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Abstract

Idiopathic Pulmonary Fibrosis (IPF) is a chroniadudisease characterised by deposition of
fibrotic tissue in the lungs. The exact cause efdisease is unknown; however it is possible
that the condition may be triggered by either analal or biological insult. The death rate of
IPF is high, with median survival rates from diagisoof around three years. Current
estimates suggest it is th8 Biggest killer in the UK, killing around 5000 pdegvery year.

An integrin @.fe) is known to interact with the TGFprotein, which is known to be involved
in cell growth, adhesion, migration and apoptosswell as extracellular matrix (ECM)

synthesis, and therefoegBs could potentially be a therapeutic target for IPF.

The first chapter in the thesis discusses the pesgon of small molecules for inhaled
delivery. Compounds containing heterocyclic cored aith moresp’ character showed a
favourable selectivity profile. This led to the ééaspment of compounddR)-70a and (R)-
80a which showed superior levels of selectivity whitgaintaining potency. Compour)-
70a was tested in PK studies and showed suitable prepefor inhaled drug delivery.
Compound(R)-80a is one of the most selective small molecules,f§ integrin reported in
the literature or measured in-house. Unfortunatelppound(R)-80a was terminated due to
a change in priority, however, there is now som@eance that a selective,fs integrin

compound might be useful on the inhaled programmakitais currently being used as a tool

compound.
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The next chapter explored molecules suitable f@l drug delivery. These compounds
showed either permeability or low protein bindihgwever both attributes are required for
oral administration. Chapter four describes theettgyment of a model to predict good oral
properties based on the in-house data and the m®deded in chapter five to develop a
number of series. The fluoropyrrolidine series wstified, and exemplified by compound
2113 which was a potent inhibitor of the integrin rpt a,fs with high permeability and
had a low protein binding. The compound also shoasezkllent oral bioavailability in both
rat and dog PK studies. The concern about a metalmding produced stimulated work to
find an alternative replacement. The suggestioh ah2-(methoxy)ethoxy could replace the
morpholine in compoun@llaand this resulted in compou2&9a This compound showed
superior PK properties when compared with compaith Both compounds are currently
being considered as small molecule anti-fibroticdimi@es to be delivered to patients with
fibrotic diseases with a dose around 30 — 550 migdpg. On-going experiments include a
CT SPECT study, which will show if the compound dsnto thea,fs integrin on the
damaged epithelium or not. If it does bind, it makibit the activation of TGfand the
production of collagen by active myofibroblastsdiming so, it is expected to slow or stop the
progression of fibrosis, providing significant bétseto patients allowing them to do more,

feel better and live longer.
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1. Introduction

This thesis discusses the discovenyyitro andin vivo biological and physicochemical data
of small molecule antagonists of thgls integrin, with the aim to provide a treatment for

idiopathic pulmonary fibrosis.

1.1 Idiopathic Pulmonary Fibrosis

Idiopathic pulmonary fibrosis (IPF) is a chroniatudisease characterised by deposition of
fibrotic tissue in the lungs. This tissue is uspalhrker in colour and has the structure of
honeycomb (Figure 1). The exact cause of the dissasnknown; however it is possible that

the condition may be triggered by either a chenueddiological injury to the lung.

The clinical presentation of IPF is characterisgdbbeathlessness on exertion and a dry,

irritating cough.

Figure 1: Pictures of healthy lungs (left)fibrotic lungs, note the darker colour of therditic lungs (right.

The honeycombing begins in the periphery of theyland then works upwards towards the
bronchiole. This excess tissue in the alveoli cays®r gaseous exchange, which is believed

to be the cause of the breathlessness. Diagnostsismed by the characteristic features of
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basal sub-pleural honeycombing on high—resolutioom@uterised Tomography (CT)
scanning (Figure 2). One of the pathological diagicoindicators is the presence of Usual
Interstitial Pneumonia (UIP) upon biopsithe detection uses high—resolution computerised
tomography, which in the presence &iF|-labelled deoxyglucose can detect cells, which
take up glucos@.This suggests that the cells are functioning dmdet is the potential to

interact with this area of the lung.

HRCT [18F]-FDG-PET

B/‘ o

Glucose uptake

Figure 2: (Left) High resolution CT scan of a patient withHFIRings. The white areas indicate fibrotic tissae;
healthy lung would not have any white marks. (Riglit scan of a patient with IPF lungs. The blackaarare
fibrotic tissue, which are metabolising glucoségalthy lung would still metabolise glucose butréheould be
no fibrotic tissue for the ligand to bind resultimgan all white scan.

IPF has a high mortality rate, with median survivailes from diagnosis of around three
years,” and an incidence rate of diagnosis of 8-9 perQ@per year. The rate of diagnosis
is increasing and this is not due to populatiornirager recognition of milder disease. Current
estimates suggest it is the seventh biggest killéne UK, killing around 5,000 people every

year and there has been a six—fold increase imslsaice 1978.
1.2 Current treatments for IPF

The only drug specifically approved for the treatmnef IPF is pirfenidonel (Figure 3).
Pirfenidonel has been shown to have both antifibrotic and afitsinmatory properties in a
number ofin vitro systems and animal models of fibrosis.number of studies have shown

that pirfenidonel reduces the production of T@Rvhich reduces collagen production. It has

|Page |12
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also been shown to reduce fibroblast proliferafidmere was some doubt as to the efficacy
of pirfenidonel; however Jenkins has recently published a summiajyl the clinical trials
and has concluded that it should be prescribethtreatment of IPEIn September 2014 a
further clinical trial was completed on the usepofenidone in IPF patients and showed the

patients using the drug had reduced disease psignesompared with the placebo gradp.

In 2010 pirfenidonel became available in Japan, then in 2011 it becavadahle for
patients in Europé and Chind! In 2012 NICE decided that pirfenidone would not be
available to patients on the NHS in the ¥jkhowever this decision was reversed in April

2013!? The side effects of pirfenidone are mild-modeeatd are well toleratetf.

2,
i%

Figure 3: Structure of pirfenidoné

The main strategy for the treatment of IPF is tkduction of inflammation? Many
clinicians also add a treatment to suppress thg'®atmune system. These treatments can

prevent further scarring and increase survival timgome patients.

Prednisone, an anti—-inflammatory corticosteroid, is the frdinee treatment prescribed to
IPF patients. Most patients treated chronicallyezignce side effects including insomnia,
weight gain, acne and irritability. Predniso@ecan also exacerbate conditions such as
diabetes and glaucoma. Long term use of predni2aa@ also lead to other conditions, such
as high blood pressure, immunosuppression, hypmagiyia, osteoporosis, growth

retardation, cataracts, anxiety and depres¥ibhMany clinicians prescribe secondary

|[Page |13



Property of GSK - Confidential - Do not copy

medicines along with prednisone, such as cycloghaside 3 and azathioprine4.
Azathioprine has immunosuppressant activity ashthits the proliferation of lymphocytes
by interfering with DNA synthesisSide effects are uncommon, but can include nausea,
diarrhoea, fever, anaemia, liver problems, panitrea@nd lymphomaCyclophosphamides
another autoimmunosuppressant and is effectivehiitreatment of IPF by decreasing the
immune system’s response to disease. It is a pug:-@me of its active metabolites forms
DNA crosslinks between and within DNA strands aamguneN-7 positions, resulting in cell
death. The most common side effect of cyclophosjdams lymphoma; other reported side

effects include nausea, diarrhoea, fatigue, has, lmfertility and bladder irritatioff.

Figure 4: Prednison, cyclophosphamid8, azathioprinet.

An alternative or supplement to the use of drugsxiggen therapy. This treatment raises the
level of oxygen in the air breathed by the patigyically from the naturally occurring 21%,
to 30-35% for periods of time. This allows more gay to enter the bloodstream and can

reduce the blood pressure of the pattént.

Pulmonary rehabilitation is an alternative therdipat is usually given to all patients with
lung disease. The therapy tries to teach patiems tb manage their condition and usually
includes physical conditioning and breathing exasi It also helps with anxiety, stress and

depression management.

|Page |14
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If all previous types of therapy are unsuccesgha, last resort is a lung transplant. This is
only suitable for patients below 65 years of agepwave no other medical issues and are
unresponsive to drug therapies. Although a lungsiant can improve quality of life, there

are complications, such as the risk of rejectiotheftransplanted organ, and infection. There

is also a very limited supply of donor lungs, whrelstricts the availability of this procedure.

Due to the unmet need of the disease, many ordmmsand research groups are working on
approaches to treat fibrosis. There are a numberganisations researching ways to inhibit
integrins, of these some are working directly aatments for fibrosis. The majority of the
research is in the small molecule field, but these at least one example of a

biopharmaceutical.

1.3 Mechanism of action

The pathogenesis of IPF is unknown; there is n@lsirmechanism to explain all the
phenotypes and it is likely that a number of fastolay a rolé” The current understanding of
the disease is that repeated lung injury leads tongaired epithelial membrane, resulting in
epithelial apoptosis and the consequent recruitroéfibroblasts to the affected area. The
fibroblasts produce collagen in the tissue. In tgapatients there is a biological path for
epithelial repair, however in IPF patients, therdlidasts change into myofibroblasts.
Myofibroblasts are normally involved in cell heaklind repair, but in IPF patients they up—
regulate matrix synthesis and degradation geness. giocess results in the deposition of

fibrotic tissue in the lung causing fibrosis (Figus)®’

|Page |15
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{I.Jr'|$ injury

Impaired epithelial membrane

i

Epithelial apoptosis

Recrultment of fibrablasts

l

Collagen produced and inflammaticn
of affected area

]

Fibroblasts converted to myofibroblasts

l

Matriz synthesis and degradation
genes modulated by TGF,

l

Fibrosis

Figure 5: Mechanism of action for Fibrosté.

Cytokine transforming growth factd@ (TGF) is involved in the process of regulating the
matrix synthesis and degradation genes. glSFtself involved in cell growth, adhesion,
migration and apoptosis as well as extracellulatrimgECM) synthesis® TGF, signalling

controls the proliferation of epithelial cells aslivas fibroblasts. In IPF patients this
signalling pathway is disturbeéd.Total inhibition of TGk could have serious side—effects,
such as uncontrollable inflammation affecting numosr organs, due to its position in the
signalling cascade. A cell surface protein knowamaitegrin ¢,pe) is involved in activation

of TGF; protein, sawfe could potentially be a better therapeutic targetPF.
1.4 Integrins

Integrins are a family of heterodimeric transmembreeceptors, each consisting ofeaand
B subunit. There are 18 units and 83 subunits and in mammals, there are a total of 24

encoded heterodimers of theseand p units’® The integrins bind to the extracellular

|Page |16
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membrane (ECM) and internally to the cytoskeletarvertebrates integrins transmit signals
from outside the cell to the inside, amde versato regulate virtually every aspect of the
behaviour of epithelial cells. This includes cellignation, adhesion, proliferation and
apoptosis. Integrins do not exhibit any catalyttivaty and do not independently initiate
signalling cascades, but instead serve as scaffotdfie assembly of signalling complexes

(Figure 6)°

Figure 6: Cartoon representation of an integrin sitting ie tell membran&

Of the 180 and 8 subunits, only certain subunits bind to otherse Bh subunit is
ubiquitously expressed and binds to a number ofxteabunits. However, thgs subunit is
only expressed with the, subunit. There is a manganese(ll) ion presenh@&Btsubunit

which is necessary for protein survival and forrag pf the binding site.

Mice lacking the gene to encodgfs develop normally, suggesting thaBs is not important
in the role which TGF plays in developmerit. TGFR is associated with a number of
pathological states, including tumour cell gronglutoimmune disease and fibroSisThe
ayPe integrin has been shown to play a role in varianisnal models of IPF. One such role

involves their interaction with latent complexesi@F;.

|Page |17
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1.5 TGR

There are three isoforms of the cytokine F@Fmammals. All the isoforms have a similar
signalling pathwayn vitro, butin vivo, knockout of each isoform results in widely diveng
phenotype$? TGF is a dimer linked by a disulfide bond. One halftloé protein does not
have any cytokine activity and is known as therneyeassociated peptide (LAP). The other
half is known as the latent T@binding protein (LTBP)When the two monomers (LAP and
LTBP) are bound together they form latent gGWhich is found in a number of different
organs. The concentration of latent T,G§& tightly regulated, as high expression of active

TGFg results in organ scarring.

Integrins are known to activate latent TiG¥ide infrg) by binding to the linear tripeptide
sequence of arginine, glycine and aspartic acidO)R¥G In vivo data has shown thatfe
binds to latent TGfvia this peptide sequence, and activates gl @Hce bound to the TGF
receptors, it activates a signalling cascade tbstilts in excessive deposition of collagen,
which leads to fibrosis. Whenfs is up—regulated in patients, this signalling cdsdaads to

fibrosis (Figure 7).

TGFER

Cytoskeleton

Figure 7: o,Be binds to latent TG and sites in th@s cytoplasmic domain become accessible for binding t
the actin cytoskeleton. Cytoskeleton associatezhiint then induces a change in the conformatiotheflatent
complex, allowing access of mature Tg#® TGH; receptors and induction of classic T@Tgnalling.24

|[Page |18
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Small molecule integrin antagonists have been dgeel and taken into the clinic for the
treatment of a number of difference diseases. Tiitudes efforts from scientists at
Monsanto, who were the first to publish @f; antagonist in 1998 Their work showed a
stark difference in selectivity when the dichlorobene ring on structurg (Figure 8) was
modified. Merck also produced a series of integuagonists, similar to compouiic for
the treatment of osteoporosis. These compoundsefiaetive in sub-nanomolar levels at the
ayB3 integrin receptor. The structures of the compoungse similar to the Monsanto
compounds but included a tetrahydronaphthyridinéclvhs believed to interact with the

aspartic acid residue in thg portion of the receptowide supra.®

Figure 8: Compound$ and6 — potent integrin antagonists from Monsanto Latmias5 and Merck6.

Currently there are no published examples of smalkculea,s antagonists, however there
is one antibody (Stromedix antibody STX-100). Tisis humanised monoclonal antibody
targeting integrirm,fe. It has shown significant anti—fibrotic activity preclinical models of

the different organs and therefore the compangweldping the antibody for the treatment of
both interstitial fibrosis and idiopathic pulmondiirosis. STX-100 completed a phase 1
clinical study and is currently running in a phdse study in kidney transplant and IPF

patients’’

|[Page |19
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1.6 Biological pathway

One biological pathway for fibrosis is summarisedrigure 9. The, s integrin is activated

by the detection of the damaged tissue. This prateiivates the LAP-TGfby interacting

with the RGD binding site. This triggers matrix fyesis genes in myofibroblasts to produce
collagen. The collagen is deposited in the damaigede to aid healing. In healthy patients
this process is terminated but in IPF patientctiilagen continues to be deposited resulting

in fibrosis.

a B integrin activated

l

o B, bindsto RGD sequence on
LAP-TGF,

l

LAP-TGF, activated

Matrix synthesis genes activated

!

Collagen formed in lungs

Fibrotic tissue deposited in lungs

l

Fibrosis

Figure 9: Biological pathway for fibrosis formation.

1.7 Potential for therapeutic intervention

Slowing the progression of fibrosis can occur ussngiumber of strategies for potential
therapeutic intervention, from epithelium strengihg, epithelium repair or inhibition of
mesenchyme proliferatiocfi.However, when the damage has already occurredpiien of
mesenchyme proliferation should be considered asnthjor intervention. TGFand ayfs

antagonists could provide a method of decreasirgenayme proliferation.

|[Page [20
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Though TGE has a role in fibrosi§ total inhibition of TGR may be dangerous as it is
involved in so many diverse signalling pathwayshds been showim vivo that deletion of
TGF in mice resulted in uncontrolled inflammation innamber of organs, ultimately
resulting in deatf? The a,fs integrin is up—regulated in the lung tissue ofdiit patients
and therefore an antagonist of this receptor hasnpal for the treatment for IPF. A small
molecule could bind competitively to RGD bindingeson thea,fs integrin, inhibiting the

activation of the TGffrom its latent state and resulting in controepfthelial apoptosis.

