonine or L-allo-threonine when using acetic

acid during the imine formation. The results of these trial reactions are shown in Table

29.
0
(0] (0]
oH (1.5eq)
N— 7.08 H N—
O __ (I) )\O)J\EN
Br OH Br
6.06 8.04
e.e 100%
(i) 1) TFA, NEt; (added to set pH), 4 R mol. sieves, THF
2) NaBH(OAc)3, rt
Amino Imine formation TFA T .

Entry ester pH time (eq) (°C) Yield d.e.
1 L-serine | 5.9 17 h 1 50 66% 58%?
2 D-serine | 6.1 25h 1 50 57% 82%?

L-serine
3 TsOH 6.5 20 h 0.05 rt 51% 98%?
salt
L-serine
4 TsOH 5.9 24 h - rt 72% | > 90%"
salt

3 d.e. was measured by chiral HPLC. ? d.e. was measured by *H NMR, none of the

epimeric impurity was observed.

Table 29: Optimisation of the reductive amination with L-serine.

The first two reactions were attempted at 50 °C with the TFA-NEts system at a pH

around 6.0 (entries 1 and 2). Unfortunately, chiral HPLC analysis confirmed

significant racemisation had occurred under these conditions. The diastereomeric

excess for entry 1 was significantly lower than for entry 2 where the imine was left to
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form for only 2.5 h (compared to 17 h for entry 1). These two examples were thought
to be promising as they showed that shorter reaction times for the imine formation or
potentially milder reaction conditions could lead to a better d.e. Therefore, a reductive
amination at room temperature using the L-serine amino ester tosic salt and a catalytic
amount of TFA to set the pH was attempted (entry 3). Pleasingly, these milder reaction
conditions provided the desired reductive amination product with an excellent d.e.
Finally, a reductive amination using the L-serine tosic salt was performed in absence
of TFA (entry 4). The pH was set within the desired range by dropwise addition of
NEts and pleasingly no racemisation was detected by *H NMR, confirming PTSA is a

suitable alternative additive to TFA for reductive aminations.

To conclude, an acid additive proved to be necessary to react the amino ester motif
with our benzazepinone aldehyde. Acetic acid, one of the most commonly used acid
catalysts for reductive amination successfully catalysed our imine formation.
Unfortunately, it was also associated with partial racemisation of the chiral centre in
the a-position of the amino ester moiety. A proposed mechanism from the literature
suggested the racemisation was due to the ability of acetate anions to extract the proton
in the o-position to the amino ester.!3313% A range of less basic counter-ions was
investigated and TFA and PTSA were identified as suitable alternatives. These
provided stereoselective conditions for reductive amination with the L-allo-threonine
amino ester at 50 °C in presence of a catalytic amount of acid. However, the TFA-NEt3
system at 50 °C still led to partial racemisation of the less hindered L-serine amino
ester. This was overcome by decreasing the reaction temperature of the imine

formation to room temperature. Finally, these new reaction conditions successfully
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provided better yields and shorter reaction times compared to the reductive amination

conditions previously used within our laboratory (Scheme 33).

O o]
N () i N—
Ox _ O)jiN _
N= OH f\ll/ N
N—7
SEM

\ N
N—7
SEM
7.50 7.78
O (0]
_ (i) o _
O\ — N - )\O H g N
Br OH Br
6.06 8.03

(i) 1) ESM (1.5 eq), DIPEA (2 eq), AcOH (2.5 eq), THF, 40 °C, 1 h.
2) NaBH(OACc)s, rt, 5 h. 23% yield, 74% d.e.

(i) 1) TFA (0.1 eq), NEt; (added to set pH at 5.8), 4 A mol. sieves,
THF, 50 °C, 18 h.

2) NaBH(OACc)3, rt, 4 h. 85% yield, 100% d.e.

Scheme 33: Comparison of the SAR reductive amination conditions and the optimised
reaction conditions, providing better yields and no racemisation

Following these successful results, the bromo-benzazepinone intermediate 8.03 was

used in a borylation and Suzuki cross-coupling to install the ZA channel group.

8.3. Final steps towards the synthesis of the lead compounds 7.38 and 7.44

8.3.1. Borylation and Suzuki cross coupling
With vinyl bromide 8.03 in hand, the borylation was attempted using the previous
conditions. Some de-brominated by-product 8.06 was consistently observed during
this step, however, drying the KOAc in the vacuum oven at 40 °C for 24 h prior to its

use decreased the amount of by-product 8.06.
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(i) Bopiny, dry KOAc, PdCl,(dppf).DCM, 1,4-dioxane, 80 °C, 2 h.
Scheme 34: Borylation conditions for the synthesis of intermediate 8.05.

The isolation of the boronic ester 8.05 failed due to its partial degradation during the
aqueous work-up. In subsequent reactions, the reaction mixture was filtered through a
celite pad, concentrated under reduced pressure and used crude in the Suzuki cross-

coupling step. The yields were therefore calculated over these two steps.

The Suzuki cross-coupling conditions used for the SAR route were already showing
excellent conversion as determined by HPLC, therefore these conditions were used on
the crude boronic ester 8.05 (Scheme 35). 1,4-Dioxane, the solvent used in the
borylation step and iPrOH, the solvent used previously with the SAR route, were tested
for their suitability in the cross-coupling reaction. The reaction was attempted at room
temperature, at 70 °C and finally at 120 °C to understand how this parameter could
influence the reaction time, and if it could impact the level of racemisation. The results

are shown in Table 30.
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(i) for entries 1 and 2

O
2 H
(i) Ar-Br, XPhos Pd G2, XPhos, 2 M aq. K3PO4 )\ N B N—
(ii) 4 M HCI in 1,4-dioxane, rt, overnight. o
OH N= N

HN—2
7.38
Scheme 35: Suzuki cross-coupling conditions.
Reaction e - Yield
Entry  Solvent T time (h) Purification 278
1,4-
1 : rt 30 h MDAP 30%
dioxane
1,4- .
2 . 70°C 24 h MDAP 35%
dioxane
Not recovered from normal
1,4- o phase chromatography eluted i
< dioxane AVE S with EtOAc in cyclohexane,
EtOH in EtOAC
Two normal phase
4 iPrOH 90 °C 1h chromatographies eluted with 550

EtOAc in
cyclohexane (+3% NEts)
Table 30: Trial Suzuki cross-coupling conditions.

Entries 1 in Table 30 showed the cross-coupling proceeded at room temperature,
however a longer reaction time was necessary to reach full conversion of the boronic
ester compared to entry 3. The cross-coupling product 7.78 obtained from entries 1

and 2 were deprotected using HCI in 1,4-dioxane to afford molecule 7.38. Pleasingly,
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the e.e. associated with these batches of molecule 7.38 were 99.0% and 99.4%,
respectively. This indicated that, as proposed in section 8.1.1, performing the
borylation and cross-coupling on substrate 7.78, bearing a benzylic amino ester instead
of an aldehyde (molecule 6.06), retained the chiral integrity of the molecule. In parallel
to the promising enantiomeric excess observed, purification by normal phase
chromatography was attempted in entry 3, to replace the MDAP approach which is not
a method of choice for multi-gram scale synthesis. Unfortunately, the product was not
recovered after the column chromatography. This was overcome by adding 3% of NEts
to the cyclohexane to equilibrate the column in entry 4. This prevented the retention
of molecule 7.78, which is basic in nature, on the acidic silica media. The SEM-
protected product 7.78 was obtained in 1 h at 90 °C and purified using the normal

phase system with NEtz additive in 55% yield over two steps.

To summarize, the pinacol boronic ester was found to be unstable to a simple aqueous
work up and was therefore used crude in the cross-coupling reaction. Replacing
solvent between the borylation step and the Suzuki coupling resulted in a cleaner
reaction profile for the cross-coupling product. The Suzuki coupling occurred at room
temperature, however, protracted reaction times were required, whereas at 90 °C the
reaction was complete in an hour. These two steps were successfully performed on
several grams, and provided the desired intermediate with an excellent enantiomeric

excess. The SEM-deprotection step will be discussed in the following section.
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8.3.2. Deprotection of the 1,2,4-triazole
Throughout the development of this series, several methods have been used to

deprotect the 1,2,4-triazole as summarized in Table 31.

(0] O
)\ i N NT )\ i N N
o)j:N — 0)5:” _
OH f\ll/ N OH N=— N
N—

, HN—
SEM
7.78 7.38
o) o)
Ox B N— ” Ox B N—
NZ NZ
N N2
SEM
7.50 7.71
Entry  Substrate Reaction conditions Purification Yield
BBr3, 1 M in DCM, od
1 7.78 278 °C to 1t MDAP 77%
. Reverse phase
2 7.78 Hd%xinl\él Tolo’é_ chromatography 57%3
' and MDAP
HClI4 M in 1,4- Reverse phase i
e 1l dioxane, 40 °C chromatography sl
4 | 778 Hcl ~ HClinEtOand Filtration 79%
acetone

¥This batch was synthesized following the SAR route and therefore contained 5% of
a diastereomeric impurity by *H NMR.

Table 31:Deprotection reaction conditions and associated yields.

The deprotection with boron tribromide was very rapid and provided the desired
product in 77% yield (entry 1). The protecting group was also very efficiently removed

by HCI in 1,4-dioxane at 40 °C either on the amino ester substrate 7.78 (entry 2) or the
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aldehyde substrate 7.50 (entry 3). Several attempts to crystallise the material 7.38
obtained using this reaction solvent failed. Finally, as the final product 7.38 is
significantly more polar than the SEM-protected triazole 7.78, a deprotection reaction
using HCI in Et2O was carried out to attempt to precipitate the desired product as the
HCI salt upon its formation (entry 4). The material 7.78 (an oil) was dissolved in the
minimum amount of acetone and HCI in Et.O was added. The deprotection reaction
was left overnight and a white solid precipitated. After filtration, this provided the
desired material 7.38 as the HCI salt in a very good yield of 79%. This material was
analysed by microscope!®® and by X-ray powder diffraction.'** When striking a
crystalline material, the X-ray beam is diffracted according to a regular pattern based
on the crystal lattice structure. When the diffracted beam satisfies Bragg’s law
(Equation 5), the intensity on the X-ray diffractogram increases for the specific angles

20. If the material is amorphous, all intensities are within the same count range.

nA = 2d sin (0)
Equation 5: Bragg's equation for X-ray diffraction, where 2 is the wavelength of the
incident X-ray beam, d is the distance between atomic layers in the crystal, @ is the
diffracted angle.

Pleasingly, the microscopy and X-ray diffractogram confirmed the HCI salt of

molecule 7.38 obtained in these conditions was crystalline (Figure 52).
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Figure 52: (a)-Microscope image (x20). (b)-X-ray powder diffraction diffractogram
of molecule 7.38 as the HCI salt as obtained using the conditions in entry 4, Table 31.
8.4. Summary and scope of the new synthetic route
The stereoselective synthetic route from intermediate 5.08 to the final product 7.38 is

summarized in Scheme 36. The optimised synthesis of intermediate 5.08 from

commercial building blocks has previously been established in Scheme 4 in this study

(page 56).
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o) o o)
N— N— _ () N—
o = HO = TfO =
6.01

5.08 6.02
(iii)

(0] (0] O

W W)
N / HO _ e N

6.05 6.04 O 6.03
(vi) \
(o] ( ) (0]
VI
(@]

N— H N—

oA 5 AOJIN _
Br )\ NH, oH Br
6.06 O)‘:(
oH 8.03
7.07
(viii), (ix) ‘
(0] (@]
)\ (0] H N— (X) )\ 0] H N—
OH N= OH N=
N N
HN—2 Nt
SEM
7.38 HCl salt 7.78

(i) BBr3, DCM, -78 °C to rt, overnight, 77% (ii) PhN(SO,CF3),, pyridine, NEt;,
DCM, 0 °C to rt, 20 h, 62% (iii) CO gas, Pd(OAc),, Xantphos, NEt;, DMF, MeOH,
60 °C, 1.5 h, 87% (iv) LiBH,, 2-MeTHF, 55 °C, 2 h, 83% (v) DMP, DCM, rt, 1 h,
85% (vi) PTT, MeCN, rt, 10 min, 80% (vii) TFA (0.1 eq), NEt; (added to set pH at
5.8), 4 A mol. sieves, THF, 50 °C, 18 h, then NaBH(OAc)s, rt, 4 h. 85% yield,
100% d.e. (viii) Bopin,, dry KOAc, PdCl,(dppf).DCM, 1,4-dioxane, 80 °C, 2h (ix) Ar-
Br, XPhos Pd G2, XPhos, 2 M aq. KsPO,, iPrOH, 90 °C, 1 h, 55% (over two
steps), > 95% d.e. (x) 1 M HCl in Et,0, acetone, rt, overnight 79% vyield.

Scheme 36: Stereoselective synthetic route for the lead molecule 7.38.
This work reported in sections 5 and 8 enabled the synthesis of molecule 7.38 in a
stereoselective fashion from commercial starting materials in 16 steps and 1.9%

overall yield, delivering a crystalline solid. The average yield for these transformations
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is 78%, and the low overall yield is a consequence of the relatively large number of
steps for an advanced lead molecule.

This improved synthetic route was also applied to molecules 7.21, 7.43 and 7.44 to
understand if these molecules could be obtained in a stereoselective fashion. The yields
associated with the four final steps of the synthesis are shown in Table 32. Pleasingly,
the three molecules were obtained with the desired purity and without the need for
chiral separation. The synthesis was conducted on a small scale and some of the yields
will likely be improved upon scale up as shown with the synthesis of molecule 7.38.
This was the case for the reductive amination step for molecules 7.21 and 7.43, where
the small scale reductive amination provided the intermediate in 51% yield and a scale-

up provided the desired material in 72% yield.

e e e

HN\< HN\<

7.21 7.43 7.44

Reaction Molecule 7.21 Molecule 7.43 Molecule 7.44

Reductive 519% - 72% 85%

amination
Borylation — 24% 27% 27%

cross-coupling
SEM 75% 55% 20%

deprotection

Table 32: Yields for the stereoselective routes for molecules 7.21, 7.43 and 7.44.
This new route proved to be robust and was successfully applied to the synthesis of
five molecules in this series to supply sufficient quantities of material for biological

testing without the need of chiral separation. This route also enabled the evaluation of
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the biological profile of molecule 7.44 for which the separation of the diastereomeric

mixture was still an outstanding issue.

8.5. Conclusions
The partial racemisation observed at two chiral centres during the SAR synthetic route
towards molecule 7.38 was overcome by inverting the order of steps and optimisation

of the reductive amination reaction conditions (Figure 53).

SAR route
pK, 18
a H 0 |
1) Miyaura borylation . Reducyve
2) Suzuki cross-coupling O N— ~_amination using AcOH
loss of e.e. — loss of e.e.
Ar
(0] O
Os N7 ESM N

Br
6.06 PKa 23
Reductive g

amination using H
TFA or PTSA, %N
maintain e.e.

Ar
. /
1) Miyaura borylation

N— 2) Suzuki cross-coupling
high pK,, maintain e.e.

Br

Mitigation strategy

Figure 53: Successful mitigation strategy for the stereoselective synthesis of molecule
7.38.

Racemisation of amino acids in the presence of a benzaldehyde and acetic acid have
been reported previously.!33134135.136 The work reported in this thesis enabled the
replacement of the problematic acetic acid by stronger acids such as PTSA or TFA.
The more stabilised counter-ions tosylate (TsO") and trifluoroacetate (CF3COQ") are
less prone to remove the proton in the a-position to the amino ester in the imine
intermediate. These poorly basic anions are thus able to prevent the racemisation of

the more hindered L-allo-threonine. Milder reaction conditions (20 °C instead of
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50 °C) had to be used to avoid racemisation of the L-serine amino ester. By performing
first the reductive amination on aldehyde 6.06 to give molecules 8.03 and 8.04, the pKa
of the CH in the a-position to the amide carbonyl increased compared to molecule
6.06. The higher pKa value led to a complete retention of the chiral integrity of the
molecule during the borylation and cross coupling steps. The current study enabled the
synthesis of molecule 7.38 in 1.9% overall yield in 16 steps and delivered the required
amount of material for in vivo studies as a crystalline solid. If the molecule was to
progress further into pre-clinical safety studies and to enter clinical trials, further route
optimisation will be conducted to improve the route, such as a direct formylation from
the triflate material 6.02 to the aldehyde 6.05, aiming to reduce the synthetic step count
and increase the overall yield (Scheme 37).

Current route

Possible reduction of -
synthetic step count 0

(i) CO gas, Pd(OAc),, Xantphos, NEt;, DMF, MeOH, 60 °C,
1.5 h, 87%. (ii) LiBH4, 2-MeTHF, 55 °C, 2 h, 83%. (iii) DMP, 6.05
DCM, rt, 1 h, 85%.
Scheme 37: Direct formylation of the triflate 6.02 would reduce the synthetic step
count.
This work enabled the synthesis of the three lead molecules in a stereoselective
fashion, avoiding the chiral separation step. In addition, no chiral separation methods
were identified for molecule 7.44 despite an extensive screening of separation

conditions, and this work enabled the synthesis of this challenging molecule with the

required purity to progress into biological assays and into in vivo studies.
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Conclusions

The investigation of a second series of ESM-BET inhibitors is described in this thesis.
Prior to this work, an early lead molecule 4.04 was identified within our research group
(Figure 54, Table 33). Initial studies around this lead molecule highlighted of a lack of
esterase selectivity within the human CES family. This esterase promiscuity resulted
in a consistently sub-optimal in vitro PK profile in human and cynomolgus monkey
within this series. The lack of human CES-2 stability observed with the initial lead
molecule 4.04 (CES-2 ti2 3 min) was successfully overcome by understanding the
differences in steric requirements between the CES-1 and CES-2 hydrolytic sites.
Molecule 5.06 proved that shorter and less flexible linkers to the ESM significantly
increase the CES-2 half-life (CES-2 ti2 > 139 min). This molecule also demonstrated
that reducing esterase promiscuity was crucial to improve the in vitro PK profile in
this series. However, molecule 5.06 demonstrated a low hWB ABu, suggesting a poor

CES-1 turnover.
A )j, N—

%J@?*é\@

5.06 NN 6.26
Figure 54: Structures of molecules 4.04, 5.06 and 6.26.
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4.04 5.06 6.26

hWB pICso 8.1 7.3 7.3
hWB ArBu +0.9 +0.2 +1.3
CES-2 ty/2 (min) 3 > 139 > 139
HLM(KS&S;HZ“) 57/1.6 1.2/07 1.2/06
Heps IVC Cyno (LBF) 95% 74% 55%

Table 33: Profile of three early lead molecules. Decreasing the flexibility and length
of the linker to the ESM has enabled increased CES-2 stability. Modification of the
ester, amino acid and ZA channel groups have enabled the desired ZWB AtBu to be
reached.

Studies of the impact of the ester, amino acid and ZA channel groups on the esterase
turnover proved that the CES-1 turnover (monitored by the hWB AsBu value) can
successfully be increased whilst maintaining a long CES-2 half-life. This led to the
discovery of a new lead molecule 6.26, combining for the first time in this series the

desired CES-1 hydrolysis rate, a long CES-2 half-life and low in vitro clearance profile

(Figure 54, Table 33).

Further lead optimisation was conducted in this series to reach the desired profile
defined at the outset of this work. Two strategies were proposed and implemented:
firstly, to identify and remedy potential metabolic soft spots; secondly to improve the
potency of known analogues already demonstrating low in vitro clearance. These
strategies led to the identification of two advanced lead molecules 7.38 and 7.44,

exhibiting excellent in vitro profiles (Figure 55, Table 34).

0 0
o)iN - O)J:(N _
OH NEA OH NNy

HN—/ HI‘\I\<
7.38 7.44
Figure 55: Structures of molecules 7.38 and 7.44.
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4.04 7.38 7.44 Desired

profile
hWB pIC;, 8.1 7.2 7.3 >17.6
hWB ArBu +0.9 +1.1 +1.2 ~+1.0
Heps IVC
- 49% 4% < 60°
human (LBF) St S =t
H [
eps IVC 95% < 38% 38% < 60%
cyno (LBF)
CES-2 ti2 (min) 3 > 139 > 139 > 139

Table 34: Comparison of the profiles of the initial molecule 4.04 and the two lead
molecules 7.38 and 7.44, identified through the work described in this thesis.

Pleasingly, molecules 7.38 and 7.44 demonstrated good to excellent bioavailability in
rat, with 69% and 29%, respectively. Unfortunately, following adaptation of the
synthetic route for scale-up, progression into monkey PK studies revealed a lack of in
vitro / in vivo clearance correlation in this species. A very high clearance was observed
in vivo for these two compounds and led to poor bioavailability in monkey for both
compounds (F < 10%). The two final molecules 7.38 and 7.44 identified through this
work demonstrated higher rat bioavailability and longer half-life than the previous
ESM-BET inhibitor 3.01. As such, these molecules are very valuable tool compounds
that could be used in rat models to increase our understanding of ESM-targeted
molecules in terms of biology and pharmacokinetics. In particular, they could be used
to study the mode of action and the tissue distribution of ESM-molecules in order to

better understand their potential applications to macrophage-related diseases.

Through the investigation of this ESM-BET inhibitor series, this work established
clear SAR to reach CES-1 vs. CES-2 selectivity. A CES-2 substrate requires a flexible
linker to the ester motif in order to access the catalytic triad, whereas the CES-1 active

site can accommodate a larger and more rigid linker to the ester motif. Therefore,
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CES-1 selectivity can be achieved by modification of the steric bulk and rigidity of the
ESM linker. Whilst a directly linked ESM to the benzazepinone motif was not
hydrolysed by CES-1, a benzylic linker between these two motifs was found to be
optimal in our series. In addition, it was also shown through this work that the BET
inhibitor itself has an impact on the CES turnover and can be used to modulate the
ester hydrolysis rate, as well as modifications of the ester and amino acid moieties.
This CES isoform SAR should be instrumental in the future development of ESM-

targeted drugs.

The benzazepinone series developed as part of this study stands out by having
excellent physico-chemical properties with lower molecular weight and lower
ChromlogD74 when compared to historical ESM-BET series developed in our
laboratories. Figure 56 shows that from the most recent in-house ESM-BET series, the
series developed in this thesis (yellow) has a significantly lower median molecular
weight value (433 g/mol). This demonstrates the possibility of reaching a more
conventional drug-like space, enabling permeability and lower lipophilicity to be
combined, unlike historical series.?>%" This should be a valuable strategy for the
optimisation of a future ESM-drug molecule as this will help to reach the desired in

vitro profile.
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Figure 56: Comparison of the molecular weight median and box plots for different
GSK series of ESM-BET inhibitors showing the series developed in this thesis has
significantly lower molecular weight compounds than the historical and other current
series.

Beyond the medicinal chemistry, the synthetic approach to furnish target molecules
with the requisite chiral integrity and scale was optimised throughout this work. The
synthesis of the benzazepinone building block 5.08 was shortened from 8 to 6 steps

and the overall yield increased from 7% to 20% with an excellent enantiomeric excess

(Scheme 4, p.56). This optimised route has since delivered more than a kilogram of
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the key building block 5.08 to support lead optimisation work of more than thirty
chemists across two BET inhibitor programmes in our laboratories.

The initial SAR route established over the course of this work had several synthetic
issues in relation to reductive amination yields and partial racemisation of two chiral
centres. By understanding the racemisation process, the reductive amination
racemisation was overcome by replacing the acetic acid by an acid with a weakly basic
counter-ion such as triflate or tosylate. These conditions will be useful for the synthesis
of any future ESM-targeted drug molecules. Finally, the racemisation of the chiral
centre on the benzazepinone motif itself was overcome by performing the reductive
amination before the Miyaura borylation and Suzuki cross-coupling. This led to an
increased pKa of the proton in the a-position to the amide functionality and thus
completely suppressed the racemisation. The synthesis of the lead compounds was thus
achieved in good yields and with the required enantiomeric excess for in vivo studies

(Scheme 36, p.164).
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Future work

Medicinal chemistry

Additional work on the CES-1 and CES-2 substrate specificity would be valuable for
future ESM-drug optimisation programmes (Figure 57). The effect of substitution on
the benzylic linker to the ESM has not yet been explored. It would be interesting to
understand if substituted linkers are still hydrolysed by CES-1 and the selectivity they
can exhibit against the CES-2 isoform. Similarly, it is worth determining if the CES

selectivity be modulated by substitution directly on the phenyl ring bearing the ESM.

This work o
D
“'OH B
N

(0]
N_
Effect of sma_ll_er, 5.06 \N\
more lipophilic

amino-ester
substituents Changes to the ZA
Changes to the channel substituent
amino-acid group
Future work  Can we use larger Effect of substitution at the
ester motifs to benzylic position on CES-1/CES-2
discriminate between turnover?
CES-1 and CES-2? A
A3 '
o N
)j Can substitution on the
“OH >~ phenyl ring help to tune
the CES-1/CES-2
6.07 selectivity?

Figure 57: Current CES-1/CES-2 SAR and future work.

Finally, this study has established that short and constrained linkers are favourable to
CES-1 hydrolysis over CES-2. CES-2 is overexpressed in certain cancer lines and is

also located in the intestinal membrane.*"142 A CES-2 selective ESM could be used to
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target drug delivery to patients with cancer or intestinal diseases. The literature
suggests that CES-2 can accommodate larger ester motifs than CES-1.4"4° By
increasing the ester motif, it could be determined if it is possible to increase the affinity
for CES-2 over CES-1 and thus investigate the potential of a CES-2 selective ESM

drug molecule.

Synthetic chemistry

Further work on reductive amination reactions using an amino ester as the amine
starting material is ongoing in our laboratories. A substrate scope is currently being
carried out, aiming to identify sterically hindered and/or electron-rich aldehydes. Both
factors should reduce their ability to undergo a reductive amination with a weak and
hydrophilic amine such as ESM. These substrates are likely to behave like the
benzazepinone aldehyde and to provide low yields and potentially racemisation at the
amino acid a-position. The reductive amination conditions optimised in this thesis
might be suitable for such substrates.

Finally, further work on the benzazepinone derivatization is ongoing within our
laboratory. In particular, reaction conditions to obtain the aldehyde or carboxylic acid
without racemisation of the chiral centre in the a-position of the lactam moiety are

being actively investigated.

o O
N— T > N—
TfO = 1 step O __
6.02 No racemisation 6.05
R O
e -
HO /
° 9.01

Scheme 38:0ngoing investigation within our team to obtain the key building blocks in
less steps and without racemisation.
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Experimental

Starting materials, reagents and solvents were commercially available and used
without further purification. When dry potassium acetate was used, the base was dried
overnight in the vacuum oven at 40 °C. The synthesis of the amino ester building
blocks used in this thesis is described in the literature.”® Compounds submitted to
biological assays were greater than or equal to 95% pure by NMR and LCMS unless
otherwise specified. Intermediates described in the experimental were greater than or
equal to 80% pure by *H NMR and LCMS unless otherwise specified. *H and *3C
NMR were recorded on a Bruker 400 MHz spectrometer. Chemical shifts are reported
in parts per million (ppm) and are internally referenced to the TMS peak. The
abbreviations used for NMR analysis are br. = broad, s = singlet, d = doublet, t = triplet,
dd = doublet of doublets, qd = quadruplet dedoubled, spt = septuplet, m = multiplet,
Civ = quaternary carbon. Optical rotation was measured on a Jasco P1030 polarimeter.
Melting points were measured on a Buchi M-565 automated melting point machine.
Infra-Red spectroscopy (IR) data was recorded from samples dissolved in chloroform
on a Perkin Elmer Spectrum one spectrometer. Only data for strong peaks and main

functional groups are reported.

LCMS methods

The UPLC analysis was conducted on an Acquity UPLC CSH C18 column (50 mm x
2.1 mm, 1.7 um particle diameter) at 40 °C, with a 0.3 uL injection volume. The UV
detection was a summed signal from wavelength of 210 nm to 350 nm. The solvents

employed were:
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High pH method Formic method

A =10 mM ammonium bicarbonate in A =0.1% v/v solution of formic acid

water adjusted to pH 10 with ammonia in water. B = 0.1% v/v solution of

solution. B = MeCN. formic acid in MeCN.

The gradient employed was: The gradient employed was:

Time Flow Rate Time Flow Rate

(min)  (mUmin) A %B min)  (mUmin) A %B
0.00 1 97 3 0.00 1 97 3
0.05 1 97 3 1.50 1 5 95
1.50 1 5 95 1.90 1 5 95
1.90 1 5 95 2.00 1 97 3
2.00 1 97 3

The MS analysis was conducted on a Waters ZQ MS with an alternate-scan positive
and negative electrospray ionisation mode.

High resolution mass spectrometry (HRMS)

The UPLC analysis was conducted on an Acquity UPLC CSH C18 column (100 mm
x 2.1 mm, 1.7 um particle diameter) at 50 °C, with a 0.2 puL injection volume. The UV
detection was a summed signal from wavelength of 210 nm to 350 nm. The solvents
employed were:

A =0.1% v/v solution of formic acid in water. B = 0.1% v/v solution of formic acid in
MeCN. The gradient employed was:

Time (min)  Flow Rate (mL/min) %A % B

0.00 0.8 97 3
8.50 0.8 0 100
9.00 0.8 0 100
9.50 0.8 97 3
10.00 0.8 97 3

The MS analysis was conducted on a Waters XEVO G2-XS Qtof with a positive
electrospray ionisation mode.

MDAP (Mass directed auto-preparative chromatography)

The preparative HPLC purification was conducted on an Xbridge C18 column (150

mm X 19 mm, 5 pum particle diameter) at rt. The solvents employed were:
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High pH methods. Solvents: A =10 mM ammonium bicarbonate in water, B = MeCN.

TFA method. Solvents: A = 0.1% v/v solution of TFA in water, B = 0.1% v/v solution

of TFA in MeCN. Formic methods. Solvents: A = 0.1% v/v solution of formic acid in

water, B = 0.1% v/v solution of formic acid in MeCN. Gradients:

High pH extended method A

High pH method C

Time Flow Rate 0 Time FlowRate 0
(min)  (mUmin) A %B (min)  (mUmin) A B
0.0 40 100 0 0.0 40 30 70
1.0 40 100 0 3.0 40 30 70
20.0 40 75 25 3.5 30 30 70
205 40 1 99 245 30 15 85
25.0 40 1 99 25.0 30 1 99

High pH method B 32.0 30 1 99
Time Flow Rate %A %B TFA extended method B
(min) (mL/min) " 0 Time Flow Rate
. ) %A %B
0.0 16 90 10 (min)  (mL/min)
10.0 16 50 50 0.0 40 85 15
10.1 16 0 100 3.0 40 85 15
12.0 16 0 100 22.0 40 45 55
12.1 16 90 10 225 40 45 55
15.0 16 90 10 23.0 40 1 99
High pH extended method B Zsﬁorm'c e4?ended method A99
i ic ex
Time  FlowRate g, o ;g Time Flow Rate
(min)  (mL/min) . . %A %B
0.0 40 85 15 (min)  (mL/min)
3.0 40 85 15 0.0 40 100 0
22.0 40 45 55 1.0 40 100 0
225 40 45 55 20.0 40 525
23.0 40 1 99 205 40 1 99
27.0 40 1 99 25.0 40 1 99
High pH extended method C _ Formic extended method B
Time Flow Rate Tlme Flow R_ate %A %B
. . %A %B (min)  (mL/min)
(min)  (mL/min)
00 40 70 30 0.0 40 85 15
' 1.0 40 85 15
10 40 70 30 20.0 40 45 55
20.0 40 15 85 '
20.5 40 1 99
20.5 40 1 99 25 0 40 1 99
25.0 40 1 99 .
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Reductive amination general procedure Al

The aldehyde (1 eg.) and the amino ester (1.5 eq.) were suspended in THF. AcOH (2.5
eq.) and DIPEA (2 eq.) were added to the reaction mixture. The reaction mixture was
heated under nitrogen to 40 °C until full formation of the imine was observed
(monitored by LCMS, typically 30 min—3 h). The reaction mixture was cooled to rt
and sodium triacetoxyborohydride (2.5 eq.) was added. The mixture was stirred at rt,
under nitrogen, until complete reduction of the imine to the amine (monitored by
LCMS, typically 1-2 h). Additional sodium triacetoxyborohydride (2.5 eg.) was added
when necessary to complete the reduction of the imine. The reaction mixture was
guenched with methanol and concentrated under reduced pressure to give the crude
product.

Reductive amination general procedure A2

Same procedure as for general procedure Al with an aqueous work up. After the
methanol quench, the mixture was concentrated under reduced pressure. The crude
mixture was partitioned between EtOAc and water (or a 2 M aqueous solution of LiCl).
The layers were separated. The aqueous layer was re-extracted with EtOAc. The
organic layers were combined, dried through a phase separator and concentrated under
reduced pressure to give the crude product.

Reductive amination general procedure B

The aldehyde (1 eq.) and the amino ester (1.5 eq.) were suspended in iPrOH and AcOH
(10:1 ratio). Picoline borane (1.2 eg.) was added. The mixture was stirred at rt, under
nitrogen, until complete formation of the desired product (monitored by LCMS,
typically 1-2 h). The reaction mixture was quenched with methanol and concentrated

under reduced pressure to give the crude product.
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(S)-Tetrahydrofuran-3-yl ((5-(((R)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-
oxo-2,3-dihydro-1H-benzo[d]azepin-7-yl)oxy)pyrazin-2-yl)methyl)-L-

threoninate [5.03]

OH
AR TeE
H J—
0]
0 SN0

—

/
N-N
7/
(R)-7-((5-(Hydroxymethyl)pyrazin-2-yl)oxy)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-

4-yl)-1,3-dihydro-2H-benzo[d]azepin-2-one [5.41] (203 mg, 0.52 mmol) was
dissolved in DCM (5 mL) and the reaction mixture was stirred under nitrogen. Dess-
Martin periodinane (330 mg, 0.78 mmol) was added and the reaction mixture stirred
at room temperature for 1 h. DCM and a saturated aqueous solution of sodium
bicarbonate were added. The layers were separated, the aqueous layer was re-extracted
with DCM. The organic layers were combined, dried using a hydrophobic frit and
evaporated under reduced pressure to give a pink solid [5.42] (202 mg, quantitative
yield). To this solid [5.42] (151 mg, 0.39 mmol) suspended in iPrOH (5 mL), was
added NEts (0.162 mL, 1.16 mmol) and (S)-tetrahydrofuran-3-yl L-threoninate,
hydrochloride (131 mg, 0.58 mmol). The reaction mixture was stirred under nitrogen
at rt for 2 h. Picoline borane (62.2 mg, 0.58 mmol) and AcOH (0.56 mL) were added
and the reaction mixture stirred under nitrogen for 18 h. The reaction mixture was
concentrated under reduced pressure. EtOAc and water were added. The layers were
separated, the aqueous layer was re-extracted with EtOAc. The organic layers were
combined, dried using a hydrophobic frit and evaporated under reduced pressure. The
sample was purified by silica column chromatography, eluted with a gradient of O-

100% EtOAc in cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The
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relevant fractions were combined and concentrated under reduced pressure. The
sample was then further purified by MDAP (high pH, extended method B). The purest
fractions were combined, and the solvent was evaporated under reduced pressure to
give the title product [5.03] as a colourless gum (Batch 1, 11.1 mg, 5% vyield). The
remaining fractions were combined, concentrated under reduced pressure and purified
by MDAP (formic, extended method A). The fractions were combined, and the solvent
was evaporated under reduced pressure to give the title product [5.03] as the formic
salt as a colourless gum (Batch 2, 45.4 mg, 18% vyield). Analysis of batch 1 (analysis
of batch 2 is consistent with the formic salt):

IH NMR (400 MHz, CDCl3) 58.32 (d, J = 1.5 Hz, 1H), 8.07 (s, 1H), 7.54 (s, 1H), 7.42
(d, J = 8.6 Hz, 1H), 7.37 (s, 1H), 7.23 (dd, J = 8.6, 2.6 Hz, 1H), 7.14 (d, J = 2.6 Hz,
1H), 6.60 (s, 1H), 5.35-5.30 (m, 1H), 3.99-3.95 (m, 1H), 3.95-3.91 (m, 2H), 3.90 (s,
3H), 3.89-3.87 (m, 1H), 3.86-3.80 (m, 3H), 3.79-3.75 (m, 1H), 3.40 (g, J = 6.9 Hz,
1H), 3.13 (s, 3H), 3.09 (d, J = 6.7 Hz, 1H), 2.24-2.14 (m, 1H), 2.02-1.95 (m, 1H), 1.70
(d,J=6.9Hz,3H), 1.22 (d, J = 6.7 Hz, 3H). The signal for one of the two exchangeable
protons was not observed. *C NMR (101 MHz, CDCls) § 173.1 (C=0), 170.3 (C=0),
159.2 (Civ), 151.2 (Civ), 147.9 (Civ), 139.7 (CH), 138.0 (CH), 136.9 (Ci), 134.8 (CH),
134.7 (Civ), 129.0 (CH), 127.0 (CH), 125.6 (CH), 122.0 (CH), 121.3 (Civ), 121.3 (Civ),
120.0 (CH), 75.8 (CH), 73.0 (CH>), 68.1 (CH), 67.4 (CHy), 67.0 (CH), 50.8 (CH>),
40.8 (CH), 39.1 (CHs), 35.2 (CHs), 32.8 (CHz), 19.5 (CH3), 12.9 (CH3). LCMS (ESI,
High pH) tr = 0.86 min, m/z 563 [M+H]*. HRMS (ESI) calculated for C29H35NsOs
[M+H]* 563.2619, found 563.2618 (2.63 min). vmax (solution in chloroform, cm™):
3329 (OH), 2997 (CH alkene), 2932 (CH alkane), 1729 (C=0 ester), 1659 (C=0

amide). [ap]*2 " ss9nm (c 0.220, MeOH): +53.6°.
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(2S,3R)-(S)-Tetrahydrofuran-3-yl 2-((4-(((R)-1,3-dimethyl-5-(1-methyl-1H-
pyrazol-4-yl)-2-oxo-2,3-dihydro-1H-benzo[d]azepin-7-yl)oxy)cyclohexyl)amino)-

3-hydroxybutanoate [5.04 and 5.05]
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(R)-1,3-Dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-7-((4-oxocyclohexyl)oxy)-1,3-

dihydro-2H-benzo[d]azepin-2-one [5.47] (80 mg, 0.21 mmol) and (S)-
tetrahydrofuran-3-yl L-threoninate, hydrochloride [5.43] (99 mg, 0.44 mmol) and NEts
(0.09 mL, 0.63 mmol) were stirred in iPrOH (5 mL) under nitrogen at rt for 1 h. AcOH
(1.00 mL) and picoline borane (33.8 mg, 0.32 mmol) were added and the reaction
mixture was stirred for 1 h at rt, and 1 h at 40 °C. (S)-tetrahydrofuran-3-yl L-
threoninate, hydrochloride [5.43] (99 mg, 0.44 mmol) and picoline borane (33.8 mg,
0.32 mmol) were added and the reaction mixture was stirred at 40 °C for 2 days. The
reaction mixture was concentrated under reduced pressure to give a yellow oil. The oil
was partitioned between EtOAc and water. The layers were separated. The aqueous
layer was re-extracted with EtOAc. The organic layers were combined, dried through
a phase separator and concentrated under reduced pressure to give a yellow oil. The
product was purified by silica column chromatography, eluted with a gradient of 0-
100% EtOAc in cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The
product was not collected by the automated purification system. The waste was
concentrated under reduced pressure to give a yellow oil. The oil was re-purified by
two MDAP (high pH, extended method B). The fractions were combined and

concentrated under reduced pressure to give two products.
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Diastereomeric mixture 1 [5.04] as a yellow oil (9.4 mg, 8% yield, d.e. 80% by ‘H
NMR): H NMR (400 MHz, CDCls) & 7.54 (s, 1H), 7.34 (s, 1H), 7.27-7.23 (m, 1H)*,
6.97 (dd, J = 8.6, 2.6 Hz, 1H), 6.85 (d, J = 2.5 Hz, 1H), 6.54 (s, 1H), 5.38-5.34 (m,
1H), 4.15-4.07 (m, 1H), 3.96-3.92 (m, 1H), 3.92 (s, 3H), 3.91-3.89 (m, 1H), 3.82 (br.
s, 1H), 3.81 (br. d, J = 10.8 Hz, 1H), 3.62-3.54 (m, 1H), 3.33 (¢, J = 7.1 Hz, 1H), 3.10
(s, 3H), 3.02 (d, J = 7.6 Hz, 1H), 2.53-2.45 (m, 1H), 2.27-2.17 (m, 1H), 2.12-1.93 (m,
4H), 1.85 (br. d, J = 12.5 Hz, 1H), 1.64 (d, J = 7.1 Hz, 3H), 1.50-1.34 (m, 2H), 1.31-
1.23 (m, 1H), 1.21 (d, J = 6.1 Hz, 3H), 1.19-1.11 (m, 1H). Signals for the exchangeable
protons were not observed. NMR showed 10% of the other diastereomer [5.05]. This
ratio was determined at the two pyrazole CH signals at 7.54 and 7.34 ppm (major
diastereomer) and 7.55 and 7.35 ppm (minor diastereomer) . *This signal is perturbed
by the residual solvent peak. LCMS (ESI, High pH) tr = 0.96 min, m/z 553 [M+H]".