Other integrins that bind RGD sequences such s o,f5 ando,fg have been shown to be
involved with inflammation, TG activation, and angiogenesis and have other patent
disease targets. Currently, there is debate abbether inhibition of these integrins produces
a beneficial change to the phenotypeivoor not Given this, and that the full biology of the
other integrins has not been explored, the iddatseity profile for a molecule has yet to be

defined.
1.8 Route of administration

Our laboratories are considering both the oral imhéled routes of administration for the
development of new therapeutic agents againstABRhe target is expressed in the affected
lung epithelium, topical treatment using inhaletihviey could be effective at producing high
levels of compound in the target organ; whilst hguieduced systemic exposure that would
minimise the impact of TGHnhibition outside the lung. Running in parallel tiee o,fs
inhaled programme is thes oral programme, which aims to deliver a candidatth
suitable properties for oral administration. Thare three reasons for designing a drug that
can be delivered orally; the first is an increasepatient compliance. The second is that

fibrotic tissue may not be accessad an inhaled delivery, and the third reason is that

|Page |21
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compound could have potential efficacy in fibratiseases found in organs other than the

lung (e.g. kidney, liver or heartf
1.9 Biological assays

The main binding assay in theps programme is the cell adhesion assay. The asssy us
mammalian whole cell lines with the humatBs integrin expressed on the cell surface
(K562-a,86). The LAP protein is bound to a plate then the gound and cell line are added.

The plate is agitated for 30 minutes then it is nadlly agitated, so that all unbound cells are
removed, and the remaining fixed cells are staifidee absorption coefficient at 485 nm

indicates the number of cells that have remainedhenplate; the presence of few stained
cells on the plate results in low absorption, simgathat the compound is a stronger inhibitor
of ayPe. The assay is run at different concentrations ashpound, so that an g can be

calculated, allowing a pkgto be quoted (Figure 10).

LAP prateinon plate

!

Addition of compound and
K562-0 B,

!

Agitate far 30 min

!

Flick plate to remove unbound cells

!

Stain bound cells

Calculate plC,,

Figure 10: Schematic diagram showing the cell adhesion assay.
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1.10 Properties of desired compound

The ideal properties for compounds for inhaled aral delivery are shown in Table 1. The
numbers quoted have been used for the programmbaaedbeen taken either from the GSK
candidate selection document or from discussioitis @iperts. The current understanding is
the need for a very potent compound ideally g8 in the cellular assay. The need for
selectivity over the other integrins is uncleaidé supry. For an inhaled delivery GSK
guidelines recommend compounds have low oral bitsbty, high clearance, moderate
permeability, whereas the recommendations for camg@e for oral delivery are high
bioavailability, low clearance and high permeayiliThe lipophilicity of a compound for
either delivery method should be less than fivehwital designed for oral delivery, ideally
being slightly lower. Compounds should have highulsitity, as this should prevent the

compound precipitating out in the gut or lung, depeg on the method of delivery.

Table 1: Properties for ideal compounds, for oral and inthalelivery.

Property Inhaled delivery Oral delivery
a,pscell assay (plGy) >8 >8
Selectivity against other integrins 10-100 fold 10-100 fold

%F <10% >25%
Clearance >% liver blood <Y liver blood
flow flow
High throughput permeability <80 nm/s >150 nm/s
cLogP <5 <3.5!
MW < 500 < 42F
Solubility >1 mg/mL >1 mg/mL
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1.11 Medicinal chemistry background

A directed screen was carried out from previouhause compounds which were designed
asa,f3 integrin antagonists, suitable for inhaled delweéFrhe most significant hit obtained
from this screen was compouidwvhich had reasonable potency (as a racematekicet
assays (Table 2). In theps assay the compound has a I6f 9.6 and in thepe cellular

assay, the pl§ was 5.9.

Table 2 Initial hit molecule and biological data.

H
pUNOBe S
— o O

F

Iz
b4

Assay pIGso
oPs 9.6
avPe 5.9

cLogP 4.4

The molecule contains three key components — ahtgdronaphthyridine, a carboxylic acid,
and a linker. The nitrogen atoms on the tetrahyapbthyridine are thought to form
hydrogen bonds with the aspartic acid residue eéathsub—unit. At physiological pH, the
carboxylic acid is ionised and present as the caidhte which can coordinate to the metal

found in the sub—unit (Figure 11). In th sub-unit the metal is believed to be a?¥n
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(j\/j spacer spacer Y

Figure 11: Cartoon representation of the active site of thegrin with the pharmacophores mapped on top.

An homology model of the,ps integrin was developed from thgps crystal structur® of
the murineu, s integrin which has 88% homology with humas (Figure 124> There is

a high level of confidence in the model for tlagportion because this is identical in both
integrins. The; and s subunits also have considerable homology, with rador00 amino

acids in commori®

Figure 12: o, homology model. Cartoon representation of bindiig (orange curve).

Compound? was docked into this model (Figure 13); some efotein has been removed
in Figure 13 to provide clarity. The protein arouth@ aromatic linker varies between the
different integrins. Im,f3 this area is planar, whereasadyfs there is more space and this
may provide an opportunity for the development eéstivity. The binding site od,f3 and
ayPe differs by thirteen amino acid residues. One chaf®F8Lys > 273Asp) makes the

binding site inay B3 planar whereas in,fs there is less space. The other significant change
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(218Ala—> 238Thr) enables a non—covalent interaction betweersub—units to be different,
essentially making the, and 33 subunits closer tham, and s In the a,f3 crystal structure,
the linking aromatic ring does not interact witle fbrotein and only acts as a bridge between
the two ends of the molecule. The-fluoro phenyl is believed to interact with a lifolpc

region of thels subunit, which has been removed for clarity.

Figure 13: Compound? docked into the homology model.

Compound7 (Figure 14) was the first compound studied, howegempound8 was
identified as a more potenifs integrin antagonist. The major concern with comptsin
and 8 is the potential liberation of an electron-richiliae after metabolism. Anilines and
especially electron-rich ones are known to haveagernic potential’ which give rise to
positives in the Ames te3,indicating increased risks of cancer. Initial wdooked at
replacing the aniline with amino-pyridines (compdud) but ultimately these compounds
were not sufficiently potent and showed off targetivity. Further work moved away from
an aromatic to an aliphatic core (compodi®and the results showed an improvement in the
physicochemical properties of the molecules, briggihem lipophilicity in line with the
criteria set out in Table 1. However the compourabs wot sufficiently potent at th®fs
integrin and still lacked the desired selectiviffhe next chapter will describe the

development of compourid into a compound which met the criteria descrilvedable 1.
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Figure 14: Medicinal chemistry iteration from aniline to ampyidine to piperazine amide
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2. Results and discussion

2.1 Introduction

As described in chapter 1, compouhtas shown potency at thgls integrin, however it did
not meet the criteria set out in Table 1. Six setiwt were structurally similar to compound
8, all containing heteroaromatic cores were explaed did not deliver compounds which
met the criteria set by the programme team. After years of medicinal chemistry iterations
compounds containing non-aromatic cores were dpedldexemplified by compountiO)
and these showed improved physicochemical progeti@vever they still lacked the desired
potency and selectivity. This chapter will descrthe development of these compounds to
identify a molecule, potentially a single enantiopwhich would meet the potency and
selectivity criteria for progression ia vivo efficacy and safety and developability studies

prior to candidate selection.

2.2 The development of selective a,s antagonists

Compoundl0 contained a piperazine amide in the core; thie ¢@d not been used before,
and therefore a number of targets were propose@éxfmand the SAR. Initially three
compounds were proposed, one containimgehlorophenyl ring (compounti0) which was
consistent across a number of series, one excl@anbtm chlorine for a cyclopropane
(compoundll) and a third compound with a 3,5-dicyclopropylpyigisompoundl?) (Figure
15). These suggestions were based on previouss seheh suggestedhetasubstituted

phenyls were potent in the integrin assays.
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=CIR,=H 10

N R1—CC3H5R2—H11
N\) Ry = ¢-C3Hs Ry = ¢-C3H5 12

Figure 15: Compoundd 0-12

The retrosynthetic analysis of compoufd is shown in Scheme 1 and starts from the
commercially available estek3. The cornerstone to this retrosynthesis is the ®e€d
disconnection as shown for compoub8l In synthesis, this bond is made when edtr
undergoes a 1,4-Michael addition.
N O
_ N N /@\
R, Boc 0 R, R,
/\/\”/

R{=R,=cCsHs 12 Ry =Ry = ¢-C3Hs15

- (Ij\/j\/\ﬂwd W - O\l o]

Boc
13

Scheme 1Retrosynthesis of compoud@

Compoundl2 contains a stereogenic centre and an enantioselectute would ideally be
required. It is well known that different enantiomdave different pharmacokinetics in the
body because enzymes can distinguish enantiomedtecules. For example, this is

important for Lose® and Nexiunfi or Citalopranf (+)-16 and Escitaloprafh(S)-16.

Selective serotonin reuptake inhibitor (SSRI) drags used for the treatment of depression.
Citalopram is an SSRI and is a racemic mixturenefR andS enantiomers. Escitalopram is

the S-enantiomer of compoun@)-16 (Figure 16). The racemate has known side effeds su
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as nausea and headacfie a double blind clinical study it was shown tliicitalopram

has fewer side effects than Citraloprd.
F F
O / @ /

Citalopram (£)-16 Escitalopram (S)-16

Figure 16: Structure ofCitalopram and Escitalopram.

The first step in the synthesis of compoub? involved an amide coupling between
commercially available acid7 and aminel3 which resulted in a 90% vyield of the amide
using the coupling reagent HATU on a small séaBue to the expense of HATU on scale,
an alternative coupling reagent was used.®T3®is a cheaper coupling agent than HATU,
and has the added benefit that the by-product tfereaction is water soluble, so work up
procedures are simpler. Amii8 was coupled with acid7 with T3P® 18; however the yield

for this reaction was a disappointing 42% vyieldh@uoe 2). The®C NMR spectrum of

compoundl4 distinguishes all four carbon atoms on the pipgemzsuggesting that these are

in different environments. One explanation for thisservation would be the existence of

rotamers.
N _~_O
» NN O . N NI
S‘\\/(Nj\/\y(OH H@W\[g L N | N7 N ©
o 47 © 13 o) of o)\o 0
1 303
(ID | /}\ 14

Scheme 2 Reagents and conditionBIPEA, 50 °C, 21 h, 42%.
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The next step in the synthesis required the insedf a phenyl ring on to anp-unsaturated
ester. This could be done with classical methodsh sas cupratés or by using a Rh-
catalysed conjugate additifn There were also two ways to synthesise compdanéither
by a Rh-catalysed conjugate addition with 3,5-cioboronic acid20 followed by a
subsequent Pd-catalysed Suzuki coupling with cyolmy boronic acidl9. These two steps
could easily be made more convergent by makin@tbedicyclopropylphenyl boronic ester

21 from boronic acid0, then carrying out the Rh-catalysed addition (3t &).

.......... - O\
Ny R G O
2 N ol N"ON

N N /g 8

/&O 0 0 o R R
(HO), (ii)!

(HO)ZBW>(n); 19 b= cCgHs- 15

Lo c-C3H5- 21

Scheme 3Proposed route to make compourtl

The first step in the synthesis of compoulil was a Pd-catalysed reaction of 1,3—
dibromobenzen@3 with cyclopropyl boronic acid (Scheme 4). The reacticas vattempted
using both thermal and microwave conditions. In therowave oven the reaction was
complete within 1 h, whereas the thermal reactiook tlonger than 18 h. The reaction
mixture was repeated 22 times due to the difficdfyscaling in the microwave. The
compound was purified by flash chromatography tee gh mixture of compoun@4 and

unreacted starting material.
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o, —
Br Br

23 24

Scheme 4 Reagents and conditiongi) Cyclopropyl boronic acid9, Pd(OAc), XPhos, CgL0O;, THF, 130 °C,
30 min.

The next step in the synthesis converts a C-H botwa C-B bond; this C-H activation
chemistry was developed by Ishiyaetaal.** The scope of this reaction is broad; Murgiy

al.** have demonstrated that this reaction can be damig on electron rich phenyl and
heteroaromatic compounds and electron poor phewyhpounds. The boronic ester
functional group was added to the dicyclopropyllesrez using the Ir-catalysed condition

developed by Ishiyamat al.**

The iridium complex inserts into the least hinde®—H
bond; transmetallation withis(pinacolato)diboron then took place to afford tloedmic ester
21 in 28% (Scheme 5). As the polarity of compoutidwas low, it could be purified by
washing the reaction mixture with cyclohexane, tllenproduct was recrystallised from hot

DMSO. In the large scale reaction, the yields wekigher because several crops were

extracted from the mother liquor.

—
>?L Q B.
SO
oL
21

24

Scheme 5 Reagents and conditiong(i) [Ir(COD)OMe], 4,4-big(1,1-dimethylethyl)— 2,2'-bipyridine, TBME,
80 °C, 1 h, 28%.

The boronic esteP1 was reacted with alken®4 using the reaction conditions described

46
|

previously. Andersomet al.” have shown that the addition of boronic acidslkerses in the
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presence of a [Rh(COD)Gljives variable results, which depend on the spebironic acid
used. The yields reported range from 10 and 70%mhgUke conditions reported compound
15 was obtained in 63% yield (Scheme 6). This yislthe sum for the two enantiomers after

chiral column chromatography.

Resolution is a rather wasteful process, as 50%hefproduct is disposed of. Therefore an
attempt to make the more potent enantiomer usingsgmmetric reaction was attempted.
Andersonet al*® described an enantioselective procedure; wherfRR8INAP ligand was
used, the products could be obtained in up to 88%Alkene 14 and boronic aci@l were
reacted; using these conditions the two enantiomer® formed in a ratio of 85.5:14.5.

However areeof 71% was considered too low (Sche@)e

From this point in the text compound numbers witlteer suffix indicate an unknown ratio
of stereoisomers or a single stereoisomer of theemnéc compound of unassigned

configuration, for example compoudd8ais a mixture of enantiomers of compouttl

(0] . .
N N 7z ~ (i) or (ii)
(LA T aeWNS o
_ N (0]
oo 0 N
j\ 0 )
21

/*\ 14

Pt

o O

Using conditions (i) 15 (Racemate)
Using conditions (ii) 15a (71% ee)

Scheme 6Reagents and conditiongi) [Rh(COD)CI}L, KOH, 95 °C, 30 min; 63% sum of enantiomer A and B
(ii) (R—BINAP, Pd(OAc), XPhos, C££0;, 130 °C, 30 min.

Compoundl5awas hydrolysed using 4 M HCI in a solution of 1,ixéne to give

compoundl2abut due to theeit was not tested. Materidl was chirally enriched using
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chiral HPLC to give single enantiomelrSb and15¢ these were deprotected using 4 M HCI

in a solution of 1,4—dioxane followed by LIOH torgicompound42b and12c(Schemer).

OH
N ﬁN o | X (\N
| . . ~ N @)
P> N 0 (i) and/or (ii) N N
N° 'N - > H
A 0 ©
/T\ O

15a or 15b or 15¢ 12a or 12b or 12¢

Scheme 7:Reagents and condition§) 4 M HCI in 1,4—dioxane:water, 25 °C, 18 heth(ii) LiOH, THF.12a
15%;12b 31%,12c46%.

The biological data for compound®b and 12c are presented in Table 3. Elsewhere in the
team, compound40 and 11 were made as single enantiomers and are includex fbe
comparison. Compoundll has a potency in thefes cellular assay a plg of 7.5. This
compound has similar potencies for the other thmésgrins. Introduction of an additional
cyclopropyl group at the C-5 position on the phetiryy (compoundL2¢), does not change
the potency, s anda,pgcellular assays. However, the potency agaiygtanda,fsis nearly
one log unit lower. Furthermore there was alsorameiase in the ChromLog[ value and
the molecular weight (Table 3). Compouh2c was more potent than compouh?b across

all the integrins and this can be attributed todifferences in stereochemistry.
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Table 3: Biological data for compoundk2b, 12¢ 11 and10

OH
N N
© R1 R2

Compound
oo R, R, | aps | oPps | aPs | aPs | ChromLogD74| MW
10 H Cl 6.6 7.6 7.3 7.0 2.20 471
n H c-CiHs 7.5 75 7.2 7.8 2.56 476
12b c-GHs | c-CsHs 6.0 54 5.2 6.2 3.65 517
12c c-GHs | ¢c-GHs 7.7 6.7 6.1 7.9 3.57 517

As compoundl2c was the most potent and showed some selectiviyag examined in a
number ofin vitro clearance assays to determine the rate of mesabah microsomes and
hepatocytes (Table 4). In rat microsomes the ahegravas 0.9 mL/min/g liver; this value is
low and therefore the compound is considered st&@xdenpoundl2c had high clearance in
the mouse and moderate clearance in human micresdamlly, the compound was put
through the mouse hepatocyte assay, the compousdcleared rapidly with a clearance
value of 10 mL/min/g liver (Table 4). As the deliyeof this compound iwia inhaled
administration, high clearance by microsomes oratmqytes is required because any

compound that is absorbed into the systemic citiculaneeds to be removed quickly.
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Table 4:In vitro clearance data for compouth@c

Species| Cell type Clearance (mL/min/g liver)
Rat Microsomes 0.9

Mouse | Microsomes 4.0

Human | Microsomes 15

Mouse | Hepatocyteq 10

With in vitro clearance of compountRc suitable for inhaled delivery, the compound was
examinedin vivo. The compound was dosed to mice both orally arntiganeously (SC).
The SC route of administration was chosen as thgpoond avoids first pass metabolism; it
is also easier to administer to animals. The nheg were dosed orally showed only traces of
compound in the blood stream, which was as expdmeduse of the poor chromatographic
permeability across the gut wall. The mice thatendwsed by the subcutaneous route showed
an AUC = 130 ng. h / mL. Unfortunately, the levélexposure was too low in both the SC
and oral legs to meet candidate selection critand the compound was therefore not

progressed further.
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2.3 Optimising the substitution pattern on the phewl ring

The programme team have spent time developing atichising the substituents on the
phenyl ring. One observation was the increase lecBeity against the other integrins when
going from a compound with one cyclopropyl substituto two yide suprd. The increase in
selectivity is beneficial because this could redtloe promiscuity of the compound. One
hypothesis for the selectivity is based on thelaldity of space in the binding pocket. The
ayBs and o,fs integrins mayhave less space than thgls integrin to accommodate two
cyclopropyl rings. When the unfavourable interactaxrcurs with a monosubstituted phenyl
ring and theua,f3 or a,Bs protein, the aromatic ring can rotate to avoid;thiswever in the

dicyclopropyl compound it is not possible to avtid interaction (Figure 17).

Figure 17: Cartoon representation of a compound with a mombdieyclopropyl substituted phenyl ring. The
blue line represents the backbone ford{f integrin and the red line for thgpBs integrin. X represents an
amino acid side chain interacting with the cyclgpiayroup.

Further work exploring the binding of compouridsand 11 in the proteins was done using
MOE (2012.10). Compound? and11 were docked into the,ps crystal structure (Figure
18). When compoundl was docked there was no interaction between thgoand and

Arg214; however when compouri@ was docked there was a clash. This clash occuls wit
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the second cyclopropyl ring and the protein, whickes not occur with compourid. as the
molecule rotates to avoid this clash. When thesapoaunds are docked into thefs

homology model there is no clash.

Figure 18: (Top) Compoundd.1land12 docked into they, s crystal structure; (Bottom) Compountls and12
docked into the, g homology model.

The information about disubstituted phenyl ringovied the opportunity to gain a

selectivity window. Further compounds could haverbsynthesised and tested, however it
was decided to explore the possibility of restdctetation around the benzylic C — C bond.
Desymmetrising the phenyl ring would provide furthederstanding of the binding site, and

might suggest which side of the phenyl ring a stuestt would occupy for optimal binding.

Conformational properties of the fragm@xtwere predicted using the MOE (MOE 2012.10)

modelling package using the MMFF94x force-field eTdielectric constant was set to forty,
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to mimic a polar solvent. Compourtb was shown to have a 3.8° rotation between the
benzylic proton and the plane of the aromatic pheng, in its lowest energy conformer.
The clash between benzylic proton anddh@o-phenyl protons has a smaller energy penalty
than with the rest of the chain, hence its smdledral angle (Figure 19). The space filling
view of the molecule is shown in Figure 19 andppears that thertho-hydrogen atoms on

the phenyl ring (highlighted in pink) are in a vegngested area of the molecule.

Reverse view

Figure 19: Lowest energy conformer of compou8 stick modelling (top-left) space filling (bottom).

The second lowest energy conformer is shown inrei@; there is only a 0.2 kCal / mol
difference between the two, suggesting that at spimeric temperature and pressure the
populations of each conformer are likely to be égdare, there is a twist of 6.2° between

the benzylic proton and the plane of the pheny.rin

|[Page |39



Property of GSK - Confidential - Do not copy

Figure 20: Second lowest energy conformer of compo@agl showing a 6.2° rotation between the benzylic
proton and the phenyl ring.

When anortho-fluorine atom was added to the phenyl ring (conmgb26), the dihedral
angle was measured at 4 @igure 21), very similar to that in compoull There were a
number of low energy conformers which would be asii#e at atmospheric temperature and
pressure. However, all had a dihedral angle of thas 10°; there were no examples of
conformers with the phenyl ring flipped 180°;, whigvould put the fluorine in a very

congested area.

Figure 21: Lowest energy conformer of compoué

There was a high energy conformer of compo2éahich placed the fluorine atom on the
other face of the molecule. However there was ricstash with the electron clouds between

the fluorine atom and the rest of the chain (Fid2g
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Reverse view

Figure 22: High energy conformer of compou@, showing steric clash between electron clouds.

It is well known thatortho substituents on aromatic rings can restrict rotgti Graph 1
shows the rotational barriers between compowiiand compoun®6, which contain an
ortho-proton and armrtho-fluorine, respectively. Compourb has a low energy conformer,
but as it rotates around the benzylic centre tlegggnincreases. There is a local minimum at
90° where the strain from the benzylic proton dueed; however there is a penalty to pay
because the phenyl ring has steric clashes wittatite and the piperidine amide ring. The
energy profile for the compounds is slightly different from compoun@6. The two
extremes have different strain energy becauseotted €nvironment around the fluorine atom
is different at 0 and 180°. There is also a diffieeein energy between the interaction of the
fluorine atom with the acid and with the piperidiamide ring (Graph 1). At atmospheric

temperature and pressure there is enough energlysfgroups to rotate in solution.

|[Page |41



Property of GSK - Confidential - Do not copy

N
ps

— X=F 26

— X=H 25

Relative
energy
(kcal/mol)

0 180 360
Degrees of rotation around C-C bond
SN—1 OH
/
O
' X

Graph 1: Energy plotted against rotation of two differentrgmounds.

Although there was insufficient evidence from thel@cular modelling that aortho-fluorine
could be used restrict the number of conformatiom& compounds, the 2-fluoro-3-
cyclopropyl species27 and the 2-fluoro-5-cyclopropyl analogu#8 (Figure 23) were
proposed to see if there were any evidence fronbitilegical data. These compounds would
be made alongside the mono and dicyclopropyl dulestis in the homopiperazine series
(Figure 23). If a compound with a fluorine atom freuhilar potency and selectivity to the
dicyclopropyl congener, it would support the idbattan extra substituent was driving this
profile, through the steric effect proposed in Fegd7. However, if there was a difference
between the two fluorine isomers, it would proviedence that there was a favourable
interaction being made im ¢ and/or an unfavourable oneagBs. This knowledge could not
only be very powerful, but would also provide aestive compound which has a lower MW

and ChromLogR4 than the dicyclopropyl species.
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Elsewhere in the programme compounds containingzapine in the core of the molecule
have been shown to be potenfis antagonists. These cores show beneficial selgctivi
profiles, but the development of these moleculebagond the scope of this thesis. The
hypothesis described above was explored on thisssand compound®7 and 28 were

proposed (Figure 23).

HO N HO
o) %NyN o
L F
NN F

N
H

27 28

Figure 23: Compounds to test hypothesis around restrictedioot of phenyl ring.

Compound=®27 and 28 were made using similar chemistry outlined in uk 1). Boronic
ester 31 was made by coupling 4-bromofluorobenze2@ with cyclopropylmagnesium
bromide in the presence of Pd@ppf), followed by an Ir-catalysed direct borytati
involving C—-H activation of compoun80 (Scheme 8). The identity of the isomer was
confirmed by'H NMR spectroscopy; in the spectrum, the signadilagi from the protons
ortho to the fluorine was reduced by one proton. Compdinis a mixture of boronic ester
and boronic acid in a ratio of 2:1. Th#& NMR spectrum shows two signals; the first is at -
110 ppm and is a multiplet with two coupling comésaof 10 Hz and 5.5 Hz. The second
signal at -112 ppm is also a multiplet with couglitonstants of 7.0 and 7.5 Hz. The ratio of
the two peaks in the NMR spectrum is 2:1 and tleeethe peak at -110 ppm can be
assigned to the fluorine atom in the boronic estel the peak at -112 ppm can be assigned to
the fluorine atom in the boronic acid. The chemisind scope of this reaction has been

discussed previously; however the predicted regoubtry of borylation isortho to the
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fluorine atom due to steric effects. The yields fbese reactions are not quoted due to

impurities in the sample.
N
F

E K
@ (i) (ii)
Br
30

29 31

Scheme & Reagents and condition¢i) Cyclopropylmagnesium bromide, PdEppf)-CHCI, adduct, THF,
60 °C, 3 h. (ii))Bigpinacolato)diboron, [Ir(OMe)CODB] 4,4'-di-tert-butyl-2,2’-bipyridine, TBME, 80 °C , 1 h.

Boronic ester34 was prepared using the chemistry developed for rborester31, but
starting from 2-bromofluorobenzer®2. However there was no regioselectivity in the C-H
insertion reaction 083. As a result, three boronic esters, compow#ls 36, were formed

and all attempts to separate these regioisomeesi fggcheme 9).

X

O-B

o& o
B-O o
(i) E (i) - .
F /
O - Q= G T
Br
33 34 35 36

32

Scheme 9 Reagents and conditiongi) Cyclopropylmagnesium bromide, Pd@ppf)-CHCI, adduct, THF,
60 °C, 3 h, 100%. (iiBis(pinacolato)diboron, [Ir(OMe)CODBR] 4,4'-ditert-butyl-2,2'-bipyridine, TBME, 80 °C,
1h.

Compound34 was prepared successfully from 1,3-dichloro-24ftlienzen&7 (Scheme 10).
The chemistry to make compouBid was carried out by another member of our laboiegor
and is included here for completeness. Compdindnderwent a Kumada coupling with

cyclopropylmagnesium bromide in the presence of [Fd@pf) to give compoun@®8. The
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remaining chlorine on compour@®B was then exchanged for the boronic ester in a Pd-

catalysed cross coupling, using conditions simitarthose reported by Firstnet al*®

(Scheme 10).

F F
m@m DR @A (i @/A
37 38

Scheme 10:Reagents and condition$) Cyclopropylmagnesium bromide, Pdppf)-CHCl, adduct, THF,
60 °C , 3 h (containing ~20% des-borylated matgii@ Bigpinacolato)diboron, XPhos, Pd(OAcKOAcC,
1,4-dioxane, 110 °C, 40 min, 30%.

These boronic acids were each added to alk&heising the standard Rh conditions
previously deployed in the synthesis of related poamds. The final compoun®3 and38

were made after ester hydrolysis using LIOH (Schéfe

7

=

|
o

— N Y — NN N
X
7
NN X
HN X=HY=F40 X=H,Y=F28
X=Fy=H# X=F Y=H27

39

Scheme 11:Reagents and conditiongi) [Rh(COD)CI}, KOH, 95 °C, 30 min; (ii) LIOH, 25 °C, 18 127 4%
yield (2 steps)285% yield (2 steps).

The incorporation of one or more fluorine atomkm®wn to modify molecular properties
significantly, so a control compound was soughtisT¢pecies would contain one fluorine

atom in themetaposition from which no direct influence on C-C bomdation would be
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anticipated (Figure 24). If compour?®, had a different potency to compou#g it would
suggest that adding a fluorine atom anywhere inritige may be the reason for the change,

rather than restricting the rotation at the bemzgéntre.

v 1 »
NS
NN ~ NN N/
H OH H OH
S o
F
42 43

Figure 24: Compound#2 and43.

Compound42 was made using chemistry described previouslyr@v®fluorobenzend4
was treated with cyclopropylmagnesium bromide tegiompound!5. The boronic estet6

was formed by a C—H insertion reaction using atium catalyst (Scheme 12).

F F F
@\ () @W (i)
g 0.
Br a/ I/3
o)

44 45 46

Scheme 12Reagents and conditiong) Cyclopropylmagnesium bromide, Pd@ppf)-CH.Cl, adduct, THF,
60 °C, 3 h, 77%; (iiBis(pinacolato)diboron, [Ir(COD)OMe] 4,4'-di-tert-butyl-2,2’-bipyridine, TBME, 80 °C,
1h, 10%.

Boronic ester6 was added to alker89 using standard Rh chemisfiThe final compound

42 was formed after deprotection of compoudifdusing LIOH (Scheme 13).
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| OH

F —F’ (% — O

47 42

Scheme 13:Reagents and conditions(i) Boronic este6, [Rh(COD)CI}, KOH, 95 °C, 30 min; (ii) LiOH,
25 °C, 18 h, 18% yield (2 steps).

The biological data for compound®7, 28 42 43 48 and 49 are shown in Table 5.
Compounds43, 48 and 49 were made elsewhere but have been included hare fo
comparisorf! The potency of compound3 in the a,fs assay is 6.8 and there is a small
increase to 7.1 in compoundB when a second cyclopropyl ring is added. The 1,2,3
trisubstituted benzen28 is less potent in the,fs assay than compoundB. This could
suggest that there is a favourable interactiorhefdyclopropane with the protein, but with
the introduction of this fluorine atom, this molézus unable to rotate to make this
interaction. The opposite can be seen for the drBGbstitueted benzeri&7, which has a
potency of 7.0 in the,ps assay. The profile against the other integrinsctompound?7 is
similar to compound!8, yet the molecular weight is lower and the ChrogiRg, is more
than one log unit lower. Compoud® and compoundl3 have a similar selectivity profile
across the other integrins. Given that the biolalgaata for compound?2 is similar to that

for compound43 it can be inferred that the addition of the flm@riatom to this ring does not
make the compound more potent, further validatimg hypothesis that there is restricted
rotation around the benzylic centre. Compodfdhas an unsubstituted phenyl ring and has a

plCso = 5.9 at theu,Be integrin which is about a log unit less than coomu43.
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Table 5: Potency data for compoungg, 28,42,43,48 and49.

)

m/ (jN
N N/ NV

. afs | 0Pz | aPs | oPs
Compound | Substituent (R MW | ChromLogD
3 R PICso | PICso | PICso | PICSsE go74
43 v/© 68 | 50| 50| 67| 449 3.41
s
48 v/@ﬁ 71 | 52| 57| 71| 484 4.75
T
28 6.0 5.0 NT | 59| 466 3.51
T F
27 7.0 5.0 50| 6.3| 466 3.57
42 v/@ 67 | 53| 58| 59| 466 3.58
F
49 @ 5.9 5.4 6.2 53| 404 2.18

NT = Not tested

The potencies of the compounds containingadtikeo-fluorine atoms (compounds/ and28)
are different and the these observations suggesttiiere is a preferred orientation of the
phenyl moiety in the protein. Compourl is one of the most potent,fs integrin
antagonists made, with a similar selectivity peofib compound8, but the molecular weight
is 22 Da lower and the ChromLogRis more than one log unit lower. As compo@ychas
better properties than compoun8, this substitution pattern will be investigated dther

series to see if there is a similar profile.
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To understand the effects of restricted rotatiothefphenyl ring more fully, boronic est&t
was added to the related piperazine amide sergng wchemistry described previously.
Boronic ester31 was coupled to alken®0 to give compoundbl. Compound(+)-51 was
resolved by chiral HPLC to afford separate enangi@bla and51b, each in greater than
98% ee Compound$laand51b were deprotected with LiOH to give compouria and

52b (Scheme 14).

o \O OH
Hrko/ 5 _ 0 F
[Nj () N 0 [Nj
N [Nj - N
o o o
| \N [ | /\N
= _N
NH NH NH
50 51a, 51b 52a, 52b

Scheme 14:Reagents and conditiongi) Boronic estei31 [Rh(COD)CI}L, KOH, 95 °C, 30 min5la4%,51b

4% yield; (i) LIOH, 25 °C, 18 h52a41%,52b 8%.

Compounds53a and 53b were made by other members of the t€amnd used for
comparison with compound2g 12b, 52a and 52b. The biological data and structures for
these compounds are shown in Table 6. In eachopa@iompounds one enantiomer is more
potent than the other and the less active enantibasegreatly reduced potency against all of
the integrins. CompounbBahas similar potencies at all the integrins whemaspoundlL2c
had nearly ten-fold of selectivity over,s and a,fs. The potency of compoun82a
containing theorthofluoroaryl substituent is 7.6 in thgPs assay, whereas the corresponding
enantiomer with the dicyclopropyl substituent (campd12¢) is also 7.7. This trend is seen

in the other cellular assays, where both compounad® a very similar selectivity profile.

|[Page |49



Property of GSK - Confidential - Do not copy

Given the lower molecular weight and ChromLeg@alue, theortho-fluoroaryl ring is the

preferred substituent.