Diastereomeric mixture 2 [5.05] as a yellow oil (8.0 mg, 7% yield, d.e. 80% by 'H
NMR): *H NMR (400 MHz, CDCls) § 7.55 (s, 1H), 7.35 (s, 1H), 7.23-7.27 (m, 2H) *,
6.99 (dd, J = 8.7, 2.6 Hz, 1H), 6.86 (d, J = 2.6 Hz, 1H), 6.55 (s, 1H), 5.35-5.32 (m,
1H), 4.34 (br. s, 1H), 3.93 (s, 3H), 3.92-3.89 (m, 1H), 3.88-3.83 (m, 2H), 3.82 (br. d,
J =10.8 Hz, 1H), 3.62-3.54 (m, 1H), 3.34 (g, J = 6.9 Hz, 1H), 3.10 (s, 3H), 3.02 (d, J
= 7.6 Hz, 1H), 2.50 (br. s, 1H), 2.26-2.15 (m, 1H), 2.04-1.91 (m, 4H), 1.64 (d, J = 6.9
Hz, 3H), 1.58-1.52 (m, 4H), 1.21 (d, J = 6.1 Hz, 3H). Signals for the exchangeable
protons were not observed. NMR showed 10% of the other diastereomer [5.04]. This
ratio was determined at the two pyrazole CH signals at 7.55 and 7.35 ppm (major
diastereomer) and 7.54 and 7.34 ppm (minor diastereomer). *This signal is perturbed

by the residual solvent peak. LCMS (ESI, High pH) tr = 0.98 min, m/z 553 [M+H]".
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(S)-Tetrahydrofuran-3-yl (((R)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-

oxo-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [5.06]
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(R)-1,3-Dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-oxo0-2,3-dihydro-1H-
benzo[d]azepine-7-carbaldehyde (82 mg, 0.28 mmol) [5.51], (S)-tetrahydrofuran-3-yl-
L-threoninate, hydrochloride [5.43] (94 mg, 0.42 mmol), picoline borane (35.6 mg,
0.33 mmol) and acetic acid (0.5 mL, 8.7 mmol) were stirred in iPrOH (5 mL) under
nitrogen at rt for 2.5 h. The reaction mixture was quenched with methanol and
concentrated under reduced pressure to give a yellow oil. The crude product was
purified by MDAP (high pH, extended method B). The relevant fractions were
concentrated under reduced pressure to give the title product [5.06] as a colourless oil
(62.7 mg, 46% vyield).
IH NMR (400 MHz, CDCl3) §7.57 (s, 1H), 7.37-7.30 (m, 4H), 6.59 (s, 1H), 5.28-5.23
(m, 1H), 3.92 (s, 3H), 3.89-3.80 (m, 4H), 3.74 (br. d, J = 10.5 Hz, 1H), 3.67-3.61 (m,
2H), 3.37 (9, = 7.0 Hz, 1H), 3.11 (5, 3H), 2.94 (d, J = 7.3 Hz, 1H), 2.22-2.11 (m, 1H),
1.93-1.85 (m, 1H), 1.67 (d, J = 7.0 Hz, 3H), 1.17 (d, J = 6.1 Hz, 3H). Signals for the
exchangeable protons were not observed. *C NMR (101 MHz, CDCls) & 173.3
(C=0), 170.5 (C=0), 137.7 (CH), 137.0 (Ci), 136.9 (Ci), 135.6 (Ci), 129.4 (CH),
129.3 (CH), 127.4 (CH), 126.4 (CH), 124.1 (CH), 122.0 (Civ), 121.5 (Ci), 75.6 (CH),
72.9 (CHy), 68.0 (CH), 66.9 (CHy), 66.9 (CH),* 52.1 (CHy), 40.9 (CH), 39.0 (CHs3),

35.1 (CHs), 32.8 (CH2), 19.3 (CHs), 12.7 (CHs). *values of 66.93 and 66.90. LCMS
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(ESI, High pH) tr = 0.79 min, m/z 469 [M+H]*. HRMS (ESI) calculated for
CosH33N4Os 469.2452 [M+H]*, found 469.2452 (3.86 min). vmax (solution in
chloroform, cm™): 3431 (OH), 2978 (CH alkene), 2938 (CH alkane), 1728 (C=0

ester), 1658 (C=0 amide). [60]?®" 589 nm (C 0.500, MeOH): +84.3°.

(S)-Tetrahydrofuran-3-yl ((R)-1,3-dimethyl-2-0x0-2,3-dihydro-1H-

benzo[d]azepin-7-yl)-L-threoninate [5.07]
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A mixture of (R)-7-bromo-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [5.15]
(200 mg, 0.75 mmol), (S)-tetrahydrofuran-3-yl L-threoninate, hydrochloride [5.43]
(509 mg, 2.25 mmol), cesium carbonate (735 mg, 2.25 mmol) and tBuBrettPhos-Pd-
G3(32.1 mg, 0.04 mmol) were suspended in toluene (6 mL) under nitrogen and heated
at 100 °C for 20 h. (S)-tetrahydrofuran-3-yl L-threoninate, hydrochloride [5.43] (169.6
mg, 0.75 mmol) and tBuBrettPhos-Pd-G3 (16.05 mg, 0.02 mmol,) were added. A lump
of non-dissolved material was observed (likely to be the amino ester) so 1 mL of NEt3
was added (dissolution of the lump was observed a few minutes after addition), and
the reaction mixture was heated at 100 °C under nitrogen for 4 h. The reaction mixture
was then heated in a microwave at 100 °C for 30 min. The reaction mixture was
concentrated under reduced pressure. EtOAc and water were added to the reaction
mixture. The layers were separated, the aqueous layer was re-extracted with EtOAC.
The organic layers were combined, dried using a hydrophobic frit and evaporated
under reduced pressure. The sample was purified by silica column chromatography,

eluted with a gradient of 0-100% EtOAc in cyclohexane. The appropriate fractions
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were combined and concentrated under reduced pressure to give a yellow gum. The
yellow gum was purified by MDAP (formic, extended method B). The solvent was
evaporated under reduced pressure to give the title product [5.07] as a pale-yellow gum
(7.8 mg, 3% vyield).

Analysis of molecule [5.07]

IH NMR (400 MHz, CDCls) 6 7.13 (d, J = 8.3 Hz, 1H), 6.75 (dd, J = 8.5, 2.5 Hz, 1H),
6.56 (d, J = 2.5 Hz, 1H), 6.29 (d, J = 9.2 Hz, 1H), 6.25 (d, J = 9.2 Hz, 1H), 5.37-5.32
(m, 1H), 4.19-4.13 (m, 1H), 3.93 (d, J = 4.2 Hz, 1H), 3.91-3.87 (m, 1H), 3.87-3.83 (m,
2H), 3.82-3.78 (m, 1H), 3.21 (br. s, 1H), 3.10 (s, 3H), 2.22-2.12 (m, 1H), 2.00-1.92
(m, 1H), 1.58 (br. d, J = 5.9 Hz, 3H), 1.33 (d, J = 6.4 Hz, 3H). Signals for the

exchangeable protons were not observed. LCMS (ESI, High pH) tr = 0.81 min, m/z

(@]
N_
Br ==

Some other fractions from the column chromatography were combined and

375 [M+H]".

Recovery of molecule [5.15]:

concentrated under reduced pressure to afford the crude recovered starting material
[5.15] as a pink solid. The pink solid was purified by MDAP (high pH, extended
method C). The solvent was evaporated under reduced pressure to give the recovered
starting material (R)-7-bromo-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one
[5.15] (70.7 mg, 32% vyield) as a white solid.

IH NMR (400 MHz, DMSO-ds) 6 7.49 (dd, J = 8.3, 2.0 Hz, 1H), 7.39 (d, J = 2.0 Hz,
1H), 7.18 (d, J = 8.3 Hz, 1H), 6.33 (s, 2H), 3.23 (br. s, 1H), 3.12 (s, 3H), 1.62 (d, J =

5.9 Hz, 3H). LCMS (ESI, Formic) tr = 1.12 min, m/z 266/268 [M+H]".
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(R)-7-Methoxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [5.08]

o)

N_
O —
(R,E)-2-(2-(2-Ethoxyvinyl)-4-methoxyphenyl)-N-methylpropanamide [5.22] (78 mg,

~

0.25 mmol) and 4 M solution of HCI in 1,4-dioxane (5 mL, 20.0 mmol) were stirred
under nitrogen at 70 °C for 1 h. The reaction mixture was diluted with EtOAc and
water. The layers were separated. The aqueous layer was extracted with EtOAc. The
organics were combined, dried through a phase separator and concentrated under
reduced pressure to give a crude orange oil. The crude product was purified by silica
column chromatography, eluted with a gradient of 0-100% EtOAc in cyclohexane. The
appropriate fractions were concentrated under reduced pressure to give the title
product [5.08] as a yellow solid (47.3 mg, 82%, e.e. 83% by chiral HPLC).

LCMS (ESI, High pH) tr = 0.95 min, m/z 218 [M+H]". Analytical chiral HPLC
(Chiralpak AD column, 25 cm, rt, 25% EtOH in heptane, injection volume 0.3 pL) tr
= 9.39 min, 91.3%; other enantiomer tr = 6.84 min, 8.6%.

Recrystallisation:
(R)-7-Methoxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [5.08] (3.6 g,
15.74 mmol) was suspended in warm MeCN (5 mL). The mixture was heated at reflux
for a few minutes. The entire material dissolved. The mixture was then left to slowly
cool to rt (for 3 h) allowing the slow formation of white crystals. The supernatant was
removed with a pipette. The solid was rinsed with Et,O twice. The supernatant was
removed with a pipette, affording the title product [5.08] as white crystals (2.56 g,

71%, e.e. 99% by chiral HPLC).
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IH NMR (400 MHz, CDCl3) 6 7.22 (d, J = 8.8 Hz, 1H), 6.95 (dd, J = 8.8, 2.8 Hz, 1H),
6.76 (d, J = 2.8 Hz, 1H), 6.37 (d, J = 9.1 Hz, 1H), 6.28 (d, J = 9.1 Hz, 1H), 3.80 (s,
3H), 3.23 (br. s, 1H), 3.11 (s, 3H), 1.61 (s, 3H). 33C NMR (101 MHz, CDCls) 5 170.0
(C=0), 158.1 (C-0), 130.5 (CH), 128.8 (CH), 116.5 (CH), 115.1 (CH), 111.2 (CH),
55.4 (CHa), 35.6 (CHa), 13.3 (CHa), three quaternary carbons were not observed.
LCMS (ESI, High pH) tr = 0.95 min, m/z 218 [M+H]*. Analytical chiral HPLC
(Chiralpak AD column, 25 cm, rt, 20% EtOH in heptane, injection volume 0.2 uL) tr
= 9.83 min, 99.6%; other enantiomer tr = 7.09 min, 0.4%. HRMS (ESI) calculated for
Ci3H16NO2 [M+H]" 218.1181, found 218.1187 (3.86 min). vmax (solution in
chloroform, cm™): 2973 (CH alkene), 2943 (CH alkane), 1666 (C=0 amide), 1631

(C=C alkene). [ap]?*® " 589 nm (€ 0.500, MeOH): -52.7°. m.p. = 120-122 °C.

(R,E)-2-(2-(2-Ethoxyvinyl)-4-methoxyphenyl)-N-methylpropanamide [5.22]

H
N

~o |O

(R)-2-(2-Bromo-4-methoxyphenyl)-N-methylp%itanamide [5.23] (94 mg, 0.31
mmol), (E)-2-(2-ethoxyvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane [5.19] (100
mg, 0.51 mmol), potassium carbonate (80 mg, 058 mmol) and
tetrakis(triphenylphosphine)palladium (18 mg, 0.016 mmol) were stirred in 1,4-
dioxane (5 mL) and water (1 mL) under nitrogen at 120 °C for 2 h. The reaction
mixture was cooled to rt and concentrated under reduced pressure to give a brown
residue. The residue was partitioned between EtOAc and water. The layers were

separated. The aqueous layer was re-extracted with EtOAc. The organics were

combined, dried through a phase separator and concentrated under reduced pressure to
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give a yellow oil. The crude oil purified by silica column chromatography, eluted with
a gradient of 0-100% EtOAc in cyclohexane. The appropriate fractions were
concentrated under reduced pressure to give the title product [5.22] as a yellow oil
(78.4 mg, 81%).

IH NMR (400 MHz, CDCls) & 7.20 (d, J = 8.6 Hz, 1H), 6.83 (d, J = 2.7 Hz, 1H), 6.80
(d, J = 12.7 Hz, 1H), 6.75 (dd, J = 8.6, 2.7 Hz, 1H), 5.92 (d, J = 12.7 Hz, 1H), 5.30
(br. s, 1H), 3.89 (g, J = 7.1 Hz, 2H), 3.80 (s, 3H), 3.73 (g, J = 7.1 Hz, 1H), 2.70 (d, J
= 4.5 Hz, 3H), 1.49 (d, J = 7.1 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H). LCMS (ESI, High

pH) tr = 0.94 min, m/z 264 [M+H]".

(R)-2-(2-Bromo-4-methoxyphenyl)-N-methylpropanamide [5.23]

H
N\
\O BrO

The crude (R)-2-(2-bromo-4-methoxyphenyl)propanoic acid [5.24] (5.53 g, 50% pure,
10.7 mmol) was taken in DMF (30 mL) and HATU (4.5 g, 11.7 mmol) and DIPEA
(5.6 mL, 32.0 mmol) were added. The reaction mixture was stirred under nitrogen at
rt for 5 min. A 2 M solution of methanamine in THF (13.3 mL, 26.7 mmol) was added
and the reaction mixture was stirred at rt for 45 min. The reaction mixture was diluted
with EtOAc and brine. The layers were separated. The aqueous layer was extracted
with EtOAc. The organics were combined, washed with brine, dried through a phase
separator and concentrated under reduced pressure to give a crude yellow oil. The
crude product was purified by silica column chromatography, eluted with a gradient
of 0-60% EtOAc in cyclohexane. The appropriate fractions were concentrated under
reduced pressure to give the title product [5.23] as a yellow oil, in two batches (batch

1, 0.82 g, 23% and batch 2, 2.4 g, 58%).
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Analysis of batch 2 (analysis of batch 1, matches the data reported below):

IH NMR (400 MHz, CDCls) & 7.33 (d, J = 8.8 Hz, 1H), 7.11 (d, J = 2.7 Hz, 1H), 6.87
(dd, J = 8.8, 2.7 Hz, 1H), 5.39 (br. s, 1H), 3.96 (g, J = 7.1 Hz, 1H), 3.79 (s, 3H), 2.76
(d, J = 4.9 Hz, 3H), 1.47 (d, J = 7.1 Hz, 3H). LCMS (ESI, High pH) tr = 0.88 min,

miz 272/274 [M+H]".

(R)-2-(2-Bromo-4-methoxyphenyl)propanoic acid [5.24]

@EKWOH
\O BrO

A 35% aqueous solution of hydrogen peroxide (2 mL, 23.2 mmol) was added to a
solution of lithium hydroxide (1.11 g, 46.3 mmol) in water (8 mL) at 0 °C and the
solution was stirred for 5 min. This solution was added to a solution of (R)-4-benzyl-
3-((R)-2-(2-bromo-4-methoxyphenyl)propanoyl) oxazolidin-2-one [5.28] (5.4 g, 11.6
mmol) in THF (20 mL) at 0 °C. The reaction mixture was stirred for 7 h at rt. A 35%
aqueous solution of hydrogen peroxide (2 mL, 23.2 mmol) was added and the reaction
mixture was further stirred at rt for 18 h. The reaction mixture was quenched with a
10% sodium thiosulfate solution and was concentrated under reduced pressure. The
residual solution was diluted with EtOAc. The layers were separated. The aqueous
layer was acidified to pH 1 with a 2 M aqueous solution of HCI and then extracted
with EtOAc. The organics were combined, dried through a phase separator and
concentrated under reduced pressure to give the title product [5.24] as a yellow solid
(5.53 g, 50% pure, 92%). This product was used directly in the next step.

LCMS (ESI, High pH) tr = 0.54 min, m/z 257/259 [M]".
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(R)-4-Benzyl-3-(2-(2-bromo-4-methoxyphenyl)acetyl)oxazolidin-2-one [5.27]

YO

O._N

\O Br

The procedures for the different conditions described in Table 6 are described
hereafter. The NMR and LCMS analysis of all batches of intermediates 24-A (different
reaction conditions) are identical and are only reported on the largest batch (conditions
for entry 2).

Conditions for entry 1 (Table 6)

A mixture of (R)-4-benzyloxazolidin-2-one [5.10] (1 g, 5.6 mmol), 2-(2-bromo-4-
methoxyphenyl)acetic acid [5.25] (2.1 g, 8.5 mmol) and triethylamine (3.2 mL, 22.6
mmol) was suspended in toluene (15 mL) and stirred under nitrogen at 110 °C.
Pivaloyl chloride (1.0 mL, 8.5 mmol) was dissolved in toluene (5 mL) then added to
the reaction mixture. The reaction mixture was stirred under nitrogen at 110 °C for 4
h. The reaction mixture was diluted with methanol and concentrated under reduced
pressure to give an orange oil. The residue was partitioned between EtOAc and a
saturated solution of sodium bicarbonate. The layers were separated. The aqueous
layer was re-extracted with EtOAc. The organic layers were combined, dried using a
hydrophobic frit and evaporated under reduced pressure. The crude product was
purified by silica column chromatography, eluted with a gradient of 0-100% EtOAc in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give

the title compound [5.27] as an orange gum (1.1 g, 39%).
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Conditions for entry 2 (Table 6)

2-(2-Bromo-4-methoxyphenyl)acetic acid [5.25] (25.3 g, 103 mmol), (R)-4-
benzyloxazolidin-2-one [5.10] (12.4 g, 69.7 mmol) and triethylamine (40 mL, 287
mmol) were stirred in toluene (175 mL) under nitrogen at 80 °C for 5 min. Then, a
solution of pivaloyl chloride (12.5 mL, 101 mmol) in toluene (25 mL) was added over
5 min to the reaction mixture at 80 °C. At the end of addition, the reaction mixture was
heated at 110 °C for 24 h. The reaction mixture was concentrated under reduced
pressure to give a brown oil. The oil was partitioned between EtOAc and a saturated
solution of sodium bicarbonate. The layers were separated. The aqueous layer was re-
extracted with EtOAc. The organic layers were combined, dried through a phase
separator and concentrated under reduced pressure to give a yellow oil. The crude
product was purified by silica column chromatography, eluted with a gradient of O-
60% EtOAcC in cyclohexane. The relevant fractions were concentrated under reduced
pressure to give the title compound [5.27] as a yellow oil (23.5 g, 75%).

IH NMR (400 MHz, CDCls) 6 7.36-7.24 (m, 3H), 7.23-7.19 (m, 2H), 7.17 (d, J = 2.8
Hz, 1H), 7.16 (d, J = 2.8 Hz, 1H), 6.86 (dd, J = 8.6, 2.8 Hz, 1H), 4.75-4.64 (m, 1H),
4.42 (d,J = 18.2 Hz, 1H), 4.30 (d, J = 18.2 Hz, 1H), 4.25 (d, J = 7.8 Hz, 1H), 4.21 (dd,
J=9.3,3.2 Hz, 1H), 3.80 (s, 3H), 3.35 (dd, J = 13.3, 3.2 Hz, 1H), 2.80 (dd, J = 13.3,

9.3 Hz, 1H). LCMS (ESI, High pH) tr = 1.27 min, m/z 402/404 [M]".

Conditions for entry 3 (Table 6)
2-(2-Bromo-4-methoxyphenyl)acetic acid [5.25] (2.1 g, 85 mmol), (R)-4-
benzyloxazolidin-2-one [5.10] (1 g, 5.6 mmol) and triethylamine (3.2 mL, 22.6 mmol)

were stirred in toluene (19 mL) under nitrogen at 80 °C. Then a solution of pivaloyl
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chloride (1.0 mL, 8.5 mmol) in toluene (5 mL) was added dropwise to the reaction
mixture at 80 °C. The reaction mixture was stirred for 1 h at 80 °C and 18 h at 100 °C.
The reaction mixture was diluted with methanol and concentrated under reduced
pressure to give a brown oil. The oil was partitioned between EtOAc and a saturated
solution of sodium bicarbonate. The layers were separated. The aqueous layer was
extracted with EtOAc. The organics were dried through a phase separator and
concentrated under reduced pressure to give a yellow oil. The crude product was
purified by silica column chromatography, eluted with a gradient of 0-100% EtOAc in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give

the title compound [5.27] as a yellow oil (1.18 g, 44%).

Conditions for entry 4 (Table 6)

A mixture of (R)-4-benzyloxazolidin-2-one [5.10] (1 g, 5.6 mmol), 2-(2-bromo-4-
methoxyphenyl)acetic acid [5.25] (2.8 g, 11.3 mmol) and triethylamine (3.2 mL, 22.6
mmol) was suspended in toluene (15 mL) and stirred under nitrogen at 110 °C.
Pivaloyl chloride (1.0 mL, 8.5 mmol) was dissolved in toluene (5 mL) then added to
the reaction mixture. The reaction mixture was stirred under nitrogen at 110 °C for 4
h. The reaction mixture was diluted with methanol and concentrated under reduced
pressure to give an orange oil. The residue was partitioned between EtOAc and a
saturated solution of sodium bicarbonate. The layers were separated. The aqueous
layer was re-extracted with EtOAc. The organic layers were combined, dried using a
hydrophobic frit and evaporated under reduced pressure. The crude product was
purified by silica column chromatography, eluted with a gradient of 0-100% EtOACc in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give

the title compound [5.27] as an orange gum (1.47 g, 58%).
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Conditions for entry 5 (Table 6)

2-(2-Bromo-4-methoxyphenyl)acetic acid [5.25] (11.1 g, 45.1 mmol), (R)-4-
benzyloxazolidin-2-one [5.10] (4 g, 22.6 mmol) and triethylamine (12.6 mL, 90 mmol)
were stirred in toluene (75 mL) under nitrogen at 80 °C. Then a solution of pivaloyl
chloride (4.2 mL, 33.9 mmol) in toluene (10 mL) was added dropwise to the reaction
mixture at 80 °C. The reaction mixture was stirred at 110 °C for 20 h. The reaction
mixture was diluted with methanol and concentrated under reduced pressure to give a
brown oil. The oil was partitioned between EtOAc and a saturated solution of sodium
bicarbonate. The layers were separated. The aqueous layer was extracted with EtOAc.
The organics were dried through a phase separator and concentrated under reduced
pressure to give a yellow oil. The crude product was purified by silica column
chromatography, eluted with a gradient of 0-60% EtOAc in cyclohexane. The relevant
fractions were concentrated under reduced pressure to give the title compound [5.27]

as a yellow oil (6.83 g, 64%).

(R)-4-Benzyl-3-((R)-2-(2-bromo-4-methoxyphenyl)propanoyl)oxazolidin-2-one
[5.28]

@)

(0]

Ph

\O Br

(R)-4-Benzyl-3-(2-(2-bromo-4-methoxyphenyl)acetyl)oxazolidin-2-one [5.27] (6.8 g,
14.4 mmol) was dissolved in THF (45 mL) under nitrogen and cooled to -78 °C. A 1
M solution of NaHMDS in THF (17.2 mL, 17.2 mmol) was added dropwise to the
reaction mixture. The reaction mixture was stirred for 1.5 h at -78 °C. Methyl iodide

(2.7 mL, 43.1 mmol) was added and the reaction mixture was stirred 1 h at -78 °C to
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rt. The reaction mixture was quenched with a saturated solution of ammonium
chloride. The organic solvent was concentrated under reduced pressure. The residual
solution was extracted twice with EtOAc. The organic layers were combined, dried
through a phase separator and concentrated under reduced pressure to give a yellow
oil. The crude oil was dissolved in THF (45 mL) and cooled under nitrogen to -78 °C.
Then a 1 M solution of NaHMDS in THF (17.2 mL, 17.2 mmol) was added dropwise
and left to stir at -78 °C for 15 min. The mixture was allowed to warm up to rt for 15
min and then cooled to -78 °C. Methyl iodide (2.69 mL, 43.1 mmol) was added. The
reaction mixture was allowed to slowly warm up to rt and was stirred for 6 h at rt.
Methyl iodide (2.69 mL, 43.1 mmol) was added and the reaction was stirred overnight
at rt. The reaction mixture was quenched with a saturated solution of ammonium
chloride. The organic solvent was concentrated under reduced pressure. The residue
was partitioned between EtOAc and water. The aqueous layer was extracted with
EtOAc. The organic layers were combined, dried through a phase separator and
concentrated under reduced pressure to give a yellow oil. The oil was purified by silica
column chromatography, eluted with a gradient of 0-80% EtOAc in cyclohexane. The
fractions were concentrated under reduced pressure to give the title product [5.28] as
a yellow oil (5.38 g, 81%, 86% d.e. by *H NMR).

IH NMR (400 MHz, CDCls) 6 7.36-7.20 (m, 6H), 7.12 (d, J = 2.7 Hz, 1H), 6.86 (dd,
J=8.6,2.7 Hz, 1H), 5.27 (q, J = 7.1 Hz, 1H), 4.71-4.63 (m, 1H), 4.16 (d, J = 5.1 Hz,
2H), 3.78 (s, 3H), 3.32 (dd, J = 13.3, 3.3 Hz, 1H), 2.80 (dd, J = 13.3, 9.7 Hz, 1H), 1.55
(d, J = 6.8 Hz, 3H). NMR showed 7% of the other diastereomer (R)-4-benzyl-3-((S)-

2-(2-bromo-4-methoxyphenyl)propanoyl)oxazolidin-2-one. This ratio was determined
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at the benzylic CHs doublet at 1.55 ppm (major diastereomer) and 1.51 ppm (minor

diastereomer). LCMS (ESI, High pH) tr = 1.33 min, m/z 418/420 [M+H]".

(R)-3-(2-(2-Bromo-4-methoxyphenyl)acetyl)-4-isopropyloxazolidin-2-one [5.30]

OY o
0 Ni
\O/Ci/r

2-(2-Bromo-4-methoxyphenyl)acetic acid [5.25] (1.42 g, 5.8 mmol), (R)-4-
isopropyloxazolidin-2-one [5.29] (0.5 g, 3.9 mmol) and triethylamine (1.6 mL, 11.6
mmol) and pivaloyl chloride (0.7 mL, 5.8 mmol) were mixed in toluene (11 mL) under
nitrogen at rt. The reaction mixture was heated at 110 °C for 24 h. The reaction mixture
was concentrated under reduced pressure to give a brown oil. The oil was partitioned
between EtOAc and a saturated solution of sodium bicarbonate. The layers were
separated. The aqueous layer was re-extracted with EtOAc. The organic layers were
combined, dried through a phase separator and concentrated under reduced pressure to
give a yellow oil. The crude product was purified by silica column chromatography,
eluted with a gradient of 0-70% EtOAc in cyclohexane. The relevant fractions were
concentrated under reduced pressure to give the title product [5.30] as a yellow oil
(0.47 g, 30%).

IH NMR (400 MHz, CDCls) § 7.14-7.11 (m, 2H), 6.82 (dd, J = 8.6, 2.7 Hz, 1H), 4.47-
4.38 (m, 2H), 4.30 (d, J = 9.1 Hz, 1H), 4.26 (d, J = 4.2 Hz, 1H), 4.22 (dd, J = 9.1, 3.2
Hz, 1H), 3.76 (s, 3H), 2.45-2.33 (m, 1H), 0.91 (d, J = 4.4 Hz, 3H), 0.89 (d, J = 4.7 Hz,

3H). LCMS (ESI, High pH) tr = 1.21 min, m/z 356/358 [M+H]*.
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(R)-4-Benzyl-3-((R)-2-(2-bromo-4-methoxyphenyl)propanoyl)oxazolidin-2-one

[5.31]

OY o
0 Nﬁ
L

(R)-3-(2-(2-Bromo-4-methoxyphenyl)acetyl)-4-isopropyloxazolidin-2-one [5.30]
(0.27 g, 0.69 mmol) was dissolved in THF (3.5 mL) under nitrogen and was cooled to
-78 °C. A 1 M solution of NaHMDS in THF (0.83 mL, 0.83 mmol) was added and the
reaction mixture was stirred 5 min at -78 °C, then the reaction mixture was allowed to
warm up to rt for 15 min. The reaction mixture was then cooled to -78 °C and methyl
iodide (0.13 mL, 2.1 mmol) was added. The reaction mixture was stirred 30 min at -
78 °C and 2 h whilst the acetone-dry ice bath was allowed to warm up to rt. The
reaction mixture was quenched with a saturated solution of ammonium chloride. The
organic solvent was removed under reduced pressure. The residual suspension was
partitioned between EtOAc and water. The layers were separated. The aqueous layer
was re-extracted with EtOAc. The organic layers were combined, dried through a
phase separator and concentrated under reduced pressure to give a yellow oil. The
crude oil was purified by silica column chromatography, eluted with a gradient O-
100% EtOAc in cyclohexane. The appropriate fractions were concentrated under
reduced pressure to give the title product [5.31] as a yellow oil (0.11 g, 39%, 80% d.e.
by 'H NMR).

IH NMR (400 MHz, CDCl3) 6 7.20 (d, J = 8.6 Hz, 1H), 7.12 (d, J = 2.7 Hz, 1H), 6.85
(dd, J = 8.6, 2.7 Hz, 1H), 5.30 (q, J = 7.1 Hz, 1H), 4.46-4.42 (m, 1H), 4.27-4.18 (m,

2H), 3.78 (s, 3H), 2.44-2.34 (m, 1H), 1.54 (d, J = 7.1 Hz, 3H), 0.93 (d, J = 3.5 Hz, 3H),
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0.91 (d, J = 3.5 Hz, 3H). NMR showed 10% of the other diastereomer (R)-4-benzyl-3-
((S)-2-(2-bromo-4-methoxyphenyl)propanoyl)oxazolidin-2-one.  This ratio was
determined at the benzylic CHs signal at 1.54 ppm (major diastereomer) and 1.46 ppm

(minor diastereomer). LCMS (ESI, High pH) tr = 1.29 min, m/z 370/372 [M+H]".

(R)-3-(2-(2-Bromo-4-methoxyphenyl)acetyl)-4-(tert-butyl)oxazolidin-2-one

[5.33]

OY o
0 Nﬁ
L
2-(2-Bromo-4-methoxyphenyl)acetic acid [5.25] (1.3 g, 5.2 mmol), (R)-4-(tert-
butyl)oxazolidin-2-one [5.32] (0.5 g, 3.5 mmol), triethylamine (1.5 mL, 10.5 mmol)
and pivaloyl chloride (0.6 mL, 5.2 mmol) were mixed in toluene (11 mL) under
nitrogen at rt. The reaction mixture was heated at 110 °C for 24 h. The reaction mixture
was concentrated under reduced pressure to give a brown oil. The oil was partitioned
between EtOAc and a saturated solution of sodium bicarbonate. The layers were
separated. The aqueous layer was re-extracted with EtOAc. The organic layers were
dried through a phase separator and concentrated under reduced pressure to give a
yellow oil. The crude product was purified by silica column chromatography, eluted
with a gradient of 0-60% EtOAc in cyclohexane. The relevant fractions were
concentrated under reduced pressure to give the title product as a yellow oil (0.55 g,
30% yield, 70% pure). The product was purified by silica column chromatography,
eluted with a gradient of 0-40% EtOAc in cyclohexane. The relevant fractions were

concentrated under reduced pressure to give the title product [5.33] as a yellow oil

(235 mg, 17%).
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IH NMR (400 MHz, CDCls) 6 7.14-7.11 (m, 2H), 6.82 (dd, J = 8.4, 2.7 Hz, 1H), 4.44-
4.37 (m, 2H), 4.31-4.22 (m, 3H), 3.75 (s, 3H), 0.93 (s, 9H). LCMS (ESI, High pH) tr

= 1.27 min, m/z 370/372 [M+H]".

(R)-3-((R)-2-(2-Bromo-4-methoxyphenyl)propanoyl)-4-(tert-butyl)oxazolidin-2-

one [5.34]

Oﬁ’/ o
o) Ni
\o/©\j8/r
(R)-3-(2-(2-Bromo-4-methoxyphenyl)acetyl)-4-(tert-butyl)oxazolidin-2-one  [5.33]
(131 mg, 0.32 mmol) was dissolved in THF (10 mL) under nitrogen and was cooled
to -78 °C. A 1 M solution of NaHMDS in THF (0.38 mL, 0.38 mmol) was added. The
reaction mixture was stirred 5 min at -78 °C, then was allowed to warm up to rt for 10
min. The reaction mixture was then cooled to -78 °C and methyl iodide (0.06 mL, 0.96
mmol) was added. The reaction mixture was stirred 30 min at -78 °C and 2 h whilst
the acetone-dry ice bath was allowed to warm up to rt. The reaction mixture was
qguenched with a saturated solution of ammonium chloride. The organic solvent was
removed under reduced pressure. The reaction mixture was partitioned between
EtOAc and water. The layers were separated. The aqueous layer was re-extracted with
EtOAc. The organics were dried through a phase separator and concentrated under
reduced pressure to give a yellow oil. The crude product was purified by silica column
chromatography, eluted with a gradient 0-100% EtOAc in cyclohexane. The
appropriate fractions were concentrated under reduced pressure to give the title

product [5.34] as a yellow oil (75 mg, 55%).
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IH NMR (400 MHz, CDCl3) 6 7.23 (d, J = 8.6 Hz, 1H),7.11 (d, J = 2.6 Hz, 1H), 6.86
(dd, J = 8.6, 2.6 Hz, 1H), 5.30 (q, J = 7.3 Hz, 1H), 4.44 (dd, J = 7.4, 1.5 Hz, 1H), 4.29
(dd, J=9.2, 1.5 Hz, 1H), 4.29 (dd, J = 9.2, 7.4 Hz, 1H), 3.78 (s, 3H), 1.60 (d, J = 7.3
Hz, 3H), 0.95 (s, 9H). None of the opposite diastereomer was observed by *H NMR or

LCMS. LCMS (ESI, High pH) tr = 1.34 min, m/z 384/386 [M+H]".