Table 6: Potency and selectivity profiles for compoud@s, 12b, 523 52b, 53aand53b.

~ ]
NS N R
(0]
Compound afs | aPs | aPs | aPs
R Stereochemistry MW | ChromLogD7 4
Number pPICso | PICso | PICso | PICs
53a v/© Enantiomer A 771 76| 75| 74 476 2.78
53b v/© EnantomerB | 60| 53| 56 54 476 274
12¢ v/©w Enantiomer A 77| 67| 61 79 51k 3.57
12b v/©w EnantiomerB | 60| 54| 52 64 5l 3.65
T F
52a Enantiomer A 7.6 6.9 6.6 7.9 494 2.90
CF
52b Enantiomer B 60| 56| 50 58 4% 3.02
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2.4 Further phenyl ring optimisation

Replacement of the cyclopropyl ring (compou8) with a morpholine (compoung) was
shown by other members of the téano result in improved properties. Compousttihas a
cellular potency of 7.3; compour® is comparable with a potency of 7.5 in thfe cellular
assay. Compoun84 has a lower ChromLog) value than compoun83, but has a higher
molecular weigh{Table 7). Compoun85 which does not contain any substitution on the
phenyl ring is also included for comparison. Tbismpound is less potent at thgls and
ayPs integrins but was equipotent at thgls and a,fs integrins (Table 7) compared with

compound$3 and54.

Table 7: Potency and physicochemical properties of comps&Beba

O+_OH
=
X
N™ °N
H

O
Compound afs | oz | aPs | aPs
Number R DIC < | PICes | PICeg | PICs, | MW | CromLogD7.4
()-55 @ 61 | 76| 74| 69| 436 1.72
(+)-53 v/@ 75 | 75| 72| 78| 474 256
(4)-54 ﬁw/© 73| 73| Npo| 77| 520 1.50
o/

It was unclear whether the morpholine was makirgjtemhal interactions with the protein or

not, therefore two further compounds were proposbedse compounds could help clarify the
role of the substituents in interacting with th@s protein, revealing if they were giving extra
affinity and/or if the substituents were causindawourable interactions with other integrins.

The first compound6 contained a 1,2,5-trisubstituted benzene with ariihe atom in the 2
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position and the morpholine in the 5 position (Feg@5). If compound$2 and56 have a
similar profile, then it is unlikely that there ig specific binding interaction, due to
morpholine being a larger, more polar substituewt @ cyclopropyl being a small, lipophilic
substituent. The other proposed compound was contp&T which is a hybrid of
compoundss3 and 54, this compound contains a 1,3,5-trisubstitutedzbae containing a

cyclopropyl and morpholine substituent (Figure.25)

O._OH oH
) oS
seliss JeIINS e
N
BRS: kS
o/ ©
56 57

Figure 25: Compound$6 and57.

Compoundss6 and 57 were formed using chemistry similar to that ddseuli previously.
Compoundb6 was synthesised using boronic e&@rThe first step to form boronic este®
was a Pd-catalysed coupling of morpholine with dafwfluorobenzen9 to give compound
58 The 'H NMR spectrum of compoun88 shows J.¢ coupling resulting in a complex
splitting pattern. Compoun88 underwent a C—H insertion using the Ir catalystgiece
boronic ester59 in 74% vyield over two steps (Scheme 15). The mdgmistry was

determined clearly by NMR spectroscopy.
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F F oj%
© (i) © (i B.g
Br N N
) 5
59

o (

29 58

Scheme 15Reagents and condition§) Morpholine, PdGY(dppf)-CH,Cl, adduct, dimethoxyethane, 50 °C, 1 h,
90%; (ii) Big(pinacolato)diboron, [Ir(COD)OMe] 4,4'-di-tert-butyl-2,2’-bipyridine, TBME, 80 °C, 1 h, 84%.

Compounds7 was synthesised using boronic e€i@r 1,3-Dibromobenzené0 was treated
with morpholine and Bddba}, to provide compoundbl in 52% yield. Compoundbl
underwent a Kumada coupling as previously describedive compound®?2, then a C-H
insertion on compoun®?2 gave boronic este63 in 23% overall yield over three steps

(Scheme 16).

. Br - 7
Br- ; (i) \© (ii) (iif) B-g

’ » » ®

Scheme 16 Reagents and conditiongi) Morpholine, Pég(dba), NaCBu, BINAP, PhMe, 50 °C, 1 h; (i)
Cyclopropylmagnesium bromide, Pd@ppf)-CHCl, adduct, THF, 60 °C, 3 h, 88% (iii)
Bis(pinacolato)diboron, [Ir(COD)OMeg] 4,4'-ditert-butyl-2,2’-bipyridine, TBME, 80 °C, 1 h, 52%.

Boronic ester§9 and63 underwent Rh-catalysed 1,4-addition to alkB@efollowed by ester

hydrolysis using LiOH to give compoun86 and57 (Scheme 17).
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O+ _OH

R Al e e s o ¢
e
0]

X=FY=H56
X=HY = c-C3Hg 57

4
<

Scheme 17:Reagents and condition§) Boronic ester$9 or 63, [Rh(COD)CI}L, KOH, 95 °C, 30 min; (i)
LiOH, 25 °C, 18 h. Compounsb 20% (2 steps); compouri¥ 11%(2 steps).

The biological data for the racemic compoub@s53, 54, 56 and57 are presented in Table
8. Compound53 has a potency in the,fs assay of 7.3; this is similar to that of both
compounds56 and 57. Compound56 has improved selectivity over th®fs and o,fs
integrins compared with compou®d. The fact that compouns4 has a similar selectivity
profile to the compound?2 implies that both the morpholinyl and cyclopropyigs are
binding into the same space of the protein. Thiggsests that one substituent is required to

increase potency and that a specific interactiamigely.

Compound57 shows an excellent selectivity profile with ovemeolog unit difference
between then,s and theo,ps integrins. If this compound were more potent tledther
compound54 or 53, it could be assumed that there were two favoerabteractions.
However, because compoubdis similar to both of these compounds it can lseiaeed that
there are no additional interactions and the sglgcprofile is solely driven by the sizes of

the binding pockets in the proteins.
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Table 8: Potency data for compoun@g, 53, 54, 56 and57.

N N R
N
(0]
(V2 Q. (V2 (V2
Compound R o P s P MW | ChromLogD- 4
PICso | PICso | PICse | PICso
53 p 7.5 7.5 7.2 7.8 474 2.56
s
52 7.8 7.0 6.5 7.5 494 2.84
54 ﬁN/© 7.3 7.3 NT 7.7 520 1.50
.
T
56 /\ 7.0 6.0 6.1 7.3 539 1.98
Lo
57 7.2 5.8 57 7.7 561 2.73
O
o]

NT : Not tested

The hypothesis that the replacement of a cycloprgupstituent with a morpholine

substituent would cause the compound to have diitebinding potencies with the protein

was inconsistent with the results in Table 8. Téw Energy conformers for compoub@

and 54 overlay well, as both conformers place the tetratwdphthyridine and carboxylic

acid in similar positions. The carbon atoms onri@pholine ring of compoun84 overlay

with the carbon atoms on the cyclopropyl ring coommbb3 (Figure 26).
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Figure 26: Lowest energy conformer of compouris(green)and54 (blue).

The pyrrolidine series (exemplified by compou6d (Figure 27)) developed by other
members of the tedthhad been shown to have some of the most potenp@amds with

good physicochemical properties.

64

Figure 27: Compounds4

Accordingly, it was important to investigate théeet of disubstitution of the phenyl ring in
the pyrrolidine series. The disubstituted phenglgrin compounds7 could improve the
selectivity of the pyrrolidine series further. Tratrosynthetic analysis for compou(f)-70

is shown in Scheme 18. The cornerstone to thissgtithesis is the C—C bond disconnection
as shown for compoun(@)-67. In synthesis, this bond is made when iodi@e66 is reacted

with the lithio derivative of methyl naphthyridine?areki® has reported that lithio
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derivatives of methyl pyridines react with allyliedides. Previous work in the te&hhas
shown that compounds containing Renantiomer of the pyrrolidine are the more potnt

thea,Bs integrin.

"4 |
VC?}(}
(R)-70 /} (R)-69 N/}
=N\ O K/O
W (j\/j\
(R)-68 g SN (R)-67

! /\CN Boc = HO/\CN Boc

(R)-66 (R)-65

Scheme 18Retrosynthesis of compouri&)-70.

Chiral alcohol(R)-65 was converted into iodid@R)-66 using PPhand b. The synthesis was
adapted from the method of Peret al.>* lodide (R)-66 was alkylated with the lithio
derivative of 2-methyl-1,8-naphthyridine to giviR)-67 in 62% yield (Scheme 19).
Previously, this reaction gave less than 50% yiélidolated purified product; however using
a gradient of 0-5% MeOH in EtOAc in the purificatioather than an isocratic method

resulted in better separation of the product amglnities, giving the higher yield.

M (i SNTON \B
HO/\CNBOC—> /\CNBOC —_— oc

(R)-65 (R)-66 (R)-67

Scheme 19:Reagents and conditions(i) PPh, I,, imidazole, PhMe, 25 °C, 72 h, 81%,; (ii) 2-MetiyB-
naphthyridine, LIHMDS, THF, -10 °C, 1 h, 62%.

|Page |57



Property of GSK - Confidential - Do not copy

The Boc group was removed from compoiR§-67 using 4 M HCI in 1,4-dioxane to give a
purple hygroscopic dihydrochloride sgR)-71 in 91% vyield. CompoundR)-71 was then
alkylated usingE)-methyl 4-bromobut-2-enoate to give alkdm-68in 77% yield (Scheme
20). LCMS showed traces of dialkylation, but thiatarial was not isolated. Compou(ie)-

68 was found to be unstable in the presence of igyaimine, silica and acidified water, so

it was not purified and was instead taken direirttp the next step. ThiH NMR spectrum
showed the product contained tinens alkene as the major component and only 0.6% of the

cisalkene. The remaining material contained unreasti@ding materials.

=
a4 " =
| | " S ~ I
PN @) AN (i) NN
NBoc NH

(R)-67 (R)-T1 (R)-68

Scheme 20:Reagents and conditiongi) 4 M HCI in 1,4-dioxane DCM, 25 °C, 18 h, %1 (ii) (E)-methyl-4-
bromobut-2-enoate, DCM, 0 °C, 4 h, 77%.

Boronic estei63 was added to the alkeifR)-68 using chemistry described previously. The
mixture of diastereomers was then separated byldHIPLC to give diastereome(R)-69a

and(R)-69b (Scheme 21) both in 16% yield and in >9€%o

(R)-69a
D_Q (R)-69b N
D

63 <\l__o>

Scheme 21:Reagents and conditiongi) Boronic este63, [Rh(COD)CI}, KOH, 95 °C, 30 min(R)-69a 16%,
(R)-69b 16%.
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Finally, naphthyridine¢R)-69aand(R)-69b were hydrogenated to give compoufiay72a
and(R)-72b. CompoundgR)-72aand(R)-72b were hydrolysed using LiOH in MeCN to

give compound$R)-70aand(R)-70b (Scheme 22).

o) o o /o o OH
/
(R)-69a (R)-72a (R)-70a
(R)-69b (R)-72b (R)-70b

Scheme 22:Reagents and conditiongi) H,, Pd/C, EtOH, 25 °C, 12 {R)-72a81%, (R)-72b 94%; (ii) LiOH,
MeCN, 25 °C, 4 {R)-70a84%,(R)-70b 39%.

The biological data for compound®)-70, (R)-73 and (R)-74 is presented in Table 9.

Compound(R)-70ashows a potency of 8.4 in thegfs cellular assay. The potency was only
5.7 in thea, 3 assay, making it more selective than the leadimydompounds in this series

(compounds(R)-73 and (R)-74). Compound(R)-70b is less potent thaR)-70a and no

further work was conducted on this compound.
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Table 9: Potency data for compoun(i®)-70, (R)-73 and(R)-74.

]
o
NN NﬁOH
R
Compound ofs | oPs | oPs | ofs Chrom
R Stereochemistry MW
Number pICso | PICso | PICso | PICs LogD- 4

O

R)-70a Enantiomer A 8.4 57 6.6 7.7 518 3.07
R V/QD

R)-70b Enantiomer B 6.4 5 5 6.4 518 2.95
( ) N/\l
L_o
Single
(R)-73 8.4 6.2 7.3 7.8 478 2.27
N()) enantiomer

Y Single
(R)-74 8.4 6.8 8.1 8.2 433 3.34
enantiomer

2.5 Compound R)-70a as a potential pre-candidate for IPF

All three compoundgR)-70a (R)-73 and (R)-74 were progressed tm vitro andin vivo
assays in order to further profile each of thedee $ynthesis and properties of compounds
(R)-73 and (R)-74 are described elsewheéfeCompound(R)-74 had hERG liability and its
progression was halted to prevent the unnecessadjogascular risk. Compoun@)-73

showed poor efficacy in a@n vivo model.

There was evidence that the most active compourete wot being differentiated by the
cellular assay due to the upper quantifiable liofitthe assay being below the potency

reported for these compounds. For this reason a assay was developed using a lower
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protein binding concentration in the binding asgaybtain a more accurate understanding
of the binding affinities of these compounds. Coomu(R)-70a had a binding affinity (pK
of 10.3 in the tight binding assay, which was twders of magnitude higher than in the

previous assay.

The artificial membrane permeability (AMP) assagsighe retention time of the compound
on a column; this is then converted to a permeghising standard compounds. The AMP
permeability of compound(R)-70a was 90.5 nm/s, which is classed as moderate
permeability. A more accurate permeability meassrebtained using the MDCK cellular
assay \ide infrg. The permeability of compoun@)-70ain the MDCK assay was 8.3 nm/s
(Table 10). The compound is considered to have pe@nmeability. Low permeability is
preferred for compounds which will be administebgdnhalation, because the portion of the
dose that will be swallowed will be less likely b absorbed in the GI tract, reducing
systemic exposure. If a compound designed for ethdklivery has a very low permeability

it can however, potentially lead to lung retensamal toxic side effects.

Table 10 Permeability data for compourtR)-70a

Assay Result

AMP permeability | 90.5 nm/ sec (moderat¢

~

MDCK 8.3 nm/ sec (low)

The solubility of compound@0awas measured in simulated gastric fluid (SGF) iarfdsted
state simulated intestinal fluidF¢SSIF. The results showed that the compound had a
solubility of ~500 pg / mLin SGF and> 2000 pug / mLin FaSSIF which are classed as very

high solubilities Table 11.
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Table 11: Solubility data for compoun(R)-70a

Media Result for compound R)-207a
SGF ~500 pg/ mL
FaSSIF > 2000 pg / mL

The compound was tested six times in the hERG Badid assay” and was shown to have a

plCso < 4.2. This result may imply a very small cardismalar risk to patients.

The compound was tested in a number of screensteymine mitochondrial potency, cell
health, transporter and ion channel inhibitiongxplore any off-target activity, which may
result in toxicity. CompoundR)-70a did not show any interaction in any of these assay
There was a small amount of inhibition of Aurora (BICso = 4.8) and the enzyme
monoamine oxidase B (pi&= 4.9). Aurora B is involved in the mitotic spiedhlignment of
chromosomes during mitosis. Inhibition of this giatcan result in incorrect chromosomal
alignment which can lead to an abnormal numbehodrmosomes in the new cell. There are
proteins that can detect this abnormality and &iggell deatti®> Monoamine oxidase B
(MAOB), is an important protein in the degradatiminxenobiotic and natural monoamines
such as dopamir&.Inhibition of these is not thought to be of magmncern; however this

will need to be monitored if the compound progredsether.

Low lipid and plasma protein binding is importao¢cause if a compound is tightly bound to
these proteins there will be an insufficient corication of the drug for efficacy. Twia vitro
high throughput assays are available for predicptagma and lipid protein binding. Each
assay takes the retention time of the compound a@olanmn and compares it to known
standards. Compoun@R)-70a is 89% bound to plasma proteins and 43% boundptd |

proteins in these assays (Table 12).

|[Page |62



Property of GSK - Confidential - Do not copy

Table 12 Chromatographic protein binding results of compo(REd70a

Assay Results

Plasma proteirp 93%

Lipid protein 40%

These high throughput assays are typically onlyl usgredict whether a compound is going
to be very highly bound to proteins or not. Compb(iR)-70a shows low binding to these
proteins (< 90%), so it was examined in blood amylmatrix binding assays. In rat whole
blood the binding of compoun(R)-70a was 65%, whereas in human whole blood it was
75%. In both mouse and human lung homogenate titinig is 92% and 91%, respectively
(Table 13). These experiments show that the compdas low protein binding with about

10% free-fraction to interact with the target.

Table 13:In-vitro protein binding of compoun@R)-70a

Species| Matrix | Percentage drug bound
Rat Blood 65%

Human| Blood 75%

Mouse Lung 92%

Human Lung 91%

Lungs from dosed mice were homogenised and dialggminst buffer for 4 h; analysis
showed that 95.5% of compound was bound to theejprofhis result is similar to thie

vitro experiment, suggesting tirevitro assays are relevantitovivo models (Tabld 4).
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Table 14 Mouse lung serum arek vivolung binding data.

Species Matrix Percentage drug bound
Mouse | Lung homogenate 92%
Mouse Ex vivoLung 95.5%

The liver is the main organ of drug metabolismhe body. Sub-cellular fractions such as
liver microsomes are useful vitro models of hepatic clearance as they contain méaryeo
drug metabolising enzymes found in the liver. Coomub(R)-70a was tested in rat, human
and mouse microsomes. The results show low leettearance, which suggests low levels
of metabolism (Table 15). Low microsomal clearasoggests the compound is not being
metabolised by phase | enzymes in the liver. A caumg with low clearance can cause
problems for the development of a drug as the camgmeeds to be removed from the body.
An in vivo experiment was proposed to explore whether the oamg is metabolised by

other methods.

Table 15: Microsomal clearance for compou()-70a

Species| Clearance value (mg/min/g of tissu¢

~—

Rat <0.53
Human <0.53
Mouse <0.53

The concentration of compourfi)-70ain mouse lung and blood is in Table *t6Twelve
mice were dosed intranasally with a 1 mg/kg doseahpound(R)-70a and two other
compounds as part of a cassatt@ivo experiment. Two mice were euthanised at eachxof si
different intervals and the concentration of commbwas determined in the blood and the

lung.
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Table 16:Mouse lung and blood concentration levels of conmoiR)-70a

Mean
) Conc blood
Mouse ID Time conc lung
[ng / mL]
[ng/g of lung]

14* 5 min 1940 204
15+16 30 min 1383 88.7
17+18 2h 152 11.8
19+20 4h 16.8 5.66
21+22 7h 10.9 6.67
23+24 12 h <LLoQ 3.53

<LLoQ — Below the lower limit of quantification,rf = 1

The mean concentrations are plotted against tin@raph 2; after just 5 minutes, the mean
amount in the lung was just under 2000 ng compaugdof lung. The half-life of this
material in the lung is just over 1 h. The compari®f lung and blood profiles contains
additional information about the partition / dibution of the compounds vivo and the
driving force leading to the elimination of compaufiom the lung. However, the very low
lung retention means that this compound could eogpiogressed further and extracting data

from the ratio was limited due to experimental erro

10000
1000 \ ¢ Mean lung
g concentration
B (ng/g)
t 100
o
o
c
8 \ Mean blood
10 - ——— concentration
(ng/mL)
1
0 2 4 6 8
Time (h)

Graph 2: The variation of lung and blood concentration afpound(R)-70awith time in mouse lung.
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CompoundR)-70ahas suitablén vitro properties for inhaled administration, showing hear
100-fold selectivity over theypzanda,fs integrins. The compound also demonstrates low
permeability, low-to-moderate protein binding, higblubility and high stability. However,
thein vivo data shows the compound is eliminated and hasyashert half life in the lung

and the blood. For these reasons the compound etgsagressed further.

2.6 Designing a selective,ps antagonist

Elsewhere in the tedtha library of analogues having heterocyclic substits on the phenyl
ring was made in an array format. Compoy(Rl}78a, containing a 3,5-dimethyl pyrazole on

the phenyl ring was the most potent (Scheme 23).

Compound(R)-78a was re-synthesised using chemistry previously riest. Compound
(R)-68 underwent a Rh-catalysed 1,4-addition with bor@u 75, the diastereomers were
separated to give compourfR)-76a and (R)-76b (Scheme 23). Compoun(@R)-76a was
hydrogenated with Pd/C to give compou(R)-77a Ester(R)-77a was hydrolysed with
LiOH to give acid(R)-78a The ‘Li NMR spectrum of compoundR)-78a showed that it
contained Li. A stock solution of LIOH inedDMSO was made to a known concentration (10
mM). The QUANTAS® programme was run to integrate the peak and ukiegnformation

it was possible to quantify the amount of Li in thé NMR spectrum of compoun(R)-78a
(made to 1 mg/mL). The programme calculated theceotnation of Li to be roughly 1

mg/mL therefore it was assumed that compaiR)d78awas present as the Li salt.
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(i)

N _ N  — N
(R)-68a “ ® =N _
\
N o/ ~OMe N
0~ OMe o7 ~OR

B(OH), (R)-76a

—N
N (R)-76b R=Me (R)-77a
\&( @ L2 (Ryrea
75

Scheme 23Reagents and conditiongi) Boronic acid75, [Rh(COD)CI}, KOH, 95 °C, 30 min(R)-76a: 21%;
(R)-76b: 25% (i) H, Pd/C, EtOH, 25 °C, 3 (i) LiOH, MeCN, 25 °C, 18 h 58% (2 steps).

The biological data for compoun®)-78ais shown in Table 17. The potency in tiags
cellular assayor compound(R)-78awas 8.4, making it one of the most potent compounds
obtained to date. The compound was more than 1ldQ¥fore selective over thgpsintegrin

but showed less than 100-fold selectivity at thfs and o,fs integrins. The compound
showed weak activity in the hERG Barracuda assawgelier even with 1000 fold selectivity

it is a risk that would need to be monitored.

Table 17. Biological data for compounR)-78a

X
L
OH
N

pICso Compound (R)-78a
ops 8.4
o.ps3 6.0
aPs 6.9
avPs 7.8
hERG (Barracuda) 4.9
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Compound(R)-78awas over 100-fold more selective over thf; integrin against the, s

integrin. However, at the time of writing, it is @lear whether more selectivity is required. It
was noted that the compounds with a 3,5-disubstitphenyl ring showed higher selectivity
overo,fs3 (vide supra and therefore compoundR)-79 and(R)-80 were proposed to explore
this hypothesis and to see if a more potent anece¢é compound could be made. Two
compounds were proposed based on previous SAR;dorttained a dimethylpyrazole and
another substituent. Compoun(®)-79 contained a cyclopropyl and compourig)-80

contained a morpholine substituent.

X X
L P
N N NN N
N CH OH
N N\
Y
N

(R)-79 (R)-80

Figure 28: CompoundgR)-79 and(R)-80.

Compound(R)-79 has a calculated ChromLog®kvalue of 3.27 whereas compou(i)-80
has a ChromLogp, of 2.68. Given the problems noted elsewhere thatigher
ChromLogD 4 value can cause toxicity and hERG activify, compound (R)-80 was

prioritised over compoun(R)-79 (vide suprd.

Compound(R)-80 was synthesised using chemistry similar to thatlus obtain compound

(R)-78a However, the synthesis of boronic aB#lrequired for the Rh-catalysed 1,4-addition
proved challenging. The first attempt to make tbeohic acid required a C-H insertion of
bispinacolato(diboron) (Scheme 24). The synthesidextarvith a condensation of hydrazine

81 with penta-2,4-dione using 2 M,BO, as a catalyst. This was followed by a Pd-catalysed
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amination with morpholine to give compouBid The Ir-catalysed C-H insertion, which had
been used previously for the preparation of otlmepihic acids, was unsuccessful, returning

unreacted starting material.

R et p@

81 83

Scheme 24:Reagents and conditions(i) Pentane-2,4-dione, . BO;, DCM, 0 °C 18 h. 51%ii) Morpholine,
Pdy(dba), NaOBu, (R)-BINAP, PhMe, 50 °C, 1 h, 70% (iiBis(pinacolato)diboron, [Ir(COD)OMe] 4,4-di-
tert-butyl-2,2’-bipyridine, TBME, 80 °C, 1 h.

To overcome the problematic C-H insertion an atlibwe approach was undertaken, which
involved a C-Br conversion to the required C-B sgecAniline 85 was diazotised using
nitrous acid and NaN$) then reduced to give the corresponding hydramhéch was
condensed with penta-2,4-dione to give compdd@Scheme 25) using similar chemistry to
Ohyamaet al.”® Boronic ester84 was formed in a two-step process from compo8id
which involved Pd-catalysed amination with morpheli followed by Pd-catalysed
borylation. The intermediate phenyl morpholine wast fully characterised as it was
contaminated with BINAP. LCMS indicated the presené boronic acid; however, thé
NMR spectrum indicated the presence of the borester alone which suggested that the

ester was the reaction product, but hydrolysed utieLCMS conditions used.
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Br

Br
(i) N, (ii) _N
H,N \L{‘ ol
Br
86

Br

85 84 o

Scheme 25Reagents and conditiof§ H,SO,, NaNQ, L-ascorbic acid, MeCN, 0 °C then pentane-2,4-dione,
H,SO,, DCM, 0 °C 18 h, 63%; (i) morpholine, BINAP, N&, Pd(dba), PhMe, 80 °C, 2 h, then
bis(pinacolato)diboron, KOAc, XPhos, Kdba) 1,4-dioxane 110 °C, 1 h, 49%.

Compound(R)-80awas made using chemistry similar to that previousgcribed (Scheme
23). Compound(R)-71 underwent a Pd-catalysed Tsuji-Trost reaction vét-butyl 4-
acetoxybut-E-enoateB7 to give alkengR)-88 (Scheme 26). Compour{®)-88 underwent a
Rh-catalysed 1,4-addition followed by chiral HPLEparation to obtain the diastereomers
(R)-89a and (R)-89b of unknown configurations at the benzylic asymiuoettentre.
CompoundR)-89awas hydrogenated over Pd/C, then e@®90a was hydrolysed to give
compoundR)-70a As compoundR)-90awas not isolated as a pure material a yield was not

calculated; however the combined yield for the tast steps was 45%.
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Scheme 26Reagents and conditiong(i) (E)-tert-Butyl 4-acetoxybut-2-enoate, Pd(dppRCDIPEA, DCM, 25
°C 50%; (ii) [Rh(COD)CI}, KOH, boronic acid@4, 1,4-dioxane, 95 °C; 100 min; then chiral HP[R)-89a
3%; (R)-89b 5%; (iii) Pd/C, H, EtOAc : EtOH (1:1), 25 °C; (iv) TFA, DCM, 25 °O7 h, 45% (2 steps).

The biological data for compouri{R)-80aare shown in Table 18. The compound was potent
at thea,fBs integrin, with a plG, = 8.1 and was more than 1000-fold selective aypsand
250-fold more selective ovex,3s, making it the most selective small molecule eveoreed
in the literature or made in-house. By contrastwéwer compoundR)-80a showed no
selectivity over they,fs integrin, with a plGy = 8.0. The compound was also inactive in the

hERG assays.

Table 18:Biological data for compoun(R)-80a

Compound (R)-80a

u\/BG (plCSO) 8.1
a3 aPs aBs (PICso) 5.0,5.8, 8.0
hERG (QPatch, Barracuda) <452,<42
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A potent and highly selective compound would beunmegl as a candidate molecule.
Compound(R)-78a was potent in the cellular and also the tight bigcassays, however the
selectivity over thew,f3 anda,ps was only 10-fold. The observation that 3,5-disilbd
phenyl rings gave an increase in selectivity whaas found in compoundk2 and(R)-70,
resulted in the design of compou(i)-80a This compound was found to be more selective
than, but equipotent with compouri®)-78a with over 1000-fold selectivity over thefs

ando, s integrins. This compound also showed no evidentERG activity.

2.7 Summary

This chapter described an investigation of smallecudes antagonists ofBs integrin and its
potential as a target in the treatment of idiopathilmonary fibrosis. The initial starting
point of the programme was a molecule which coethian aniline in the core, which was
replaced with an aminopyridine. However, attentmaved away from the aromatic cores
when selectivity was found in other series. Compisunontaining heterocyclic cores and
with moresp’ character showed a favourable selectivity profiténwmore affinity for theuBe
integrin overo,P3. The selectivity was improved further when modifions to the phenyl
ring on the right hand side of the molecule werplaed. Compounds containing a 3,5-
dicyclopropylphenyl showed further selectivity, aita cost of higher molecular weight and
ChromLogD 4 The identification ofortho-fluorine containing molecules which would
favour certain orientations of the phenyl ring géaweher evidence that selectivity could be
obtained from right hand side modifications. Tlad to the development of compour(ed-
70aand(R)-80a which were hybrids of other molecules. These aaumps showed superior
levels of selectivity whilst maintaining potencyoi@pound(R)-70awas tested in vivo PK

studies, and showed suitable properties for inhdled delivery. However, this compound
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was not progressed further in the programme dubeadack of residence time in the lung
leading to low exposure. Compourf)-80a which contained a morpholine and a 3,5-
dimethylpyrazole is one of the most selective smadlecule at, ¢ integrin reported in the
literature or measured in-house. This compound sldavo activity in the hERG assay unlike
similar compounds, and this was attributed to thiesstuents on the right hand side of the
molecule. Unfortunately compourff)-80awas also terminated due to a change in priority,
however, there is now some evidence that a sedgifls integrin compound might be useful

on the inhaled programme and it is currently beisgd as a tool compound.
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3 The Oral a,pe programme

The a,Bs Oral programme was running in parallel to thps inhaled programme. There are
three reasons for designing a drug that can beetetl orally; the first is an increase in
patient compliancg’ The second is that fibrotic tissue may not absorbinhaled drug, and
the third reason is the range of additional orgsumsh as the kidney and liver that could
potentially be exposed when the drug is in theesyat circulation. The treatment of fibrotic
tissue in the kidney and liver may be an additiadaedet which could be addressed; however

this is currently beyond the scope of this thesis.

CompoundR)-70awas tested in a mouse pharmacokinetic oral anléd\study yide infra).
When compoundR)-70awas dosed orally in the mouse there was limitestiesiric exposure.
In this chapter the efforts to identify orally bi@alable integrina,fs antagonists will be

discussed.

3.1 Oral absorption

The first major issue involved in delivering a cayapd orally is permeability across the gut
wall. When the drug leaves the stomach and entergastrointestinal (Gl) tract, it needs to
dissolve and then cross a layer of enterocytediergtit wall. Once across the membrane, a
series of efflux mechanisms can extrude the dref beo the gut (Figure 29f. The process

of absorption is an equilibrium process; small,tredlcompounds can pass easily across the

membrane, whereas large or charged species usigatigt.
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Figure 29: Cartoon representation of a drug passing acrosguheall into the hepatic portal vein.

For an oral programme, it is important to shiowitro permeability before proceeding to
animal studies; two permeability assays have beseldped to do this. Firstly, there is the
high throughput passive permeability assay, an HRlgthod correlated tm vivo data. The
second assay uses the Madin Darby Canine KidneyQK)Dcell line. These cells are
expressed from the canine kidney and predict thityabf a compound to permeate in
human gut cell§® The compound is placed in a well consisting of te@mpartments
separated by a semi—permeable membrane containd@K\cells (Figure 30). The well is
left for a period of time and the concentrationcompound is measured on each side of the
membrane. The ability of a compound to permeate bandetermined from these
measurements. The experiment can be modified todaa transporter inhibitor and this will

show if the compound is being transported usingifipgransporters or it is being effluxed.
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Figure 30: Cartoon representation of a permeability well.

The pK, of a compound is important when predicting itdigbio pass through the gut wall.
Assuming that there are no transporter mechanigmly, neutral species can cross the
membrane. If the pKof a compound is such that 90% of the compournatasonated, only
10% will be available to pass through initially. dsption is an equilibrium process, so in
this example, the 10% will cross the membrane tidohepatic portal vein and the remaining
90% will re-equilibrate making another 10% of theutral form, allowing this to pass
through in turn (Figure 31). The entire dose cdaddabsorbed, depending on the solubility of
compound and the time in the gut. The,mKthe GI tract changes according to location; the
pH is 6.5 in the duodenum, increasing to 7.5 ingitmall intestine. A compound with a basic
nitrogen (pkK, ~ 9) is therefore more likely to be absorbed i@ $mall intestine than in the

duodenum.
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Figure 31: Schematicshowing the ionisatic and adsorptiomf compound A: H/" is the protonated species,
Aneuis the neutral species ancy,is the absorbed species, iK the dissociation constant of I, ky,is the
absorption rate constant ang is the efflux rate constant (left). piraph, showing that pH = [, when 50% of
the species is ionised.