(R)-5-Bromo-7-methoxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one

[5.35]

Br
(R)-7-Methoxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [5.08] (5.1 g,

23.5 mmol) and PTT (9.3 g, 24.7 mmol) were stirred in MeCN (67 mL) under nitrogen
at rt for 30 min. The reaction mixture was concentrated under reduced pressure. The
residual orange oil was partitioned between EtOAc and water. The layers were
separated. The aqueous layer was re-extracted with EtOAc. The organic layers were
combined, dried through a phase separator and concentrated under reduced pressure to
give a yellow solid. The product was purified by silica column chromatography eluted
with a gradient of 0-50% EtOAc in cyclohexane. The appropriate fractions were
concentrated under reduced pressure to give the desired product [5.35] as a white solid
(6.72 g, 92%)

IH NMR (400 MHz, CDCls) & 7.22 (d, J = 2.7 Hz, 1H), 7.20 (d, J = 8.8 Hz, 1H), 7.01
(dd, J = 8.8, 2.7 Hz, 1H), 6.82 (s, 1H), 3.83 (s, 3H), 3.32 (q, J = 6.8 Hz, 1H), 3.07 (s,
3H), 1.63 (d, J = 6.8 Hz, 3H). LCMS (ESI, high pH) tz = 1.13 min, m/z 296/298

[M+H]".
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(R)-7-Methoxy-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-1,3-dihydro-2H-

benzo[d]azepin-2-one [5.37]

(R)-5-Bromo-7-methoxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [5.35]
(2 g, 6.8 mmol), (1-methyl-1H-pyrazol-4-yl)boronic acid [5.36] (1.7 g, 13.5 mmol),
potassium carbonate (1.9 g, 13.5 mmol) and Pd(PPhs)s (0.39 g, 0.34 mmol) were
suspended in water (5 mL) and 1,4-dioxane (50 mL). The reaction mixture was heated
under nitrogen at 120 °C for 2 h. (1-Methyl-1H-pyrazol-4-yl)boronic acid [5.36] (0.85
g, 6.75 mmol) was added to the reaction mixture. The reaction mixture was stirred
under nitrogen at 120 °C for 30 min. The reaction mixture was concentrated under
reduced pressure. EtOAc and water were added to the residue. The layers were
separated, the aqueous layer was re-extracted with EtOAc. The organic layers were
combined, dried using a hydrophobic frit and evaporated under reduced pressure. The
sample was purified by silica column chromatography, eluted with a gradient of O-
100% EtOAc in cyclohexane. The appropriate fractions were combined and
concentrated under reduced pressure to give the desired product [5.37] as a white solid
(1.76 g, 79% yield).

IH NMR (400 MHz, CDCls) & 7.56 (s, 1H), 7.36 (s, 1H), 7.27 (d, J = 8.8 Hz, 1H),
7.00 (dd, J = 8.8, 2.7 Hz, 1H), 6.88 (d, J = 2.7 Hz, 1H), 6.56 (s, 1H), 3.92 (s, 3H), 3.74
(s, 3H), 3.35 (g, J = 7.0 Hz, 1H), 3.10 (s, 3H), 1.65 (d, J = 7.0 Hz, 3H). 13C NMR (101
MHz, CDCls) 6170.9 (C=0), 157.8 (Civ), 138.0 (CH), 136.4 (Civ), 130.5 (Civ), 129.0

(CH), 126.5 (CH), 125.1 (CH), 122.0 (Civ), 121.6 (Ci), 115.4 (CH), 112.5 (CH), 55.5
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(CHs), 40.3 (CH), 39.1 (CHs), 35.1 (CHs), 12.8 (CHs3). LCMS (ESI, high pH) tr =
0.87 min, m/z 298 [M+H]". HRMS (ESI) calculated for Ci7H20N302 [M+H]*
298.1556, found 298.1569 (3.62 min). vmax (neat, cm™): 3085 (CH alkene), 2938 (CH
alkane), 1649 (C=0 amide), 1609 (C=C alkene). [ap]?®® ° 589 nm (¢ 0.500, MeOH):

+298.7°. m.p. = 129-131 °C.

((R)-7-Hydroxy-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-1,3-dihydro-2H-
benzo[d]azepin-2-one [5.38]

0]

N_
HO —

TN
N~N
A solution of (R)-?-methoxy-l,s-dim:athyl-5-(1-methy|-1H-pyrazoI-4-y|)-1,3-
dihydro-2H-benzo[d]azepin-2-one [5.37] (6.98 g, 20 mmol) in DCM (67 mL) was
cooled to -78 °C under a nitrogen atmosphere. A 1 M solution of BBr; in DCM (49.9
mL, 49.9 mmol) was added dropwise to the reaction mixture. The reaction mixture
was stirred at -78 °C for 1 h, and then was allowed to slowly warm up to rt and stirred
for 2 h. The reaction mixture was cooled to -78 °C then a 1 M solution of BBrz in DCM
(9.9 mL, 9.9 mmol) was added and the reaction mixture was left to stir at -78 °C for
15 min then allowed to slowly warm to rt and stirred for 18 h. The reaction mixture
was cooled to 0 °C, quenched with water and diluted with DCM. EtOAc was added to
dissolve the solid. The layers were separated. The aqueous layer was re-extracted with
EtOAc. The organic layers were combined, dried using a hydrophobic frit and
evaporated under reduced pressure to give the desired product [5.38] as an orange solid
(7.5 g, 70% pure, 93% yield).

IH NMR (400 MHz, DMSO-de) § 7.73 (s, 1H), 7.56 (s, 1H), 7.10 (d, J = 8.6 Hz, 1H),
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6.86 (dd, J = 8.6, 2.7 Hz, 1H), 6.79 (s, 1H), 6.73 (d, J = 2.7 Hz, 1H), 5.72 (br. s, 1H)
3.84 (s, 3H), 3.21 (q, J = 6.9 Hz, 1H), 3.00 (s, 3H), 1.47 (d, J = 6.9 Hz, 3H). NMR
showed an impurity in the aromatic region. LCMS (ESI, high pH) tr = 0.73 min, m/z

284 [M+H]".

Methyl (R)-5-((1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-oxo-2,3-dihydro-
1H-benzo[d]azepin-7-yl)oxy)pyrazine-2-carboxylate [5.40]

Q 0
~0 /N
I N—
NS
N (@]

—

R\
N-N
\

To a mixture of (R)-7-hydroxy-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-1,3-
dihydro-2H-benzo[d]azepin-2-one [5.38] (2.77 g, 6.9 mmol) in DMF (30 mL), was
added methyl 5-chloropyrazine-2-carboxylate [5.39] (1.42 g, 8.2 mmol) and potassium
carbonate (1.9 g, 13.7 mmol). The reaction mixture was stirred at 110 °C under
nitrogen for 1 h. The mixture was concentrated under reduced pressure. EtOAc and
water were added. The layers were separated, the aqueous layer was re-extracted with
EtOAc. The organic layers were combined, dried using a hydrophobic frit and
concentrated under reduced pressure to give the crude product as a brown oil. The
sample was purified by silica column chromatography, eluted with a gradient of O-
16% EtOH in EtOAc. The appropriate fractions were combined and concentrated
under reduced pressure to give the title product [5.40] as a beige solid (2.5 g, 69%
yield).

IH NMR (400 MHz, CDCls) 6 8.81 (d, J = 1.2 Hz, 1H), 8.46 (d, J = 1.2 Hz, 1H), 7.54

(s, 1H), 7.45 (d, J = 8.6 Hz, 1H), 7.37 (s, 1H), 7.28-7.24 (m, 1H)*, 7.17 (d, I = 2.5 Hz,
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1H), 6.62 (s, 1H), 4.00 (s, 3H), 3.90 (s, 3H), 3.40 (g, J = 6.9 Hz, 1H), 3.14 (s, 3H),
1.71 (d, J = 6.9 Hz, 3H). *This signal is perturbed by the residual solvent peak. LCMS

(ESI, high pH) tr = 0.91 min, m/z 420 [M+H]".

(R)-7-((5-(Hydroxymethyl)pyrazin-2-yl)oxy)-1,3-dimethyl-5-(1-methyl-1H-
pyrazol-4-yl)-1,3-dihydro-2H-benzo[d]azepin-2-one [5.41]
0

N
HO ~
| N—
N
N (0]

—
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N-N
\
Reduction with NaBHj4:
To a flask containing methyl (R)-5-((1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-
0x0-2,3-dihydro-1H-benzo[d]azepin-7-yl)oxy)pyrazine-2-carboxylate [5.40] (2.49 g,
4.75 mmol) in THF (20 mL) was added sodium borohydride (0.36 g, 9.5 mmol) and
the reaction mixture was stirred at rt for 5 min. Methanol (10 mL) was added and the
reaction mixture was heated under nitrogen at 70 °C for 45 min. Sodium borohydride
(0.36 g, 9.5 mmol) was added and the reaction mixture was stirred at rt under nitrogen
for 16 h. Sodium borohydride (0.36 g, 9.5 mmol) was added and the reaction mixture
was heated under nitrogen at 70 °C for 3 h (until full consumption of the starting
material, monitored by LCMS). The reaction was quenched with iPrOH and water and
concentrated under reduced pressure. EtOAc and water were added. The layers were
separated, the aqueous layer was re-extracted with EtOAc. The organic layers were
combined, dried using a hydrophobic frit and evaporated under reduced pressure. The
sample was loaded in DCM and purified by silica column chromatography, eluted with

a gradient of 0-12.5% EtOH in EtOAc. The appropriate fractions were combined and
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evaporated under reduced pressure to give the title product [5.41] as a yellow gum
(0.23 g, 70% pure, 9% yield) and side-product [5.38] as a yellow solid (0.78 g, 53%
yield).

Analysis of product [5.41]: *H NMR (400 MHz, CDCls) 6 8.33 (d, J = 1.2 Hz, 1H),
8.12 (s, 1H), 7.54 (s, 1H), 7.42 (d, J = 8.6 Hz, 1H), 7.36 (s, 1H), 7.23 (dd, J = 8.6, 2.5
Hz, 1H), 7.14 (d, J = 2.5 Hz, 1H), 6.60 (s, 1H), 4.77 (s, 2H), 3.89 (s, 3H), 3.40 (g, J =
6.9 Hz, 1H), 3.13 (s, 3H), 2.82 (br. s, 1H), 1.69 (d, J = 6.9 Hz, 3H). The signal for the
exchangeable proton was not observed. LCMS (ESI, High pH) tr =0.79 min, m/z 392
[M+H]*.

Product [5.38]: NMR and LCMS are consistent with data reported above.

Reduction with DIBAL.: To a solution of methyl (R)-5-((1,3-dimethyl-5-(1-methyl-
1H-pyrazol-4-yl)-2-oxo-2,3-dihydro-1H-benzo[d]azepin-7-yl)oxy)pyrazine-2-
carboxylate [5.40] (937 mg, 2.0 mmol) in THF (15 mL) at -78 °C, was added dropwise
a 1 M solution of DIBAL in THF (4.0 mL, 4.0 mmol). The reaction mixture was stirred
under nitrogen for 17 h whilst warming up from -78 °C to rt. A 1 M solution of DIBAL
in THF (4.0 mL, 4.0 mmol) was added at -78 °C and the reaction mixture was stirred
under nitrogen at rt for 3 h. A 1 M solution of DIBAL in THF (4.0 mL, 4.0 mmol) was
added at -78 °C and the reaction mixture was stirred under nitrogen at rt for 2 h. A
saturated aqueous solution of sodium potassium tartrate tetrahydrate was added and
the reaction mixture was stirred at rt overnight. Water and EtOAc were added. The
layers were separated, the aqueous layer was re-extracted with EtOAc. The organic
layers were combined, dried using a hydrophobic frit and evaporated under reduced
pressure. The sample was purified by silica column chromatography, eluted with a

gradient of 0-12.5% EtOH in EtOAc. The appropriate fractions were combined and
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evaporated under reduced pressure to give the desired product [5.41] and a side-

product [5.44] (28.3 mg, 4% vyield). The desired product was purified by MDAP (high

pH, extended method B). The solvent was concentrated under reduced pressure to give

the title product [5.41] as a yellow gum (46.7 mg, 6% vyield).

Product [5.41]: NMR and LCMS are consistent with data reported above.

Analysis of product [5.44]:

(5-((1,3-Dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-
7-yl)oxy)pyrazin-2-yl)methanol [5.44]

N
HO ~
! N—
N\
N (6]

—

R\
N~N
\

IH NMR (400 MHz, CDCls) 5 8.24 (d, J = 1.2 Hz, 1H), 8.12 (d, J = 1.2 Hz, 1H), 7.36
(s, 1H), 7.21 (s, 1H), 7.07 (d, J = 8.1 Hz, 1H), 6.93 (d, J = 2.5 Hz, 1H), 6.73 (dd, J =
8.1, 2.5 Hz, 1H), 6.30 (s, 1H), 4.74 (d, J = 2.9 Hz, 2H), 3.84 (s, 3H), 3.40-3.39 (m,
1H), 3.31-3.24 (m, 2H), 3.01 (s, 3H), 1.37 (d, J = 6.6 Hz, 3H). The signal for the
exchangeable proton was not observed. LCMS (ESI, High pH) tr = 1.02 min, m/z 378
[M+H]*. Due to instability over time of the sample in the NMR tube, further analysis
of the compound was not carried out. Chiral analysis of the sample was not carried

out, this compound has therefore arbitrarily been drawn as racemic.

1,4-Dioxaspiro[4.5]decan-8-ol [5.46]%°

(9
",

1,4-Dioxaspiro[4.5]decan-8-one [5.45] (3 g, 19.21 mmol) was dissolved in methanol

(40 mL) under nitrogen at 0 °C. Sodium borohydride (1.1 g, 28.8 mmol) was added
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and the reaction mixture was stirred for 20 min. The reaction was monitored by TLC
(consumption of the starting material, using a dinitrophenylhydrazine dip). After 2 h
of reaction, the reaction mixture was concentrated under reduced pressure to give a
white residual suspension. The material was partitioned between EtOAc and water.
The layers were separated. The aqueous layer was re-extracted with EtOAc. The
organic layers were combined, dried through a phase separator and concentrated under
reduced pressure to give the title product [5.46] as a colourless oil (2.78 g, 84% vyield).
IH NMR (400 MHz, CDCl3) & 3.97-3.90 (m, 4H), 3.83-3.76 (m, 1H), 1.92-1.77 (m,
4H), 1.71-1.53 (m, 4H). The signal for the exchangeable proton was not observed.

LCMS (ESI, high pH) tr = 0.58 min, weak ionisation.

(R)-1,3-Dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-7-((4-oxocyclohexyl)oxy)-1,3-

dihydro-2H-benzo[d]azepin-2-one [5.47]

(R)-7-Hydroxy-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-1,3-dihydro-2H-

benzo[d]azepin-2-one [5.38] (250 mg, 0.62 mmol), 1,4-dioxaspiro[4.5]decan-8-ol
[5.46] (160 mg, 1.0 mmol) and CTBP (224 mg, 0.93 mmol) were heated in toluene (2
mL) under nitrogen at 100 °C for 30 min in the microwave. No product was observed
by LCMS. To the reaction mixture was added 1,4-dioxaspiro[4.5]decan-8-ol [5.46]
(160 mg, 1.0 mmol) and CTBP (224 mg, 0.93 mmol). The reaction mixture was heated
at 120 °C for 45 min in the microwave. The reaction mixture was concentrated under

reduced pressure. The residue was partitioned between EtOAc and water. The layers
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were separated. The aqueous layer was re-extracted with EtOAc. The organic layers
were combined, dried through a hydrophobic frit and concentrated under reduced
pressure to give a brown oil. The oil was dissolved in a 2 M aqueous solution of HCI
(5 mL) and acetone (5 mL) stirred at rt for 2 h and then at 60 °C for 3 h. Then HCI
(24% vlv, 3 mL) was added and the reaction mixture was stirred at rt for 1 h and left
to stand for 18 h at rt. The reaction mixture was concentrated under reduced pressure
to give a dark brown oil. The material was purified by MDAP (formic, extended
method B). The appropriate fractions were concentrated under reduced pressure to give
the title product [5.47] as a colourless oil (80 mg, 31% yield).

IH NMR (400 MHz, CDCls) & 7.55 (s, 1H), 7.39 (s, 1H), 7.29 (d, J = 8.8 Hz, 1H),
7.06 (dd, J = 8.7, 2.7 Hz, 1H), 6.92 (d, J = 2.7 Hz, 1H), 6.57 (s, 1H), 4.60 (br. s, 1H),
3.94 (s, 3H), 3.36 (g, J = 6.9 Hz, 1H), 3.11 (s, 3H), 2.71-2.58 (m, 2H), 2.34-2.17 (m,
4H), 2.07-1.95 (m, 2H), 1.66 (d, J = 6.9 Hz, 3H). LCMS (ESI, formic) tr = 0.90 min,

m/z 380 [M+H]".

(R)-1,3-Dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-oxo0-2,3-dihydro-1H-

benzo[d]azepin-7-yl trifluoromethanesulfonate [5.48]

(0]
 F
N —
// \O —
(e}
=
/
NN

(R)-7-Hydroxy-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-1,3-dihydro-2H-

benzo[d]azepin-2-one [5.38] (798 mg, 2.8 mmol) and NEt; (1.2 mL, 8.5 mmol) were
dissolved in DCM (9 mL) under nitrogen at 0 °C. PhN(Tf)2 (1.2 g, 3.4 mmol) was
added and the reaction mixture was stirred 10 min at 0 °C and 2.5 h at rt. The reaction

mixture was quenched with a mixture of ice-water. DCM was added and the layers
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were separated. The aqueous layer was extracted with DCM. The organic layers were
combined, dried through a hydrophobic frit and concentrated under reduced pressure
to give a yellow oil. The crude was purified by silica column chromatography, eluted
with 0-100% EtOAc in cyclohexane. The relevant fractions were concentrated under
reduced pressure to give the title product [5.48] as a white foam (803 mg, 62% vyield).
IH NMR (400 MHz, MeOD) §7.66 (s, 1H), 7.55 (s, 1H), 7.51 (d, J = 8.7 Hz, 1H),
7.43 (dd, J=8.7, 2.7 Hz, 1H), 7.29 (d, J = 2.7 Hz, 1H), 6.90 (s, 1H), 3.90 (s, 3H), 3.44
(g, J = 6.9 Hz, 1H), 3.10 (s, 3H), 1.63 (d, J = 6.9 Hz, 3H). LCMS (ESI, High pH) tr =

1.11 min, m/z 416 [M+H]".

Methyl (R)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-oxo0-2,3-dihydro-1H-

benzo[d]azepine-7-carboxylate [5.49]

(R)-1,3-Dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-oxo-2,3-dihydro-1H-

benzo[d]azepin-7-yl trifluoromethanesulfonate [5.48] (0.80 g, 1.9 mmol), Pd(OAc).
(0.04 g, 0.19 mmol) and Xantphos (0.11 g, 0.19 mmol) were suspended in a sealed
round bottom flask in DMF (12 mL). The flask was purged with a vacuum-nitrogen
cycle 3 times. Methanol (12 mL) and NEtz (0.8 mL, 5.8 mmol) were added. The
nitrogen atmosphere was replaced by a CO atmosphere by bubbling CO into the
solution (with an exit needle in the septum) for 5 min. Then the exit needle was
removed and the needle of CO gas was taken out of the solution, but kept in the flask

to maintain the CO-atmosphere. The reaction mixture was heated at 60 °C for 3 h.
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Pd(OAc)2 (0.04 g, 0.19 mmol) and Xantphos (0.11 g, 0.19 mmol) were added to the
reaction mixture. The flask was purged with a vacuum-nitrogen cycle 3 times. The
nitrogen atmosphere was replaced by a CO atmosphere as described above. The
reaction mixture was heated at 60 °C for 3 h. The reaction mixture was left to stand at
rt for 18 h. Pd(OAc)2 (0.04 g, 0.19 mmol) was added. The flask was purged with a
vacuum-nitrogen cycle 3 times. The nitrogen atmosphere was replaced by a CO
atmosphere as described above. The reaction mixture was heated at 60 °C for 4 h. The
reaction mixture was concentrated under reduced pressure. The residue was diluted in
EtOAc and washed with a 1 M aqueous lithium chloride solution. The layers were
separated, the aqueous layer was reextracted with EtOAc. The organic layers were
concentrated under reduced pressure. The crude product was purified by silica column
chromatography, eluted with a gradient of 0-100% of EtOAc in cyclohexane. The
relevant fractions were concentrated under reduced pressure to give the title product
[5.49] as a yellow oil (383 mg, 52% yield) and some recovered starting material [5.48]
as a yellow oil in two batches (71.2 mg, 8% yield and 60.8 mg, 6% yield)).

Desired product [5.49]: 'H NMR (400 MHz, CDCls) 68.07 (dd, J=8.2, 1.6 Hz, 1H),
8.04 (d, J = 1.6 Hz, 1H), 7.56 (s, 1H), 7.44 (d, J = 8.2 Hz, 1H), 7.33 (s, 1H), 6.64 (s,
1H), 3.93 (s, 3H), 3.88 (s, 3H), 3.44 (q, J = 6.9 Hz, 1H), 3.11 (s, 3H), 1.70 (d, J = 6.9
Hz, 3H). LCMS (ESI, High pH) tr = 0.89 min, m/z 326 [M+H]".

Recovered starting material [5.48]: analysis matches previous batch described

above.
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(R)-7-(Hydroxymethyl)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-1,3-dihydro-

2H-benzo[d]azepin-2-one [5.50]

N_
HO _
R\
N~N
\
Methyl (R)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-oxo-2,3-dihydro-1H-

benzo[d]azepine-7-carboxylate [5.49] (383 mg, 1.0 mmol) was dissolved in THF
under nitrogen. Lithium borohydride (43.6 mg, 2.0 mmol) was added and the reaction
mixture was stirred at 55 °C for 18 h. The reaction mixture was quenched with
methanol and concentrated under reduced pressure to give a black oil. The oil was
dissolved in EtOAc and water. The layers were separated. The aqueous layer was re-
extracted with EtOAc. The organic layers were combined, dried through a phase
separator and concentrated under reduced pressure to give the title product [5.50] as a
white foam (293.6 mg, 94% yield).

IH NMR (400 MHz, CDCl3) §7.54 (s, 1H), 7.42-7.46 (dd, J = 8.1, 1.5 Hz, 1H), 7.39-
7.34 (m, 3H), 6.58 (s, 1H), 4.66 (d, J = 5.6 Hz, 2H), 3.93 (s, 3H), 3.39 (q, J = 6.8 Hz,
1H), 3.10 (s, 3H), 1.68 (d, J = 6.8 Hz, 3H). The signal for the exchangeable proton was

not observed. LCMS (ESI, High pH) tr = 0.71 min, m/z 298 [M+H]".
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((R)-1,3-Dimethyl-5-(1-methyl-1H-pyrazol-4-yl)-2-oxo-2,3-dihydro-1H-

benzo[d]azepine-7-carbaldehyde [5.51]

—

TN
N~-N

(R)-7-(Hydroxymethyl)-1,3-dimethyl-5-(1-me\thyl-1H-pyrazol-4-y|)-1,3-dihydro-ZH-
benzo[d]azepin-2-one [5.50] (293 mg, 0.99 mmol) and DMP (627 mg, 1.5 mmol) were
stirred in DCM (5 mL) under nitrogen at 20 °C for 15 min. The reaction mixture was
guenched with a saturated solution of sodium bicarbonate and diluted with DCM. The
aqueous layer was extracted twice with DCM. The organic layers were combined,
dried through a phase separator and concentrated under reduced pressure to give a
yellow oil. The crude product was purified by silica column chromatography, eluted
with a gradient of 0-100% EtOAc in cyclohexane, followed by 0-25% EtOH in EtOAc.
The relevant fractions were concentrated under reduced pressure to give a yellow oil.
The product was suspended in methanol and filtered. The filtrate was purified by
MDAP (high pH method B). The relevant fractions were combined and concentrated
under reduced pressure to give the title product [5.51] as a yellow oil (166.5 mg, 54%
yield).

IH NMR (400 MHz, CDCls) §9.96 (s, 1H), 7.93 (dd, J = 8.3, 1.7 Hz, 1H), 7.88 (d, J
= 1.7 Hz, 1H), 7.56 (s, 1H), 7.54 (d, J = 8.3 Hz, 1H), 7.36 (5, 1H), 6.67 (s, 1H), 3.94
(s, 3H), 3.47 (g, J = 6.9 Hz, 1H), 3.13 (s, 3H), 1.72 (d, J = 6.9 Hz, 3H). 13C NMR (101
MHz, CDCls) 5191.6 (C=0), 169.5 (C=0), 143.5 (CH), 137.9 (CH), 136.2 (Civ), 134.7
(Civ), 129.8 (CH), 129.5 (CH), 129.0 (CH), 127.4 (Ci), 124.9 (CH), 121.4 (Ciy), 121.1

(Civ), 41.8 (CH), 39.2 (CH3), 35.3 (CH3), 12.7 (CH3). LCMS (ESI, High pH) tr = 0.80
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min, m/z 296 [M+H]". HRMS (ESI) calculated for C17H1sN302 296.1400 [M+H]*,
found 296.1407 (3.24 min). vmax (solution in chloroform, cm™): 1690 (C=0 aldehyde),

1652 (C=0 amide), 1596 (C=C alkene). [a:0]?*® *° 589 nm (¢ 0.500, MeOH): +302.2°.

(R)-7-Hydroxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [6.01]

o)
N—

HO ==
(R)-7-Methoxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [5.08] (6.2 g,
28.5 mmol) were dissolved in DCM (100 mL) under nitrogen at -78 °C. A 1 M solution
of boron tribromide in DCM (29 mL, 29.0 mmol) was added dropwise to the reaction
mixture over 15 min. The reaction mixture was left to warm up slowly from -78 °C to
rt and stirred overnight. A 1 M solution of boron tribromide in DCM (15 mL, 15 mmol)
was added to the reaction mixture at -78 °C over 5 min. The reaction mixture was
stirred 5 min at -78 °C and then warmed up to rt (-78 °C bath was removed) and stirred
for 30 min. The reaction mixture was diluted with 10% methanol in water. The layers
were separated. The aqueous layer was re-extracted once with DCM, and twice with
10% MeOH in EtOAc. The organic layers were combined, dried through a phase
separator and concentrated under reduced pressure to give a beige solid. The solid was
purified by silica column chromatography, eluted with a gradient of 0-100% EtOAc in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give
the title product [6.01] as an orange solid (4.73 g, 77%)

IH NMR (400 MHz, DMSO-ds) 6 9.35 (br. s, 1H), 7.05 (d, J = 8.6 Hz, 1H), 6.81 (dd,
J=8.6, 2.5 Hz, 1H), 6.68 (d, J = 2.5 Hz, 1H), 6.46 (d, J = 9.3 Hz, 1H), 6.36 (d, J = 9.3
Hz, 1H), 3.12 (br. s, 1H), 3.01 (s, 3H), 1.44 (d, J = 6.6 Hz, 3H). LCMS (ESI, High

pH) tr = 0.75 min, m/z 204 [M+H]".
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(R)-1,3-Dimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepin-7-

yltrifluoromethanesulfonateylate [6.02]

(0]
e F
F>‘\S//O N—
&I N=

(R)-7-Hydroxy-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one [6.01] (500 mg,
2.5 mmol) was dissolved in DCM (8.2 mL) under nitrogen at 0 °C. 1,1,1-Trifluoro-N-
phenyl-N-((trifluoromethyl)sulfonyl)methanesulfonamide (1.06 g, 2.95 mmol) and
pyridine (0.6 mL, 7.4 mmol) were added and the reaction mixture was stirred for 18 h
at rt. No reaction occurred. NEts (1 mL, 7.2 mmol) was added and the reaction mixture
was stirred for 2 h. The reaction mixture was quenched with a mixture of ice-water.
DCM was added and the layers were separated. The aqueous layer was re-extracted
with DCM. The organic layers were combined, dried through a hydrophobic frit and
concentrated under reduced pressure to give an orange solid. The solid was purified
by silica column chromatography, eluted with a gradient of 0-100% EtOAc in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give
the title product [6.02] as an orange solid (533.8 mg, 62% yield).

IH NMR (400 MHz, CDCls) § 7.38 (d, J = 8.8 Hz, 1H), 7.27 (dd, J = 8.8, 2.5 Hz, 1H),
7.17 (d, J = 2.5 Hz, 1H), 6.35-6.42 (m, 2H), 3.29 (br. s, 1H), 3.14 (s, 3H), 1.65 (d, J =

6.4 Hz, 3H). LCMS (ESI, High pH) tr = 1.22 min, m/z 336 [M+H]".
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Methyl (R)-1,3-dimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carboxylate
[6.03]
0

N—
/O —

(R)-l,3-Dimethyl-2-oxo-2,3-dihydro?lH-benzo[d]azepin-7-y|
trifluoromethanesulfonate [6.02] (2.0 g, 5.4 mmol), Pd(OAc). (0.12 g, 0.54 mmol) and
Xantphos (0.31 g, 0.54 mmol) were suspended in a sealed round bottom flask in DMF
(9 mL). The flask was purged in a vacuum-nitrogen cycle (repeated 3 times). Methanol
(9 mL) and NEtz (2.2 mL, 16.1 mmol) were added. The nitrogen atmosphere was
replaced by a CO atmosphere by bubbling CO in the solution (with an exit needle in
the septum) for 5 min. Then, the exit needle was removed and the needle of CO gas
was taken off the solution, but kept in the flask to maintain the CO-atmosphere. The
reaction mixture was heated at 60 °C for 1.5 h. The reaction mixture was concentrated
under reduced pressure. The residue was diluted in EtOAc and washed with a 1 M
aqueous LiCl solution. The layers were separated, the aqueous layer was extracted
with EtOAc. The organic layers were dried through a phase separator and concentrated
under reduced pressure. The crude product was purified by silica column
chromatography, eluted with a gradient of 0-50% of EtOAc in cyclohexane. The
relevant fractions were concentrated under reduced pressure to give the title product
[6.03] as a white solid (1.21 g, 87% vyield).

IH NMR (400 MHz, CDCl3) § 8.03 (dd, J = 8.3, 1.7 Hz, 1H), 7.95 (d, J = 1.7 Hz, 1H),
7.38 (d, J = 8.3 Hz, 1H), 6.46 (d, J = 9.3 Hz, 1H), 6.36 (d, J = 9.3 Hz, 1H), 3.92 (s,
3H), 3.33 (br. s, 1H), 3.13 (s, 3H), 1.67 (d, J = 5.9 Hz, 3H). LCMS (ESI, High pH) tr

=0.98 min, m/z 246 [M+H]".
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(R)-7-(Hydroxymethyl)-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one

[6.04]
0
N_
HO _
Methyl (R)-1,3-dimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carboxylate

[6.03] (288.1 mg, 1.12 mmol) and lithium borohydride (77 mg, 3.5 mmol) were stirred
in 2-MeTHF (5.8 mL) under nitrogen at 55 °C for 2 h. The reaction mixture was
quenched with methanol and concentrated under reduced pressure to give a yellow
residue. The residue was partitioned between EtOAc and water. The layers were
separated and the aqueous layer was re-extracted with EtOAc. The organic layers were
combined, dried through a phase separator and concentrated under reduced pressure to
give the title product [6.04] as a white solid (249.4 mg, 83% yield).

IH NMR (400 MHz, CDCls) 6 7.37 (dd, J = 8.1, 1.2 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H),
7.27 (d, J = 1.2 Hz, 1H), 6.42 (d, J = 9.1 Hz, 1H), 6.30 (d, J = 9.1 Hz, 1H), 4.69 (s,
2H), 3.27 (br. s, 1H), 3.11 (s, 3H), 1.84 (br. s, 1H), 1.64 (d, J = 4.9 Hz, 3H). LCMS

(ESI, high pH) tr = 0.72 min, m/z 218 [M+H]".

(R)-5-Bromo-1,3-dimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepine-7-

carbaldehyde [6.05]

Ow—

(R)-7-(Hydroxymethyl)-1,3-dimethyl-1,3-dihydro-2H-benzo[d]azepin-2-one  [6.04]
(249.4 mg, 0.98 mmol) and Dess-Martin periodinane (621 mg, 1.5 mmol) were stirred
in DCM (5 mL) under nitrogen at 20 °C for 1 h. The reaction mixture was quenched

with a saturated solution of sodium bicarbonate. DCM was added. The layers were
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separated. The aqueous layer was re-extracted with DCM. The organics were
combined, dried through a phase separator and concentrated under reduced pressure to
give a yellow oil. The product was purified by column chromatography, eluted with 0-
100% EtOAc in cyclohexane. The appropriate fractions were concentrated under
reduced pressure to give the title product [6.05] as a white solid (188.4 mg, 85%)

IH NMR (400 MHz, CDCls) 5 10.01 (s, 1H), 7.88 (dd, J = 8.1, 1.7 Hz, 1H), 7.77 (d, J
= 1.7 Hz, 1H), 7.48 (d, J = 8.1 Hz, 1H), 6.49 (d, J = 9.3 Hz, 1H), 6.41 (d, J = 9.3 Hz,
1H), 3.35 (br. s, 1H), 3.15 (s, 3H), 1.69 (d, J = 6.1 Hz, 3H). LCMS (ESI, High pH) tr

=0.87 min, m/z 216 [M+H]".

(R)-5-Bromo-1,3-dimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepine-7-

carbaldehyde [6.06]

Ox

—

Br
(R)-1,3-Dimethyl-2-o0x0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.05]

(188.4 mg, 0.88 mmol) and phenyltrimethylaminotribromide (PTT) (345 mg, 0.92
mmol) were stirred in MeCN (10 mL) under nitrogen at 20 °C for 10 min. The reaction
mixture was concentrated under reduced pressure. The residual orange oil was
partitioned between EtOAc and water. The layers were separated. The aqueous layer
was re-extracted with EtOAc. The organic layers were combined, dried through a
phase separator and concentrated under reduced pressure to give a yellow solid. The
solid was purified by silica column chromatography eluted with a gradient of 0-100%
EtOAc in cyclohexane. The appropriate fractions were concentrated under reduced

pressure to give the title product [6.06] as a white solid (215.6 mg, 80%).
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IH NMR (400 MHz, CDCls) 6 10.05 (s, 1H), 8.23 (d, J = 1.5 Hz, 1H), 7.95 (dd, J =
8.1, 1.5 Hz, 1H), 7.48 (d, J = 8.1 Hz, 1H), 6.92 (s, 1H), 3.47 (q, J = 6.8 Hz, 1H), 3.11
(s, 3H), 1.71 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz, CDCls) §191.1 (C=0), 169.0
(C=0), 142.6 (Ci), 135.4 (Ciy), 135.1 (Civ), 132.3 (CH), 130.4 (CH)*, 125.1 (CH),
110.3 (Civ), 41.9 (CH), 35.2 (CHs3), 12.8 (CH3). *HSQC NMR showed correlation to
two protons for this signal, indicating there are two CH signals under the peak. LCMS
(ESI, formic) tr = 0.99 min, m/z 294/296 [M+H]". HRMS (ESI) calculated for
C13H13BrNO2 [M+H]* 294.0130, found 294.0133 (4.21 min). vmax (neat, cm™): 2984
(CH alkene), 1695 (C=0 aldehyde), 1671 (C=0 amide), 1601 (C=C alkene). [ap]?*®

"C 589nm (¢ 0.500, MeOH): +136.6°. m.p. = 163-167 °C.

(S)-Tetrahydrofuran-3-yl (((R)-1,3-dimethyl-2-ox0-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-threoninate [6.07]

@)j’ﬁ

Reductive amination general procedure A2 used on aldehyde [6.05] (121 mg, 0.54
mmol) and (S)-tetrahydrofuran-3-yl L-threoninate, hydrochloride [5.43] (181 mg, 0.80
mmol). The crude product was purified by silica column chromatography, eluted with
a gradient of 0-12.5% EtOAc in EtOH. The fractions were concentrated under reduced
pressure. The residue was purified by MDAP (high pH, extended method B) to afford
the title product [6.07] as a colourless gum (54.5 mg, 25% vyield).

IH NMR (400 MHz, CDCls) 6 7.32 (dd, J = 8.1, 1.3 Hz, 1H), 7.27 (d, J = 8.1 Hz, 1H),
7.20 (d, J = 1.3 Hz, 1H), 6.40 (d, J = 9.5 Hz, 1H), 6.31 (d, J = 9.5 Hz, 1H), 5.29-5.24

(m, 1H), 3.91-3.88 (m, 1H), 3.87-3.84 (m, 2H), 3.83-3.73 (M, 3H), 3.73-3.65 (m, 1H),
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3.26 (br. s, 1H), 3.12 (s, 3H), 3.02 (d, J = 7.1 Hz, 1H), 2.21-2.11 (m, 1H), 1.93-1.85
(m, 1H), 1.63 (br. s, 3H), 1.21 (d, J = 6.1 Hz, 3H). Signals for the exchangeable protons
were not observed. 3C NMR (101 MHz, CDCls) §173.3 (C=0), 169.9 (C=0), 137.2
(Civ), 135.2 (Civ), 134.3 (Civ), 130.5 (CH), 128.7 (CH), 126.7 (CH), 124.8 (Ci), 116.1
(CH), 75.7 (CH2), 72.9 (CHy), 68.0 (CH), 67.1 (CH>), 66.9 (CH2), 52.3 (CH.), 41.4
(CH), 35.6 (CHg), 32.7 (CH), 19.4 (CHgs), 13.1 (CHs). LCMS (ESI, high pH) tr =
0.83 min, m/z 389 [M+H]". HRMS (ESI) calculated for Cz1H29NsOs [M+H]"
389.2077, found 389.2072 (1.74 min). vmax (solution in chloroform, cm™): 3443 (OH),
2978 (CH alkene), 2936 (CH alkane), 2873 (CH alkane), 1728 (C=0 ester), 1660 (C=0

amide). [ap]?*? °© sg9 nm (€ 0.500, MeOH): -101.3°.

(S)-Tetrahydrofuran-3-yl (((R)-1,3,5-trimethyl-2-oxo0-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-threoninate [6.08]

“'OH
(R)-1,3,5-Trimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde  [6.18]

(80 mg, 0.33 mmol) and (S)-tetrahydrofuran-3-yl L-threoninate, hydrochloride [5.43]
(112 mg, 0.497 mmol) were dissolved THF (5 mL). DIPEA (0.2 mL, 1.15 mmol) and
AcOH (0.1 mL, 1.75 mmol) were added. The reaction vessel was placed under a
nitrogen atmosphere and stirred at 40 °C for 3 h. Sodium triacetoxyborohydride (176
mg, 0.83 mmol) was added and the reaction mixture was stirred at rt for 1 h. Sodium
triacetoxyborohydride (176 mg, 0.83 mmol) was added and the reaction mixture was
stirred at 40 °C for 30 min. The reaction mixture was quenched with methanol and

concentrated under reduced pressure to give a yellow residue. The residue was
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dissolved in methanol and purified by MDAP (high pH, extended method B). The
fractions were concentrated under reduced pressure to give the title product [6.08] in
two batches as two colourless oils (batch 1: 19.5 mg, 14% yield, batch 2: 20.8 mg,
15% vyield).

Analysis of batch 2 (analysis of batch 1 matches the data reported below):

IH NMR (400 MHz, CDCl3) 6 7.36 (d, J = 1.5 Hz, 1H), 7.33 (dd, J = 8.1, 1.5 Hz, 1H),
7.28 (d, J=8.1 Hz, 1H), 6.23 (s, 1H), 5.94-5.24 (m, 1H), 3.91-3.88 (m, 1H), 3.88-3.86
(m, 2H), 3.85-3.83 (M, 1H), 3.78-3.66 (M, 3H), 3.27 (g, J = 7.1 Hz, 1H), 3.05-2.99 (m,
4H), 2.24 (s, 3H), 2.22-2.11 (m, 1H), 1.94-1.86 (m, 1H), 1.63 (d, J = 7.1 Hz, 3H), 1.22
(d, J=6.1 Hz, 3H). Signals for the exchangeable protons were not observed. 3C NMR
(101 MHz, CDCls) 5173.4 (C=0), 170.3 (C=0), 137.2 (Civ), 136.7 (Civ), 136.4 (Civ),
128.8 (CH), 127.7 (CH), 124.9 (CH), 124.3 (CH), 124.1 (Ci), 75.7 (CH), 73.0 (CH2),
68.1 (CHz), 67.2 (CH), 66.9 (CH.), 52.5 (CH>), 40.7 (CHz3), 34.8 (CHa), 32.8 (CHy>),
20.5 (CH3), 19.4 (CHs), 12.8 (CHs). LCMS (ESI, high pH) tz = 0.91 min, m/z 403
[M+H]*. HRMS (ESI) calculated for C22H31N20s [M+H]* 403.2234, found 403.2223
(1.98 min). vmax (solution in chloroform, cm™): 3439 (OH), 2976 (CH alkene), 2936
(CH alkane), 1729 (C=0 ester), 1659 (C=0 amide). [#p]*? " 589 nm (¢ 0.500, MeOH):

-74.0°.
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(S)-Tetrahydrofuran-3-yl (((R)-1,3-dimethyl-5-(methylcarbamoyl)-2-oxo-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [6.10]

0
LI va)):jf
N
O)j/ —
OH AN,

(R)-7-Formyl-N,1,3-trimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepine-5-
carboxamide (88 mg, 0.32 mmol) [6.19], (S)-tetrahydrofuran-3-yl L-threoninate,
hydrochloride [5.43] (109 mg, 0.49 mmol), picoline borane (41.5 mg, 0.39 mmol) and
acetic acid (0.5 mL, 8.73 mmol) were stirred in iPrOH (5 mL) under nitrogen at rt for
1 h. The reaction mixture was concentrated under reduced pressure to give a yellow
oil. The crude product was purified by MDAP (high pH, extended method A). The
relevant fractions were concentrated under reduced pressure to give the title product
[6.10] as a colourless oil (75.9 mg, 50% yield).

IH NMR (400 MHz, CDCl3) §7.46 (s, 1H), 7.39-7.35 (m, 2H), 7.32 (d, J = 8.6 Hz,
1H), 6.00 (br. s, 1H), 5.18 (br. s, 1H), 3.90-3.75 (m, 5H), 3.71-3.64 (m, 2H), 3.28 (q,
J = 6.9 Hz, 1H), 3.15 (s, 3H), 2.97-2.92 (m, 4H), 2.23-2.12 (m, 1H), 1.94-1.86 (m,
1H), 1.64 (d, J = 6.9 Hz, 3H), 1.18 (d, J = 6.1 Hz, 3H). Signals for the two of the three
exchangeable protons were not observed. *C NMR (101 MHz, CDCls) & 173.2
(C=0), 170.2 (C=0), 166.8 (C=0), 137.7 (Ci), 137.2 (Ci), 136.3 (Civ), 131.9 (CH),
129.7 (CH), 127.3 (CH), 124.6 (CH), 122.1 (Ci), 75.7 (CH), 72.7 (CH), 67.8 (CH>),
67.3 (CHz), 66.8 (CH), 52.2 (CHy), 41.3 (CH), 35.9 (CHs), 32.7 (CHy), 26.8 (CHs),
19.2 (CHs), 12.6 (CH3). LCMS (ESI, high pH) tr = 0.69 min, m/z 446 [M+H]*. HRMS
(ESI) calculated for Ca3H32N3Og [M+H]" 446.2292, found 446.2293 (1.45 min). vmax

(solution in chloroform, cm™): 3333 (OH), 2979 (CH alkene), 2939 (CH alkane), 1728
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=0 ester), =0 amide), =C alkene). |ab '0589nmC. , Ve .
(C=0 ester), 1654 (C=0 amide), 1612 (C=C alkene). [#]?* sg9nm (C 0.290, MeOH)

+74.2°.

(S)-Tetrahydrofuran-3-yl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-

2-0x0-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [6.11]

o}
o}
LK -
o)j' _
"OH NN
\ ,N
\\N
\

(R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-dihydro-1H-
benzo[d]azepine-7-carbaldehyde [6.22] (30.2 mg, 0.1 mmol) and (S)-tetrahydrofuran-
3-yl L-threoninate, hydrochloride [5.43] (32.8 mg, 0.15 mmol) were dissolved THF (5
mL). DIPEA (0.2 mL, 1.15 mmol) and AcOH (0.1 mL, 1.7 mmol) were added. The
reaction vessel was placed under a nitrogen atmosphere and stirred at 40 °C for 3 h.
sodium triacetoxyborohydride (54 mg, 0.26 mmol) was added and the reaction mixture
was stirred at 40 °C for 1 h. sodium triacetoxyborohydride (54 mg, 0.26 mmol) was
added and the reaction mixture was stirred at 40 °C for 20 min. The reaction mixture
was quenched with MeOH and concentrated under reduced pressure to give a yellow
residue. The residue was taken in MeOH and purified by MDAP (high pH extended
method A, followed by formic, extended method A). The fractions were concentrated
under reduced pressure. The product was further purified by silica column
chromatography, eluted with a gradient of 0-20% MeOH in DCM. The appropriate
fractions were concentrated under reduced to afford the title product [6.11] as a
colourless oil (8.3 mg, 17% yield).

IH NMR (400 MHz, CDCls) & 8.04 (s, 1H), 7.64 (d, J = 1.3 Hz, 1H), 7.44 (s, 1H),

7.34 (dd, J = 8.2, 1.3 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 5.30 (s, 1H), 5.05 (br. s, 2H),
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3.95 (s, 3H), 3.92-3.82 (m, 4H), 3.76 (br. d, J = 10.5 Hz, 1H), 3.72-3.63 (m, 2H), 3.40
(g, = 7.0 Hz, 1H), 3.19 (s, 3H), 3.02 (d, J = 7.6 Hz, 1H), 2.22-2.11 (m, 1H), 1.97-
1.89 (m, 1H), 1.65 (d, J = 7.0 Hz, 3H), 1.19 (d, J = 6.4 Hz, 3H). LCMS (ESI, high pH)

tr = 0.71 min, m/z 470 [M+H]".

Tert-butyl (((R)-1,3-dimethyl-2-0x0-2,3-dihydro-1H-benzo[d]azepin-7-

yl)methyl)-L-threoninate [6.12]

Reductive amination general procedure A2 with aldehyde [6.05] (110 mg, 0.49 mmol)
and tert-butyl L-threoninate, hydrochloride [6.17] (154 mg, 0.73 mmol). The sample
was purified by silica column chromatography eluted with a gradient of 0-100%
EtOAc in cyclohexane. The relevant fractions were combined and concentrated under
reduced pressure to give the title product [6.12] as a colourless gum (108 mg, 56%
yield).

IH NMR (400 MHz, CDCls) § 7.33 (dd, J = 8.3, 1.5 Hz, 1H), 7.27 (d, J = 8.3 Hz, 1H),
7.21(d, J = 1.5 Hz, 1H), 6.41 (d, J = 8.8 Hz, 1H), 6.30 (d, J = 8.8 Hz, 1H), 3.83 (d, J
= 13.0 Hz, 1H), 3.70 (d, J = 13.0 Hz, 1H), 3.63 (qd, J = 7.6, 6.4 Hz, 1H), 3.26 (br. s,
1H), 3.11 (s, 3H), 2.90 (d, J = 7.6 Hz, 1H), 2.87 (br. s, 1H), 1.63 (br. d, J = 5.6 Hz,
3H), 1.44 (s, 9H), 1.21 (d, J = 6.4 Hz, 3H). The signal for one of the exchangeable
protons was not observed. *C NMR (101 MHz, CDCls) 6172.7 (C=0), 169.9 (C=0),
137.5 (Civ), 135.0 (Ci), 134.2 (Civ), 130.3 (CH), 128.7 (CH), 126.6 (CH), 124.7 (CH),
116.2 (CH), 81.8 (Civ), 68.0 (CH), 52.1 (CH2), 41.2 (CH), 35.5 (CHs), 28.0 (CH3), 19.3
(CH3), 13.0 (CHs3). One CH was not observed. LCMS (ESI, high pH) tr = 1.07 min,

m/z 375 [M+H]*. HRMS (ESI) calculated for C21H31N204 [M+H]" 375.2285, found
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375.2281 (2.33 min). vmax (solution in chloroform, cm™): 3447 (OH), 3322 (NH), 2976
(CH alkene), 2935 (CH alkane), 1722 (C=0 ester), 1660 (C=0 amide) and 1636 (C=C

alkene). [ap]?*?C sgg nm (C 0.493, MeOH): -137.1°.

Tert-butyl (((R)-1,3,5-trimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepin-7-

yl)methyl)-L-threoninate [6.13]

o)
e Rk -
0)5' ==
“'OH

(R)-1,3,5-Trimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde  [6.18]
(40 mg, 0.17 mmol) and tert-butyl L-threoninate, hydrochloride [6.17] (55.4 mg, 0.26
mmol) were dissolved in THF (5 mL). Triethylamine (0.07 mL, 0.52 mmol) was added
and the reaction mixture was stirred at 50 °C for 18 h. The reaction mixture was cooled
to rt and sodium triacetoxyborohydride (111 mg, 0.52 mmol) was added and the
reaction mixture was stirred at rt for 6 h. The reaction mixture was quenched with
MeOH, concentrated under reduced pressure and the resulting residue was purified by
MDAP (high pH, extended method C). The relevant fraction was concentrated under
reduced pressure to give the title product [6.13] as a colourless oil (30.9 mg, 43%
yield).

'H NMR (400 MHz, CDCl3) 6 7.37 (d, J= 1.7 Hz, 1H), 7.48 (dd, J = 8.1, 1.7 Hz, 1H),
7.28 (d, J =8.1 Hz, 1H), 6.22 (d, J = 1.0 Hz, 1H), 3.85 (d, J = 13.0 Hz, 1H), 3.72 (d, J
= 13.0 Hz, 1H), 3.63 (qd, J = 7.3, 5.9 Hz, 1H), 3.27 (g, J = 6.9 Hz, 1H), 3.02 (s, 3H),
2.90 (d, J = 7.3 Hz, 1H), 2.24 (d, J = 1.0 Hz, 3H), 1.63 (d, J = 6.9 Hz, 3H), 1.45 (s,
9H), 1.21 (d, J = 5.9 Hz, 3H). Signals for the exchangeable protons were not observed.

13C NMR (101 MHz, CDCls) 5172.8 (C=0), 170.3 (C=0), 137.4 (Ci), 136.7 (Ci),
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136.3 (Civ), 128.8 (CH), 127.6 (CH), 124.8 (CH), 124.2 (CH), 124.2 (Civ), 81.9 (Ci),
68.1 (CH), 52.4 (CH>), 40.7 (CH), 34.7 (CHs), 28.1 (CHs), 20.5 (CHs), 19.3 (CHa),
12.8 (CHs). LCMS (ESI, high pH) tr = 1.12 min, m/z 389 [M+H]*. HRMS (ESI)
calculated for C22HzsN204 [M+H]" 389.2441, found 389.2437 (2.56 min). vmax
(solution in chloroform, cm™): 3442 (OH), 3322 (NH), 2980 (CH alkene), 2935 (CH
alkane), 1723 (C=0 ester), 1658 (C=0 amide). [o0]?*® “ 589 nm (C 0.490, MeOH): -

113.4°.

Tert-butyl (((R)-1,3-dimethyl-5-(methylcarbamoyl)-2-oxo-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-threoninate [6.15]

(0]
P -
0)5’ ==
OH (@] /NH

Reductive amination general procedure B with aldehyde [6.19] (49 mg, 0.18 mmol)
and tert-butyl L-threoninate, hydrochloride [6.17] (57.1 mg, 0.27 mmol). The sample
was purified by MDAP (high pH, extended method B), followed by MDAP (formic,
extended method B) to afford the title product [6.15] as a colourless oil (10 mg, 12%
yield).

IH NMR (400 MHz, MeOD) 6 8.22 (s, 2H), 7.51 (dd, J = 8.0, 1.5 Hz, 1H), 7.48 (d, J
= 1.5 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.21 (s, 1H), 4.06 (d, J = 13.2 Hz, 1H), 3.97
(d, J =13.2 Hz, 1H), 3.91 (qd, J = 6.9, 6.4 Hz, 1H), 3.36 (g, J = 6.9 Hz, 1H), 3.22 (d,
J=6.9 Hz, 1H), 3.13 (s, 3H), 2.87 (s, 3H), 1.62 (d, J = 6.9 Hz, 3H), 1.44 (s, 9H), 1.23
(d, J = 6.4 Hz, 3H). The signal for one exchangeable proton was not observed. 13C
NMR (101 MHz, CDCls) & 172.7 (C=0). 170.3 (C=0), 166.8 (C=0), 138.0 (Ci),

137.3 (Civ), 136.5 (CH), 131.9 (Ci,), 129.8 (CH), 127.3 (CH), 124.8 (CH), 122.0 (Civ),
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82.1 (Civ), 68.3 (CH), 68.0 (CH), 52.3 (CH>), 41.4 (CH), 36.0 (CHs), 28.0 (CH3), 26.9
(CHs), 19.1 (CHs), 12.7 (CHs). LCMS (ESI, high pH) tr = 0.86 min, m/z 432 [M+H]*.
HRMS (ESI) calculated for CasHsaN3Os [M+H]* 432.2499, found 432.2496 (1.92
min). vmax (solution in chloroform, cm™): 3446 (OH), 3322 (NH), 2977 (CH alkene),
2937 (CH alkane), 1723 (C=0 ester), 1655 (C=0 amide). [ap]**" " 589 nm (C 0.500,

MeOH): +76.3°.

Tert-butyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [6.16]

o)
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N
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Reductive amination general procedure A2 with aldehyde [6.22] (50 mg, 0.17 mmol)
and tert-butyl L-threoninate, hydrochloride [6.17] (53.6 mg, 0.25 mmol). The sample
was purified by MDAP (high pH, extended method B) to afford the title product [6.16]
as a colourless gum (36.7 mg, 45% vyield).

IH NMR (400 MHz, CDCls) & 8.04 (s, 1H), 7.66 (d, J = 1.5 Hz, 1H), 7.44 (s, 1H),
7.35(dd, J=8.3, 1.5 Hz, 1H), 7.31 (d, J = 8.3 Hz, 1H), 3.95 (s, 3H), 3.89 (d, J = 13.2
Hz, 1H), 3.68 (d, J = 13.2 Hz, 1H), 3.61 (qd, J = 7.8, 6.4 Hz, 1H), 3.40 (g, J = 6.9 Hz,
1H), 3.19 (s, 3H), 2.90 (d, J = 7.8 Hz, 1H), 1.66 (d, J = 6.9 Hz, 3H), 1.45 (s, 9H), 1.19
(d, J = 6.4 Hz, 3H). Signals for the exchangeable protons were not observed. LCMS

(ESI, high pH) tr = 0.91 min, m/z 456 [M+H]".
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(R)-1,3,5-Trimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde

[6.18]

Ox

(R)-5-Bromo-1,3-dimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde
[6.06] (300 mg, 1.0 mmol), 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane (0.29 mL, 2.0
mmol), a 2 M aqueous solution of KzPO4 (1.0 mL, 2.0 mmol) and Pd(PPhs)s (118 mg,
0.10 mmol) were heated in 1,4-dioxane (5 mL) under nitrogen at 80 °C for 1 h and at
110 °C for 2 h. The reaction mixture was transferred into a microwave vial and heated
at 110 °C for 1 h. The reaction mixture was concentrated under reduced pressure to
give a black oil. The oil was dissolved in EtOAc and water. The layers were separated.
The aqueous layer was re-extracted with EtOAc. The organic layers were combined,
dried through a phase separator and concentrated under reduced pressure to give a
brown residue. The crude product was purified by silica column chromatography,
eluted with a gradient of 0-100% EtOAc in cyclohexane. The appropriate fractions
were concentrated under reduced pressure to give the title product [6.18] as a yellow
solid (99.1 mg, 38%).

IH NMR (400 MHz, CDCls) 6 10.03 (s, 1H), 7.95 (d, J = 1.7 Hz, 1H), 7.89 (dd, J =
8.1, 1.7 Hz, 1H), 7.50 (d, J = 8.1 Hz, 1H), 6.32 (br. s, 1H), 3.38 (q, J = 7.0 Hz, 1H),
3.05 (s, 3H), 2.30 (s, 3H), 1.68 (d, J = 7.0 Hz, 3H). LCMS (ESI, high pH) tr = 0.94

min, m/z 230 [M+H]".
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(R)-1,3-Dimethyl-2-oxo0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-

dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20]

(R)-5-Bromo-1,3-dimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde
[6.06] (10.2 g, 34.7 mmol) was dissolved in 1,4-dioxane (100 mL) and heated at 95
°C. 4,4,4,4'5,5,5'5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (13.2 g, 52.1 mmol),
PdClz(dppf).DCM adduct (1.42 g, 1.74 mmol) and KOAc (6.8 g, 69.5 mmol) were
added to the solution and the reaction mixture was heated under nitrogen at 95 °C for
2 h. The reaction mixture was concentrated under reduced pressure. The oil was
partitioned between EtOAc and a 2 M aqueous solution of LiCl. The layers were
separated. The aqueous layer was re-extracted with EtOAc. The organics layers were
combined, dried through a phase separator and concentrated under reduced pressure to
give a black oil. The crude product was purified by silica column chromatography,
eluted with a gradient of 0-60% EtOAc in cyclohexane. The relevant fractions were
concentrated under reduced pressure to give the title product [6.20] as a light brown
solid (8.3 g, 67% vyield) and a side-product [6.05] as a red solid (3.0 g, 32% vyield,
analysis matching previous batch).

IH NMR (400 MHz, CDCls) 6 10.02 (s, 1H), 8.10 (d, J = 1.6 Hz, 1H), 7.87 (dd, J =
8.2, 1.6 Hz, 1H), 7.45 (d, J = 8.2 Hz, 1H), 7.11 (s, 1H), 3.31 (g, J = 7.0 Hz, 1H), 3.16
(s, 3H), 1.67 (d, J = 7.0 Hz, 3H), 1.39 (s, 6H), 1.35 (s, 6H). 13C NMR (101 MHz,
CDCls) §192.1 (C=0), 170.2 (C=0), 142.4 (Ciy), 142.1 (C), 136.8 (Civ), 134.6 (CH),

130.6 (CH), 128.3 (CH), 124.6 (CH), 84.2 (Civ)*, 42.1 (CH), 35.7 (CHs), 25.1 (CHs),
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25.0 (CH3), 24.8 (CHs), 24.5 (CH3), 12.8 (CH3). LCMS (ESI, formic) tr = 1.19 min,
m/z 342 [M+H]*. *Only one signal observed for the Ciy of the pinacol. One Cj, was
not observed. HRMS (ESI) calculated for C1gH2sBNO4 [M+H]" 342.1876, found
342.1887 (5.32 min). vmax (neat, cm™): 2978 (CH alkene), 2937 (CH alkane), 1698
(C=0 aldehyde), 1676 (C=0 amide), 1596 (C=C alkene), 1348 (B-O). [e0]**? " 589 nm

(c 0.500, MeOH): +123.9°. m.p. =57-59 °C

(R)-1,3-Dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-ox0-2,3-dihydro-1H-

benzo[d]azepine-7-carbaldehyde [6.22]

Ox

(R)-1,3-Dimethyl-2-ox0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-

dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.22] (187.9 mg, 0.55 mmol), 3-bromo-
1-methyl-1H-1,2 4-triazole [6.21] (134 mg, 0.83 mmol), PdClx(dppf).DCM adduct
(22.5 mg, 0.03 mmol) and K>COz (228 mg, 1.65 mmol) were suspended in iPrOH (4
mL) and water (1 mL) under nitrogen and heated in a microwave at 120 °C for 30 min.
The reaction mixture was concentrated under reduced pressure. The black residue was
partitioned between EtOAc and water. The layers were separated. The aqueous layer
was extracted with EtOAc. The organic layers were combined, dried through a phase
separator and concentrated under reduced pressure to give a black oil. The oil was
purified by silica column chromatography, eluted with 0-100% EtOAc in cyclohexane.
The appropriate fractions were combined and concentrated under reduced pressure to

give the deborylated material [6.05] as a yellow oil (40.7 mg, 31% yield). NMR and
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LCMS are consistent with data reported above. The column was then eluted with a
gradient of 0-25% EtOH in EtOAc. The relevant fractions were combined and
concentrated under reduced pressure to give the title product [6.22] as a yellow oil
(103.8 mg, 57% yield).

IH NMR (400 MHz, CDCls) 6 10.01 (s, 1H), 8.17 (d, J = 1.7 Hz, 1H), 8.09 (s, 1H),
7.95 (dd, J=8.1, 1.5 Hz, 1H), 7.54 (d, J = 8.1 Hz, 1H), 7.53 (s, 1H), 3.96 (s, 3H), 3.69
(q,J = 6.9 Hz, 1H), 3.21 (s, 3H), 1.71 (d, J = 6.9 Hz, 3H). LCMS (ESI, high pH) tr =

0.72 min, m/z 297 [M+H]".

Isopropyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [6.23]

o)
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Reductive amination general procedure A2 with aldehyde [6.22] (80.0 mg, 0.27 mmol)
and isopropyl L-threoninate, hydrochloride [7.06] (80.0 mg, 0.41 mmol). The sample
was purified by MDAP (high pH, extended method B) to afford the title product [6.23]
as a colourless gum (60 mg, 48% vyield).

IH NMR (400 MHz, CDCls) & 8.04 (s, 1H), 7.65 (d, J = 1.3 Hz, 1H), 7.46 (s, 1H),
7.35(dd, J=8.2, 1.3 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 5.06 (spt, J = 6.4 Hz, 1H), 3.94
(s, 3H), 3.89 (d, J = 13.3 Hz, 1H), 3.68-3.61 (M, 2H), 3.40 (g, J = 6.9 Hz, 1H), 3.18 (s,
3H), 2.97 (d, J = 7.8 Hz, 1H), 1.65 (d, J = 6.9 Hz, 3H), 1.24 (d, J = 6.4 Hz, 6H), 1.18
(d, J=6.1 Hz, 3H). Signals for the exchangeable protons were not observed. 13C NMR
(101 MHz, CDCls) §173.0 (C=0), 170.7 (C=0), 162.3 (Ci), 143.9 (CH), 137.0 (Civ),

136.6 (Civ), 133.1 (Civ), 131.6 (CH), 129.4 (CH), 128.1 (CH), 123.9 (CH), 119.8 (Ci),
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68.7 (CH), 68.0 (CH), 67.4 (CH), 51.9 (CH), 41.2 (CH), 36.3 (CH3), 35.6 (CH3), 21.9
(CHs), 21.7 (CHs), 19.3 (CH3), 12.7 (CHs). LCMS (ESI, high pH) tr = 0.85 min, m/z
442 [M+H]". HRMS (ESI) calculated for C23H32NsO4 [M+H]* 442.2455, found
442.2450 (1.96 min). vmax (solution in chloroform, cm™): 3439 (OH), 2979 (CH), 1724
(C=0 ester), 1668 (C=0 amide) and 1629 (C=C alkene). [ap]**? ° 589 nm (C 0.500,

MeOH): +144.4°.

Isopropyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [6.24]

13 J@é\f
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Reductive amination general procedure A2 with aldehyde [6.22] (80.0 mg, 0.27 mmol)
and isopropyl L-allo-threoninate, hydrochloride [7.07] (80.0 mg, 0.41 mmol). The
sample was purified three times by MDAP (high pH extended method B, formic
extended method A and finally high pH extended method B) to afford the title product
[6.24] as a colourless gum (30.1 mg, 24% yield).

IH NMR (400 MHz, CDCls) & 8.03 (s, 1H), 7.69 (d, J = 1.5 Hz, 1H), 7.45 (s, 1H),
7.36 (dd, J = 8.1, 1.5 Hz, 1H), 7.31 (d, J = 8.1 Hz, 1H), 5.08 (spt, J = 6.1 Hz, 1H),
4.02-3.95 (m, 2H), 3.95 (s, 3H), 3.64 (d, J = 13.2 Hz, 1H), 3.39 (g, J = 7.1 Hz, 1H),
3.34(d, J = 4.7 Hz, 1H), 3.19 (s, 3H), 1.65 (d, J = 7.1 Hz, 3H), 1.27-1.23 (m, 6H), 1.06
(d, J = 6.6 Hz, 3H). Signals for the exchangeable protons were not observed. LCMS

(ESI, high pH) tr = 0.83 min, m/z 442 [M+H]".
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Cyclobutyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [6.25]
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Reductive amination general procedure A2 with aldehyde [6.22] (103 mg, 0.35 mmol)
and cyclobutyl L-threoninate, 4-methylbenzenesulphonic acid salt [6.28] (180 mg,
0.52 mmol). The sample was purified by MDAP (high pH, extended method B) to
afford the title product [6.25] as a colourless gum (26 mg, 16% vyield).

IH NMR (400 MHz, CDCls) & 8.04 (s, 1H), 7.65 (d, J = 1.3 Hz, 1H), 7.44 (s, 1H),
7.35(dd, J = 8.2, 1.4 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 5.01 (q, J = 7.5 Hz, 1H), 3.95
(s, 3H), 3.91 (d, J = 13.0 Hz, 1H), 3.69-3.62 (m, 2H), 3.40 (g, J = 6.9 Hz, 1H), 3.19 (s,
3H), 2.98 (d, J = 7.6 Hz, 1H), 2.41-2.21 (m, 2H), 2.11-1.97 (m, 2H), 1.87-1.77 (m,
1H), 1.69-1.62 (m, 1H), 1.65 (d, J = 6.9 Hz, 3H), 1.19 (d, J = 6.1 Hz, 3H). Signals for
the exchangeable protons were not observed. LCMS (ESI, high pH) tr = 0.88 min, m/z

454 [M+H]"*.

Isopropyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [6.26]
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Reductive amination general procedure A2 with aldehyde [6.22] (80 mg, 0.27 mmol)

and isopropyl L-serinate, tosic acid salt [7.08] (129 mg, 0.41 mmol). MDAP (high pH
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extended method B) to afford the title product [6.26] as a colourless gum (53.3 mg,
42% yield).

IH NMR (400 MHz, CDCls) & 8.03 (s, 1H), 7.69 (d, J = 1.4 Hz, 1H), 7.46 (s, 1H),
7.36 (dd, J=8.2, 1.4 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 5.06 (spt, J = 6.4 Hz, 1H), 3.97
(d, J=13.5 Hz, 1H), 3.94 (s, 3H), 3.76-3.69 (m, 2H), 3.59-3.53 (m, 1H), 3.43-3.35 (m,
2H), 3.19 (s, 3H), 1.65 (d, J = 7.1 Hz, 3H), 1.25 (d, J = 6.4 Hz, 3H), 1.24 (d, J = 6.4
Hz, 3H). Signals for the exchangeable protons were not observed. 3C NMR (101
MHz, CDCls) §172.4 (C=0), 170.7 (C=0), 162.3 (Civ), 143.9 (CH), 137.3 (Civ), 136.6
(Civ), 133.1 (Civ), 131.7 (CH), 129.3 (CH), 128.0 (CH), 124.0 (CH), 119.8 (Civ), 68.9
(CH), 62.5 (CH2), 62.0 (CH), 51.7 (CH2), 41.2 (CH), 36.3 (CHz3), 35.6 (CHz3), 21.8
(CH3)*, 21.8 (CH3)*, 12.7 (CHs3). *peaks at 21.84 and 21.78 ppm. LCMS (ESI,
formic) tr = 0.51 min, m/z 428 [M+H]*. HRMS (ESI) calculated for C22H30N504
[M+H]* 428.2299, found 428.2290 (1.82 min). vmax (solution in chloroform, cm™):
3427 (OH), 3260 (NH), 2980 (CH alkene), 2934 (CH alkane), 1725 (C=O ester), 1667

=0 amide), =C alkene). [ap]“™* ~ 589 nm (C 0.500, Me . +197.1°.
(C=0 amide), 1630 (C=C alkene) | (c 0.500, MeOH): +197.1°

Tert-butyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-
dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [6.27]
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Reductive amination general procedure A2 with aldehyde [6.22] (50 mg, 0.17 mmol)
and tert-butyl L-serinate, hydrochloride [7.11] (50 mg, 0.25 mmol). The sample was
purified by MDAP (high pH, extended method B) to afford the title product [6.27] as

a colourless gum (26.3 mg, 34% vyield).
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'H NMR (400 MHz, CDCls)  8.04 (s, 1H), 7.69 (d, J = 1.5 Hz, 1H), 7.45 (s, 1H),
7.35(dd, J=7.8, 1.5 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 3.95 (d, J = 13.7 Hz, 1H), 3.94
(s, 3H), 3.71 (d, J = 13.7 Hz, 1H), 3.69 (dd, J = 10.8, 4.4 Hz, 1H), 3.52 (dd, J = 10.8,
6.9 Hz, 1H), 3.39 (q, J = 6.9 Hz, 1H), 3.29 (dd, J = 6.9, 4.4 Hz, 1H), 3.18 (s, 3H), 2.13
(br. s, 2H), 1.65 (d, J = 6.9 Hz, 3H), 1.45 (s, 9H). LCMS (ESI, high pH) tz = 0.85 min,

m/z 442 [M+H]".

Isopropyl (((R)-1,3-dimethyl-2-ox0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-threoninate [7.01]

N
)j, —
"’//O H =

/
HN=p
Reductive amination general procedure Al with aldehyde [7.05] (181.4 mg, 0.40

mmol) and isopropyl L-threoninate, hydrochloride [7.06] (118 mg, 0.60 mmol). The
product was purified by silica column chromatography, eluted with 0-100% EtOAc in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give
isopropyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [7.12] as a
colourless oil (101.8 mg, 46% yield). LCMS (ESI, high pH) tr = 1.33 min, m/z 557
[M+H]*.

Deprotection reaction:

Isopropyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [7.12] (101
mg, 0.18 mmol) and a 1 M solution of boron tribromide in DCM (272 uL, 0.27 mmol)

were stirred in DCM (5 mL) under nitrogen at -78 °C for 30 min. Then, the reaction
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mixture was stirred at rt for 15 min. The reaction mixture was cooled to -78 °C and
was quenched with water and methanol. The layers were separated. The aqueous layer
was re-extracted with DCM containing 10% MeOH, followed by an extraction with
EtOAc. The organic layers were combined, dried through a phase separator and
concentrated under reduced pressure to give a colourless oil. (NB: an LCMS of the
aqueous layer showed some remaining product in the aqueous layer). The crude oil
was purified by MDAP (high pH, extended method B) to afford the title product [7.01]
as a yellow oil (14 mg, 17% yield).

IH NMR (400 MHz, CDCl3) 6 7.65 (br. s, 2H), 7.34 (d, J = 1.8 Hz, 1H), 7.33 (dd, J =
8.2, 1.8 Hz, 1H), 7.32 (d, J = 8.2 Hz, 1H), 7.26 (s, 2H)*, 6.63 (s, 1H), 5.03 (spt, J =
6.3 Hz, 1H), 3.82 (d, J = 13.0 Hz, 1H), 3.62 (d, J = 13.0 Hz, 1H), 3.62 (qd, J = 8.1, 6.3
Hz, 1H), 3.40 (q, J = 6.8 Hz, 1H), 3.13 (s, 3H), 2.89 (d, J = 8.1 Hz, 1H), 1.68 (d, J =
6.8 Hz, 3H), 1.23 (d, J = 6.3 Hz, 3H), 1.22 (d, J = 6.3 Hz, 3H), 1.17 (d, J = 6.3 Hz,
3H). *Same chemical shift than residual solvent peak. The signal for one of the
exchangeable protons was not observed. LCMS (ESI, high pH) tr = 0.86 min, m/z 427

[M+H]".

Isopropy! (((R)-1,3-dimethyl-2-ox0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.02]

Reductive amination general procedure Al with aldehyde [7.05] (181.4 mg, 0.40
mmol) and isopropyl L-allo-threoninate, hydrochloride [7.07] (118 mg, 0.60 mmol).

The product was purified by MDAP (high pH, extended method C). The relevant
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fractions were concentrated under reduced pressure to give isopropyl (((R)-1,3-
dimethyl-2-0xo0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-2,3-
dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.13] as a white solid
(100.6 mg, 67% vyield). The product was used without further purification in the
deprotection reaction. LCMS (ESI, high pH) tr = 1.30 min, m/z 557 [M+H]".
Deprotection reaction:

Isopropyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.13]
(100.6 mg, 0.16 mmol) and a 1 M solution of boron tribromide in DCM (0.24 mL, 0.24
mmol) were stirred in DCM (5 mL) under nitrogen at -78 °C for 15 min and then the
reaction mixture was stirred at rt for 15 min. The reaction mixture was quenched with
a saturated solution of sodium bicarbonate and diluted with DCM. The layers were
separated. The aqueous layer was re-extracted with DCM. The organic layers were
combined, dried through a phase separator and concentrated under reduced pressure to
give the crude product as a colourless oil. The oil was purified by MDAP (high pH,
extended method B). The relevant fractions were concentrated under reduced pressure
to give the title product [7.02] as a colourless oil (3.5 mg, 5% yield). The aqueous layer
was re-extracted with EtOAc + 10% MeOH. A 2 M aqueous solution of LiCl was
added. The layers were separated. The organic layer was dried through a phase
separator and concentrated under reduced pressure to give a white residual oil. The oil
was purified by MDAP (high pH method B). The relevant fractions were concentrated
under reduced pressure to give the title product [7.02] as a colourless oil (29.8 mg,

41% vyield).
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IH NMR (400 MHz, CDCl3) & 7.63 (s, 2H), 7.34 (s, 3H), 6.63 (s, 1H), 5.04 (spt, J =
6.4 Hz, 1H), 3.83 (d, J = 13.1 Hz, 1H), 3.64 (qd, J = 7.8, 6.1 Hz, 1H), 3.63 (d, J = 13.1
Hz, 1H), 3.40 (q, J = 6.9 Hz, 1H), 3.13 (s, 3H), 2.91 (d, J = 7.8 Hz, 1H), 1.68 (d, J =
6.9 Hz, 3H), 1.23 (d, J = 6.4 Hz, 3H), 1.22 (d, J = 6.4 Hz, 3H), 1.17 (d, J = 6.1 Hz,
3H). The signals for the exchangeable protons were not observed. 1*C NMR (101
MHz, CDCl3) 5173.0 (C=0), 170.5 (C=0), 137.2 (Ci), 136.9 (Ci), 135.6 (Civ), 132.9
(CH), 132.9 (CH), 129.6 (CH), 127.4 (CH), 126.8 (CH), 124.2 (CH), 121.8 (Ci), 121.1
(Civ), 68.8 (CH), 68.0 (CH), 67.2 (CH), 51.9 (CHz), 41.0 (CH), 35.2 (CHa), 21.9 (CH3),
21.7 (CHg), 19.2 (CHs3), 12.7 (CHs). LCMS (ESI, formic) tr = 0.51 min, m/z 427
[M+H]*. HRMS (ESI) calculated for C23H31N4O4 [M+H]" 427.2349, found 427.2343
(2.10 min). vmax (solution in chloroform, cm™): 3438 (OH), 3223 (NH), 2978 (CH
alkene), 2935 (CH alkane), 1723 (C=0 ester), 1646 (C=0 amide). [ap]?*® C 589 nm (C

0.500, MeOH): +96.4°.