It is important that inhaled compounds have low atesorption so thethe 80 — 90% of the
inhaled dose which is inadvertently swallowed bg fratient will not enter theystemic
circulation. The heterocyclic lead series whicbhash potent and selective in th,fes inhaled
programme shows poor passive permeabiThis poor permeability is attributeto the
basicity of the coreand not the zwitterionic nature of the mrcule, because zwitterionic
compounds have been made with excellent permegdbiki bioavailability. Compound91
contains an azepine core, which has a measur,of 10.4 (Tablel9). It is well known that
B-hetepatoms such as N, O or F reduce the, of basic nitrogen& Compound43 contains
a homopiperazine, a close analogue of has a measured pkf 9.9, which is 0.5 log urs
less basic than compour9l. This can be attributed to thenitrogen atom on the cor
Although compound!3 contains a less basic core, it is also morer (the cLogP has been

reduced to 2.1). Ae permeability decreased from 180 nm/s to 12 ms/& result of adding

nitrogen atom.
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Table 19: Potency, selectivity and physical properties of poond91 and43.

B N [ N
NN OH NN N OH
H o] H o]
(*)-91 (+)-43
Potencye cell (pICsp) 7.8 6.8
Selectivit >10 fold atfs, Bsequipotent ag >10 fold atBs, Bsequipotent afg
y
cLogP 3.6 2.1
Permeability high
180 12
throughput (nm/ s)
pK4 (core) 10.4 9.9**
pPKa
7.7 7.7
(tetrahydronaphthyridine)
pK 4 (acid) 3.9 3.1**

**pK , measurement for a similar compound, with the qy@pyl group replaced on aromatic core; this
modification is unlikely to change the pkheasurements because they are distal from thé¢ g@iaimodification.

3.2 Modifying the heterocyclic cores for higher pemeability

Passive permeability in the duodenum and smaltiime may increase as the basicity of the
molecule decreases, assuming the polarity is magdaroughly constant. This part of the
thesis will explore compounds which have coresenfuced basicity. Table 20 shows the
predicted pK data for N,N-dimethylhomopiperazin®2 and a range of substituted N-
dimethylpiperazine®3-95 The values were calculated using the Marvin datou version
5.7.2% It is known that the predictive values calculatey this algorithm have a good

correlation with measured values.

Using the Henderson-Hasselbalch equation (Equ&jand the pKvalues, it is possible to

calculate the % of the core that would be protahatedifferent pH values. The pH values of
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interest were pH = 6.5 and pH 7.5 which represkatpH of the duodenum and the small

intestine, respectively.

Equation 1: Henderson-Hasselbalch equation

B [B]
pH = pK, + Log;o BT

Assuming a pH of 6.5 in the duodenum, less thaPo0b compound®2 would be neutral,
resulting in very slow (if any) passive permeabibitcross the gut wall. This value does not
change significantly in the small intestine. Addieg electron-withdrawing group in position
X or Y (or both) will decrease the gkof either nitrogen atom. When X and Y substituents
are both fluorine atoms, the core has a much retlpkg of 6.26. Around 60% of this core
would be unprotonated in the duodenum and 94.4%otmpated in the small intestine; this

compound is therefore predicted to be highly pebiee@lable 20).

Table 20: pK, measurements for a series of homopiperazines laccdlculated percentage which will be
protonated in different parts of the Gl tract.

ﬁN/Me
ve N
% of the core % of the core
Compound pKa unprotonated in unprotonated in
X Y Duodenum S. Intestine
Number (calculated)
pH=6.5 pH=7.5
92 H H 9.81 <0.5 <0.5
93 H OH 9.27 <0.5 1.7
94 H F 8.10 2.4 20.1
95 F F 6.26 64.0 94.4
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Other team membetshave progressed a series containing a diazabimgteloe [3.3.0] core;
an exemplar of this series is compou@@ The biological data for this compound is
presented in Table 21 and shows aspi€thea,fs cellular assay of 6.9. The compound was
tested against the s anda,fs integrins and showed a pj= 5; the compound was also

tested atw, s and showed a pg= 7.0. The core is basic with a measured @k9.67.

Table 21. Potency, selectivity and physical properties ompound 96 (single enantiomer of unknown

configuration).
X
»
N” N
H
96
Potencya,fe cell (pICsg) 6.9
S(:,‘leCtiVity (IVIjgy avaS, oPBs (p|C5o) 55,7.0
cLogP 3
Permeability high throughput (nm/sec) 240
pKa (core, naphthyridine, acid) 9.67,7.71, 3.16

Using the strategy described above, adding tworifieoatoms to compoun@6 at the ring

junction to give compoun8él7 could reduce the ptof the core nitrogen atoms (Figure 32).

Figure 32: Compound®6 and97.
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The pk; for N,N-dimethyl-2,5-diazabicyclooctane [3.3.98 has been measured in-house and
has a value of 9.67 (Table)2Zhe calculated value was determined using a ptieditbol
(Marvin version 5.7.2) and gave a value of 9.56sTdalculated pKpredicts that >99.5% of
the compound would be protonated in the duodenura.predictive model was also used to
calculate the pKof 3,6-difluoroN,N-dimethyl-2,5-diazabicyclooctane [3.3.6P and gave
the value as 5.49. With this value only 10% of deenpound would be protonated in the

duodenum (Table 22).

Table 22: pK, predictions for a series of bicyclic diamines ahé calculated percentage which will be
protonated in different parts of the Gl tract.

% of the core % of the core
pKa pK, unprotonated in unprotonated in
Compound X Duodenum S. Intestine
(calculated) (measured)
pH =6.5 pH=75
98 H 9.56 9.67 <0.5 <1
99 F 5.49 5.58 90 99

NM: Not measured

Graph 3 shows the trend between,@d the % protonated species in different parthef
Gl tract. The green highlighted area (<25% protedpts where the molecules are more
likely to be orally absorbed. Both compourgfsand99 are therefore predicted to have good

oral absorption, based on the degree of ionisainahrelated effects on permeability.
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Graph 3: Compound®2-95, 98-99with the calculated pKand % protonated in different parts of the Gltrac
The highlighted area shows compounds in <25% petézhform; both compound32 and236 fall into this

region.

3.3 Synthesis of fluorinated cores

Based on the analysis discussed in the previodu®secompounds containing the cores from
fragments94, 95 and99 were synthesised with a view to assessing thetefie permeability

and ultimately bioavailability.

Compounds103 and 104 were formed by a reductive amination of the comimadyc
available coresl01 and 102 with aldehyde 100, followed by deprotection using five
equivalents of HCI in 1,4—dioxane (Scheme 27). *Hié&IMR spectrum showed a mixture of
mono- and di-hydrochloride salts. THe NMR spectrum of compount04 shows complex
multiplets in the aliphatic region which can beibtited to the’J,. coupling. The”*C NMR
spectrum has 14 signals each representing a Ciattile compound. There are three peaks
which have additional couplings attributed to tier and?Jc.¢ coupling. The carbon atom
with the two fluorines directly attached is reprsel by add with coupling constants of 235

Hz and 232 Hz. Th&F NMR spectrum of compourtD4 shows a multiplet (pseudoquintet)
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with *Je.4 coupling constants of 14 Hz and 16 Hz. As therfimatoms are non-equivalent,
two double of quintets were expected; however sipgctrum can only be explained if the

fluorines have equivalent chemical shifts.

LW O,

N~ °N Z N
| N™ °N
Boc o Xy H Y
100 (#)-101 X=H,Y=F (£)103X=H,Y=F
102X=F,Y=F 104X =F,Y=F

Scheme 27Reagents and condition§) NaBH(OAc), DCM, 25 °C, 18 h(i) 4 M HCI in 1,4—dioxane, 25 °C,
18 h,10482%.

Amines 103 and 104 were alkylated with K)-methyl 4-bromobut-2-enoate to give
compoundsl05 and 106 (Scheme 28). The purity of compoua@5 was 87% therefore a
yield was not determined for this reaction. Thedermaterial was taken directly into the next

step of the synthesis without further purification.

)

o
(\/(L%NH —— (Nijj\/ N(\N

F (£)105X=H,Y=F
106 X=F,Y=F

(#)-103X =H, Y
104X =F,Y=F

Scheme 28:Reagents and condition§) (E)-Methyl 4-bromobut-2-enoate, DIPEA, DCM, 25 °C, k8106
56%.

In the next step, the alken&65 and106 were reacted with boronic acid®7 and21 in the
presence of [Rh(COD)Cl]to give estersl09-112 which were hydrolysed with agueous
LiOH to give acids113-116(Scheme 29). Compouridl4 was only 82% pure therefore a

yield was not determined for this reaction. At thigity, it was less than ideal to determine
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vitro properties of the compound, however it did meet ghety criteria for the cellular

integrin assays.

0
/ _ _
N A . AN
N U N (i) | XHN
SUeiy arVe .
(N\/(Nj\/N X N N 0 N"°N ~ OH
H Y H
Q

0]
(#)-105X =H, Y =F B-O

z 0 z 0
106 X=F,Y=F
z
(#)-109 X=H,Y=F,Z=H (#)-113X=H,Y=F,Z=H
110X=F,Y=F,Z=H 114X=F,Y=F,Z=H
(£)-111 X =H, Y = F, Z = Cyclopropyl (£)-115 X =H, Y =F, Z = Cyclopropyl
1082Z=H | 112X=F, Y =F, Z= Cyclopropyl  _| 116 X=F, Y = F, Z= Cyclopropy!

21 Z = Cyclopropyl

Scheme 29Reagents and condition§) Boronic ester, [Rh(COD)C]] KOH, 95 °C, 30 min; (ii) LiOH, THF,
25°C, 18 h11336%,11423%,11517%,116 92%.

The synthesis of compound®21 and 97 followed procedures similar to those described
above (Scheme 30). Commercially available compodi©dflsand 117 were reacted together
in the presence of NaBH(OAc}o give compoundl18 which was not isolated but was
treated with HCI to give compountil9 The **F{*H} NMR spectrum of compound19
shows only a singlet at -165 ppm, due to the faimatoms being in same environment based
on the symmetry of the molecule. TH¢ NMR spectrum did showy.r couplings as the
aliphatic region of the spectrum consisted of a Ipeinof complex multiplets. Compouid 9
was reacted withE)-methyl 4-bromobut-2-enoatE)7 to give compound.20in 63% vyield.
Finally compound4.21and97 were made after a Rtatalysed 1,4-addition followed by ester

hydrolysis.
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100 117
i) o/ W
E—— 7 N\
o HN = E J_):
107 I== 121Z=H
120 97 Z = Cyclopropyl

Scheme 30Reagents and conditiongi) NaB(OAc)H, 25 °C, 18 h; (ii) 4 M HCI in 1,4—dioxane, 25 °C8 h
100% (2 steps) (iii) DIPEA, DCM, 25 °C, 18 h. 63%) (Boronic esterl08or 21, [Rh(COD)CI}, KOH, 95 °C,
30 min; (v) LIOH, THF, 25 °C, 18 121 0.7%,97 2% (2 steps).

Two additional compounds were made to explore thgicity of the core. The synthesis
followed the same procedures as described abowesyiitheses of compounti28 and129

are shown in Scheme 31.

(j\/j\ (") (iii) (Ij\/(\NBoc (iv)
Boc Boc N r K\NBoc N 77)

0 124

NH ) (i) (vii mv
) — HA

N N/ N O OH
H 126 O /_//_/<o_ ( Q 128Z=H ©

129 Z = cyclopropyl

Scheme 31Reagents and conditiongi) NaBH,, 2MeTHF, 0 °C, 1 h; (ii) PRhCBr,;, DCM, 25 °C, 18 h; (iii)
NaH, THF, 0 °C, 18 h, 95%; (iv) 4 M HCl in 1,4—deme, 25 °C, 18 h 100%; (v) DIPEA, 25 °C, 18 h, 64%%);
Boronic estefl08or 21, [Rh(COD)CI}, KOH, 95 °C, 30 min, (vii) LiOH, THF, 25 °C, 18 h2864%,12929%
(2 steps).

The permeability, biological and pKdata for(£)-43, (£)-96-(%)-97, (£)-113-116 ()-121,

(¥)-128-129and(%)-130-131are presented in (Table 23). Compond43 has a potency of
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6.8 in thea,pes receptor assay which increases to 7.1 in comp¢tnii30, where there is an
extra cyclopropyl group. The measured,aK the core in compoung)-43 is 8.9 and this
compound has no permeability in the artificial meante permeability assay. The cores of
compoundgq+)-113 and (x)-115 have lower pK values and have higher permeabilities than
compoundgq+)-43 and (+)-130. However, the potencies of these compounds arerldiran
that of (£)-43. When two fluorine atoms are present in the casan compoundgt)-114 and
(¥)-116, the potency drops so far that these compoundsacéve at thex, 3¢ receptor assay.

However, the pKof the core is 5.26 and as a result the permegakslgxtremely high.

Compounds with the fused pyrrolidine cores suclt@spounds()-96 and (+)-131, are
potent in theu,fs receptor assay; however, because of the highvakies, only compound
(¥)-96 has high permeability, which is achieved by addimgextra cyclopropyl group on the
benzene ring. Compounds)-121 and (+)-97 also contain a fused pyrrolidine, but the ring
junction hydrogen atoms have been replaced witbrithe atoms, reducing the pko 5.49.
As a result, the permeability is one of the highmstasured in this assay at over 450 nm/s.
Unlike the azepine series (compoun@$-114 and (+)-116), the reduction in pKis not
achieved at the expense of a reduction in potehbis could be attributed to a change in
shape of the flexible azepines when a fluorine aadded. However, the more rigid fused
pyrrolidines are unable to change shape and therefmtency is retained. Finally,
compoundgq+)-128 and (x)-129 contain an amide in the core; this reduces thg lpK the

compounds are inactive.
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Table 23: Potency, pK and permeability data for compound fa)-43, (¥)-96-97 ()-113-116, (+)-121and

(2)-127-131
OH
X
® !
N“ N
H
X
Artificial
Compound Potency Measured membrane
b core % K P bilit
number ermeabili
o,Bs o3 a,PBs Pfa y
(nm/s)
(+)-43 L H H 6.8 5.0 5.0 77
N-RHS 8.9
(#)-130 | g Cyclopropyl | 7.1 52| 57 190
()-113 HF H 5.5 5.8 5.0 290
N-RHS 7.1
(115 | Lus N Cyclopropyl | 5.8 50| 5.0 NM
()-114 FF H 5.0 5.3 55 420
%N/RHS 5.26
(116 | s N Cyclopropyl | 5.0 50| 5.0 550
(+)-131 H o~ -RHS H 6.7 51 | NM 85
LHS” H
(x)-96 Cyclopropyl 6.9 5.0 5.0 240
()-121 @«RHS H 6.7 66 | 7.4 470
5.49
LHs N~
(x)-97 Cyclopropyl 6.3 5 5.9 655
(+)-128 ¢ uereis H 5.0 5.0 5.0 110
LHs’Nf 6.83
(¥)-129 o Cyclopropyl 5.0 5.0 5.9 355

NM: Not measured

The tabulated data are also presented pictoriallgiaph 4, which shows a direct trend

between basicity with permeability.
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Graph 4: Plot showing pKvs. permeability for compound&3, 113 114, 95, 121and128

The drop in potency in the homopiperazine series waexpected. The hypothesis that
compounds with a pKof less than 6 are inactive was not consistent \hih data, as
compound121 had a pK of 5.49 and a pl§ = 6.7 (Table 23). Compounti21 has a
diazabicyclooctane [3.3.0] core which has feweatadtle bonds than compountidand114;
DFT calculation®' were therefore carried out on the cores to exploeehypothesis that the
shape of the core affects the potency. The fulicttires were not modelled due to the
computation time required to process the large rmarmbf conformers, hencéN,N-
dimethylhomopiperazine and,N-dimethyl-6,6-fluorohomopiperazine (Table 24) wesed
as model systems of compountisand114, respectively. Th&l,N-dimethylhomopiperazine
will be a monocation at physiological pH, thereftuah the neutral and protonated state of
this compound were modelled. The three systeldl-(limethylhomopiperazine neutral,

N,N-dimethylhomopiperazine monocation anél,N-dimethyl-6,6-fluorohomopiperazine
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neutral) were modelled in the water phase using-a BiethodoB97X-D and 6-31G* basis

set®®

The neutraN,N-dimethylhomopiperazine could access conformersFA(Fable 24), with an
even distribution and not favouring one conform&he N,N-dimethylhomopiperazine
monocation could access conformers A and G — JéTad); however 55% of the molecules
are predicted to be in conformer H. Th¢N-dimethylhomopiperazine neutral and
monocation have different global minima due to gretonation state. The neutrhl,N-
dimethyl-6,6-fluorohomopiperazine is predicted ®ih only conformers D — F (Table 24).
Over 50% of the molecules are predicted to be mfazoner F which orientates the methyl

groups in a pseudoequatorial orientation.
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Table 24: DFT calculations oN,N-dimethylhomopiperazine neutral and monocation agutralN,N-dimethyl-

6,6-fluorohomopiperazine.

% RS@H %
N-Me NZ N-Me
_N N Me N
Conformer Me™ "~/ Me™ "\ Me™ "~
92 92-(H*) 95
% Occupied
23 5 0
B
15 0 0
20 0 0
D
15 0 28
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E

10

14

55

13

55

11

10
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The global minima of th&l,N-dimethylhomopiperazine monocation (conformer H) émel
neutralN,N-dimethyl-6,6-fluorohomopiperazine (conformer F),igthare believed to be the
bioactive conformationsvide suprd, do not have significantly different orientatior®oth
locate the methyl groups in pseudoequatorial enwents. It is therefore difficult to
attribute the two log unit difference in potencytvbeen the two cores to a different core

conformation. Further investigation was requiredatoonalise the change in potencies.

The DFT calculations did not provide the evidenzeexplain the difference in potency of
compoundl30and116, because only the cores were modelled. Conformaitianalysis was
conducted on compounds30 and 116 using MOE (2012.10, forcefield MMFF94x). The
carboxylic acids of the lowest energy conformersewsuperimposed showing that the
tetrahydronaphthyridine were in different enviromise (Figure 33). The second lowest
energy conformation for compound80 and 116 were 4.7 kcal/mét and 3.6 kcal/ma,
respectively higher than the lowest energy confoyreeggesting that the large majority of
these molecules sit in the conformation at roompinature and pressure (consistent with the
DFT calculations of the core). Both compounds aredigted to have pseudoequatorial
substituents on the nitrogen atoms (consistent with DFT calculations). However, in
compoundl16the presence of the fluorine atoms causes the iaihain in the core to flip
and therefore adopt a different shape. This mihange in the core is accentuated when the
full structure is considered (this was not possiinlethe DFT calculations), forcing the

tetrahydronaphthyridine ring to occupy a differarga of space than in compoutD.
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Figure 33 Lowest energy conformers of compouri®® (orange)and116 (black).

A flexible alignment of compound16 was conducted using MOE (2012.10, forcefield
MMFF95x, iteration 1000, cut-off 100) to see itduld fit the same space as compouBa
The lowest energy overlay is shown in Figure 34hwbmpoundlL16 showing 19 kcal/mét

of strain energy. Assuming compoufi80 is in the bioactive conformation, only a small
percentage of compountl6 can sit in this orientation at room temperature pressure,

without incurring an enthalpic penalty.

Figure 34: Flexible alignment of compouritil6 (black) on compound@30(orange).
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The Newman projections of the cores were examibeti cores have a gauche conformation
with respect to the C-C bond highlighted in Fig8te however the presence of the fluorine
atoms has changed the orientation of the C-C batid respect to the other atoms (Figure

35). This change in shape could be an explanafitimeadifference in potencies.

H H
H H R F
R H R H
R F
130 116

Figure 35: Newman projections of compounti80and116

3.4 Summary

The alicyclic series containing a basic nitrogemnatrepresented by compoudd, did not
show sufficient permeability to deliver the compduarally, therefore modifications to
reduce the pKwere attempted by the addition of fluorine atorfike permeability was
increased as the pKof the core was decreased; however this was axXpense of potency.
The addition of the fluorine atoms in the homopgzéme series may have had a
conformational influence on the molecule as wellnasdifying the pkK. Compound97
showed that the addition of two fluorine atoms emnpoundl31 increased the permeability
whilst maintaining potency. Therefore, the syntbesfi the single enantiomer of compound

97 was scaled up for furthan vitro andin vivo studies yide infra).

3.5In vitro andin vivo studies on compound 97

Compound97 showed excellent permeability in the artificial mt&rane permeability assay.
The compound was put through the MDCK assay andobrike highest measurements of
permeability in this assay was recorded, with aeaf 715 nm/s (Table 25).
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Table 25: Permeability data for compou®d.

F,
N ONT SN
H

97

Assay Value (nm/s)
Artificial membrane 655
MDCK 715

With excellent in vitro permeability, compoul®da was synthesised as a single enantiomer

and put into a mouse pharmacokinetic study.

The single enantiomers of compowidwere separated to give compou®daand97b. The
data for enantiome®7a and racemat®7 are shown in Table 26. Enantiom@ra has a
potency of 7.3 irufs the cellular assay, so it is over 10-fold moreepothan the, 3 and

ayfPs receptors and is equipotent with s receptor.

Table 26: Mean potency values of compour@gsand97a

Compound a,Pe cell ayBs o Ps o Ps
Stereochemistry
number pICso pICso pICso pICso
97 Racemic 6.3 5 5.9 6.7
97a Enantiomer A 7.3 6.0 6.3 7.7

Compound®7awas dosed orally at 3 mg/kg to twelve mice and teairblood samples were
collected at time points ranging from 10 min to.? Each mouse provided an hepatic portal
vein blood sample, and a systemic cardiac bloodkanihe data showed that the compound
had moderate to low hepatic clearance with a aearaf 23% liver blood flow and an

estimated oral bioavailability of 14%. The compouratl systemic concentration maximum
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(Cmax) Of 182 ng/mL and the time to reach this conceimmaf{Tmay of 0.16 h. Using the

hepatic portal vein exposure (AYC= 437 ng / mL) and the hepatic extraction rati&o of

the oral dose appears to have been absorbed (Z&ble

Table 27:in vivo data for compoun@7a

Crnax T max Mean AUC 0-last Fraction Oral
Sampling site
(ng / mL) (h) (h x ng/mL) Absorbed (F,,) | Bioavailability
Hepatic portal vein 230 0.16 437
18 14
Systemic 182 0.16 335

Control blood was removed from naive mice and camp®7awas added to the matrix. It
was found that compounfl7a was stable in whole blood for up to 4 h at 37 T@e
compound was found to bind to blood proteins withirding of 99.6% (Table 28). This
result suggests that the free-fraction is only Q.4%d therefore only a small amount of the

compound absorbed would be available to interattt thie target of interest.

Table 28:Blood binding and stability data ebmpound®7a

Compound7a
% of compound bound to blood proteins 99.6%
Stability of compound after 4 h at 37 °C Stable

3.6 Conclusions

The introduction of fluorine atoms onto a rigid édspyrrolidine core enabled the nitrogen
basicity of the core to be reduced. The reductiopK, increased compound permeability
bothin vitro andin vivo. Compoundd7a was the first in-house integrin compound to have

measureablen vivo permeability. The rigid core prevented the strugtitom twisting when
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the fluorine atoms were added and therefore potemag maintained. This compound
demonstrated that we might be able to obtain alskeitcompound for oral drug delivery.
However, with the reduced pKhe lipophilicity increased and the free-fractidecreased.

This molecule was not progressed further becaus®ulld be unsuitable for oral delivery.

The next chapter will explore the properties of @soles to see if it is possible to obtain both

permeability and free fraction.
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4. Oral drug design guide

4.1 Introduction

As outlined in previous chapters there is growinglence that the development of an oral
ayPe integrin antagonist could be used for the treatnoérm wide range of fibrotic diseases,
including idiopathic pulmonary, liver and kidneyiosis. The compounds used to treat these
diseases could be dosed orally and delivered toatiget organ once they enter the systemic
circulation. Compounds that have been made in-h{@bkapter 3) and screengdvivo were

not suitable for oral delivery, due either to loermeability, or to high protein binding. This
chapter will explore the properties of compoundsriithe literature that are suitable for oral

delivery, to see if trends can be determined amdiegpto the in-house series.

4.2 Data sourcing of literature compounds

A search was conducted using the Aureus Sciencedbatze (version 4.0). This database
extracts biological data from publicly availableusmes such as journals and patents. The
search found 4,904 compounds for which there wda thaone or more integrin based
assays. This dataset was refined to RGD integrtagamists/agonists to ensure the most
relevant data was analysed. The refinement remallecbompounds which did not contain
one carboxylic acid, because compounds without @d are not RGD mimetics and
compounds with more than one acid would be toordit®s to our pharmacophore. Further
refinement removed compounds without a basic cefdresimilar reasons. This left 182

compounds that had been specifically designed d3 Rt&grin antagonists/agonists.

The 182 compounds designed to be RGD mimetics apadysed for common structural

motifs. For ease of analysis, the compounds welieistp three sections. The first moiety
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was the arginine mimetic, the second was the liokglycine mimetic, and the third was the

aspartic acid mimetic (Figure 36)

Arginine Linker Aspartic acid

mimetic mimetic
p A AL

N \f—%
O@
X N @
N
H H
©

oj/o

Figure 36: Fragments of an RGD antagonist

A tetrahydronaphthyridine has been used as aniaegmimetic in 83 compounds; of these,
two references gave examples of disubstitutioner@@ts from Merck KGA published work
around these disubstituted compounds and found sihiastitution on the piperidine ring
decreased.f; potency’® whereas substitution on the tetrahydronaphthyeigigridine ring

increased potency aifs (Table 29)’

Table 29: Biological data of disubstituted tetrahydronaphithiyre.

O/
TN
O
H Y/
H P ? R_UNLN A
NN N OH | X NN
| _ H ¥ (-
R HO
(6}
0]
R=H132 R=H134
=Cy 133 = Me 135
Compound number a,B3 potency ICso (NM) Reference
132 1.01 o
133 0.29 o
134 0.08 o
135 0.11 o
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Arginine mimetics other than tetrahydronaphthyrédinvere 2-amino pyridines, guanidines

or amidines. There were 29 amino pyridines, 15 gliaes and one amidine.

All of the aspartic acid mimetics were carboxyl@ds because the initial refinement ensured
that all the compounds had this functional groupwilver, over a quarter of the compounds
(49) contained &-phenylalanine. Theé-phenylalanine was found in all of the in-house
molecules made as part of the programme. Surphsitigere were no examples of 4-amino-

3-aryl-butyric acids, which are common in the inisbe heterocyclic series (Table 30).

Table 30: Aspartic acid mimetics

Search criteria Number of examples
Any aromatic
N 49
(O]
Any aromatic
N 0
o~ O

A variety of linkers between the arginine and aspagicid mimetics were found; these
included alkyl chains, aromatic and aliphatic ringswever out of the 182 compounds there
were no examples of compounds with a basic nitragehe linker, which are found in some

of the in-house series.

4.3 Summary of literature compounds

There were 182 RGD integrin related compounds énlitbrature. All contained a carboxylic
acid and nearly half contained a tetrahydronapidmg. There were 49 examples of a
B-phenylalanine. There were 31 compounds with botkt@hydronaphthyridine and &

phenylalanine, which matched the pharmacophord@fin-house aromatic and quaternary
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pyridinium species (Figure 37). However, there weoeexamples of compounds with an
additional basic nitrogen atom. It would be difficto develop a model which would predict

oral drug space, based on a dataset which contamagounds structurally different to our

heterocyclic series.

(6]

31 examples

83 examples 49 examples

Figure 37: Venn diagram highlighting molecules which contain tetrahydronaphthyridine and 8-
phenylalanine.

4.4 Development of thar,ps oral drug guide

As there was insufficient data from the literaturehouse data was used to build th@s
oral design guide. An extraction of the in-hous¢abdase (GSKChem IJC) found 1237
compounds which had a potency in the integrin asshyThe query also removed all

intermediates, non-small molecules and pro-drugghese would not be useful in building

the model.
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The optimisation of physical properties is essérfoia successful drug discovef§.Both
permeability and free-fraction are vital when aglia delivered orally, as this facilitates
delivery to and subsequent interaction with the rplaological target’’® The
physicochemical descriptors selected in this stu@ysimilar to the ones used by Gleesbn
al..”* After principal component analysis, size and lipitipity were used for analysing the
data. CMR was used in preference to molecular wdigicause the number of sulfur and
fluorine atoms skewed the dataset; ChromLpgas used as the measure of lipophilicity.
Descriptors such as number of rotatable bonds,yha@ms,sp’ character or ionisation state
were also investigated but the correlation betwpeaperties was poor. The complexities
associated with a multiple parameter approach exepéored but are beyond the scope of this

thesis.

Permeability is an important factor for an oralgimolecule, enabling delivery across the gut
wall. Of the 1237 compounds in the dataset, 554rhadsured permeability data in the high
throughput artificial membrane permeability ass@lyje data was binned into two classes,
above and below 50 nm/s, which is seen as a cufesffdesirable permeability. The
compounds were plotted on a CMR. ChromLogD} 4 plot and showed a clear cut-off
between desirable permeability. All compounds vatiChromLogDR 4 > 4 were permeable
and those with a ChromLogR < 2 were impermeable. Compounds with a ChromLagD
between 2 and 4 were permeable depending on sigeréF38). A line (black) shows the
distinction between good and poor permeability. ¥aridation of the plot, the entire GSK
compound collection was plotted in a similar way &me grey line shows a very similar line

to the integrin programme.
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Good permeability

ChromLogD 4

CMR

Figure 38: Plot of CMR verses ChromLoglRfor in-house compounds. Compounds with permeab#iBp nm/s
are coloured in green, those with < 50 nm/s are Béatk line (0.502x — 4.48) demarks the differebetéween
the two categories for the dataset and the grey (n407x — 2.186) demarks the difference betwbentwo
categories for the GSK compound collection.

Drug efficiency (Qx) is the free concentration of a drug at the sitaation relative to dos&.
It is a useful parameter that was recently intredud¢o optimise the pharmacokinetic
properties and tha vivo efficacy potential of molecules. The,bis measuredh vivo and
depends on the compound’s bioavailability, cleaeaaad the nonspecific binding to proteins
and phospholipids. Known drug molecules havg tipically greater than 1% at the site of
action’® Given the low throughput dh vivo experiments, determining thexDis resource
intensive, so the parameter drug efficiency maxim{ak may can be used. dg max ignores
the amount of compound lost in absorption or mdisim but does take into consideration
non-specific binding and binding to phospholipiddowever, the main advantage of
determining the B max IS that it can be done using HPLC-based proteindibg

measurements.
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Of the 1237 compounds in the dataset 1078 had mexh8 max data. The data was binned
into two classes, above and below 1%, which is sesea cut-off for desirable gfmax (Vide
infra). The compounds were plotted on a CMRKR ChromLogD 4 plot and showed a cut-off
for good drug efficiency (Figure 39). The datawhdhat a compound can have good drug
efficiency at any ChromLogh, vs CMR space, but there is a cut-off where thermase
confidence of obtaining {3 max > 1% below the black line. The confidence in fime is not

as strong as in the permeability plot due to thalennumber of compounds withefhax <

1%. The grey line represents where the GSK compaoalection cut-off threshold is.

ChromLogD 4

Good chance of Drug efficiency
11 12 13 14 15 16 17 18

CMR

Figure 39: Plot of CMRvs ChromLogDh 4 for in-house compounds. Compounds witly B > 1% are coloured
in green, those with <1 % are red. Black line 817 x) demarks the difference between the two categ for
the dataset and the grey line (8.3916 — 0.3902jadles the difference between the two categoriethi®IGSK
compound collection.

4.5 The guide

The guide combines the concepts of good permegahbititl drug efficiency maximum to give
a plot of CMRvs ChromLogD 4 split into four quadrants. The quadrants represesiecules

that are predicted to have good permeability andg defficiency (quadrant 1), good
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permeability and poor drug efficiency (quadrant ghor permeability and good drug
efficiency (quadrant 3) and poor permeability andpdrug efficiency (quadrant 4). The plot
in Figure 40 shows in which quadrant, compoundmftbe in-house programme would be,

based on the ChromLogRand CMR values.