Isopropy! (((R)-1,3-dimethyl-2-0x0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-serinate [7.03]

Isopropyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate  [7.14] (152
mg, 0.25 mmol) was dissolved in DCM (5 mL) under nitrogen at -78 °C. A 1 M
solution of BBrs in DCM (0.63 mL, 0.63 mmol) was added and the reaction mixture
was stirred 20 min at -78 °C. The reaction mixture was quenched with a saturated

solution of sodium bicarbonate. DCM was added. The layers were separated. The
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aqueous layer was re-extracted with EtOAc. The organic layers were combined, dried
through a phase separator and concentrated under reduced pressure to give the crude
product as a white solid. The solid was purified by MDAP (high pH, extended method
B). The relevant fractions were concentrated under reduced pressure to give the title
product [7.03] as a colourless oil (20.4 mg, 19% vyield).

IH NMR (400 MHz, CDCls) 6 7.58 (s, 2H), 7.37 (dd, J = 8.4, 1.7 Hz, 1H), 7.35 (d, J
= 8.4 Hz, 1H), 7.34 (s, 1H), 6.61 (s, 1H), 5.04 (spt, J = 6.2 Hz, 1H), 3.87 (d, J = 13.2
Hz, 1H), 3.73 (dd, J = 10.8, 4.5 Hz, 1H), 3.69 (d, J = 13.2 Hz, 1H), 3.59 (dd, J = 10.8,
6.4 Hz, 1H), 3.39 (g, J = 6.9 Hz, 1H), 3.32 (dd, J = 6.4, 4.5 Hz, 1H), 3.12 (s, 3H), 1.68
(d, J=6.9 Hz, 3H), 1.23 (d, J = 6.2 Hz, 3H), 1.22 (d, J = 6.2 Hz, 3H). The signals for
the exchangeable protons were not observed. 1*C NMR (101 MHz, MeOD) §172.2
(C=0), 140.5 (CH), 137.6 (Civ) 134.2 (Ci), 132.4 (CH), 130.9 (CH), 130.4 (Ciy), 129.2
(CH), 126.0 (CH), 123.1 (CH), 72.6 (CH), 62.2 (CH2), 59.9 (CH), 42.4 (CH), 35.6
(CH3), 22.0 (CH3), 21.9 (CHj3), 13.1 (CHj3). The signal for the benzylic CH> was hidden
under the residual methanol signal (observed by HSQC *H-1*C NMR). The signals for
three quaternary carbons were not observed. LCMS (ESI, high pH) tr = 0.80 min, m/z
413 [M+H]". HRMS (ESI) calculated for C22H29N4O4 [M+H]* 413.2189, found
413.2183 (1.92 min). vmax (solution in methanol, cm™): 3367 (OH), 3233 (NH), 2981
(CH alkene), 2935 (CH alkane), 1738 (C=0 ester), 1644 (C=0 amide), 1561 (C=C).

[D]2%5 °C 589 nm (€ 0.498, MeOH): +80.3°.
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(R)-1,3-Dimethyl-2-ox0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-
y)-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.05]
0
N_

Ox

—

—

/)
sem N
(R)-5-Bromo-1,3-dimethyl-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde

[6.06] (122 mg, 0.42 mmol), potassium carbonate (115 mg, 0.83 mmol), 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazole [7.04] (269 mg, 0.83 mmol), and Pd(PPhs)s (24 mg, 0.02 mmol) were
suspended in water (1 mL) and 1,4-dioxane (5 mL). The reaction mixture was stirred
under nitrogen at 120 °C for 1 h. The reaction mixture was concentrated under reduced
pressure. EtOAc and water were added to the residue. The layers were separated and
the aqueous layer was extracted with EtOAc. The organic layers were combined,
washed with brine, dried using a hydrophobic frit and concentrated under reduced
pressure to give a yellow oil. The crude product was purified by silica column
chromatography, eluted with a gradient of 0-40% EtOAc in cyclohexane. The relevant
fractions were concentrated under reduced pressure to afford the title product [7.05] as

a colourless oil (181.4 mg, 96% yield).

IH NMR (400 MHz, CDCls) 6 9.93 (s, 1H), 7.93 (dd, J = 8.1, 1.5 Hz, 1H), 7.84 (d, J
= 1.5 Hz, 1H), 7.60 (s, 1H), 7.54 (s, 1H), 7.54 (d, J = 8.1 Hz, 1H), 6.68 (s, 1H), 5.43
(s, 2H), 3.62 (t, J = 8.2, 2H), 3.47 (4, J = 6.9 Hz, 1H), 3.12 (s, 3H), 1.72 (d, J = 6.9 Hz,
3H), 0.92 (t, J = 8.2 Hz, 2H), -0.01 (s, 9H). 13C NMR (101 MHz, CDCls) 5 191.41
(C=0), 169.54 (C=0), 143.48 (Ci,), 138.51 (CH), 136.05 (Ci), 134.73 (Civ), 129.70

(CH), 129.47 (CH), 128.31 (CH), 127.83 (CH), 124.99 (CH), 122.06 (Ci), 121.05

GSK Confidential — Copying Not Permitted
239



(Civ), 80.46 (CHy), 67.02 (CHy), 41.78 (CH), 35.29 (CHs), 17.78 (CH>), 12.71 (CHs),
-1.45 (Si(CHa)s). LCMS (ESI, high pH) tr = 1.28 min, m/z 412 [M+H]*. HRMS (ESI)
calculated for C22H30N30sSi [M+H]" 412.2057, found 412.2049 (5.74 min). vmax
(solution in chloroform, cm™): 2947 (CH alkene), 2889 (CH alkane), 1699 (C=0

aldehyde), 1661 (C=0 amide), 1600 (C=C). [a0]**® *° 59nm (c 0.500, MeOH): +213.8°.

Isopropyl (((R)-1,3-dimethyl-2-oxo-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.14]

PR
Ok[
OH
SEM’

Reductive amination general procedure Al with aldehyde [7.05] (178.9 mg, 0.39

N-N

mmol) and isopropyl L-serinate, tosic acid salt [7.08] (187 mg, 0.59 mmol). The
product was purified by silica column chromatography, eluted with 0-100% EtOACc in
cyclohexane. The relevant fractions were concentrated under reduced pressure and
purified by MDAP (high pH, extended method C). The relevant fractions were
concentrated under reduced pressure to give the title product [7.14] as a colourless oil
(152.1 mg, 65% vyield).

IH NMR (400 MHz, CDCls) 6 7.62 (s, 1H), 7.56 (s, 1H), 7.38 (dd, J = 8.1, 1.5 Hz,
1H), 7.33 (d, J = 8.1 Hz, 1H), 7.32 (d, J = 1.5 Hz, 1H), 6.62 (s, 1H), 5.43 (s, 2H), 5.03
(spt, J = 6.4 Hz, 1H), 3.86 (d, J = 13.2 Hz, 1H), 3.70 (dd, J = 10.8, 4.5 Hz, 1H), 3.68
(d, J = 13.2 Hz, 1H), 3.63 (d, J = 7.9 Hz, 1H), 3.61 (d, J = 7.9 Hz, 1H), 3.53 (dd, J =
10.8, 6.8 Hz, 1H), 3.39 (g, J = 6.9 Hz, 1H), 3.30 (dd, J = 6.8, 4.5 Hz, 1H), 3.11 (s, 3H),
2.69 (br. s, 1H), 1.67 (d, J = 6.9 Hz, 3H), 1.23 (d, J = 6.4 Hz, 3H), 1.22 (d, J = 6.4 Hz,

3H), 0.94 (d, J = 7.9 Hz, 1H), 0.92 (d, J = 7.9 Hz, 1H), -0.02 (m, 9H). The signal for
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one of the exchangeable protons was not observed. LCMS (ESI, high pH) tr = 1.25

min, m/z 543 [M+H]".

Isopropyl (((R)-1,3-dimethyl-2-o0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.15]

(@)
(0]
H —_
k)jw N
(@]
"OH //
N-N

SEM’
Reductive amination general procedure A1 with aldehyde [7.05] (150 mg, 0.35 mmol)

and tert-butyl L-threoninate, hydrochloride [7.09] (110 mg, 0.52 mmol). The product
was purified by MDAP (high pH, extended method C). NB: one of the MDAP runs
had a pump failure during the injection and the product was lost. The relevant fractions
were concentrated under reduced pressure to give the title product [7.15] as a white
solid (75.5 mg, 36% yield).

IH NMR (400 MHz, CDCls) 6 7.62 (s, 1H), 7.55 (s, 1H), 7.35 (dd, J = 8.0, 1.5 Hz,
1H), 7.32 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 1.5 Hz, 1H), 6.62 (s, 1H), 5.44 (d, J = 10.9
Hz, 1H), 5.40 (d, J = 10.9 Hz, 1H), 3.80 (d, J = 13.2 Hz, 1H), 3.63 (d, J = 13.2 Hz,
1H), 3.62 (d, J = 7.6 Hz, 1H), 3.61 (d, J = 7.6 Hz, 1H), 3.56 (qd, J = 7.8, 6.4 Hz, 1H),
3.38 (g, J = 6.9 Hz, 1H), 3.10 (s, 3H), 2.80 (d, J = 7.8 Hz, 1H), 1.98 (br. s, 2H), 1.66
(d, J = 6.9 Hz, 3H), 1.41 (s, 9H), 1.16 (d, J = 6.4 Hz, 3H), 0.93 (d, J = 7.6 Hz, 1H),
0.90 (d, J = 7.6 Hz, 1H), -0.02 (s, 9H). LCMS (ESI, high pH) tr = 1.38 min, m/z 571

[M+H]".
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Tert-butyl (((R)-1,3-dimethyl-2-ox0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate

[7.16]

(0]
P 1K N—
o)i —
OH =
/)

N-N
SEM
Reductive amination general procedure A1 with aldehyde [7.05] (101 mg, 0.23 mmol)

and tert-butyl L-allo-threoninate, hydrochloride [7.10] (74.0 mg, 0.35 mmol). The
product was purified by silica column chromatography eluted with a gradient of O-
100% EtOAc in cyclohexane. The relevant fractions were concentrated under reduced
pressure to give the title product [7.16] as a yellow oil (57.5 mg, 37% yield).

IH NMR (400 MHz, CDCls) 8. 7.62 (s, 1H), 7.55 (s, 1H), 7.37 (dd, J = 8.0, 1.5 Hz,
1H), 7.32 (d, J = 8.0 Hz, 1H), 7.30 (br. s, 1H), 6.61 (s, 1H), 5.42 (s, 2H), 3.93 (qd, J =
6.5, 4.5 Hz, 1H), 3.83 (d, J = 13.1 Hz, 1H), 3.62 (d, J = 13.1 Hz, 1H), 3.61 (d, J = 7.5
Hz, 1H), 3.60 (d, J = 7.5 Hz, 1H), 3.38 (q, J = 6.9 Hz, 1H), 3.19 (d, J = 4.5 Hz, 1H),
3.10 (s, 3H), 1.66 (d, J = 6.9 Hz, 3H), 1.42 (s, 9H), 1.04 (d, J = 6.5 Hz, 3H), 0.93 (d, J
=7.5Hz,1H),0.91 (d, J=7.5Hz, 1H), -0.02 (s, 9H). The signals for the exchangeable

protons were not observed. LCMS (ESI, high pH) tr = 1.35 min, m/z 571 [M+H]".
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Tert-butyl (((R)-1,3-dimethyl-2-ox0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-threoninate [7.17]

)( Q@ H —
N
O)j/ —
"OH =

/
HN=
Tert-butyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-threoninate [7.15]
(75.5mg, 0.132 mmol) and a 1 M solution of boron tribromide in DCM (0.20 mL, 0.20
mmol) were stirred in DCM (5 mL) under nitrogen at -78 °C for 15 min and then the
reaction mixture was stirred at rt for 30 min. The reaction mixture was quenched with
a saturated solution of sodium bicarbonate and diluted with DCM. The layers were
separated. The aqueous layer was re-extracted with DCM. The organic layers were
combined, dried through a phase separator and concentrated under reduced pressure to
give the crude product as a colourless oil. The oil was purified by MDAP (high pH,
extended method B). The relevant fractions were concentrated under reduced pressure
to give the title product [7.17] as yellow oil (2.8 mg, 5% vyield).

IH NMR (400 MHz, CDCls) 6 7.63 (s, 2H), 7.36 (dd, J = 8.4, 1.7 Hz, 1H), 7.35 (d, J
= 1.7 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 6.63 (5, 1H), 3.82 (d, J = 13.2 Hz, 1H), 3.63
(d, J = 13.2 Hz, 1H), 3.58 (qd, J = 8.0, 6.1 Hz, 1H), 3.40 (g, J = 7.0 Hz, 1H), 3.12 (s,
3H), 2.81 (d, J = 8.0 Hz, 1H), 1.68 (d, J = 7.0 Hz, 3H), 1.44 (s, 9H), 1.17 (d, J = 6.1
Hz, 3H). The signals for the exchangeable protons were not observed. LCMS (ESI,
high pH) tr = 0.92 min, m/z 441 [M+H]".

Isolation of the carboxylic acid product:
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(((R)-1,3-Dimethyl-2-ox0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-

yl)methyl)-L-threonine

(0] H .
N
H O)j/ —
“OH =

/
HN=N
The aqueous layer was concentrated under reduced pressure to give a white residue.

The white solid was suspended in MeOH + 2 drops of DMSO. The suspension was
filtered through a phase separator and the filtrate was evaporated under reduced
pressure to give the crude product in DMSO. This fraction was purified by MDAP
(formic, extended method A). The relevant fractions were concentrated under reduced
pressure to give the title product as a colourless oil (5.8 mg, 10% vyield).

IH NMR (400 MHz, MeOD) 6 7.72 (br. s, 2H), 7.60 (br. d, J = 7.7 Hz, 1H), 7.53 (br.
s, 1H), 7.46 (d, J = 7.7 Hz, 1H), 6.89 (s, 1H), 4.25 (d, J = 12.3 Hz, 1H), 4.16 (d, J =
12.3 Hz, 1H), 3.95 (br. s, 1H), 3.47 (g, J = 6.9 Hz, 1H), 3.18 (br. s, 1H), 3.09 (s, 3H),
1.64 (d, J = 6.9 Hz, 3H), 1.27 (br. s, 3H). The signals for the exchangeable protons
were observed as very broad peaks under other signals. LCMS (ESI, high pH) tr =

0.52 min, m/z 385 [M+H]".

Tert-butyl (((R)-1,3-dimethyl-2-oxo0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.18]

P -
N
ﬁ g
OH //
HN =

Tert-butyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.16]
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(57.4 mg, 0.09 mmol) and a 1 M solution of boron tribromide in DCM (0.13 mL, 0.13
mmol) were stirred in DCM (5 mL) under nitrogen at -78 °C for 30 min. The reaction
mixture was warmed up to rt and stirred for 15 min. The reaction mixture was
quenched with a saturated solution of sodium bicarbonate and diluted with DCM. The
layers were separated. The aqueous layer was re-extracted with DCM. The organic
layers were combined, dried through a phase separator and concentrated under reduced
pressure to give the crude product as a colourless oil. The oil was purified by MDAP
(high pH, extended method B). The relevant fraction was concentrated under reduced
pressure to give the title product [7.18] as colourless oil (2.5 mg, 6% vyield).

IH NMR (400 MHz, CDCl3) 6 7.63 (s, 2H), 7.38 (d, J = 8.1, 1.5 Hz, 1H), 7.34 (d, J =
8.1 Hz, 1H), 7.32 (br. s, 1H), 6.63 (s, 1H), 3.94 (qd, J = 6.4, 4.7 Hz, 1H), 3.85 (d, J =
13.0 Hz, 1H), 3.62 (d, J = 13.0 Hz, 1H), 3.39 (g, J = 6.9 Hz, 1H), 3.21 (d, J = 4.7 Hz,
1H), 3.12 (s, 3H), 2.67 (br. s, 1H), 1.68 (d, J = 6.9 Hz, 3H), 1.44 (s, 9H), 1.04 (d, J =
6.4 Hz, 3H). The signals for two of the exchangeable protons were not observed.
LCMS (ESI, high pH) tr = 0.90 min, m/z 441 [M+H]".

Isolation of the carboxylic acid product:
(((R)-1,3-Dimethyl-2-ox0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepin-7-

yl)methyl)-L-allo-threonine

O H N—
N
HO)/bL —_—
OH =

/
HN-N
The aqueous layer was concentrated under reduced pressure to give a white residue.

The white solid was suspended in methanol and DCM. The suspension was filtered

through a phase separator and the filtrate was concentrated under reduced pressure to
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give the crude carboxylic acid product. The by-product was purified by MDAP
(formic, extended method A). The relevant fractions were concentrated under reduced
pressure to give the title product as a colourless oil in two batches (3.0 mg, 9% yield
and 2.5 mg, 7% vield). *H NMR (400 MHz, MeOD) 6 8.16 (s, 1H), 7.72 (s, 2H), 7.60
(dd, J = 8.1, 1.7 Hz, 1H), 7.51 (d, J = 1.7 Hz, 1H), 7.47 (d, J = 8.1 Hz, 1H), 6.89 (s,
1H), 4.29 (d, J = 13.2 Hz, 1H), 4.19 (d, J = 13.2 Hz, 1H), 4.22 (qd, J = 6.6, 3.9 Hz,
1H), 3.47 (q, J = 6.9 Hz, 1H), 3.44 (d, J = 3.9 Hz, 1H), 3.09 (s, 3H), 1.64 (d, J = 6.9
Hz, 3H), 1.17 (d, J = 6.6 Hz, 3H). The signals for three of the four exchangeable

protons were not observed. LCMS (ESI, formic) tr = 0.47 min, m/z 385 [M+H]".

Tert-butyl (((R)-1,3-dimethyl-2-ox0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-serinate [7.19]

0
)(O ¥ -
o _
OH =
/
HN\N

Reductive amination general procedure Al with aldehyde [7.20] (11.7 mg, 0.035
mmol) and tert-butyl L-serinate, hydrochloride [7.11] (10.5 mg, 0.05 mmol). The
product was purified by silica column chromatography eluted with 0-100% EtOAc in
cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The relevant fractions
were concentrated under reduced pressure and further purified by MDAP (high pH,
extended method B). The relevant fractions were concentrated under reduced pressure
to give the title product [7.19] as a colourless oil (7.6 mg, 48% yield).

IH NMR (400 MHz, CDCls) 6. 7.60 (s, 2H), 7.38 (dd, J = 8.1, 1.5 Hz, 1H), 7.34 (d, J
= 8.1 Hz, 1H), 7.33 (d, J = 1.5 Hz, 1H), 6.62 (s, 1H), 3.86 (d, J = 13.2 Hz, 1H), 3.68

(d, J = 13.2 Hz, 1H), 3.70 (dd, J = 10.5, 4.5 Hz, 1H), 3.52 (dd, J = 10.5, 6.6 Hz, 1H),
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3.40 (9, J =7.1 Hz, 1H), 3.25 (dd, J = 6.6, 4.5 Hz, 1H), 3.12 (5, 3H), 1.68 (d, J = 7.1
Hz, 3H), 1.44 (s, 9H). The signals for the exchangeable protons were not observed.

LCMS (ESI, high pH) tr = 0.85 min, m/z 427 [M+H]".

(R)-1,3-Dimethyl-2-oxo0-5-(1H-pyrazol-4-yl)-2,3-dihydro-1H-benzo[d]azepine-7-

carbaldehyde [7.20]

/
HN-N
(R)-1,3-Dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-4-yl)-

2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.05] (90 mg, 0.20 mmol) was
dissolved in DCM (5 mL) under nitrogen at -78 °C. A 1 M solution of BBrz in DCM
(0.50 mL, 0.50 mmol) was added and the reaction mixture was stirred at -78 °C for 15
min and then at rt for 30 min. The reaction mixture was quenched with a saturated
aqueous solution of sodium bicarbonate. DCM was added. The layers were separated.
The aqueous layer was re-extracted with EtOAc. The organic layers were combined,
dried through a phase separator and concentrated under reduced pressure to give the
crude product as a yellow solid. The product was dissolved in MeCN and purified by
MDAP (high pH, extended method A). The relevant fractions were concentrated under
reduced pressure to give the title product [7.20] as a yellow solid (11.7 mg, 18% yield).
IH NMR (400 MHz, CDCls) 6 9.95 (s, 1H), 7.94 (dd, J = 8.2, 1.7 Hz, 1H), 7.86 (d, J
= 1.7 Hz, 1H), 7.63 (s, 2H), 7.56 (d, J = 8.2 Hz, 1H), 6.70 (s, 1H), 3.49 (g, J = 7.1 Hz,
1H), 3.15 (s, 3H), 3.14-3.10 (m, 1H), 1.74 (d, J = 7.1 Hz, 3H). LCMS (ESI, high pH)

tr = 0.75 min, m/z 282 [M+H]".
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Stereoselective synthesis of molecule [7.21]:
Isopropyl (((R)-1,3-dimethyl-2-oxo0-5-(1H-pyrazol-3-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-serinate [7.21]

P -
O)K[ B
OH N=

N/
HN
Isopropyl (((R)-1,3-dimethyl-2-ox0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [8.09] (47.7
mg, 0.09 mmol) was dissolved in acetone (2 mL) at rt. A 1 M solution of HCI in Et,0
(4 mL, 132 mmol) was added and the reaction mixture was stirred for 18 h. The
reaction mixture was concentrated under reduced pressure to give a pale yellow solid.
The crude product was purified by MDAP (high pH, extended method B). The relevant
fractions were concentrated under reduced pressure to give the title product [7.21] as
a colourless oil (28.6 mg, 75% yield).

IH NMR (400 MHz, MeOD) § 7.66 (d, J = 2.1 Hz, 1H), 7.47 (dd, J = 8.1, 1.6 Hz, 1H),
7.36 (d, J = 8.1 Hz, 1H), 7.29 (d, J = 1.6 Hz, 1H), 7.00 (s, 1H), 6.39 (d, J = 2.1 Hz,
1H), 4.98 (spt, J = 6.4 Hz, 1H), 3.82 (d, J = 13.0 Hz, 1H), 3.68 (dd, J = 5.1, 1.5 Hz,
2H), 3.68 (d, J = 13.0 Hz, 1H), 3.43 (g, J = 6.9 Hz, 1H), 3.27 (t, J = 5.1 Hz, 1H), 3.13
(s, 3H), 1.64 (d, J = 6.9 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H), 1.19 (d, J = 6.4 Hz, 3H).
The exchangeable protons were not observed. 3C NMR (101 MHz, MeOD) §173.9
(C=0), 172.6 (C=0), 138.7 (Civ), 138.0 (Civ), 135.9 (Civ), 131.1 (CH), 130.3 (CH),
129.4 (CH), 125.0 (CH), 106.2 (CH), 70.1 (CH), 63.9 (CH>), 63.4 (CH), 52.3 (CH>),
42.3 (CH), 35.7 (CH3), 22.2 (CH3), 22.1 (CH3), 13.2 (CH3). The signals for a methine
and two quaternary carbons were not observed. LCMS (ESI, high pH) tr = 0.81 min,

m/z 413 [M+H]*. HRMS (ESI) calculated for C22H29N4O4 [M+H]* 413.2189, found
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413.2188 (2.06 min). vmax (solution in chloroform, cm™): 3218 (OH), 2981 (CH
alkene), 2934 (CH alkane), 1725 (C=0 ester), 1651 (C=0 amide). [ap]?*® C 589 nm (C

0.500, MeOH): +139.2°.

Isopropyl (((R)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-3-yl)-2-oxo-2,3-dihydro-

1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.23]

/L QK N—
N
OJKE —
OH N=
N/

N
Ve

Reductive amination general procedure Al with aldehyde [7.46] (90 mg, 0.27 mmol)
and isopropyl L-serinate, tosic acid salt [7.08] (130 mg, 0.41 mmol). The product was
purified silica column chromatography eluted with a gradient of 0-100% EtOAc in
cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The relevant fractions
were concentrated under reduced pressure and purified by HPLC (Chiralpak AD-H
column, 30% EtOH (containing 2% iPrNH2) in heptane (containing 2% iPrNH2)). The
relevant fractions were concentrated under reduced pressure to give the title product
[7.23] as a colourless oil (83 mg, 72% yield).

IH NMR (400 MHz, MeOD) § 7.61 (d, J = 2.4 Hz, 1H), 7.46 (dd, J = 8.3, 1.6 Hz, 1H),
7.34 (d, J = 8.3 Hz, 1H), 7.33 (d, J = 1.6 Hz, 1H), 7.00 (s, 1H), 6.33 (d, J = 2.4 Hz,
1H), 4.99 (spt, J = 6.4 Hz, 1H), 3.91 (s, 3H), 3.81 (d, J = 13.2 Hz, 1H), 3.65 (d, J =
13.2 Hz, 1H), 3.68 (dd, J = 7.1, 5.1 Hz, 1H), 3.61 (dd, J = 7.1, 5.1 Hz, 1H), 3.41 (q, J
=7.0 Hz, 1H), 3.24 (t, J = 5.1 Hz, 1H), 3.12 (s, 3H), 1.63 (d, J = 7.0 Hz, 3H), 1.21 (d,
J =6.4 Hz, 3H), 1.19 (d, J = 6.4 Hz, 3H). The signals for the exchangeable protons

were not observed. LCMS (ESI, high pH) tr = 0.88 min, m/z 427 [M+H]".
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Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1H-pyrazol-3-yl)-2-oxo-2,3-dihydro-
1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.25]
**E M
OH Hr\\:l//
Isopropyl  (((R)-1,3-dimethyl-5-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-3-yl)-2-oxo-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate  [7.69]
(30 mg, 0.043 mmol) was dissolved in DCM (5 mL) under nitrogen and the reaction
mixture was cooled to -78 °C. A 1 M solution of boron tribromide in DCM (0.13 mL,
0.13 mmol) was added and the reaction mixture was stirred at -78 °C for 8 min and at
rt for 1 h. The reaction mixture was quenched with MeOH and concentrated under
reduced pressure. The resulting residue was purified by MDAP (High pH, extended
method B). The relevant fractions were combined and concentrated under reduced
pressure and further purified by HPLC (Chiralpak AD-H column, 30% EtOH in
heptane). The relevant fractions were concentrated under reduced pressure to give the
title product [7.25] as a white solid (8 mg, 36% yield).
IH NMR (400 MHz, CDCls) 6 7.39 (br. s, 1H), 7.37 (br. d, J = 8.0 Hz, 1H), 7.32 (br.
d, J = 8.0 Hz, 1H), 6.88 (s, 1H), 6.14 (s, 1H), 5.03 (spt, J = 6.4 Hz, 1H), 3.89 (d, J =
13.2 Hz, 1H), 3.71 (d, J = 13.2 Hz, 1H), 3.70 (dd, J = 10.8, 5.1 Hz, 1H), 3.68 (br. s,
1H), 3.53 (dd, J = 10.8, 6.7 Hz, 1H), 3.39 (q, J = 7.1 Hz, 1H), 3.31 (dd, J = 6.7, 5.1
Hz, 1H), 3.14 (s, 3H), 2.34 (br. s, 3H), 1.67 (d, J = 7.1 Hz, 3H), 1.24 (d, J = 6.4 Hz,
3H), 1.23 (d, J = 6.4 Hz, 3H). Two of the three exchangeable protons were not
observed. 13C NMR (101 MHz, CDCls) §170.5 (C=0), 136.8 (Civ), 134.2 (Civ), 129.5

(CH), 128.7 (CH), 127.8 (CH), 124.2 (CH), 103.8 (CH), 100.0 (Ci), 69.0 (CH), 62.4

GSK Confidential — Copying Not Permitted
250



(CH2), 62.0 (CH), 51.7 (CHy), 41.1 (CH), 35.3(CH3), 21.8 (CHs), 21.8 (CHs), 12.7
(CHs). The signals for one CH3 and four Civ were not observed. LCMS (ESI, high pH)
tr = 0.87 min, m/z 427 [M+H]*. HRMS (ESI) calculated for C23sH31N4O4 [M+H]*
427.2349, found 427.2341 (2.28 min). vmax (solution in chloroform, cm™): 3242 (OH),
3139 (NH), 2981 (CH alkene), 2936 (CH alkane), 1724 (C=0 ester), 1647 (C=0

amide), 1579 (C=C). [ap]**° " 589 nm (¢ 0.500, MeOH): +128.5°. m.p. = 98-99 °C.

Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1H-pyrazol-3-yl)-2-oxo-2,3-dihydro-

1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate, trifluoroacetic acid salt

[7.26]

Reductive amination general procedure B with aldehyde [7.47] (mixture of SEM-
regioisomers) (121 mg, 0.27 mmol) and isopropyl L-allo-threoninate, hydrochloride
[7.07] (80 mg, 0.41 mmol). The product was purified silica column chromatography
eluted with a gradient of 0-100% EtOAc in cyclohexane, followed by a gradient of 0-
25% EtOH in EtOAc. The relevant fractions were concentrated under reduced pressure
and further purified by MDAP (high pH, extended method C). The relevant fractions
were concentrated under reduced pressure to give the SEM-protected crude product as
a colourless oil (46 mg, 30% yield). The product was dissolved in a 4 M solution of
HCI in 1,4-dioxane (3 mL, 12.0 mmol) and the reaction mixture was stirred at 40 °C
for 5 h. The reaction mixture was concentrated under reduced pressure and purified by

MDAP (high pH, extended method B). The relevant fractions were combined and
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concentrated under reduced pressure and further purified by HPLC (Xbridge column,
gradient of 3-100% MeCN (containing TFA 0.1% v/v) in water (containing TFA 0.1%
v/v)). The relevant fractions were concentrated under reduced pressure to give the title
product [7.26] as a colourless oil (31 mg, 20% yield).

IH NMR (400 MHz, MeOD) 6 7.59 (dd, J = 8.0, 1.7 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H),
7.48 (d,J = 1.7 Hz, 1H), 7.07 (s, 1H), 6.33 (s, 1H), 5.06 (spt, J = 6.4 Hz, 1H), 4.27 (d,
J=13.2 Hz, 1H), 4.26 (d, J = 13.2 Hz, 1H), 4.25 (dd, J = 6.1, 3.4 Hz, 1H), 3.87 (d, J
= 3.4 Hz, 1H), 3.47 (q, J = 7.0 Hz, 1H), 3.13 (s, 3H), 2.36 (s, 3H), 1.65 (d, J = 7.0 Hz,
3H), 1.27 (d, J = 6.4 Hz, 3H), 1.26 (d, J = 6.4 Hz, 3H), 1.21 (d, J = 6.1 Hz, 3H). The
signals for the exchangeable protons were not observed. 13C NMR (101 MHz, CDCls)
5170.0 (C=0), 139.0 (Ci), 133.8 (Civ), 132.1 (CH), 131.6 (CH), 129.4 (CH), 128.4
(Civ), 125.1 (CH), 117.5 (Ci), 104.2 (CH), 71.6 (CH), 67.4 (CH), 64.6 (CH), 50.5
(CHy), 41.5 (CH), 35.7 (CHa), 21.5 (CHs), 21.5 (CH3), 18.7 (CHas), 12.5 (CH3), 11.1
(CHz3). The signals for three quaternary carbons were not observed. LCMS (ESI,
formic) tr = 0.58 min, m/z 441 [M+H]*". HRMS (ESI) calculated for C24H33N404
[M+H]* 441.2499, found 441.2498 (2.37 min). vmax (solution in chloroform, cm™):
3377 (OH), 3243 (NH), 2986 (CH alkene), 2937 (CH alkane), 1736 (C=O ester), 1630

(C=0 amide). [@p]?*? " sg9nm (C 0.500, MeOH): +72.6°.
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Isopropyl (((R)-1,3-dimethyl-5-(2-methyl-2H-1,2,3-triazol-4-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.33]

/L i N
N
OJKE
OH
/

Reductive amination general procedure Al with aldehyde [7.48] (100 mg, 0.32 mmol)

O

N~
N-N

and isopropyl L-serinate, tosic acid salt [7.08] (154 mg, 0.48 mmol). The crude was
suspended in DCM and filtered. The filtrate was purified by silica column
chromatography, eluted with a gradient of 0-100% EtOAc in cyclohexane, followed
by a gradient of 0-25% EtOH in EtOAc. The relevant fractions were concentrated
under reduced pressure to give the title product [7.33] as two colourless oils (38.7 mg,
27% yield and 41.9 mg, 28% yield).

IH NMR (400 MHz, CDCls) & 7.53 (s, 1H), 7.41 (dd, J = 8.1, 1.5 Hz, 1H), 7.352 (d, J
= 8.1 Hz, 1H)*, 7.345 (d, J = 1.5 Hz, 1H)*, 7.01 (s, 1H), 5.05 (spt, J = 6.1 Hz, 1H),
4.24 (s, 3H), 3.88 (d, J = 13.2 Hz, 1H), 3.71 (dd, J = 10.6, 4.5 Hz, 1H), 3.70 (d, J =
13.2 Hz, 1H), 3.55 (dd, J = 10.6, 6.7 Hz, 1H), 3.39 (g, J = 7.0 Hz, 1H), 3.33 (dd, J =
6.7, 4.5 Hz, 1H), 3.16 (s, 3H), 2.60 (br. s, 1H), 1.68 (d, J = 7.0 Hz, 3H), 1.23 (d, J =
6.1 Hz, 6H). *3 decimals were given to differentiate the chemical shift between the
two signals. One of the two exchangeable protons was not observed. LCMS (ESI, high

pH) tr = 0.90 min, m/z 428 [M+H]".
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Isopropyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,3-triazol-4-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.35]

P -
N
OJKE _
o NN

N-N

Reductive amination general procedure Al with alaehyde [7.49] (75 mg, 0.22 mmol)
and isopropyl L-serinate, tosic acid salt [7.08] (103 mg, 0.32 mmol). The crude was
purified by silica column chromatography, eluted with a gradient of 0-100% EtOAc in
cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The relevant fractions
were concentrated under reduced pressure and the product was further purified by
HPLC (Chiralpak AD-H column, 30% EtOH (containing 0.2% iPrNH2) in heptane
(containing 0.2% iPrNH>)). The relevant fractions were concentrated under reduced
pressure to give the title product [7.35] as a colourless oil (39 mg, 42% yield).

IH NMR (400 MHz, MeOD) & 7.93 (s, 1H), 7.47 (dd, J = 8.3, 1.7 Hz, 1H), 7.37 (d, J
= 8.3 Hz, 1H), 7.36 (d, J = 1.7 Hz, 1H), 7.21 (s, 1H), 4.99 (spt, J = 6.4 Hz, 1H), 4.13
(s, 3H), 3.83 (d, J = 13.2 Hz, 1H), 3.72 (d, J = 5.1 Hz, 1H), 3.71 (d, J = 13.2 Hz, 1H),
3.70 (d, J = 5.1 Hz, 1H), 3.43 (q, J = 6.9 Hz, 1H), 3.27 (t, J = 5.1 Hz, 1H), 3.14 (s,
3H), 1.63 (d, J = 6.9 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H), 1.20 (d, J = 6.4 Hz, 3H). The
two exchangeable protons were not observed. **C NMR (101 MHz, CDCls) §172.4
(C=0), 170.3 (C=0), 146.6 (Ci), 137.6 (Civ), 136.9 (Ci), 134.3 (Ci), 129.6 (CH),
128.9 (CH), 126.4 (CH), 124.3 (CH), 123.3 (CH), 119.0 (Civ), 69.0 (CH), 62.5 (CH>),
61.8 (CH), 51.6 (CH2), 41.0 (CH), 36.7 (CHs), 35.3 (CHs), 21.8 (CHs), 21.7 (CHa),
12.7 (CHs). LCMS (ESI, high pH) tr = 0.82 min, m/z 428 [M+H]*. HRMS (ESI)

calculated for Cz2H3zoNsOs [M+H]" 428.2299, found 428.2294 (1.91 min). vmax
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(solution in chloroform, cm™): 3433 (OH), 3312 (NH), 2976 (CH alkene), 2934 (CH
alkane), 1724 (C=0 ester), 1657 (C=0 amide). [ap]**” " ss9 nm (C 0.500, MeOH):

+184.7°.

Isopropyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,3-triazol-4-yl)-2-0x0-2,3-
dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.36]

O

P N—
ﬁ _
OH NN\
N-N

\
Reductive amination general procedure Al with aldehyde [7.49] (100 mg, 0.34 mmol)

and isopropyl L-allo-threoninate, hydrochloride [7.07] (100 mg, 0.51 mmol). The
crude was purified by silica column chromatography, eluted with 0-100% EtOACc in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give
the title product [7.36] as a colourless oil (101 mg, 64% yield).

IH NMR (400 MHz, MeOD) 6 7.92 (s, 1H), 7.45 (dd, J = 8.1, 1.5 Hz, 1H), 7.35 (d, J
= 8.1 Hz, 1H), 7.34 (br. s, 1H), 7.19 (s, 1H), 4.98 (spt, J = 6.4 Hz, 1H), 4.12 (s, 3H),
3.89 (dg, J = 6.4, 5.1 Hz, 1H), 3.80 (d, J = 13.3 Hz, 1H), 3.64 (d, J = 13.3 Hz, 1H),
3.42 (g, J = 6.9 Hz, 1H), 3.13 (s, 3H), 3.12 (d, J = 5.1 Hz, 1H), 1.62 (d, J = 6.9 Hz,
3H), 1.21 (d, J = 6.4 Hz, 3H), 1.19 (d, J = 6.4 Hz, 3H), 1.16 (d, J = 6.4 Hz, 3H). The
two exchangeable protons were not observed. 13C NMR (101 MHz, CDCl3) §172.3
(C=0), 170.3 (C=0), 146.6 (Ci), 137.4 (Civ), 136.9 (Ci), 134.3 (Civ), 129.7 (CH),
128.9 (CH), 126.5 (CH), 124.3 (CH), 123.4 (CH), 119.1 (Ci), 68.8 (CH), 67.0 (CH),
64.9 (CH), 51.9 (CH>), 41.0 (CH), 36.7 (CHs), 35.3 (CH3), 21.8 (CH3), 21.7 (CHa),
18.5 (CH3), 12.7 (CHs3). LCMS (ESI, high pH) tr = 0.86 min, m/z 442 [M+H]*. HRMS

(ESI) calculated for C23H32Ns04 [M+H]" 442.2459, found 442.2453 (2.06 min). vmax
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(solution in chloroform, cm™): 3438 (OH), 3328 (NH), 2979 (CH alkene), 2937 (CH
alkane), 1723 (C=0 ester), 1660 (C=0 amide). [ap]**” " sg9 nm (C 0.500, MeOH):

+144.6°.

Isopropyl (((R)-1,3-dimethyl-2-ox0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-serinate [7.37]

o
)\ Q2 H N—
N
O)K[ _
OH NN

HN—/
Reductive amination general procedure B with aldehyde [7.71] (267 mg, 0.95 mmol)

and isopropyl L-serinate, tosic acid salt [7.08] (453 mg, 1.42 mmol), in a 20:1 mixture
of iPrOH: AcOH. The crude was purified by reverse phase C18 column
chromatography, eluted with 0-20% MeCN in a 10 mM aqueous solution of
ammonium carbonate. The relevant fractions were concentrated under reduced
pressure and the product was further purified by HPLC (Chiralpak AD-H column, 25%
EtOH (containing 0.2% iPrNH>) in heptane (containing 0.2% iPrNH.)). The relevant
fractions were concentrated under reduced pressure to give the title product [7.37] as
a colourless oil (37.9 mg, 9% yield).

IH NMR (400 MHz, MeOD) & 8.34 (s, 1H), 7.49 (dd, J = 8.1, 1.5 Hz, 1H), 7.37 (d, J
= 8.1 Hz, 1H), 7.37 (s, 1H), 7.36 (d, J = 1.5 Hz, 1H), 4.99 (spt, J = 6.4 Hz, 1H), 3.84
(d, J = 13.0 Hz, 1H), 3.71 (dd, J = 10.8, 5.1 Hz, 1H), 3.69 (d, J = 13.0 Hz, 1H), 3.67
(dd, J = 10.8, 5.1 Hz, 1H), 3.43 (q, J = 6.9 Hz, 1H), 3.29 (t, J = 5.1 Hz, 1H), 3.17 (s,
3H), 1.64 (d, J = 6.9 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H), 1.20 (d, J = 6.4 Hz, 3H). The
three exchangeable protons were not observed. LCMS (ESI, high pH) tr = 0.71 min,

m/z 414 [M+H]".
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Reverse phase column chromatography also enabled the recovery of (R)-7-
(hydroxymethyl)-1,3-dimethyl-5-(1H-1,2,4-triazol-3-yl)-1,3-dihydro-2H-

benzo[d]azepin-2-one (150.8 mg, 48% vyield).

HO
N/
HNJN
IH NMR (400 MHz, CDCl3) § 7.98 (s, 1H), 7.49 (s, 1H), 7.46 (d, J = 1.2 Hz, 1H),
7.34 (dd, J = 8.2, 1.2 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 5.20 (br. s, 2H), 4.55 (d, J =
12.6 Hz, 1H), 4.49 (d, J = 12.6 Hz, 1H), 3.32 (g, J = 6.9 Hz, 1H) 3.14 (s, 3H), 1.62 (d,

J=6.9 Hz, 3H). LCMS (ESlI, high pH) tr = 0.53 min, m/z 285 [M+H]".

Isopropyl (((R)-1,3-dimethyl-2-ox0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.38]

)\ i H\/@ﬁ
N
X .
OH N= N

HN—/
Isopropyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate

[7.78] (100 mg, 0.14 mmol) was dissolved in DCM (5 mL) under nitrogen at -78 °C.
A 1 M solution of boron tribromide in DCM (0.43 mL, 0.43 mmol) was added to the
reaction mixture and the reaction mixture was stirred at -78 °C for 5 min and at rt for
5 min. The reaction was quenched with MeOH and concentrated under reduced
pressure to give a yellow oil. The oil was purified by MDAP (high pH, extended
method B). The relevant fractions were concentrated under reduced pressure to give
two colourless oils (22 mg, 34% vyield; 27.5 mg, 43% yield) showing 5% of a

diastereomer by *H NMR. This ratio was determined at the benzylic CH, signal at 3.62
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ppm (major diastereomer) and 3.64 ppm (minor diastereomer). (Table 31, entry 1,
p.161). These oils were combined and further purified by HPLC (Chiralpak AD-H
column, 20% EtOH (containing 0.2% iPrNH2) in heptane (containing 0.2% iPrNH2)).
The relevant fractions were concentrated under reduced pressure to give the title
product [7.38] as a colourless oil (16 mg, 25% yield).

IH NMR (400 MHz, MeOD) 6 8.33 (s, 1H), 7.48 (dd, J = 8.2, 1.4 Hz, 1H), 7.37 (d, J
= 8.2 Hz, 1H), 7.35 (s, 1H), 7.33 (d, J = 1.4 Hz, 1H), 5.00 (spt, J = 6.5 Hz, 1H), 3.87
(qd, J = 6.5, 5.4 Hz, 1H), 3.81 (d, J = 13.2 Hz, 1H), 3.62 (d, J = 13.2 Hz, 1H), 3.44 (q,
J=6.9 Hz, 1H), 3.18 (s, 3H), 3.11 (d, J = 5.4 Hz, 1H), 1.65 (d, J = 6.9 Hz, 3H), 1.21
(d, J=6.5Hz, 3H), 1.19 (d, J = 6.5 Hz, 3H), 1.16 (d, J = 6.5 Hz, 3H). The signals for
the three exchangeable protons were not observed. *C NMR (CDCls, 101 MHz) &
172.4 (C=0), 170.4 (C=0), 138.0 (Ci), 136.9 (Ci), 132.9 (CH), 132.5 (Civ), 130.1
(CH), 127.3 (CH), 124.4 (CH), 69.0 (CH), 67.3 (CH), 64.9 (CH), 52.0 (CH>), 41.3
(CH), 35.7 (CHs3), 21.9 (CHa), 21.7 (CHa), 18.4 (CHz3), 12.7 (CHs). Two quaternary
carbons and one methine were not observed. LCMS (ESI, high pH) tr = 0.74 min, m/z
428 [M+H]". HRMS (ESI) calculated for C22H3oNsOs4 [M+H]* 428.2299, found
428.2296 (1.82 min). vmax (solution in chloroform, cm™): 3443 (OH), 3139 (NH), 2980
(CH alkene), 2934 (CH alkane), 1724 (C=0 ester), 1663 (C=0 amide), 1628 (C=C

alkene). [ap]®*" “ sgg nm (¢ 0.500, MeOH): +153.3°.

Procedure for preparation of molecule [7.38], Table 31, entry 2, p.161
Isopropyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate
[7.78] (1.82 g, 3.3 mmol) and a 4 M solution of HCI in 1,4-dioxane (10 mL, 40.0

mmol) were stirred at 40 °C for 1 h. The white slurry was concentrated under reduced
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pressure. The white solid was suspended in water. (pH = 1 (pH paper)). The solution
was brought to pH 9 (pH paper) with NEts and purified by reverse phase column
chromatography, eluted with a gradient of 5-20% MeCN in a 10 mM aqueous solution
of ammonium carbonate. The relevant fractions were concentrated under reduced
pressure to give molecule [7.38] in two batches, as two white solids (581.5 mg, 40%
yield and 253.8 mg, 17% vyield). The analysis of the second batch matches the LCMS
data reported below.

LCMS (ESI, formic, 10 min method) tr = 1.94 min, m/z 428 [M+H]".

Stereoselective synthesis of molecule [7.38]:
Isopropy! (((R)-1,3-dimethyl-2-ox0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-
benzo[d]azepin-7-yl)methyl)-L-allo-threoninate, hydrochloride salt [7.38], (Table

31, entry 4, p.161)

O

PW Y N—
o)i( —
OH N=— N

Mol HN—Z
A 1 M solution of HCI in Et.O (5 mL, 5.0 mmol) was added to a flask containing

isopropyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate

[7.78] (582.5 mg, 1.04 mmol). EtOAc (3 mL) and acetone (3 mL) were added to help
dissolution of the starting material. The reaction mixture was stirred at rt for20 h. A 1
M solution of HCI in Et2O (5 mL, 5.0 mmol) was added and the reaction mixture was
further stirred at rt for 3 h. A 1 M solution of HCI in Et2O (5 mL, 5.00 mmol) was

added and the reaction mixture was stirred at rt for 3 h. The suspension was filtered
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through celite and rinsed with acetone (6 mL), followed by Et,O (6 mL) to afford the
title product [7.38] as the HCI salt, as a crystalline white solid (401.5 mg, 79% yield).
IH NMR (400 MHz, MeOD) 6 9.15 (br. s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.59 (br. s,
1H), 7.56 (br. s, 1H), 7.55 (d, J = 7.6 Hz, 1H), 5.06 (br. spt, J = 5.9 Hz, 1H), 4.31 (br.
s, 3H), 3.94 (br. s, 1H), 3.53 (br. s, 1H), 3.22 (s, 3H), 1.69 (br. s, 3H), 1.28 (br. d, J =
5.9 Hz, 6H), 1.22 (br. d, J = 5.9 Hz, 3H). The three exchangeable protons were not

observed. LCMS (ESI, high pH) tr = 0.72 min, m/z 428 [M+H]".

Isopropyl (((R)-5-(1-ethyl-1H-1,2,4-triazol-3-yl)-1,3-dimethyl-2-0x0-2,3-dihydro-

1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.39]

P .
Ok[ _
OH NN

(\//

Reductive amination general procedure B with aldehyde [7.51] (132.8 mg, 0.36 mmol)

z-Z

and isopropyl L-serinate, tosic acid salt [7.08] (194 mg, 0.55 mmol) in a 25:1 mixture
of iPrOH: AcOH. The reaction mixture was quenched with methanol and concentrated
under reduced pressure. The crude product was taken in DCM, sonicated and purified
by silica column chromatography eluted with a gradient of 0-100% EtOAc in
cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The relevant fractions
were concentrated under reduced pressure and further purified by MDAP (high pH,
extended method B). The relevant fractions were concentrated under reduced pressure
to give the title product [7.39] as a colourless oil (30.8 mg, 18% yield).

IH NMR (400 MHz, MeOD) & 8.46 (s, 1H), 7.47 (dd, J = 7.8, 1.7 Hz, 1H), 7.46 (s,

1H), 7.36 (5, 1H), 7.35 (d, J = 7.8 Hz, 1H), 5.00 (spt, J = 6.4 Hz, 1H), 4.27 (q, J = 7.3
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Hz, 2H), 3.85 (d, J = 13.2 Hz, 1H), 3.69 (d, J = 13.2 Hz, 1H), 3.70 (dd, J = 10.8, 5.1
Hz, 1H), 3.68 (dd, J = 10.8, 5.1 Hz, 1H), 3.41 (g, J = 6.9 Hz, 1H), 3.30 (t, J = 5.1 Hz,
1H), 3.16 (s, 3H), 1.63 (d, J = 6.9 Hz, 3H), 1.51 (t, J = 7.3 Hz, 3H), 1.21 (d, J = 6.4
Hz, 3H), 1.20 (d, J = 6.4 Hz, 3H). The two exchangeable protons were not observed.
13C NMR (101 MHz, CDCls) 5172.4 (C=0), 170.7 (C=0), 162.0 (Ci), 142.5 (CH),
137.3 (Civ), 136.5 (Civ), 133.2 (Civ), 131.6 (CH), 129.2 (CH), 128.1 (CH), 124.0 (CH),
119.9 (Civ), 68.9 (CH), 62.5 (CH2), 62.1 (CH), 51.7 (CH2), 44.9 (CH2), 41.2 (CH), 35.6
(CHs), 21.84 (CHs), 21.78 (CHs), 15.2 (CH3), 12.7 (CHs). LCMS (ESI, high pH) tr =
0.83 min, m/z 442 [M+H]". HRMS (ESI) calculated for Cz3H32NsOs [M+H]"
442.2459, found 442.2453 (2.12 min). vmax (solution in chloroform, cm): 3438 (OH),
3334 (NH), 2980 (CH alkene), 2937 (CH alkane), 1727 (C=0 ester), 1667 (C=0

amide), 1629 (C=C). [ap]**? "® 589 nm (¢ 0.500, MeOH): +120.4°.

Isopropyl (((R)-5-(1-(2-methoxyethyl)-1H-1,2,4-triazol-3-yl)-1,3-dimethyl-

2-0x0-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.41]

o}
0
H N—
Aok[N _
OH NN
/(N\//
3
Reductive amination general procedure B with aldehyde [7.53] (110 mg, 0.26 mmol)
and isopropyl L-serinate, tosic acid salt [7.08] (138 mg, 0.39 mmol). The reduced
aldehyde was observed by HPLC analysis of the reaction mixture. The reaction
mixture was quenched with methanol and concentrated under reduced pressure. The

residue was partitioned between EtOAc and water. The two layers were separated and

the aqueous layer was extracted with EtOAc three times. The aqueous layer was then
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extracted with 10% EtOH in EtOAc, three times. The aqueous layer was neutralised
with a saturated solution of sodium bicarbonate and was extracted with EtOAc three
times. The organics were combined, dried through a phase separator and concentrated
under reduced pressure. The crude product was purified by MDAP (high pH, extended
method B). The relevant fractions were concentrated under reduced pressure to give
the title product [7.41] as a colourless oil (9.2 mg, 7% yield).

IH NMR (400 MHz, MeOD) & 8.44 (s, 1H), 7.49 (br. s, 1H), 7.48 (dd, J = 8.5, 1.7 Hz,
1H), 7.39 (s, 1H), 7.36 (d, J = 8.5 Hz, 1H), 5.00 (spt, J = 6.4 Hz, 1H), 4.40 (t, J = 5.0
Hz, 2H), 3.88 (d, J = 12.6 Hz, 1H), 3.77 (dd, J = 4.9 Hz, 1H), 3.77 (dd, J = 4.9 Hz,
1H), 3.76 (d, J = 12.6 Hz, 1H), 3.72 (t, J = 5.0 Hz, 1H), 3.71 (t, J = 5.0 Hz, 1H), 3.42
(g, J = 6.9 Hz, 1H), 3.36 (5, 3H), 3.34 (t, J = 4.9 Hz, 1H), 3.17 (s, 3H), 1.64 (d, J = 6.9
Hz, 3H), 1.22 (d, J = 6.4 Hz, 3H), 1.20 (d, J = 6.4 Hz, 3H). The two exchangeable

protons were not observed. LCMS (ESI, high pH) tr = 0.82 min, m/z 472 [M+H]".

Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.43]

(@)
H —_
Pt kipg
O
OH N= N

\
HN\<

Reductive amination general procedure Al with aldehyde [7.52] (120 mg, 0.18 mmol)
and isopropyl L-serinate, tosic acid salt [7.08] (88 mg, 0.27 mmol). The reaction
mixture was quenched with methanol and concentrated under reduced pressure to give
a yellow residue. The residue was taken in DCM and cooled to -78 °C. A 1 M solution
of boron tribromide in DCM (0.55 mL, 0.55 mmol) was added and the reaction was

stirred for 5 min at -78 °C, and 1 h at rt. HPLC analysis of the reaction mixture showed
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presence of aldehyde starting material. The reaction mixture was quenched with a
saturated aqueous sodium bicarbonate solution. The layers were separated. The
aqueous layer was extracted with EtOAc + 10% methanol. The organic layers were
combined, dried through a phase separator and concentrated under reduced pressure to
give a yellow oil. The oil was purified by MDAP (high pH, extended method A), the
relevant fractions were concentrated under reduced pressure. The product was further
purified by MDAP (high pH, extended method B), the relevant fractions were
concentrated under reduced pressure. The product was further purified by HPLC
(Chiralpak IA5 column, 30% EtOH (containing 0.2% iPrNH2) in heptane (containing
0.2% iPrNH)). The relevant fractions were concentrated under reduced pressure to
give the title product [7.43] as a colourless oil (3 mg, 3% yield). The full analysis of
this batch matches the data reported below, but with the presence of 5% of a
diastereomer observed by small shoulders on several peaks notably 'H NMR (400
MHz, MeOD) ¢ 3.18 ppm for the diastereomeric impurity and 3.17 ppm for methyl

signal of the amide.

Stereoselective synthesis of molecule [7.43]:
Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-
dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.43]

O

A -
O)J\[ —
OH N=
HN\<
Isopropyl  (((R)-1,3-dimethyl-5-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
1,2,4-triazol-3-yl)-2-0x0-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate

[8.07] (18 mg, 0.02 mmol) was dissolved in DCM (3 mL). A 4 M solution of HCI in
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1,4-dioxane (3 mL, 12.0 mmol) was added and the reaction mixture was stirred at rt
for 40 min. The solution was concentrated under reduced pressure and purified by
MDAP (high pH, extended method B). The relevant fractions were concentrated under
reduced pressure to give the title product [7.43] as a white solid (4.8 mg, 55% vyield).
IH NMR (400 MHz, MeOD) 6 7.48 (dd, J = 8.1, 1.7 Hz, 1H), 7.38 (br. s, 1H), 7.36
(d, J = 8.1 Hz, 1H), 7.30 (s, 1H), 5.00 (spt, J = 6.2 Hz, 1H), 3.84 (d, J = 13.0 Hz, 1H),
3.71 (dd, J = 10.8, 5.1 Hz, 1H), 3.68 (d, J = 13.0 Hz, 1H), 3.67 (dd, J = 10.8, 5.1 Hz,
1H), 3.42 (g, J = 6.9 Hz, 1H), 3.28 (t, J = 5.1 Hz, 1H), 3.17 (s, 3H), 2.46 (s, 3H), 1.64
(d, J = 6.9 Hz, 3H), 1.21 (d, J = 6.2 Hz, 3H), 1.20 (d, J = 6.2 Hz, 3H). The three
exchangeable protons were not observed. 1*C NMR (101 MHz, CDCls3) §136.8 (Civ),
132.6 (CH), 129.7 (CH), 127.6 (CH), 124.3 (CH), 100.0 (Ci), 69.1 (CH), 62.4 (CH>),
62.2 (CH), 51.8 (CH>), 41.2 (CH), 35.6 (CHs), 21.8 (CH3), 21.7 (CHs), 12.9 (CHa),
12.7 (CHg). Six quaternary carbons were not observed. LCMS (ESI, high pH) tr =
0.71 min, m/z 428 [M+H]". HRMS (ESI) calculated for CzH3oNsOs [M+H]"
428.2299, found 428.2294 (1.78 min). vmax (solution in chloroform, cm™): 3252 (OH),
3076 (NH), 2980 (CH alkene), 2934 (CH alkane), 1724 (C=0 ester), 1651 (C=0
amide), 1629 (C=C alkene). [@p]?*® " sg9 nm (¢ 0.500, MeOH): +179.5°. m.p. = 136-

137 °C.

Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.44]

PRy -
JI g
OH NE

\
HN\<
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Reductive amination general procedure B with aldehyde [7.74] (50 mg, 0.17 mmol)
and isopropyl L-allo-threoninate, tosic salt [7.07] (50 mg, 0.25 mmol) in AcOH (0.2
mL) and iPrOH (5 mL). The reaction mixture was concentrated under reduced pressure
to give white residue. The residue was purified by MDAP (high pH, extended method
B). The relevant fraction was concentrated under reduced pressure and further purified
by MDAP (high pH, extended method A). The relevant fraction was concentrated
under reduced pressure to give the title product [7.44] as a yellow oil (11.2 mg, 12%
yield). The NMR and LCMS analysis of this batch matches the data reported below,
but the NMR showed the presence of 27% of a diastereomer, determined at *H NMR
(400 MHz, MeOD) 6 5.06 ppm (spt, minor diastereomer) and 5.00 ppm (spt, major

diastereomer).

Stereoselective synthesis of molecule [7.44]
Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1H-1,2,4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.44]

PRy -
JI g
OH N/N

\
HN\<

The pinacol boronic ester [8.05] was prepared following the procedure described
p.295. The yield indicated below is calculated over the borylation and cross-coupling
steps.

Isopropyl (((R)-1,3-dimethyl-2-oxo0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [8.05] (470 mg, 0.97

mmol), 3-bromo-5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2 4-triazole
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[7.60] (565 mg, 1.93 mmol), Pd Xphos G2 (76 mg, 0.10 mmol), Xphos (92 mg, 0.19
mmol), a2 M aqueous solution of KzPO4 (1.5 mL, 2.9 mmol) were suspended in iPrOH
(20 mL) and water (4 mL). The reaction mixture was placed under nitrogen atmosphere
by three cycles of vacuum-nitrogen. The mixture was stirred at 90 °C for 18 h. The
reaction mixture was cooled to rt and concentrated under reduced pressure to give a
black oil. The residue was partitioned between DCM and water. The aqueous layer
was extracted with DCM. The organic layers were combined, dried through a phase
separator and concentrated under reduced pressure to give a brown oil. A 120g silica
column was conditioned with 3% NEtz in cyclohexane. The product dissolved in DCM
was loaded on the column and eluted with a gradient of 0-100% EtOAc in 3% NEts in
cyclohexane. The relevant fractions were concentrated under reduced pressure to give
isopropyl  (((R)-1,3-dimethyl-5-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
1,2,4-triazol-3-yl)-2-0x0-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-
threoninate (245.5 mg, 27% vyield). LCMS (ESI, high pH) tr = 1.25 min, m/z 572
[M+H]*. This material was dissolved in a 1 M solution of hydrochloric acid in Et,0
(10 mL, 10.0 mmol) and left to stir at rt for 2 days. The reaction mixture was
concentrated under reduced pressure to give a yellow oil, which was purified by
MDAP (high pH, extended method B). The product was not collected and the
recovered MDAP waste was concentrated under reduced pressure to give the crude
material. This material was purified by MDAP (high pH, extended method B). The
relevant fractions were concentrated under reduced pressure to give the title product
[7.44] as a white solid (90 mg, 20% vyield).

IH NMR (400 MHz, MeOD) § 7.47 (dd, J = 8.3, 1.7 Hz, 1H), 7.36 (d, J = 1.7 Hz, 1H),

7.35 (d, J = 8.3 Hz, 1H), 7.29 (s, 1H), 5.00 (spt, J = 6.5 Hz, 1H), 3.88 (dt, J = 6.8, 5.4
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Hz, 1H), 3.82 (d, J = 13.2 Hz, 1H), 3.62 (d, J = 13.2 Hz, 1H), 3.42 (g, J = 6.9 Hz, 1H),
3.16 (s, 3H), 3.11 (d, J = 5.4 Hz, 1H), 2.46 (s, 3H), 1.64 (d, J = 6.8 Hz, 3H), 1.21 (d, J
= 6.5 Hz, 3H), 1.20 (d, J = 6.9 Hz, 3H), 1.16 (d, J = 6.5 Hz, 3H). The three
exchangeable protons were not observed. *C NMR (101 MHz, MeOD) § 174.3
(C=0), 172.6 (C=0), 160.9 (Ci), 157.0 (Ci), 139.2 (Civ), 137.7 (Ci), 134.5 (Cu),
133.2 (CH), 131.2 (CH), 129.3 (CH), 125.0 (CH), 120.9 (Ci), 69.8 (CH), 69.7 (CH),
67.7 (CH), 52.6 (CH>), 42.5 (CH), 36.0 (CHs), 22.3 (CHs), 22.2 (CHs), 20.2 (CHa),
13.2 (CHs), 12.1 (CH3). LCMS (ESI, high pH) tr = 0.76 min, m/z 442 [M+H]*. HRMS
(ESI) calculated for C23H32Ns04 [M+H]" 442.2459, found 442.2455 (1.91 min). vmax
(solution in chloroform, cm™): 3175 (OH), 3079 (NH), 2979 (CH alkene), 2931 (CH
alkane), 1723 (C=0 ester), 1656 (C=0 amide), 1629 (C=C). [ap]?" " 589 nm (¢ 0.500,

MeOH): +134.0°. m.p. = 106-108 °C.

(R)-1,3-Dimethyl-2-oxo0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-3-
yl)-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde
and (R)-1,3-dimethyl-2-oxo-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-

5-yl)-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.45]

Ox

SEM’
(R)-1,3-dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-

1H-benzo[d]azepine-7-carbaldehyde [6.20] (500 mg, 75% pure, 1.1 mmol), 3-bromo-
1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole [7.55] (1.33 g, 4.6 mmol), a 2 M
aqueous solution of KzPO4 (1.7 mL, 3.3 mmol), Xphos (262 mg, 0.55 mmol) and Pd

Xphos G2 (8.65 mg, 11.0 umol) were suspended in isopropanol (3 mL) under nitrogen.
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The reaction mixture was split into two microwave vials. The first vial was heated in
the microwave for 30 min at 120 °C, and the second vial was heated twice in the
microwave for 30 min at 120 °C. The two reaction mixtures were concentrated under
reduced pressure. The residues were partitioned between EtOAc and water. The layers
were separated and the aqueous layers were extracted with EtOAc. The organic layers
were concentrated under reduced pressure. The crude products were purified by silica
column chromatography, eluted with a gradient of 0-100% EtOAc in cyclohexane. The
relevant fractions were combined and concentrated to give two colourless oils. The
oils were further purified by MDAP (high pH, method C). The relevant fractions were
combined and concentrated to give the title products [7.45] as a mixture of
regioisomers in a 1:1 ratio, as a brown oil (321.5 mg, 68% yield). The ratio was
determined at the *H NMR aldehyde signals.

IH NMR (400 MHz, CDCls) 6 9.93 (s, 1H), 9.88 (s, 1H), 7.93 (dd, J = 8.2, 1.5 Hz,
1H), 7.91 (dd, J = 8.2, 1.5 Hz, 1H), 7.91 (d, J = 1.5 Hz, 1H), 7.60 (d, J = 2.3 Hz, 1H),
7.58 (d, J = 1.7 Hz, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.52 (d, J = 8.2 Hz, 1H), 7.49 (d, J
= 1.5 Hz, 1H), 7.05 (s, 1H), 6.84 (s, 1H), 6.37 (d, J = 1.7 Hz, 1H), 6.31 (d, J = 2.3 Hz,
1H), 5.44 (s, 2H), 5.27 (d, J = 11.0 Hz, 1H), 5.08 (d, J = 11.0 Hz, 1H), 3.65 (dd, J =
9.5, 8.0 Hz, 1H), 3.62 (d, J = 9.5, 8.0 Hz, 1H), 3.59 (q, J = 6.9 Hz, 1H), 3.46 (g, J =
6.9 Hz, 1H), 3.51-3.47 (m, 2H), 3.17 (s, 3H), 3.16 (s, 3H), 1.75 (d, J = 6.9 Hz, 3H),
1.71 (d, J = 6.9 Hz, 3H), 0.95 (d, J = 8.0 Hz, 1H), 0.92 (d, J = 8.0 Hz, 1H), 0.76-0.71
(m, 2H), -0.01 (s, 9H), -0.07 (s, 9H). LCMS (ESI, high pH) tr = 1.28 and 1.30 min,

m/z 412 [M+H]".
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(R)-1,3-Dimethyl-5-(1-methyl-1H-pyrazol-3-yl)-2-oxo-2,3-dihydro-1H-

benzo[d]azepine-7-carbaldehyde [7.46]

N/
(R)-1,3-Dimethyl-2-oxo-5-(4,4,5,5-tetran/1ethyl-1,3,2-dioxaborolan-2-y|)-2,3-
dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (458 mg, 70% pure, 0.94 mmol),
3-bromo-1-methyl-1H-pyrazole (779 mg, 4.84 mmol), a 2 M aqueous solution of
potassium phosphate tribasic (1.0 mL, 2.0 mmol), Pd Xphos G2 (80 mg, 0.10 mmol)
and Xphos (27 mg, 0.06 mmol) were suspended in iPrOH (4 mL) under nitrogen. The
reaction mixture was heated in a microwave at 120 °C for 30 min. The reaction mixture
was concentrated under reduced pressure. The residue was partitioned between EtOAc
and water. The layers were separated, the aqueous layer was re-extracted with EtOAcC.
The organic layers were combined, dried using a hydrophobic frit and concentrated
under reduced pressure. The crude product was purified by silica column
chromatography eluted with a gradient of 0-100% EtOAc in cyclohexane. The relevant
fractions were combined and concentrated under reduced pressure to give the title
product [7.46] a colourless oil (148.1 mg, 48% yield).

IH NMR (400 MHz, CDCls) & 9.96 (s, 1H), 7.94 (br. s, 1H), 7.93 (dd, J = 7.8, 1.7 Hz,
1H), 7.54 (d, J = 7.8 Hz, 1H), 7.40 (d, J = 2.2 Hz, 1H), 7.03 (s, 1H), 6.23 (d, J = 2.2
Hz, 1H), 3.95 (s, 3H), 3.50 (q, J = 6.9 Hz, 1H), 3.17 (s, 3H), 1.72 (d, J = 6.9 Hz, 3H).

LCMS (ESI, formic) tr = 0.82 min, m/z 296 [M+H]".
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(R)-1,3-Dimethyl-5-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-
3-yl)-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde, as the main
regioisomer
and (R)-1,3-dimethyl-5-(3-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

pyrazol-5-yl)-2-oxo0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.47]

Ox

(R)-1,3-Dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-

dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (500 mg, 1.25 mmol), 3-bromo-
5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole [7.57] (1.53 g, 4.98
mmol), a 2 M aqueous solution of KsPOs4 (1.87 mL, 3.74 mmol), Xphos (29.7 mg, 0.06
mmol) and Pd Xphos G2 (98 mg, 0.13 mmol) were suspended in iPrOH (3 mL) under
nitrogen and the reaction mixture was heated at 120 °C for 30 min in the microwave.
The reaction mixture was concentrated and partitioned between EtOAc and water. The
layers were separated and the aqueous layer was re-extracted with EtOAc. The organic
layer was dried through a phase separator and concentrated under reduced pressure.
The crude was purified by silica column chromatography, eluting with a gradient of 0-
25% EtOAc in cyclohexane. The relevant fractions were combined to give the title
product [7.47] as yellow oil (157 mg, 24% yield, regioisomer 2 containing 15% of
regioisomer 1) and a less pure batch. The impure batch was purified by silica column
chromatography, eluting with a gradient of 0-25% EtOAc in cyclohexane. The UV
detection failed and the product was sent to the waste bottle. This solution was

concentrated under reduced pressure and was purified by silica column
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chromatography, eluting with a gradient of 0-25% EtOAc in cyclohexane, followed by
a purification by MDAP (high pH, extended method C). The relevant fractions were
concentrated under reduced pressure to afford regioisomer 1 as a yellow oil (82.6 mg,
15% vyield).

Regioisomer 1 (82.6 mg, 15% yield): *H NMR (400 MHz, CDCls) § 9.92 (s, 1H),
7.94 (dd, J = 8.0, 1.5 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 1.5 Hz, 1H), 6.83
(s, 1H), 6.17 (s, 1H), 5.19 (d, J = 11.0 Hz, 1H), 5.00 (d, J = 11.0 Hz, 1H), 3.53 (q, J =
6.9 Hz, 1H), 3.49 (t, J = 9.2 Hz, 1H), 3.47 (t, J = 9.2 Hz, 1H), 3.17 (s, 3H), 2.33 (s,
3H), 1.75 (d, J = 6.9 Hz, 3H), 0.75 (t, J = 9.2 Hz, 1H), 0.74 (t, J = 9.2 Hz, 1H), -0.06
(m, 9H). LCMS (ESI, high pH) tr = 1.31 min, m/z 426 [M+H]".

Regioisomer 2 (157 mg, 24% yield, containing 15% of regioisomer 1): *H NMR (400
MHz, CDCl3) & 9.95 (s, 1H), 7.93 (dd, J = 8.4, 1.7 Hz, 1H), 7.92 (d, J = 1.7 Hz, 1H),
7.53 (d, J = 8.4 Hz, 1H), 7.00 (s, 1H), 6.08 (s, 1H), 5.44 (d, J = 11.0 Hz, 1H), 5.40 (d,
J =11.0 Hz, 1H), 3.65 (td, J = 9.5, 7.8 Hz, 1H), 3.63 (td, J = 9.5, 7.8 Hz, 1H), 3.48 (q,
J=7.0Hz, 1H), 3.17 (s, 3H), 2.39 (s, 3H), 1.72 (d, J = 7.0 Hz, 3H), 0.95 (d, J = 7.8
Hz, 1H), 0.92 (d, J = 7.8 Hz, 1H), -0.01 (s, 9H). The regioisomer ratio was determined
at the aldehyde signals. LCMS (ESI, high pH) tr = 1.31 min, m/z 426 [M+H]" and tr

= 1.36 min, m/z 426 [M+H]".
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(R)-1,3-Dimethyl-5-(2-methyl-2H-1,2,3-triazol-4-yl)-2-ox0-2,3-dihydro-1H-
benzo[d]azepine-7-carbaldehyde [7.48]

(0]

Ox

N~
N=N

(R)-1,3-Dimethyl-2-ox0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-
dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (500 mg, 1.099 mmol), 4-bromo-
2-methyl-2H-1,2,3-triazole (890 mg, 5.50 mmol), a 2 M aqueous solution of KzPO4
(1.65 mL, 3.30 mmol), Xphos (26.2 mg, 0.06 mmol) and Pd Xphos G2 (86 mg, 0.11
mmol) were stirred in iPrOH (5.5 mL) at 120 °C for 30 min in a microwave. The
reaction mixture was concentrated under reduced pressure. EtOAc and water were
added to the residue. The layers were separated and the aqueous layer was extracted
with EtOAc. The organic layers were combined, dried through a hydrophobic frit and
concentrated under reduced pressure. The crude product was purified by silica column
chromatography eluted with a gradient of 0-100% EtOAc in cyclohexane, followed by
a gradient of 0-25% EtOH in EtOAc. The relevant fractions were combined and
concentrated under reduced pressure to give the title product [7.48] as a white solid
(305 mg, 89% yield).

IH NMR (400 MHz, CDCls) 6 9.97 (s, 1H), 7.96 (dd, J = 8.3, 1.7 Hz, 1H), 7.88 (d, J
= 1.7 Hz, 1H), 7.56 (d, J = 8.3 Hz, 1H), 7.54 (s, 1H), 7.07 (s, 1H), 4.24 (s, 3H), 3.48
(q, J = 7.0 Hz, 1H), 3.18 (s, 3H), 1.73 (d, J = 7.0 Hz, 3H). LCMS (ESI, formic) tr =

0.82 min, m/z 297 [M+H]".
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(R)-1,3-Dimethyl-5-(1-methyl-1H-1,2,3-triazol-4-yl)-2-ox0-2,3-dihydro-1H-
benzo[d]azepine-7-carbaldehyde [7.49]

O

Ox

—

NN

\\
N-N

\
(R)-1,3-Dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-

dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (200 mg, 0.54 mmol), 4-bromo-
1-methyl-1H-1,2,3-triazole (262 mg, 1.62 mmol), a 2 M aqueous solution of K3PO4 (2
mL, 4.0 mmol), Pd Xphos G2 (54 mg, 0.07 mmol) and Xphos (22 mg, 0.05 mmol)
were suspended in iPrOH (5 mL) under nitrogen. The reaction mixture was heated in
the microwave at 120 °C for 75 min. The reaction mixture was concentrated under
reduced pressure. The residue was partitioned between EtOAc and water. The layers
were separated, the aqueous layer was extracted with EtOAc. The organic layers were
combined, dried using a hydrophobic frit and concentrated under reduced pressure.
The crude product was purified by silica column chromatography eluted with a
gradient of 0-100% EtOAc in cyclohexane, followed by a gradient of 0-25% EtOH in
EtOAc. The appropriate fractions were combined and concentrated under reduced
pressure to give the title product [7.49] as a colourless oil (105 mg, 56% vyield).

IH NMR (400 MHz, CDCls) 6 9.98 (s, 1H), 7.95 (dd, J = 8.2, 1.6 Hz, 1H), 7.92 (d, J
= 1.6 Hz, 1H), 7.57 (d, J = 8.2 Hz, 1H), 7.47 (s, 1H), 7.38 (s, 1H), 4.14 (s, 3H), 3.49
(g, J = 6.9 Hz, 1H), 3.19 (s, 3H), 1.72 (d, J = 6.9 Hz, 3H). LCMS (ESI, high pH) tr =

0.75 min, m/z 297 [M+H]".
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(R)-1,3-Dimethyl-2-ox0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-
3-yl)-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.50]
0

Ox
NZ
SEM’N\//

(R)-1,3-Dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-
dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (500 mg, 71% pure, 1.04 mmol),
3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazole [7.59] (1.2 g, 4.3
mmol), a 2 M aqueous solution of KzPO4 (0.88 mL, 1.76 mmol), Pd Xphos G2 (82
mg, 0.10 mmol) and Xphos (24.8 mg, 0.05 mmol) was suspended in iPrOH (4 mL)
under nitrogen. (NB reaction was carried out in two microwave vials and combined
for work up). The reaction mixtures were sonicated for a few minutes and heated in
the microwave at 120 °C for 30 min. The combined reaction mixtures were
concentrated under reduced pressure. The residue was partitioned between EtOAc and
water twice. The organic layers were combined, dried using a hydrophobic frit and
concentrated under reduced pressure. The crude product was purified by silica column
chromatography eluted with a gradient of 0-100% EtOAc in cyclohexane. The
appropriate fractions were combined and concentrated under reduced pressure to give
the title product [7.50] as a colourless oil (465.5 mg, 98% yield).
IH NMR (400 MHz, CDCls) 6 9.96 (s, 1H), 8.25 (s, 1H), 8.16 (d, J = 1.5 Hz, 1H),
7.92 (dd, J=8.2, 1.5 Hz, 1H), 7.55 (s, 1H), 7.50 (d, J = 8.2 Hz, 1H), 5.49 (d, J = 11.0
Hz, 1H), 5.46 (d, J = 11.0 Hz, 1H), 3.67 (dt, J = 9.3, 8.2 Hz, 2H), 3.47 (q, J = 6.9 Hz,
1H), 3.18 (s, 3H), 1.68 (d, J = 6.9 Hz, 3H), 0.93 (t, J = 8.2 Hz, 2H), -0.03 (s, 9H).

LCMS (ESI, high pH) tr = 1.22 min, m/z 413 [M+H]".
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(R)-5-(1-Ethyl-1H-1,2,4-triazol-3-yl)-1,3-dimethyl-2-ox0-2,3-dihydro-1H-

benzo[d]azepine-7-carbaldehyde [7.51]

Ox

z-Z

(R)-1,3-Dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-
dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (564.8 mg, 71% pure, 1.18
mmol), 3-bromo-1-ethyl-1H-1,2,4-triazole (414 mg, 2.35 mmol), a 2 M aqueous
solution of K3PO4 (0.5 mL, 1.0 mmol), Xphos (28.0 mg, 0.06 mmol) and Pd Xphos
G2 (92 mg, 0.12 mmol) were heated at 120 °C, under nitrogen for 30 min in a
microwave. The reaction mixture was concentrated under reduced pressure and the
resulting residue was partitioned between EtOAc and water. The two layers were
separated and the aqueous layer was extracted with EtOAc three times. The organics
were combined, dried through a hydrophobic frit and concentrated under reduced
pressure. The crude was purified by silica column chromatography, eluted with a
gradient of 0-100% EtOAc in cyclohexane, followed by a gradient of 0-25% EtOH in
EtOAc. The relevant fractions were combined and concentrated under reduced
pressure to give the title product [7.51] as a colourless oil (132.8 mg, 31% vyield).

IH NMR (400 MHz, MeOD) & 9.96 (s, 1H), 8.49 (s, 1H), 8.06 (d, J = 1.6 Hz, 1H),
8.01 (dd, J = 8.2, 1.6 Hz, 1H), 7.60 (d, J = 8.2 Hz, 1H), 7.49 (s, 1H), 4.29 (¢, J = 7.3
Hz, 2H), 3.53 (g, J = 6.9 Hz, 1H), 3.19 (s, 3H), 1.69 (d, J = 6.9 Hz, 3H), 1.52 (t, J =

7.3 Hz, 3H). LCMS (ESI, high pH) tr = 0.79 min, m/z 311 [M+H]".
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(R)-1,3-Dimethyl-5-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-
triazol-3-yl)-2-oxo0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.52]
o)
N_ R

Ox

—

SEM’ \<
Main regioisomer (82%)

(R)-1,3-Dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-
dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (500 mg, 1.47 mmol), 3-bromo-
5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazole [7.60] (1.29 g, 4.40
mmol), a 2 M aqueous solution of KsPO4 (2.2 mL, 4.40 mmol), Pd Xphos G2 (115
mg, 0.15 mmol) and Xphos (34.9 mg, 0.07 mmol) was suspended in iPrOH (5 mL)
under nitrogen. The reaction mixture was split into two microwave vials and heated in
the microwave for 30 min at 120 °C (NB: one of the vials was sonicated to help
solubilisation of the boronic ester starting material). The crude was partitioned
between EtOAc and water. The aqueous layer was extracted twice with EtOAc. The
organic layers were combined, dried through a phase separator and concentrated under
reduced pressure to give a yellow oil. The crude product was purified by silica column
chromatography, eluted with a gradient of 0-100% EtOAc in cyclohexane. The
relevant fractions were concentrated under reduced pressure to give the title product
[7.52] as a yellow oil (0.48 g, 65% pure, 50% vyield).

IH NMR (400 MHz, CDCl3) 5. 9.96 (s, 1H), 8.13 (d, J = 1.7 Hz, 1H), 7.92 (dd, J =
8.1,1.7 Hz, 1H), 7.51 (d, J = 8.1 Hz, 1H), 7.47 (s, 1H), 5.44 (d, J = 11.3 Hz, 1H), 5.40
(d, J = 11.3 Hz, 1H), 3.65 (td, J = 9.3, 7.8 Hz, 2H), 3.46 (g, J = 6.9 Hz, 1H), 3.19 (s,

3H), 2.56 (s, 3H), 1.68 (d, J = 6.9 Hz, 3H), 0.93 (d, J = 7.8 Hz, 1H), 0.91 (d, J = 7.8
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Hz, 1H),-0.02 (s, 9H). NMR showed presence of 18% of the minor SEM regioisomer,
determined at peaks 9.96 ppm (major regioisomer) and 9.92 ppm (minor regioisomer).

LCMS (ESI, high pH) tr = 1.24 min, m/z 427 [M+H]".

(R)-5-(1-(2-Methoxyethyl)-1H-1,2,4-triazol-3-yl)-1,3-dimethyl-2-0x0-2,3-

dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.53]

N

z-Z

-7

S

(6]
\

(R)-1,3-Dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-

dihydro-1H-benzo[d]azepine-7-carbaldehyde [6.20] (250 mg, 71% purity, 0.52
mmol), 3-bromo-1-(2-methoxyethyl)-1H-1,2,4-triazole [7.65] (475 mg, 2.08 mmol), a
2 M aqueous solution of KzPO4 (0.5 mL, 1.0 mmol), Xphos (12.4 mg, 0.03 mmol) and
Pd Xphos G2 (40.9 mg, 0.05 mmol) were heated at 120 °C for 30 min in a microwave.
The reaction mixture was filtered through a hydrophobic frit and the filtrate was
concentrated under reduced pressure. The resulting residue was partitioned between
EtOAc and water and the two layers were separated. The aqueous layer was extracted
with EtOAc three times. The organic layers were combined, dried through a
hydrophobic frit and concentrated under reduced pressure. The crude product was
taken in DCM, sonicated and purified by silica column chromatography, eluting with
a gradient of 0-100% EtOAc in cyclohexane, followed by a gradient of 0-25% EtOH
in EtOAc. The relevant fractions were combined and concentrated under reduced
pressure to give the title product [7.53] as a colourless oil (74.5 mg, 34% yield) and a

second batch, less pure. This second batch was further purified by MDAP (high pH,
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extended method A). The relevant fractions were concentrated under reduced pressure
to give the title product [7.53] as a colourless oil in two batches (27 mg, 12% yield and
9 mg, 4% yield).

The analysis of the largest batch will be here reported but matches the data for the two
smaller batches.

IH NMR (400 MHz, MeOD) 6 9.95 (s, 1H), 8.46 (s, 1H), 8.08 (d, J = 1.7 Hz, 1H),
7.99 (dd, J = 8.3, 1.7 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.50 (s, 1H), 4.40 (t, J = 5.0
Hz, 2H), 3.77 (t, J = 5.0 Hz, 2H), 3.52 (q, J = 6.9 Hz, 1H), 3.35 (s, 3H), 3.18 (s, 3H),

1.67 (d, J = 6.9 Hz, 3H). LCMS (ESI, high pH) tr = 0.77 min, m/z 341 [M+H]".

3-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole and

5-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole [7.55]*°

Br Br
Nﬁ SEM’N\N/>
SEM
3-Bromo-1H-pyrazole [7.54] (2 g, 13.6 mmol) was dissolved THF (40 mL), placed
under nitrogen and cooled to 0 °C. Sodium hydride (60% in mineral oil, 0.82 g, 20.4
mmol) was added. The reaction mixture was stirred at 0 °C for 10 min.
(2-(chloromethoxy)ethyl)trimethylsilane (3.61 mL, 20.4 mmol) was added and the
reaction mixture was stirred overnight, the ice bath slowly warming up to rt. The
reaction mixture was quenched with MeOH and concentrated under reduced pressure.
The crude was then partitioned between DCM and water and the layers were separated.
The aqueous layer was extracted with DCM. The organic layers were combined and
concentrated under reduced pressure to give a pale-yellow oil. The crude product was
purified by silica column chromatography eluted with a gradient of 0-40% EtOAC in

cyclohexane (containing 1% EtsN). The relevant fractions were concentrated under
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reduced pressure to give the title products [7.55] as a mixture of regioisomers in a 2:1
ratio as a colourless oil (3.15 g, 71% vyield). The ratio of regioisomers was determined
at the SEM methylene signals at 5.37 ppm and 5.47 ppm.

Regioisomer 1 (major): *H NMR (400 MHz, CDCls) 67.44 (d, J = 2.5 Hz, 1H), 6.32
(d, J = 2.5 Hz, 1H), 5.35 (s, 2H), 3.57 (d, J = 8.2 Hz, 1H), 3.55 (d, J = 8.2 Hz, 1H),
0.89 (d, J =8.2 Hz, 1H), 0.87 (d, J = 8.2 Hz, 1H), -0.03 (s, 9H). LCMS (ESI, high pH)
tr = 1.30 min, m/z 277/279 [M+H]*. Regioisomer 2 (minor): *H NMR (400 MHz,
CDCl3) 67.51 (d, J = 2.0 Hz, 1H), 6.32 (d, J = 2.0 Hz, 1H), 5.47 (s, 2H), 3.60 (d, J =
8.1 Hz, 1H), 3.56 (d, J = 8.1 Hz, 1H), 0.90 (d, J = 8.1 Hz, 1H), 0.88 (d, J = 8.1 Hz,

1H), -0.04 (s, 9H). LCMS (ESI, high pH) tr = 1.31 min, m/z 277/279 [M+H]".

3-Bromo-5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole and

5-bromo-3-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole [7.57]*1

Br Br
’
N™ 77 sem-N
N N=
SEM

3-Bromo-5-methyl-1H-pyrazole [7.56] (1 g, 6.2 mmol) was dissolved in THF (20 mL),
placed under nitrogen and cooled to 0 °C. Sodium hydride (60% in mineral oil, 0.37
g, 9.3 mmol) was added and the reaction mixture was stirred at 0 °C for 15 min. SEM-
Cl (1.7 mL, 9.3 mmol) was added and the reaction mixture was stirred at 0 °C for 1.5 h
and at rt for 2 h. The reaction mixture was quenched with MeOH and concentrated
under reduced pressure. The oil was partitioned between EtOAc and water. The
aqueous layer was extracted with EtOAc. The organic layers were combined, dried
through a hydrophobic frit and concentrated under reduced pressure. The crude
product was purified by silica column chromatography, eluted with a gradient of 0-

100% of EtOAc in cyclohexane. The relevant fractions were concentrated under
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reduced pressure to give the title products [7.57] as a mixture of regioisomers as two
yellow oils, both in a 55:45 ratio (1.09 g, 57% vyield and 434.4 mg, 23% vyield). The
ratio of regioisomers was determined at the aromatic proton signal. The analysis of the
larger batch was reported below.

Regioisomer 1: *H NMR (400 MHz, CDCl3) §5.98 (s, 1H), 5.24 (s, 2H), 3.49 (t, J =
8.1 Hz, 2H), 2.23 (s, 3H), 0.79 (t, J = 8.1 Hz, 2H), -0.10 (s, 9H). Regioisomer 2: 'H
NMR (400 MHz, CDCls) §6.03 (s, 1H), 5.30 (s, 2H), 3.53 (t, J = 8.1 Hz, 2H), 2.16 (s,
3H), 0.82 (t, J = 8.1 Hz, 2H), -0.10 (s, 9H). LCMS (ESI, high pH) tr = 1.38 min (broad

peak), m/z 291/293 [M+H]".

3-Bromo-5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-1,2,4-triazole [7.62]*%7

Br

X,
,N
SEM

Major regioisomer
3-Bromo-5-methyl-1H-1,2 4-triazole [7.61] (2.0 g, 12.4 mmol) was dissolved in THF

(41 mL) under nitrogen at 0 °C. Sodium hydride (60% in mineral oil, 0.74 g, 18.5
mmol) was added and the reaction mixture was stirred at 0 °C for 15 min. SEM-CI (3.3
ml, 18.5 mmol) was added and the reaction mixture was stirred 0 °C for 30 min. The
reaction mixture was concentrated under reduced pressure. The oil was partitioned
between EtOAc and water. The organic layer was dried through a phase separator and
concentrated under reduced pressure. The crude product was purified by silica column
chromatography, eluted with a gradient of 0-100% EtOAc in cyclohexane. The
relevant fractions were concentrated under reduced pressure to give the title product

[7.62] as the major regioisomer, as a yellow oil (1.97 g, 52% yield).
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Regioisomer 1 (major): *H NMR (400 MHz, CDCl3) § 5.32 (s, 2H), 3.56 (t, J = 8.2
Hz, 2H), 2.45 (s, 3H), 0.84 (t, J = 8.2 Hz, 2H), -0.06 (s, 9H). Regioisomer 2 (minor):
IH NMR (400 MHz, CDCl3) 6 5.35 (s, 2H), 3.59 (t, J = 8.2 Hz, 2H), 2.32 (s, 3H), 0.87
(t, J=8.2 Hz, 2H), -0.06 (s, 9H). The relative ratio of regioisomers was determined as

2:1, at the methyl signals. LCMS (ESI, high pH) tr = 1.22 min, m/z 292/294 [M+H]".

3-Bromo-1-(2-methoxyethyl)-1H-1,2,4-triazole [7.64]

Br

N=
\ N
N—7

o
\

3-Bromo-1H-1,2,4-triazole [7.58] (200 mg, 1.4 mmol) in DMF (5 mL) was treated
with tBuOK (228 mg, 2.0 mmol) and the reaction mixture was stirred under nitrogen
at rt for 15 min. 1-Bromo-2-methoxyethane [7.63] (0.64 mL, 6.8 mmol) was added
and the reaction mixture was stirred at 40 °C for 3 h. Acetone (1 mL) was added and
the reaction mixture was stirred at 40 °C under nitrogen for 1.5 h. The reaction mixture
was transferred into a microwave vial, the flask was rinsed with MeOH and the vial
was sealed. 1-Bromo-2-methoxyethane [7.63] (0.64 mL, 6.8 mmol) was added to the
reaction mixture and was stirred at 60 °C for 15 h. 1-Bromo-2-methoxyethane [7.63]
(0.64 mL, 6.8 mmol) was added and the reaction mixture was stirred at 60 °C for 4 h.
1-Bromo-2-methoxyethane [7.63] (0.64 mL, 6.8 mmol) was added and the reaction
was stirred at 60 °C for 16 h. 1-bromo-2-methoxyethane [7.63] (0.64 mL, 6.8 mmol)
was added and the reaction mixture was stirred at 60 °C for 5 h. 1-Bromo-2-
methoxyethane [7.63] (0.64 mL, 6.8 mmol) was added and the reaction was stirred at
60 °C for 3 h. The reaction mixture was concentrated under reduced pressure. The

residue was taken in MeOH, filtered through a phase separator and concentrated under
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reduced pressure. The residue was purified by MDAP (High pH, extended method A).

The relevant fractions were combined and concentrated to give the title product [7.64]

as a white solid (177.4 mg, 57% yield), 5-bromo-1-(2-methoxyethyl)-1H-1,2,4-

triazole [7.65] as a white solid (54 mg, 18% yield) and 3-bromo-4-(2-methoxyethyl)-
4H-1,2,4-triazole [7.66] as a white solid (16.6 mg, 75% pure, 5% yield).

5. H NMR (400 MHz, CDCls) & 8.00 (s, 1H), 4.28 (t, J = 5.5 Hz, 1H), 4.28

',\‘\l,://N (t, J =5.5 Hz, 1H), 3.70 (t, J = 5.5 Hz, 1H), 3.69 (t, J = 5.5 Hz, 1H), 3.32

(s, 3H). LCMS (ESI, high pH) tz = 0.56 min, m/z 206/208 [M+H]*.

o)

7.64
IH NMR (400 MHz, CDCls) 67.90 (s, 1H), 4.34 (t, J = 5.5 Hz, 2H), 3.79

O
N7 N/// (t, = 5.5 Hz, 2H), 3.34 (5, 3H). LCMS (ES], high pH) tz = 0.53 min, m/z

765 206/208 [M+H]"*.

) 5 'HNMR (400 MHz, CDCls) § 8.29 (s, 1H), 4.13 (t, J = 5.0 Hz, 2H), 3.63
{_N(t,J=5.0Hz, 2H), 3.36 (s, 3H). LCMS (ESI, high pH) tz = 0.44 min, m/z

7.66 206/208 [M+H]".

15N HMBC (MeOD) are shown below for one of the first batch, where products 7.64
and 7.65 were analysed as a 2:1 mixture. The ratio of product 7.64 and 7.65 enabled
the attribution of the *H NMR signals for each regioisomer and then enabled analysis

of the >N HMBC.
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15N HMBC (MeOD) of product 7.66 is shown below.

]

F2 Chemical SN (ppem) 6.5 80 75 B 65 60 55 50
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Tert-butyl (((R)-1,3-dimethyl-2-ox0-5-(1H-pyrazol-3-yl)-2,3-dihydro-1H-
benzo[d]azepin-7-yl)methyl)-L-serinate [7.67]
o

Py -
N
k{ B
OH N=

\
HN—7

(R)-1,3-Dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-3-yl)-

2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.45] (157 mg, 0.38 mmol), tert-
butyl L-serinate, hydrochloride [7.11] (113 mg, 0.57 mmol), DIPEA (0.13 mL, 0.76
mmol) and acetic acid (0.055 mL, 0.95 mmol) were stirred in THF (5 mL) under
nitrogen at 40 °C for 2.5 h. The reaction mixture was cooled to rt and sodium
triacetoxyborohydride (202 mg, 0.95 mmol) was added and the reaction mixture was
stirred for 1.5 h at rt. The reaction mixture was quenched with MeOH and concentrated
under reduced pressure to give a yellow residue. The residue was dissolved in DCM
and washed with water. The organic layer was dried through a phase separator and
concentrated under reduced pressure to give a yellow oil. The oil was taken in DCM
and cooled to -78 °C under nitrogen. A 1 M solution of BBr3 in DCM (1.1 mL, 1.1
mmol) was added and the reaction mixture was stirred 10 min at -78 °C and then was
warmed up to rt and stirred for 6 h. The reaction mixture was quenched with a saturated
aqueous solution of sodium bicarbonate. The layers were separated. The aqueous layer
was re-extracted with DCM. The organic layers were combined, dried through a phase
separator and concentrated under reduced pressure to give a yellow oil. The crude
product was purified by MDAP (high pH, extended method B). The relevant fractions
were concentrated under reduced pressure to give the title product [7.67] as a

colourless oil (13.2 mg, 8% vyield).
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IH NMR (400 MHz, MeOD) 6 7.66 (d, J = 1.6 Hz, 1H), 7.48 (dd, J = 8.1, 1.5 Hz, 1H),
7.36 (d, J = 8.1 Hz, 1H), 7.29 (d, J = 1.5 Hz, 1H), 7.01 (s, 1H), 6.39 (d, J = 1.6 Hz,
1H), 3.81 (d, J = 13.2 Hz, 1H), 3.67 (d, J = 13.2 Hz, 1H), 3.65 (d, J = 5.1 Hz, 2H),
3.43 (g, J = 6.9 Hz, 1H), 3.17 (t, J = 5.1 Hz, 1H), 3.13 (s, 3H), 1.64 (d, J = 6.9 Hz,
3H), 1.41 (s, 9H). The signals for the exchangeable protons were not observed. LCMS

(ESI, high pH) tr = 0.88 min, m/z 427 [M+H]".

Isolation and characterisation of the carboxylic acid by-product:
(((R)-1,3-Dimethyl-2-ox0-5-(1H-pyrazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-

yl)methyl)-L-serine

o) H o
HO)K[ =
OH N=

\
Y,
HN
The agqueous layer was concentrated under reduced pressure to give a white solid. The

solid was suspended in methanol and filtered. The filtrate was concentrated under
reduced pressure to give a white solid. This solid was purified by MDAP (high pH,
extended method A). The relevant fractions were concentrated under reduced pressure
to give the title product as a white solid (11.6 mg, 8% yield).

IH NMR (400 MHz, MeOD) 6 7.67 (d, J = 1.9 Hz, 1H), 7.61 (dd, J = 8.3, 1.7 Hz, 1H),
7.47 (br.s, 1H), 7.46 (d, J = 8.3 Hz, 1H), 7.06 (s, 1H), 6.47 (d, J = 1.9 Hz, 1H), 4.20
(d, J = 13.2 Hz, 1H), 4.15 (d, J = 13.2 Hz, 1H), 3.92 (dd, J = 11.7, 3.9 Hz, 1H), 3.83
(dd, J = 11.7, 6.6 Hz, 1H), 3.47 (g, J = 6.9 Hz, 1H), 3.47 dd, J = 6.6, 3.9 Hz, 1H), 3.13
(s, 3H), 1.65 (d, J = 6.9 Hz, 3H). The signals for the exchangeable protons were not

observed. LCMS (ESI, high pH) tr = 0.52 min, m/z 371 [M+H]".
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Tert-butyl (((R)-1,3-dimethyl-5-(1-methyl-1H-pyrazol-3-yl)-2-oxo0-2,3-dihydro-
1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.68]
A A AAL
OH N=
/l\\l /

Reductive amination general procedure Al with aldehyde [7.46] (58 mg, 0.18 mmol)
and tert-butyl L-serinate, hydrochloride [7.11] (51.8 mg, 0.26 mmol). The product was
purified silica column chromatography eluted with a gradient of 0-100% EtOAc in
cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The relevant fractions
were concentrated under reduced pressure and purified by HPLC (Chiralpak IC5
column, 20% EtOH (containing 2% iPrNH.) in heptane (containing 2% iPrNH>)). The
relevant fractions were concentrated under reduced pressure to give the title product

[7.68] as a colourless oil (14.8 mg, 19% yield).
IH NMR (400 MHz, CDCl3) § 7.40 (d, J = 1.4 Hz, 1H), 7.37 (dd, J = 8.1, 1.4 Hz, 1H),
7.30 (d, J = 2.5 Hz, 1H), 7.32 (d, J = 8.1 Hz, 1H), 6.97 (s, 1H), 6.21 (d, J = 2.5 Hz,
1H), 3.95 (s, 3H), 3.87 (d, J = 13.1 Hz, 1H), 3.71 (dd, J = 10.5, 4.4 Hz, 1H), 3.68 (d, J
= 13.1 Hz, 1H), 3.50 (dd, J = 10.5, 6.8 Hz, 1H), 3.40 (g, J = 6.9 Hz, 1H), 3.26 (dd, J =
6.8, 4.4 Hz, 1H), 3.15 (s, 3H), 1.67 (d, J = 6.9 Hz, 3H), 1.44 (s, 9H). The signals for
the exchangeable protons were not observed. LCMS (ESI, high pH) tr = 0.92 min, m/z

441 [M+H]*.

Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-pyrazol-3-yl)-2-oxo-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate,

as the main regioisomer [7.69]
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Reductive amination general procedure A2 with aldehyde [7.47] (mixture of SEM-
regioisomers) (82.6 mg, 0.18 mmol) and isopropyl L-serinate, tosic acid salt [7.08]
(88.0 mg, 0.28 mmol). The crude material obtained after the work-up showed mainly
the aldehyde starting material so the general procedure A2 was repeated. The crude
product obtained was then purified silica column chromatography eluted with a
gradient of 0-100% EtOAc in cyclohexane. The relevant fractions were concentrated
under reduced pressure and further purified by MDAP (high pH, extended method B).
The relevant fractions were concentrated under reduced pressure to give the mixture
of SEM-regioisomers [7.69] as a colourless oil (30.0 mg, 23% yield). The mixture of
products was used without further purification in the next step.

IH NMR (400 MHz, CDCls) 6 7.40 (dd, J = 8.1, 1.2 Hz, 1H), 7.34 (d, J = 8.1 Hz, 1H),
6.95 (d, J = 1.2 Hz, 1H), 6.73 (s, 1H), 6.15 (s, 1H), 5.15 (d, J = 10.9 Hz, 1H), 5.04 (spt,
J = 6.1 Hz, 1H), 4.93 (d, J = 10.9 Hz, 1H), 3.81 (d, J = 13.1 Hz, 1H), 3.69 (dd, J =
10.8, 4.4 Hz, 1H), 3.61 (d, J = 13.1 Hz, 1H), 3.53 (dd, J = 10.8, 6.6 Hz, 1H), 3.47 (td,
J=10.9, 8.3 Hz, 2H), 3.43 (g, J = 6.9 Hz, 1H), 3.27 (dd, J = 6.6, 4.4 Hz, 1H), 3.15 (s,
3H), 2.32 (s, 3H), 1.70 (d, J = 6.9 Hz, 3H), 1.23 (d, J = 6.1 Hz, 3H), 1.22 (d, J = 6.1
Hz, 3H), 0.78 (t, J = 8.3 Hz, 2H), -0.05 (s, 9H). The signals for the exchangeable
protons were not observed. Several signals showed shoulders for the SEM
regioisomers; the regioisomer ratio showed presence of 11% of the minor regioisomers

determined at the signals major regioisomer 6.95 (d, J = 1.2 Hz, 1H), minor
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regioisomer 6.93 (d, J = 1.2 Hz, 1H). LCMS (ESI, high pH) tr = 1.29 min, m/z 557

[M+H]".

Tert-butyl (((R)-1,3-dimethyl-5-(1-methyl-1H-1,2,3-triazol-4-yl)-2-0x0-2,3-
dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.70]

(0]

P N—
o)k[ B
OH NN
N-N

\
Reductive amination general procedure Al with aldehyde [7.49] (25 mg, 0.07 mmol)

and tert-butyl L-serinate, hydrochloride [7.11] (21.3 mg, 0.11 mmol). The crude was
purified by silica column chromatography, eluted with a gradient of 0-100% EtOAc in
cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The relevant fractions
were concentrated under reduced pressure and the product was further purified by
HPLC (Chiralpak AD-H column, 30% EtOH (containing 0.2% iPrNH>) in heptane
(containing 0.2% iPrNH>)). The relevant fractions were concentrated under reduced
pressure to give the title product [7.70] as a colourless oil (11 mg, 35% yield).

IH NMR (400 MHz, MeOD) 6 7.93 (s, 1H), 7.47 (dd, J = 8.1, 1.7 Hz, 1H), 7.37 (d, J
= 8.1 Hz, 1H), 7.37 (d, J = 1.7 Hz, 1H), 7.21 (s, 1H), 4.13 (s, 3H), 3.82 (d, J = 13.2
Hz, 1H), 3.70 (d, J = 13.2 Hz, 1H), 3.68 (dd, J = 12.0, 5.4 Hz, 1H), 3.62 (dd, J = 12.0,
5.4 Hz, 1H), 3.43 (g, J = 6.9 Hz, 1H), 3.19 (t, J = 5.4 Hz, 1H), 3.14 (s, 3H), 1.63 (d, J
= 6.9 Hz, 3H), 1.42 (s, 9H). The two exchangeable protons were not observed. 3C
NMR (101 MHz, CDCls) §172.1 (C=0), 170.3 (C=0), 146.7 (Civ), 137.7 (Ci), 136.9
(Civ), 134.4 (Ci), 129.6 (CH), 129.0 (CH), 126.4 (CH), 124.4 (CH), 123.3 (CH), 119.1
(Civ), 82.1(Civ), 62.6 (CH), 62.2 (CH>), 51.7 (CH>), 41.1 (CH), 36.7 (CH3), 35.4 (CH3),

28.1 (CHs), 12.8 (CH3). LCMS (ESI, high pH) tr = 0.87 min, m/z 442 [M+H]*". HRMS
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(ESI) calculated for C23H32Ns04 [M+H]" 442.2455, found 442.2458 (2.03 min). vmax
(solution in chloroform, cm™): 3442 (OH), 3326 (NH), 2978 (CH alkene), 2938 (CH
alkane), 1725 (C=0 ester), 1663 (C=0 amide). [ap]*** " 589 nm (¢ 0.500, MeOH):

+118.7°.

(R)-1,3-Dimethyl-2-ox0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-

benzo[d]azepine-7-carbaldehyde [7.71], (Table 31, entry 3, p.161)

(R)-1,3-Dimethyl-2-ox0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-
yl)-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.50] (448.8 mg, 0.93 mmol)
was dissolved in 1,4-dioxane (5 mL). A 4 M solution of hydrochloric acid in 1,4-
dioxane (10 mL, 40.0 mmol) was added and the reaction mixture was stirred at 40 °C
for 3 h. The reaction mixture was concentrated under reduced pressure to give a yellow
solid. The crude product was purified by reverse phase column chromatography on
C18 column, eluted with a gradient of 0-20% MeCN in a 10 mM aqueous solution of
ammonium carbonate. The relevant fractions were concentrated under reduced
pressure to give the title product [7.71] as a white solid (267.5 mg, 97% vyield).

IH NMR (400 MHz, DMSO-ds)  14.04 (br. s, 1H), 10.00 (s, 1H), 8.51 (br. s, 1H),

8.14 (br. s, 1H), 7.99 (dd, J = 8.0, 1.5 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.57 (br. s,
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1H), 3.46 (g, J = 6.9 Hz, 1H), 3.12 (s, 3H), 1.59 (d, J = 6.9 Hz, 3H). LCMS (ESI, high

pH) tr = 0.60 min, m/z 283 [M+H]".

Tert-butyl (((R)-1,3-dimethyl-2-ox0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.72]

0]

—

X
.

z-Z

OH N

|\
Reductive amination general procedure B v?nEm aldehyde [7.50] (195 mg, 0.38 mmol)
and tert-butyl L-serinate, hydrochloride [7.11] (112 mg, 0.57 mmol). The reaction
mixture was quenched with methanol and concentrated under reduced pressure to give
a yellow oil. The oil was dissolved in EtOAc and washed twice with water. The organic
layer was dried through a phase separator and concentrated under reduced pressure to
give a yellow oil. The crude product was purified by silica column chromatography
eluted with a gradient of 0-100% EtOAc in cyclohexane, followed by a gradient of 0-
25% EtOH in EtOAc. The relevant fractions were concentrated under reduced pressure
to give the title product [7.72] as a colourless oil (204.8 mg, 70% purity, 68% yield).

IH NMR (400 MHz, CDCls) 8 8.27 (s, 1H), 7.67 (br. s, 1H), 7.46 (s, 1H), 7.44 (br. d.,
J=8.2Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 5.49 (s, 2H), 4.88 (br. s, 1H), 4.05 (d, J =

13.2 Hz, 1H), 3.90 (d, J = 13.2 Hz, 1H), 3.85 (t, J = 8.2 Hz, 2H), 3.62 (d, J = 7.5 Hz,
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2H), 3.40-3.34 (m, 1H), 3.37 (q, J = 6.7 Hz, 1H), 3.15 (s, 3H), 1.62 (d, J = 6.7 Hz, 3H),
1.40 (s, 9H), 0.92 (t, J = 8.2 Hz, 2H), -0.03 (s, 9H). One of the two exchangeable

protons was not observed. LCMS (ESI, high pH) tr = 1.25 min, m/z 558 [M+H]".

Tert-butyl (((R)-1,3-dimethyl-2-ox0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-serinate [7.73]

O
P N—
OJK[ _
OH N= N

HN—2
Tert-butyl (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.72]
(204 mg, 0.26 mmol) was dissolved in DCM (5 mL) under nitrogen at -78 °C. A1 M
solution of boron tribromide in DCM (0.5 mL, 0.5 mmol) was added and the reaction
mixture was stirred 5 min at -78 °C and 15 min at rt. A 1 M solution of boron tribromide
in DCM (0.5 mL, 0.5 mmol) was added at -78 °C and stirred for 10 min at this
temperature. Then, the reaction mixture was stirred 15 min at rt. The reaction mixture
was quenched with a saturated aqueous solution of sodium bicarbonate. The layers
were separated and the aqueous layer was extracted with EtOAc. The organic layers
were combined, dried through a phase separator and concentrated under reduced
pressure to give the crude product [7.73]. The crude product was purified by two
MDAP (high pH, extended method A, followed by high pH, extended method B). The
relevant fraction was concentrated under reduced pressure to give the title product

[7.73] as a colourless oil (5.8 mg, 5% yield).
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IH NMR (400 MHz, MeOD) 6 8.35 (br. s, 1H), 7.51 (dd, J = 8.3, 1.7 Hz, 1H), 7.39
(d, J = 8.3 Hz, 1H), 7.38 (s, 1H), 7.37 (br. s, 1H), 3.86 (d, J = 13.0 Hz, 1H), 3.73 (d, J
=13.0 Hz, 1H), 3.71 (dd, J = 11.0, 5.1 Hz, 1H), 3.66 (dd, J = 11.0, 5.1 Hz, 1H), 3.44
(q, J = 6.9 Hz, 1H), 3.24 (t, J = 5.1 Hz, 1H), 3.18 (s, 3H), 1.65 (d, J = 6.9 Hz, 3H),
1.42 (s, 9H). The exchangeable protons were not observed. LCMS (ESI, high pH) tr
=0.76 min, m/z 428 [M+H]".

Isolation and characterisation of the carboxylic acid by-product:
((R)-1,3-Dimethyl-2-ox0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-
benzo[d]azepin-7-yl)methyl)-L-serine

o]
OH NTN
HN—7
The aqueous layer was concentrated under reduced pressure to give a white solid. The
solid was suspended in methanol and the solid was filtered. The filtrate was
concentrated under reduced pressure to give a white solid, which was purified by
MDAP (high pH, extended method A). The fractions were concentrated under reduced
pressure to give the acid product as a white solid (18.5 mg, 18% yield).
IH NMR (400 MHz, MeOD) 6 8.37 (s, 1H), 7.61 (dd, J = 8.3, 1.6 Hz, 1H), 7.55 (d, J
= 1.6 Hz, 1H), 7.44 (s, 1H), 7.43 (d, J = 8.3 Hz, 1H), 4.15 (d, J = 13.0 Hz, 1H), 4.10
(d, J = 13.0 Hz, 1H), 3.92 (dd, J = 11.7, 4.2 Hz, 1H), 3.83 (dd, J = 11.7, 6.1 Hz, 1H),
3.48 (dd, J = 6.1, 4.2 Hz, 1H), 3.43 (g, J = 6.9 Hz, 1H), 3.15 (s, 3H), 1.62 (d, J = 6.9
Hz, 3H). The signals for the exchangeable protons were not observed. LCMS (ESI,

high pH) tr = 0.44 min, m/z 372 [M+H]".
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(R)-1,3-Dimethyl-5-(5-methyl-1H-1,2,4-triazol-3-yl)-2-ox0-2,3-dihydro-1H-

benzo[d]azepine-7-carbaldehyde [7.74]

NN

HN
(R)-l,3-Dimethyl-5-(5-methyl-1-((2-(trimethélsiIyI)ethoxy)methyI)-lH-l,2,4-triazo|-
3-yl)-2-ox0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.52] (430 mg, 1.0
mmol) was dissolved in a 4 M solution of HCI in 1,4-dioxane (5 mL, 20.0 mmol) and
heated at 40 °C for 3 h. The reaction mixture was concentrated under reduced pressure
and dissolved in DMSO. The inorganics were filtered and half of the filtrate was
purified by MDAP (formic, method A). The relevant fractions were concentrated
under reduced pressure to give a yellow oil. The other half was purified by reverse
phase column chromatography on C18 column, eluted with a gradient of 0-30% MeCN
in a 10 mM aqueous solution of ammonium carbonate. The relevant fractions were
concentrated under reduced pressure. The two purified products were combined to give
the title product [7.74] as a yellow oil (169.6 mg, 46% vyield).

IH NMR (400 MHz, CDCl3) 6 9.93 (s, 1H), 8.09 (d, J = 1.7 Hz, 1H), 7.89 (dd, J = 8.2,
1.7 Hz, 1H), 7.47 (d, J = 8.2 Hz, 1H), 7.44 (s, 1H), 3.43 (g, J = 6.9 Hz, 1H), 3.15 (s,
3H), 2.43 (s, 3H), 1.64 (d, J = 6.9 Hz, 3H). The exchangeable proton was not observed.

LCMS (ESI, high pH) tr = 0.67 min, m/z 297 [M+H]".

Tert-butyl (((R)-1,3-dimethyl-5-(5-methyl-1H-1,2 4-triazol-3-yl)-2-ox0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [7.75]
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0
OH HE/K/N

Reductive amination general procedure B with aldehyde [7.74] (35 mg, 0.12 mmol)
and tert-butyl L-serinate, hydrochloride [7.11] (35 mg, 0.18 mmol). The reaction
mixture was quenched with methanol and concentrated under reduced pressure. The
residue was partitioned between EtOAc and water. The organic layer was dried
through a phase separator and concentrated under reduced pressure. The crude product
was purified by MDAP (high pH, extended method B), the relevant fractions were
concentrated under reduced pressure to give the title product [7.75] as a colourless oil
(2.1 mg, 4% vyield).

IH NMR (400 MHz, MeOD) ¢ 7.50 (dd, J = 8.3, 1.8 Hz, 1H), 7.39 (br. s, 1H), 7.38
(d, J = 8.3 Hz 1H), 7.32 (s, 1H), 3.85 (d, J = 13.1 Hz, 1H), 3.70 (d, J = 13.1 Hz, 1H),
3.99 (dd, J = 10.8, 5.1 Hz, 1H), 3.65 (dd, J = 10.8, 5.1 Hz, 1H), 3.44 (q, J = 6.9 Hz,
1H), 3.21 (t, J = 5.1 Hz, 1H), 3.18 (s, 3H), 2.48 (s, 3H), 1.66 (d, J = 6.9 Hz, 3H), 1.44
(s, 9H). The three exchangeable protons were not observed. LCMS (ESI, high pH) tr

= 0.78 min, m/z 442 [M+H]".

Isopropyl (((R)-1,3-dimethyl-2-oxo-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-

threoninate [7.78]

PR -
o)i —
OH N

-7

z-Z

SEM’
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Reductive amination general procedure A2 with aldehyde [7.50] (262 mg, 0.64 mmol)
and isopropyl L-allo-threoninate, hydrochloride [7.07] (188 mg, 0.95 mmol). The
crude product was purified by silica column chromatography eluted with a gradient of
0-100% EtOAc in cyclohexane. The relevant fractions were concentrated under
reduced pressure to give the title product [7.78] as a colourless oil (100.4 mg, 23%
yield).

IH NMR (400 MHz, CDCls) & 8.23 (s, 1H), 7.68 (br. s, 1H), 7.48 (s, 1H), 7.36 (dd, J
= 8.1, 1.2 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H), 5.50 (s, 2H), 5.06 (spt, J = 6.1 Hz, 1H),
3.96 (qd, J = 6.4, 4.4 Hz, 1H), 3.94 (d, J = 13.4 Hz, 1H), 3.66 (t, J = 7.9 Hz, 1H), 3.65
(t, J=7.9 Hz, 1H), 3.62 (d, J = 13.4 Hz, 1H), 3.39 (g, J = 6.9 Hz, 1H), 3.31 (d, J = 4.4
Hz, 1H), 3.18 (s, 3H), 2.48 (br. s, 1H), 1.64 (d, J = 6.9 Hz, 3H), 1.24 (d, J = 6.1 Hz,
3H), 1.23 (d, J = 6.1 Hz, 3H), 1.05 (d, J = 6.4 Hz, 3H), 0.94 (t, J = 7.9 Hz, 2H), -0.01
(s, 9H). Presence of 13% of a diastereomer was calculated at signals 7.68 ppm (main
product) and 7.60 ppm (diastereomer). One of the two exchangeable protons was not

observed. LCMS (ESI, high pH) tr = 1.25 min, m/z 558 [M+H]".

Stereoselective synthesis of molecule [7.78]:
Isopropy! (((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-

threoninate [7.78]

N
PGty
OH =N

-7

z-Z

SEM’
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Isopropyl (((R)-5-bromo-1,3-dimethyl-2-0xo0-2,3-dihydro-1H-benzo[d]azepin-7-
yl)methyl)-L-allo-threoninate [8.03] (0.90 g, 2.06 mmol) was dissolved in 1,4-dioxane
(6.9 mL). 4,4,4'4'55,5'5-Octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.05 ¢, 4.12
mmol), dry KOAc (0.61 g, 6.17 mmol) and PdClIx(dppf) (0.08 g, 0.10 mmol) were
added and the reaction mixture was placed under nitrogen atmosphere by three cycles
of vacuum-nitrogen. The reaction mixture was stirred at 80 °C for 2 h. The reaction
mixture was filtered through celite and rinsed with acetone (10 mL). The filtrate was
concentrated under reduced pressure to give the intermediate [8.05] as a crude black
oil (2.59 g, 38% purity). LCMS (ESI, high pH) tr = 1.22 min, m/z 487 [M+H]". The
LCMS also showed presence of molecule [8.06] (tr = 0.94 min, m/z 361[M+H]").
The crude intermediate isopropyl (((R)-1,3-dimethyl-2-ox0-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-
threoninate [8.05] (1.93 g, 38% purity, 1.51 mmol), 3-bromo-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazole (0.84 g, 3.0 mmol), Pd Xphos G2
(0.12 g, 0.15 mmol), Xphos (0.14 g, 0.30 mmol), a 2 M aqueous solution of KzPO4
(2.3 mL, 4.52 mmol) were suspended in iPrOH (20 mL) and water (4 mL). The reaction
mixture was placed under nitrogen atmosphere by three cycles of vacuum-nitrogen.
The mixture was stirred at 90 °C for 1 h. The reaction mixture was cooled to rt and
concentrated under reduced pressure to give a black oil. The residue was partitioned
between DCM and water. The aqueous layer was extracted with DCM. The organic
layers were combined, dried through a phase separator and concentrated under reduced
pressure to give a brown oil. A 120 g silica column was conditioned with 3% NEts in
cyclohexane. The product, dissolved in DCM, was loaded onto the column and eluted

with a gradient of 0-100% EtOAc in cyclohexane (containing 3% NEtz). The relevant

GSK Confidential — Copying Not Permitted
296



fractions were concentrated under reduced pressure to give a yellow oil. A 120 g silica
column was conditioned with 3% NEts in cyclohexane. The product, dissolved in
DCM, was loaded on the column and eluted with a gradient of 0-100% of solvent A
(25% EtOH in EtOAC) in solvent B (cyclohexane containing 3% NEtz). The relevant
fractions were concentrated under reduced pressure to give the desired product [7.78]
as a colourless oil (582.5 mg, 80% purity, 55% vyield).

IH NMR (400 MHz, MeOD) 6 8.64 (s, 1H), 7.48 (dd, J = 8.1, 1.6 Hz, 1H), 7.45 (d, J
= 1.6 Hz, 1H), 7.42 (s, 1H), 7.35 (d, J = 8.1 Hz, 1H), 5.55 (s, 2H), 5.00 (spt, J = 6.4
Hz, 1H), 3.89 (qd, J = 6.4, 5.4 Hz, 1H), 3.83 (d, J = 13.1 Hz, 1H), 3.71 (t, J = 7.8 Hz,
2H), 3.62 (d, J = 13.1 Hz, 1H), 3.42 (q, J = 6.9 Hz, 1H), 3.17 (s, 3H), 3.10 (d, J = 5.4
Hz, 1H), 1.64 (d, J = 6.9 Hz, 3H), 1.22 (d, J = 6.4 Hz, 3H), 1.19 (d, J = 6.4 Hz, 3H),
1.16 (d, J = 6.4 Hz, 3H), 0.94 (t, J = 7.8 Hz, 1H), 0.93 (t, J = 7.8 Hz, 1H), -0.01 (s,
9H). The two exchangeable protons were not observed. LCMS (ESI, high pH) tr =

1.23 min, m/z 558 [M+H]".

Tert-butyl (((R)-1,3-dimethyl-2-ox0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-

benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.79]

O
P g N—
N
o)j: _
OH N= N

HN—/
Reductive amination general procedure B with aldehyde [7.71] (120.4 mg, 0.34 mmol)

and tert-butyl L-allo-threoninate, hydrochloride [7.10] (108 mg, 0.51 mmol) in a 20:1
iPrOH: AcOH ratio. The reaction mixture was quenched with methanol and
concentrated under reduced pressure to give a yellow oil. The crude product was

purified by MDAP (high pH, extended method B). The relevant fractions were
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combined and concentrated under reduced pressure to give the title product as a
colourless oil [7.79] (15.5 mg, 10% vyield).

IH NMR (400 MHz, MeOD) 6 8.36 (s, 1H), 7.50 (dd, J = 8.1, 1.2 Hz, 1H), 7.39 (d, J
= 8.1 Hz, 1H), 7.37 (br. s, 2H), 3.91 (qd, J = 6.6, 4.9 Hz, 1H), 3.87 (d, J = 13.2 Hz,
1H), 3.71 (d, J = 13.2 Hz, 1H), 3.44 (g, J = 6.9 Hz, 1H), 3.18 (s, 3H), 3.14 (d, J = 4.9
Hz, 1H), 1.65 (d, J = 6.9 Hz, 3H), 1.42 (s, 9H), 1.16 (d, J = 6.6 Hz, 3H). The signals
for the exchangeable protons were not observed. 13C NMR (101 MHz, CDCl3) §172.0
(C=0), 170.4 (C=0), 137.8 (Civ), 137.0 (Civ), 133.0 (Civ), 132.4 (CH), 130.2 (CH),
127.4 (CH), 124.5 (CH), 117.1 (Ci), 82.2 (CH), 67.3 (CH), 65.3 (CH), 52.1 (CH>),
41.3 (CH), 35.7 (CHs), 28.1 (CH3), 18.4 (CH3), 12.7 (CHs). The signals for one
methine and one Ciy were not observed. LCMS (ESI, high pH) tr = 0.80 min, m/z 442
[M+H]*. HRMS (ESI) calculated for C2sH32NsO4 [M+H]* 442.2459, found 442.2454
(2.00 min). vmax (solution in chloroform, cm™): 3460 (OH), 3129 (NH), 2976 (CH
alkene), 2934 (CH alkane), 1727 (C=0 ester), 1671 (C=0 amide), 1629 (C=C). [ap]**®

"C 589 nm (¢ 0.500, MeOH): +136.9°.

Tert-butyl (((R)-1,3-dimethyl-5-(5-methyl-1H-1,2 4-triazol-3-yl)-2-0x0-2,3-

dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.80]

0
S -
SOty
OH HNI\\I:<N
Reductive amination general procedure B with aldehyde [7.74] (35 mg, 0.12 mmol)
and tert-butyl L-allo-threoninate, hydrochloride [7.10] (37.5 mg, 0.18 mmol).

Additional tert-butyl L-allo-threoninate, hydrochloride [7.10] (37.5 mg, 0.18 mmol)

was added to the reaction mixture. The reaction mixture was quenched with methanol
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and concentrated under reduced pressure to give a white residue. The residue was
suspended in DMSO and methanol and filtered through a phase separator. The volatile
solvent was removed under reduced pressure to give a solution of the crude product in
DMSO. The crude product was purified by MDAP (high pH, extended method B), the
relevant fractions were concentrated under reduced pressure to give the title product
[7.80] as a white solid (2.7 mg, 5% yield).

IH NMR (400 MHz, MeOD) §7.48 (dd, J = 8.1, 1.7 Hz, 1H), 7.37 (d, J = 1.7 Hz, 1H),
7.36 (d, J = 8.1 Hz, 1H), 7.30 (s, 1H), 3.86 (qd, J = 6.4, 5.4 Hz, 1H), 3.82 (d, J = 13.1
Hz, 1H), 3.64 (d, J = 13.1 Hz, 1H), 3.42 (q, J = 7.0 Hz, 1H), 3.17 (s, 3H), 3.04 (d, J =
5.4 Hz, 1H), 2.47 (s, 3H), 1.65 (d, J = 7.0 Hz, 3H), 1.42 (s, 9H), 1.15 (d, J = 6.4 Hz,
3H). The three exchangeable protons were not observed. LCMS (ESI, high pH) tr =

0.82 min, m/z 456 [M+H]".

Impact of the nature of the acid counter ion and impact of the pH on the
reductive amination yield and chiral centre racemisation (cf. Table 28 in section
8.2)

General procedure for entries 1-5:
(R)-1,3-Dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-
yl)-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.50] (1 eq.), the amino ester
(1.5 eq.), triethylamine (3 eq.) and the chosen acid (1 eq.) were suspended in THF (10
mL). 4 A activated molecular sieves were added and the mixture was stirred at 50 °C.
The reaction mixture was cooled to rt, sodium triacetoxyborohydride was added and
the reaction mixture was stirred at rt. Additional sodium triacetoxyborohydride was
added when necessary to complete the reduction of the imine. The reaction mixture

was quenched with methanol, concentrated under reduced pressure and a 4 M solution
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of HCI in 1,4-dioxane (10 mL, 40 mmol) was added to the residue. The reaction
mixture was stirred until the deprotection was complete. The reaction mixture was
concentrated under reduced pressure and purified. For entries 1, 3 and 4, the reverse
phase column chromatographies were eluted with a gradient of 5-40% MeCN in a 10
mM aqueous solution of ammonium carbonate. NB: The d.e. was determined by *H
NMR at the benzylic CH> doublet at 3.62 ppm (major diastereomer) and 3.64 ppm

(minor diastereomer).
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Entry

1 2 3 4 5
Parameter
Aldehyde 50 mg 181 mg 181 mg 50 mg 50 mg
7.50 0.12 mmol | 0.44 mmol | 0.44 mmol | 0.12 mmol | 0.12 mmol
Isopropyl L= | g 5 | 106mg | B HCISALT 5930 | 203 mg
allo-threonine 130 mg
0.18 mmol | 0.66 mmol 0.18 mmol | 0.18 mmol
7.07 0.66 mmol
PPTS AcOH PTSA TFA
Acid 30.5mg 25 pL - 23.1 mg 9 uL
0.12 mmol | 0.44 mmol 0.12 mmol | 0.12 mmol
NEt 51 pL 183 pL 183 pL 51 pL 51 pL
3 0.36 mmol | 1.32 mmol | 1.32 mmol | 0.36 mmol | 0.36 mmol
Measured pH 8.4 7.9 7.6 7.2 6.6
Imine 50 °C 50 °C 50 °C 50 °C 50°C
formation 19 h 19 h 24 h 19 h 19h
200 mg 279 mg 279 mg 154 mg 200 mg
NaBH(OAc)s 0.94 mmol | 1.32 mmol | 1.32 mmol | 0.73 mmol | 0.94 mmol
Reduction rt rt rt rt rt
conditions 5h 2h 2h 5h 5h
Deprotection | 40°C1h, | 40°C 3h, rt, 2 h, 40°C1h, | 40°C3h,
conditions r, 17 h rt, 18 h 40°C2h r, 17 h r, 18 h
C18
C18 MDAP column C18 MDAP
X chromatog X
A column high pH column high pH
Purification raphy,
chromatog | extended chromatog | extended
raphy method B MDAP raphy method B
method B
high pH
24% with
d.e. 80% +
[0)

Yield glﬁe‘;;?t 15% in 49% in
d.e. (%, 33% diastereom two 41% two
determined 80% oric batches 80% batches
by 'H NMR) . 80% 80%

mixture
with a d.e.
80%
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Stereoselective preparation of:
Isopropyl (((R)-5-bromo-1,3-dimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepin-7-

yl)methyl)-L-allo-threoninate [8.03]

PSS -
‘ﬁ -
OH Br

(R)-5-Bromo-1,3-dimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde
[6.06] (1 g, 3.40 mmol) and isopropyl L-allo-threonine [7.07] (0.82 g, 5.10 mmol)
were dissolved in THF (10 mL) and activated 4 A molecular sieves were added. To
the solution were added trifluoroacetic acid (0.025 mL, 0.32 mmol) and four drops of
triethylamine. The pH was measured at 5.8 with a pH meter and the reaction mixture
was stirred at 50 °C for 18 h. The reaction mixture was cooled to rt and sodium
triacetoxyborohydride (2.16 g, 10.20 mmol) was added portion-wise. The reaction
mixture was stirred under nitrogen at rt for 4 h. The reaction mixture was quenched
with MeOH and concentrated under reduced pressure. The resulting residue was
partitioned between EtOAc and water. The aqueous layer was extracted with twice
with EtOAc. The organic layers were combined, dried through a hydrophobic frit and
concentrated under reduced pressure to give a yellow oil. The crude product was
purified by silica column chromatography, eluted with a gradient of 0-100% EtOAc in
cyclohexane. The relevant fractions were combined and concentrated under reduced
pressure to give the title product [8.03] as a pale yellow oil (1.33 g, 85% yield).

IH NMR (400 MHz, MeOD) § 7.71 (d, J = 1.3 Hz, 1H), 7.48 (dd, J = 8.1, 1.3 Hz, 1H),
7.29 (d, J = 8.1 Hz, 1H), 7.04 (s, 1H), 5.03 (spt, J = 6.4 Hz, 1H), 3.90 (td, J = 6.4, 5.7
Hz, 1H), 3.87 (d, J = 13.2 Hz, 1H), 3.70 (d, J = 13.2 Hz, 1H), 3.39 (g, J = 6.9 Hz, 1H),

3.11 (d, J = 5.7 Hz, 1H), 3.05 (s, 3H), 1.61 (d, J = 6.9 Hz, 3H), 1.25 (d, J = 6.4 Hz,
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3H), 1.24 (d, J = 6.4 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H). The two exchangeable protons
were not observed. *C NMR (101 MHz, MeOD) § 174.4 (C=0), 172.1 (C=0), 140.0
(Civ), 137.5 (C), 135.8 (Civ), 132.7 (CH), 132.1 (CH), 129.5 (CH), 125.1 (CH), 113.3
(Civ), 69.9 (CH), 69.8 (CH), 67.9 (CH), 52.6 (CH>), 42.2 (CH), 35.4 (CH3), 22.4 (CHs3),
22.3 (CH3), 20.3 (CHs), 13.2 (CH3). LCMS (ESI, formic) tr = 0.61 min, m/z 439/441
[M+H]*. Analytical chiral HPLC (Chiralpak AD-H column, 25 cm, rt, 15% EtOH in
heptane containing 0.1% iPrNHz2, injection volume 3 pL) tr = 12.43 min, 100% e.e.
(N.B. epimer at the a-position is at tr = 13.99 min under these conditions). HRMS
(ESI) calculated for C2oH2sBrN2O4 [M+H]" 439.1229, found 439.1236 (2.65 min).
vmax (solution in chloroform, cm™): 3449 (OH), 3328 (NH), 2979 (CH alkene), 2934
(CH alkane), 1723 (C=0 ester), 1667 (C=0 amide), 1622 (C=C). [ap]?*® © 589 nm (C

0.500, MeOH): +8.9°.

Optimisation of the reaction conditions to obtain [8.04] by reductive amination
with isopropyl serine performed on the aldehyde [6.06] (cf. Table 29 in section
8.2)

General procedure for entries 1-3:
(R)-1,3-Dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-
yl)-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde [7.50], the amino ester [7.08],
triethylamine and the chosen acid were suspended in THF. 4 A molecular sieves were
added and the mixture was stirred at the chosen temperature. The reaction mixture was
cooled to rt (for entries 1 and 2), sodium triacetoxyborohydride was added and the
reaction mixture was stirred at rt. The reaction mixture was quenched with methanol
and filtered through celite to remove the molecular sieves. The filtrate was

concentrated under reduced pressure and partitioned between EtOAc and water (with
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addition of a 1 M aqueous solution of LiCl to help phase separation if required). The

aqueous layer was extracted with EtOAc. The organic layers were combined, dried

through a hydrophobic frit, concentrated under reduced pressure and purified.

Entry
1 2 3
Parameter
50 mg 50 mg 60 mg
AREMTE G 0.17 mmol 0.17 mmol 0.20 mmol
L-serine D-serine L-serine. TSOH
Amino ester 40.0 mg 37.5mg 81 mg
0.27 mmol 0.26 mmol 0.25 mmol
TEA 13 uL 13 uL Until the
0.17 mmol 0.17 mmol desired pH
NEt 71 uL 71 uL Until the
: 0.51 mmol 0.51 mmol desired pH
Measured pH 5.9 6.1 6.5
Imine 50°C 50°C rt
formation 17 h 2.5h 20 h
144 mg 162 mg 260 mg
NEE R (Bl 0.68 mmol 0.77 mmol 1.2 mmol
Reduction rt rt rt
conditions 4.25h 18.7h 3h
MDAP (high MDAP (high MDAP (high
Purification pH extended pH extended pH extended
method C) method C) method C)
Yield
d.e. (% 66% (53 mg) 57% (46 mg) 51% (46 mg)
determined by 58% 82% 98%
chiral HPLC)
Physical form | Colourless oil White solid Pale yellow oil
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Stereoselective preparation of molecule [8.04]
Isopropyl (((R)-5-bromo-1,3-dimethyl-2-oxo-2,3-dihydro-1H-benzo[d]azepin-7-

yl)methyl)-L-serinate [8.04] (Table 29 in section 8.2, entry 4)

(@]
)\ i N a
N
o)k[ _
OH Br

(R)-5-Bromo-1,3-dimethyl-2-oxo0-2,3-dihydro-1H-benzo[d]azepine-7-carbaldehyde

[6.06] (754 mg, 2.56 mmol) and isopropyl L-serinate, 4-methylbenzenesulfonic acid
salt [7.08] (1.23 g, 3.85 mmol) were dissolved in THF (10 mL). Activated 4 A
molecular sieves were added to the reaction mixture and the pH was measured at 2.0.
NEt; was added dropwise to the reaction mixture until reaching pH 5.9. The reaction
mixture was left to stir at rt for 24 h. Sodium triacetoxyborohydride (1.63 g, 7.69
mmol) was added portion-wise and the reaction mixture was stirred under nitrogen at
rt for 30 min. The reaction mixture was quenched with MeOH and filtered through
celite. The filtrate was concentrated under reduced pressure to give a pale yellow oil.
The crude product was partitioned between EtOAc and water. The aqueous layer was
extracted with EtOAc twice. The organic layers were combined, dried through a
hydrophobic frit and concentrated under reduced pressure to give a yellow oil. The
crude product was purified by silica column chromatography, eluted with a gradient
of 0-100% EtOAc in cyclohexane. The relevant fractions were concentrated under
reduced pressure to give a pale yellow oil. The oil was suspended in diethyl ether and
a white solid precipitated. The solid was filtered and the filtrate was concentrated under
reduced pressure to give a yellow oil. This oil was purified by silica column

chromatography, eluted with a gradient of 0-100% EtOAc in cyclohexane. The

GSK Confidential — Copying Not Permitted
305



relevant fractions were concentrated under reduced pressure to give the title product
[8.04] as a colourless oil (825.6 mg, 72% vyield).

IH NMR (400 MHz, MeOD) 6 7.72 (d, J = 1.7 Hz, 1H), 7.50 (dd, J = 8.1, 1.7 Hz, 1H),
7.30 (d, J = 8.1 Hz, 1H), 7.05 (s, 1H), 5.02 (spt, J = 6.4 Hz, 1H), 3.89 (d, J = 13.0 Hz,
1H), 3.76 (d, J = 13.0 Hz, 1H), 3.75 (dd, J = 10.8, 5.1 Hz, 1H), 3.71 (dd, J = 10.8, 5.1
Hz, 1H), 3.40 (g, J = 6.9 Hz, 1H), 3.29 (d, J = 5.1 Hz, 1H), 3.05 (s, 3H), 1.61 (d, J =
6.9 Hz, 3H), 1.25 (d, J = 6.4 Hz, 6H). The two exchangeable protons were not
observed. No traces of diastereomeric impurities were observed by H NMR or
separated from the column chromatography. **C NMR (101 MHz, MeOD) § 174.1
(C=0), 172.1 (C=0), 139.9 (Civ), 137.6 (Civ), 135.9 (Ci), 132.7 (CH), 132.1 (CH),
129.6 (CH), 125.2 (CH), 113.2 (Ci), 70.1 (CH), 64.1 (CH), 63.7 (CH>), 52.4 (CHy),
42.2 (CH), 35.4 (CHa), 22.3 (CH3), 22.2 (CH3), 13.2 (CH3). LCMS (ESI, high pH) tr
=1.01 min, m/z 425/427 [M+H]*. HRMS (ESI) calculated for C1gH26BrN204 [M+H]"
425.1079, found 425.1078 (2.48 min). vmax (solution in chloroform, cm): 3454 (OH),
3333 (NH), 2980 (CH alkene), 2934 (CH alkane), 1725 (C=0 ester), 1664 (C=0

amide), 1626 (C=C). [ap]***° " 59 nm (C 0.500, MeOH): +16.8°.

Trial Suzuki cross-coupling reactions — Table 30, section 8.3, p.159
The pinacol boronic ester [8.05] was prepared following the procedure described
p.296. The analysis of intermediate [7.78] and molecule [7.38] were reported
respectively p.294-297 and p.257-259.
Procedure for entries 1-2:
Isopropyl (((R)-1,3-dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [8.05] (88 mg, 0.18

mmol), 3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazole [7.59] (135
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mg, 0.49 mmol), Pd Xphos G2 (18 mg, 0.02 mmol), Xphos (5.5 mg, 0.01 mmol), a 2
M aqueous solution of KzPO4 (0.44 mL, 0.88 mmol) were suspended in 1,4-dioxane
(4 mL) and water (1 mL). The reaction mixture was placed under nitrogen atmosphere
by three cycles of vacuum-nitrogen. The reaction mixture was stirred at the
temperature and for the time indicated below. The reaction mixture was concentrated
under reduced pressure to give a black residue. The residue was partitioned between
EtOAc and water. The aqueous layer was extracted with EtOAc. The organic layers
were combined, dried through a phase separator and concentrated under reduced
pressure to give a brown oil. The oil was purified by MDAP (TFA, extended method
B). The relevant fractions were concentrated under reduced pressure to give isopropyl
(((R)-1,3-dimethyl-2-0x0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-
yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.78] as a pale
yellow oil. The product was stirred in a 4 M HCI solution in 1,4-dioxane (5 mL)
overnight at rt. The reaction mixture was concentrated under reduced pressure to give
a yellow oil. The crude product was purified by MDAP (high pH, extended method
B). The relevant fractions were concentrated under reduced pressure to give isopropyl
(((R)-1,3-dimethyl-2-0x0-5-(1H-1,2,4-triazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-

7-yl)methyl)-L-allo-threoninate [7.38] as a colourless oil.

Entry 1: Reaction: at room temperature, reaction time 30 h. Intermediate [7.78] (35.5
mg, 30% yield). Product [7.38] (19.6 mg, 24% vyield).
Entry 2: 2 M aqueous solution of KsPOs (0.27 mL, 0.54 mmol) were used in the
reaction mixture. Temperature: 70 °C, reaction time: 24 h. Intermediate [7.78] (41.5
mg, 35% yield). Product [7.38] (14.1 mg, 16% vyield).

Entry 3: Reaction at 120 °C, reaction time 3.5 h.
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Isopropyl (((R)-1,3-dimethyl-2-ox0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [8.05] (88 mg, 0.18
mmol), 3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazole [7.59] (135
mg, 0.49 mmol), Pd Xphos G2 (18 mg, 0.02 mmol), Xphos (5.5 mg, 0.01 mmol), a 2
M aqueous solution of KzPO4 (0.44 mL, 0.88 mmol) were suspended in 1,4-dioxane
(4 mL) and water (1 mL). The reaction mixture was placed under nitrogen atmosphere
by three cycles of vacuum-nitrogen. The reaction mixture was stirred at 120 °C for 3.5
h. The reaction mixture was concentrated under reduced pressure to give a black
residue. The residue was partitioned between EtOAc and water. The aqueous layer was
extracted with EtOAc. The organic layers were combined, dried through a phase
separator and concentrated under reduced pressure to give isopropyl (((R)-1,3-
dimethyl-2-oxo0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-1,2,4-triazol-3-yl)-2,3-
dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-allo-threoninate [7.78] as a crude brown
oil. The oil was loaded on a silica column, eluted with a gradient of 0-100% EtOACc in
cyclohexane, followed by a gradient of 0-25% EtOH in EtOAc. The product did not
elute.

Entry 4 is the stereoselective synthesis of molecule [7.38] p.259.

Trial deprotection reactions — Table 31, section 8.3, p.161
Entry 1 was reported p.257 (as part of the synthesis of molecule [7.38]).
Entry 2 was reported p.257 (synthesis of molecule [7.38]).
Entry 3 was reported p.289 (synthesis of molecule [7.71]).

Entry 4 was reported p.259 (as part of the stereoselective synthesis of molecule [7.38]).
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Stereoselective synthesis of molecule [8.07]:
Isopropyl (((R)-1,3-dimethyl-5-(5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-1,2,4-triazol-3-yl)-2-0x0-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-

serinate [8.07]

0
OH l\\l/ N
SEM'N\<
Isopropyl (((R)-5-bromo-1,3-dimethyl-2-oxo0-2,3-dihydro-1H-benzo[d]azepin-7-
yl)methyl)-L-serinate [8.04] (90 mg, 0.21 mmol) was dissolved in 1,4-dioxane (45
mL). B2Pin2 (107 mg, 0.42 mmol), dry KOAc (62.3 mg, 0.64 mmol) and PdClI>(dppf)
(7.7 mg, 10.6 umol) were added and the reaction mixture was placed under nitrogen
atmosphere by three cycles of vacuum-nitrogen. The reaction mixture was stirred at
80 °C for 2 h. The reaction mixture was filtered through celite and rinsed with acetone
(10 mL). The filtrate was concentrated under reduced pressure to give isopropy! (((R)-
1,3-dimethyl-2-0x0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-
benzo[d]azepin-7-yl)methyl)-L-serinate [8.08] as a crude black oil (100 mg). LCMS
(ESI, high pH) tr = 1.15 min, m/z 473 [M+H]".
The crude material isopropyl (((R)-1,3-dimethyl-2-oxo0-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate ~ [8.08]
(100 mg, 0.21 mmol), 3-bromo-5-methyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
1,2,4-triazole [7.60] (124 mg, 0.42 mmol) Pd Xphos G2 (16.7 mg, 0.02 mmol), Xphos
(20.2 mg, 0.04 mmol), a 2 M aqueous solution of KzPO4 (0.32 mL, 0.64 mmol) were
suspended in iPrOH (40 mL) and water (8 mL). The reaction mixture was placed under

nitrogen atmosphere by three cycles vacuum-nitrogen. The mixture was stirred at 90
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°C for 1.5 h. The reaction mixture was cooled to rt and concentrated under reduced
pressure to give a black oil. The residue was partitioned between DCM and water. The
aqueous layer was extracted with DCM. The organic layers were combined, dried
through a phase separator and concentrated under reduced pressure to give a brown
oil. The crude product was split in two fractions. Batch 1 was purified by MDAP
(formic extended method B). The relevant fraction was concentrated under reduced
pressure to give the title product [8.07] as a colourless oil (24.8 mg, 17% yield). Batch
2 was purified by MDAP (high pH, extended method C). The relevant fraction was
concentrated under reduced pressure to give the title product [8.07] as a pale brown oil
(18 mg, 65% pure, 10% yield).

IH NMR (400 MHz, MeOD) 6 8.24 (s, 2H), 7.58 (d, J = 8.1 Hz, 1H), 7.47 (d, J = 8.1
Hz, 1H), 7.16 (s, 1H), 7.10 (s, 1H), 5.30 (d, J = 11.3 Hz, 1H), 5.09 (d, J = 11.3 Hz,
1H), 5.04 (spt, J = 6.4 Hz, 1H), 4.02 (d, J = 13.2 Hz, 1H), 3.95 (d, J = 13.2 Hz, 1H),
3.83 (d, J = 4.4 Hz, 1H), 3.82 (d, J = 4.4 Hz, 1H), 3.60 (t, J = 4.4 Hz, 1H), 3.55 (q, J
= 6.9 Hz, 1H), 3.53 (t, J = 7.7 Hz, 2H), 3.19 (s, 3H), 2.41 (s, 3H), 1.69 (d, J = 6.9 Hz,
3H), 1.25 (d, J = 6.4 Hz, 3H), 1.23 (d, J = 6.4 Hz, 3H), 0.81 (t, J = 7.7 Hz, 2H), -0.04
(m, 9H). NMR showed presence of 15% of a SEM regioisomer, determined at the
methyl signal at 3.19 ppm (major regioisomer) and 3.16 ppm (minor regioisomer).

LCMS (ESI, high pH) tr = 1.18 min, m/z 558 [M+H]".
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Stereoselective synthesis of molecule [8.09]:
Isopropyl (((R)-1,3-dimethyl-2-oxo-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrazol-3-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate
and isopropyl (((R)-1,3-dimethyl-2-ox0-5-(1-((2-(trimethylsilyl)ethoxy)methyl)-

1H-pyrazol-5-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [8.09]

OH
SEM’
Major Minor
Regioisomer 1 Regioisomer 2

The procedure to synthesize isopropyl (((R)-1,3-dimethyl-2-0x0-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-
L-serinate [8.08], was described as part of the stereoselective synthesis of molecule
[8.07], p.309.

Isopropyl (((R)-1,3-dimethyl-2-ox0-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
2,3-dihydro-1H-benzo[d]azepin-7-yl)methyl)-L-serinate [8.08] (227.5 mg, 0.48
mmol), the mixture of regioisomers [7.55] (267 mg, 0.96 mmol), Pd Xphos G2 (37.9
mg, 0.05 mmol), Xphos (45.9 mg, 0.1 mmol), a 2 M aqueous solution of K3PO4 (0.72
mL, 1.45 mmol) were suspended in iPrOH (8 mL) and water (2.0 mL). The reaction
mixture was placed under nitrogen atmosphere by 3 cycle vacuum-nitrogen. The
mixture was stirred at 90 °C for 2 h. The reaction mixture was cooled to rt and
concentrated under reduced pressure to give a brown oil. The residue was partitioned
between EtOAc and water. The aqueous layer was extracted with EtOAc. The organic
layers were combined, dried through a phase separator and concentrated under reduced

pressure to give a brown oil. The crude product was purified on silica column
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chromatography, preconditioned with cyclohexane (containing 3% NEtz), eluted with
a gradient of 0-100% EtOAc in cyclohexane (containing 3% NEts). The relevant
fractions were concentrated under reduced pressure to give the title product [8.09] as
a colourless oil (47.7 mg, 16% yield), as a mixture of regioisomers in a 57:43 ratio.
This ratio was determined from the signals of the methyl in a-position of the amide
carbonyl functionality. A second fraction of the desired product was also obtained and
was further purified by MDAP (formic, extended method B) to separate the
regioisomers. The relevant fractions of the MDAP were concentrated under reduced
pressure to give two colourless oils: regioisomer 1 (12.6 mg, 5% yield) and
regioisomer 2 (11.4 mg, 3% yield).

Regioisomer 1: 'H NMR (400 MHz, MeOD) 6 7.81 (d, J = 2.5 Hz, 1H), 7.48 (dd, J =
8.2, 1.7 Hz, 1H), 7.36 (d, J = 8.2 Hz, 1H), 7.32 (d, J = 1.7 Hz, 1H), 7.06 (s, 1H), 6.43
(d,J = 2.5 Hz, 1H), 5.45 (s, 2H), 4.99 (spt, J = 6.4 Hz, 1H), 3.83 (d, J = 13.2 Hz, 1H),
3.69 (dd, J=5.1, 2.7 Hz, 2H), 3.68 (d, J = 13.2 Hz, 1H), 3.65 (d, J = 8.3 Hz, 1H), 3.63
(d, J = 8.3 Hz, 1H), 3.43 (g, J = 6.9 Hz, 1H), 3.27 (t, J = 5.1 Hz, 1H), 3.14 (s, 3H),
1.64 (d, J = 6.9 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H), 1.20 (d, J = 6.4 Hz, 3H), 0.93 (d, J
=8.3 Hz, 1H), 0.92 (d, J = 8.3 Hz, 1H), 0.00 (s, 9H). The signals for the exchangeable
protons were not observed. 13C NMR (101 MHz, MeOD) § 173.8 (C=0), 172.6
(C=0), 153.0 (Civ), 138.5 (Civ), 138.1 (Civ), 135.9 (Civ), 133.2 (CH), 131.0 (CH), 130.4
(CH), 129.6 (CH), 125.0 (CH), 124.6 (Civ), 107.8 (CH), 81.2 (CH,), 70.1 (CH), 67.8
(CHy), 63.9 (CH), 63.4 (CH), 52.4 (CHy), 42.3 (CH), 35.7 (CHa), 22.3 (CH3), 22.2
(CHg), 18.8 (CH2), 13.2 (CH3), -1.1 (CH3). LCMS (ESI, high pH) tr = 1.27 min, m/z
543 [M+H]". HRMS (ESI) calculated for C2sH3N4OsSi [M+H]" 543.2999, found

543.2997 (3.92 min). vmax (solution in chloroform, cm™): 3349 (OH), 3333 (NH), 2976
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(CH alkene), 2938 (CH alkane), 1727 (C=0 ester), 1663 (C=0 amide), 1626 (C=C).
[ap]?*® 589 nm (€ 0.500, MeOH): +97.9°. Regioisomer 2: *H NMR (400 MHz, MeOD)
§7.62(d, J=1.8 Hz, 1H), 7.56 (dd, J = 8.3, 1.5 Hz, 1H), 7.44 (d, J = 8.3 Hz, 1H), 7.05
(d, J = 1.5 Hz, 1H), 6.92 (s, 1H), 6.57 (d, J = 1.8 Hz, 1H), 5.21 (d, J = 11.1 Hz, 1H),
5.02 (qd, J = 6.4, 6.1 Hz, 1H), 4.96 (d, J = 11.1 Hz, 1H), 3.97 (d, J = 13.2 Hz, 2H),
3.92 (d, J=13.2 Hz, 1H), 3.86 (d, J = 5.6 Hz, 1H), 3.79 (d, J = 4.4 Hz, 1H), 3.56 (q, J
= 7.0 Hz, 1H), 3.54 (td, J = 5.6, 4.4 Hz, 1H), 3.41 (d, J = 8.0 Hz, 1H), 3.37 (d, J = 8.0
Hz, 1H), 3.15 (s, 3H), 1.68 (d, J = 7.0 Hz, 3H), 1.24 (d, J = 6.4 Hz, 3H), 1.22 (d, J =
6.1 Hz, 3H), 0.73 (t, J = 8.0 Hz, 2H), -0.07 (s, 9H). LCMS (ESI, high pH) tr = 1.26

min, m/z 543 [M+H]".
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