ChromLogD 4

Figure 40: Plot of CMR verses ChromLogD for in-house compounds, green quadrant (quadrantet!
guadrant (quadrant 2), yellow quadrant (quadranbi8f quadrant (Quadrant. 4)

When one physicochemical parameter of a moleculth@ged, many others can also be
affected; it was therefore decided to create aspiral and acceptable quadrants which
would provide regions to aim for in molecule desifihe acceptable region (yellow in Figure
41) sets a cut-off for permeability of 25 nm/s @h8% D max The aspirational region

(green in Figure 41) is the same as the quadranEigure 40.
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Good permeability

ChromLogD 4

o=l . T Good Dr&{eﬁicim

12 126 13 135 14 145 16 1B 16 W5 1T 17E 1B

Figure 41: Plot of CMR verses ChromLogl for in-house compounds, showing the aspiratiogeden) and
acceptable (yellow) region.

4.6 Validation of the grid

The grid was validated using two datasets; thé Wes the literature integrin dataset and the
second was the GSK zwitterionic compound collectimneach dataset compounds were
refined to include only those with PK data. Thosthw25%F were classed as having good
permeability. Figure 42 shows the integrin literatdataset coloured by %F. All but three of
the compounds with >25%F are in the aspirationalameptable regions. This implies that a
compound in the aspirational or acceptable regsamare likely to have bioavailability than

one that is outside of this space. No drug efficjedata was available on the literature

compounds to validate the model.
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i Good permeability

ChromLogD 4

= ull
ufl = X
Drug efficiency ‘\
5 10 1" 12 13 14 15 18 17 18 19 20 21

Figure 42: Plot of CMR verses ChromLogRfor in-house compounds. Compounds with %F > 26dg), < 25
(red).

The other dataset of in-house zwitterionic compsu(20) was refined to include only
those with PK and drug efficiency maximum data {297ompounds with %F >25% and
Deft max>1% were coloured green, all other compounds weleuced in red (Figure 43). The
data shows most of the compounds in the aspirdtmmacceptable zones have suitable PK

properties for oral delivery.
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ChromLogD 4

Good Drug sf\ﬁcwmc,‘
10 11 12 13 14 15 18 17 18 19

Figure 43 Plot of CMR verses ChromLogD for in-house zwitterionic compounds. Compoundshvwi25%F
and Dy max> 1% (green), others (red).

4.7 Using the guide for new ideas

The guide was designed to determine if there wengpounds that had suitable properties for
oral delivery. It was also designed to help rankl gmioritise new ideas to ensure that
compounds in the aspirational or acceptable regiere made first. The calculated property
of ChromLogD 4 is required because before synthesis, measuragdatts are not available

for compounds.

A good correlation between measured and calcul@tedmLogD 4 values was important to
be able to use the model based on calculated @atacalculated ChromLogl values for
537 programme compounds was obtained using theutde{version 4.0) algorithm; and
these results were plotted against the measureshiogD; 4 values (Figure 44). Thé was

0.839 and this was seen as a good correlation.
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Measured ChromLoghy

Calculated ChromLoghy

Figure 44 : Calculatedvs measured ChromLogh) values for programme compounds (537).

Given that new targets will not have a measureggny of ChromLogR,4 before being
synthesised, a new guide was developed to chamgméasured ChromLogD axis into a
calculated ChromLogpy,. The lines to demarcate the aspirational quadasdt the non-

aspirational quadrants were re-drawn using thetexmuderived from the data in Figure 44.

The guide for plotting new targets is shown in Feggd5. The demarcation lines have been
modified to allow for the change of axis from measli ChromLogBR,4 to calculated
ChromLogD 4. The plot was validated with 537 programme compsuwhich have been
made and have measured permeability apgd B data. The calculated ChromLogPbwas
plotted against CMR and the plot shows that a camg@an the aspirational quadrant is likely
to have permeability >50 nm/s and & Rax >1% (green). There are a number of compounds
that fit the aspirational criteria but fall outsittee aspirational quadrant and this is due to the

differences in the calculated and measured ChromLggalues.
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Calculated ChromLogh,

CMR

Figure 45: Plot of CMR verses Calculated ChromLogDor 537 programme compounds. Compounds with >25
nm/s in the permeability assay angkR.x> 1% (green), others (red).

The guide was further validated by plotting all llyranarketed drugs (2067) into the guide
(Figure 46). The guide shows that 85% of all oratharketed drugs fall within the
aspirational zone, suggesting that if a compourdksgned and fits within the boundaries it
is more likely to have suitable properties for odalivery. The majority of the remaining
15% which are orally marketed drugs but do notiritthe aspirational zone are large

marcocyclic peptidic compounds.

Calculated ChromLogh)

CMR
Figure 46 Plot of CMR verses Calculated ChromLogBor 2067 marketed drugs.
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4.8 Conclusions

A search of the literature has found 182 integriGR compounds; the physical and
biological data from these compounds were analydémhe of the compounds in the
literature that were designed as RGD mimetics ¢oatha basic nitrogen in the core. Due to
this constraint a model based on literature dataldvbhave provided little insight to the
problem of delivering compounds with a basic cesu#gable for oral delivery. A model to
predict good oral properties was developed basethenn-house data. The permeabilities
and D max Were analysed for each compound and trends shthaed highly permeable but
low protein bound compound was possible but waséent on its size and lipophilicity.
The guide was validated using a dataset of litegaiintegrin compounds and in-house, non-
integrin oral compounds. The guide was developethdu to include new compounds with

calculated ChromLog), values. This will be used in the next chapter.
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5. Use of oral drug design guide

5.1 Proposed new compounds

As part of the inhaled programme compounds witly@ic amine core were identified as
potenta, s antagonists. These compounds were not suitablerébdrug delivery due to the
basicity of the core which was believed to reduesmgability. This chapter will describe a
range of compounds designed to have less basis,cane which fit the oral design guide
discussed in chapter 4. The compounds in Figurard fluorinated analogues of poteqps
antagonists, with fluorine atoms in either fher y position from the basic centre. The effect
that the fluorine atoms have on the basicity waldxplored to see if any of these compounds

remain potent and whether they can permeate aeflppropriate cell models.

X A
| F N OH | F
pZ = OH
N“°N o} NN N
o]
136 137
X |\
| F P o
N N 0 NN F NN
138 N OH 139 OH

Figure 47: Compound<s.36—139

Compound136 has an azepine core with a fluorine atom atyttertiary carbon atom. In
Chapter 3 compoundl, the des-fluoro analogues of compourds, was shown to be potent
but unable to permeate the gut wall. The additiothe fluorine atom is expected to decrease

the pKy and this may affect the permeability.

Compoundsl37and138have a 3- or 4-fluoropiperidine cores, respecyivéhe decrease in

basicity of the nitrogen by the presence of therflue atom will be more pronounced in
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compoundl37 as there is a shorter distance between the fle@na nitrogen than in azepine
136 (vide infrg. Finally, compoundl139 which contains a 3-fluoropyrrolidine will be
examined; this core is similar to that of compoR§78a which was the lead molecule for

the inhaled series.

Measured pKvalues for the cores found in compourdd§ — 139were not reported in the
literature. The in-house database of measuredvpkies showed that a number of molecules
containing these cores had been made and thgivgddes measured. The compounds found
in this database were examined visually to remos@mpdes that might have had other
substituents that would affect the pHKor example, if there were additional fluorinemts
near the basic centre, or if the nitrogen atom hvé®d to an aromatic ring, the compounds
were excluded. After removing compounds that wawdtlbe suitable for analysis, the mean
pKavalues were found and recorded in Table 31. Forpawison the pKs were calculated
using Helium v 4.0; there was a good correlatiér»(0.95) between the measured and the

calculated values (Figure 48).

Table 31: Calculated and measured plalues of cyclic amines.

~R R
O | s T O
R
Mean measured pK, 9.8 +0.6 9.3+0.1 8.6 +0.3 8.3x0.4 7.8+0.3
(water) (n=47) (n=2) (n=14) (n=17) (n=22)
Calculated pK,
(R = Me) 10.2 9.7 9.1 8.3 8.2

n = number of compounds in dataset
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Figure 48: Measuredss calculated pK

Using the Henderson-Hasselbalch equation (Equabi@nd the pKvalues it was possible to
calculate the percentage of the core molecules woatid be protonated at different pH
values. The pH values of interest were pH = 6.5 @dd’.5 which represents the pH of the

duodenum and the small intestine, respectively.

The pyrrolidine has a calculated p¥alue of 10.2 and would have less than 1% unpatézh

in the Gl tract; this could explain its poor permidity. The azepine has a pKalue of 9.7 so
less than 1% would be unprotonated in the duodemunt small intestine. The 4-
fluoropiperidine has a calculated pkf 9.1 and only 1% would be unprotonated in the
duodenum but about 2% unprotonated in the smadkiime. The calculated pkof the 3-
fluoropiperidine is 8.3, low enough for there to d@ut 2% unprotonated in the duodenum
and 14% unprotonated in the small intestine. Ther@ipyrrolidine has the lowest calculated
pKawith a value of 8.2, this would give around 2% wtpnated in the duodenum and 17%
unprotonated in the small intestine. Of all theespthe fluoropyrrolidine is predicted to have
the best chance of passive permeability as thera larger percentage of unprotonated

material in the GI tract.
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Equation 2: Henderson-Hasselbalch equation

_ [B]
pH = pK, + Log;, BHT]

Table 32 :pK, values and %protonated at different parts of thedst.

A N @E ;NFON;\ EFAOJL{ A N
% of the core

unprotonated in <1 <1 <1 2 2
Duodenum pH = 6.5

% of the core
unprotonated in S. <1 <1 2 14 17
Intestine pH = 7.5

The caveat to this discussion is that a calculgt€g value is being used to calculate the
percentage of protonation in the Gl tract, whiamits the quantitative accuracy of the
predictions, therefore a qualitative approach wsedu Taking the range of pKrom the
Table 31, it is expected that the pyrrolidine, age@nd 4-fluoropiperidine will not be able to
permeate the duodenum, whereas small amounts of 3tleoropiperidine and the
fluoropyrrolidine may permeate the duodenum. Thegbgine is unlikely to permeate the
small intestine but small amounts of the azepirg 4fiuoropiperidine may be able to. The
3-fluoropiperidine and the fluoropyrrolidine may lable to permeate the small intestine

(Table 33.
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Table 33: Qualitative estimation of the amounts of compouiitilve able to permeate in different parts of therG@ct.

;O\f{ Rt i Ni-

Small quantities likely to be
permeable

Likelihood of being
able to permeate in
Duodenum pH = 6.5

Likelihood of being Small

able to permeate in guantities .
the S. Intestine pH = likely to be -l o3 el
7.5 permeable

Most of the compounds made to date have a two-oarboker between the
tetrahydronaphthyridine and the core; however mnslear whether the azepine requires a
two carbon atom linker or not. Molecular modellwdl be used to explore which compound
has the best overlay with a known potent compoand,compound40 (Figure 49) will be

explored alongside the other proposed cores.

[ OH
- N
N N F o)

140

Figure 49: CompoundL40,

The new cores were profiled in the oral drug guidescribed in Chapter 4). The
ChromLogDy 4 and CMR were calculated (Helium version 4.0) dmeltalues were inputted
into the guide (Figure 50). All the proposed commisi were predicted to have a

permeability of more than 50 nm/s and & Rax Of more than 1%. Compounti39 was
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predicted to have the best chance for permeal§#h nm/s) and drug efficiency maximum

(>5%) whereas compouri86is predicted to have a smaller drug efficiency imasm.

OH

139

ChromLogD

137

N i Good Drug efficiency

b
| F 15 155 16 185

OH
138

Figure 50: Compound< 36— 140 plotted on the oral design guide

Molecular modelling was conducted on the new compsuo determine whether they could
make the same interactions as a known integringantat. Compoun®7a was used as a
control, because it is known to be highly potenthnpound at they, s integrin receptor. It
was discussed in chapter 3 but work based on itdissontinued due to its high plasma
protein binding. A stochastic search was performedompoun®7a using MOE 2011.10,
force field MMFF94x and am value was set to 40, to mimic an agueous enviromnide

lowest energy conformer found is shown in Figure 51
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97a

Figure 51: Lowest energy conformer of compou®da, hydrogen atoms have been removed for clarity

The carboxylic acid and phenyl ring from compoud®6 and 140 were overlaid and fixed
onto compoundd7a A conformational search (iteration 10000, remttil00) was then
conducted on the remaining portion of each comppwith the lowest energy conformer
superimposed onto compoufd@a Compoundl36 (yellow, Figure 52) can occupy the same
space as compouri¥a, and the fluorine atom in compoud@6 is on the same face as the

fluorine atoms in compour@i7a

136

Figure 52: Compoundl36 (yellow) superimposed onto compoudida(blue).

The overlay of compoun@7a and compoundl40 showed that compounti40 was under

high strain. The energy difference is 16 kcal/metlleen the conformer with the best overlay
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and the conformer with the lowest energy. Thiaistcould be attributed to the extra carbon
atom between the tetrahydronaphthyridine and thepiae core, forcing the molecule to

occupy an unfavoured conformation to make the rsacgsnteractions (Figure 53).

| OH

N\
pzd

140

Figure 53 : CompoundL40 (red) superimposed onto compowdita (blue).

Compoundl40 is therefore predicted to have much lower potaheyn compound.36 and

accordingly was not prioritised for synthesis.

Compoundsl37 and 138 have piperidine cores with different connectivitthe compounds
were modelled using the same method (MOE 2011drtefield MMFF95x), but overlaid
with a fragment of compoun@l7a The modelling shows that compoub&88 makes a good
overlay with compoun®7a in the tetrahydronaphthyridine, carboxylic acid dmehzene
regions; however there are differences in the aéntre (Figure 54). Historically differences
in the central core of the molecule change thecteity of the compound rather than its
inherent potency ai,fs, SO based on this modelling, compou88 could be a potent,s

antagonist.
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Figure 54: Low energy minima of compour@7aand138

The same modelling was carried out for compoli8dand the best conformer was overlaid
with compound 97a (Figure 55). The 3-fluoropiperidine shows a poorertay with
compound7a The tetrahydronaphthyridine and the carboxylid @ace approximately in the
same position but to overlay these pharmacophtredjnker has to force the GHroup to
have unusual dihedral angles. It is expected that3tfluoropiperidine series will be less

potent than the 4-fluoropiperidines.

] F
\ 7 " OH
o)
137
NN SN
H

97a

Figure 55: Overlay of compound87aand137.

Finally, compoundL39 was overlaid with compoun@éi7a There is a good overlay between
the two compounds (Figure 56). All the constituenoieties (acid, core, benzyl and

tetrahydronaphthyridine) overlay well, therefore ist expected that compounds in the
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fluoropyrrolidine series will have similar potensi¢o those in the 5,5-fused core series.
Compoundl39is predicted to have excellent physicochemicapprties therefore this series

may produce a compound that meets the aims ofrtdgramme.

|\
~
N (0]
N >
OH
139
X
®
N N
H

Figure 56: Overlay of compoundd7aand139

5.2 Summary

The lowest energy conformers of compoud@8 — 140 have been overlaid onto compound
97a Compoundl139 is predicted to have the best chance of potencylasirto that of
compound97a All of the compounds were predicted to have ggad/sicochemical
properties as they fit in the aspirational spacdahi@ oral design guide. It was therefore
proposed that compound86 — 139be made, and that compoubdiOis discarded. The next
section of this thesis will discuss the generalhmds of making C-F bonds, and then discuss

the synthesis of the compounds.

5.3 Short review of nucleophilic fluorination reactons

The substitution of hydrogen by a fluorine atom aamatically change the physical,
biological and chemical properties of a molecules A result of this, organofluorine

chemistry is an important area in chemistry.
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Historically, the traditional methods for dehydrélxgrination involved Olah’s reagent (HF-
pyridine)’* Nowadays, there is an expanding arsenal of negerea for the site-selective
introduction of fluorine into organic molecules.&'most common deoxyfluorination reagent
is diethylaminosulfur trifluoride (DAST). DAST wd#st reported by Middletofi in 1975.
Middleton was able to convert a propargylic alcotmlthe corresponding fluoride using
DAST in DCM at -78°C. This reaction is quite gereaad can work on a range of alcohols;
primary,® secondary/ and tertiary’® species all give the corresponding alkyl fluorides
Depending on the type of alcohol there can be idetions; for example the mechanism for
tertiary alcohols is believed to gma a carbocation which can either be trapped by itigor
or lose a proton to form the corresponding alkelBeist and Adeneyhave shown that
enantiomerically pure secondary alcohols usuallgengo inversion of stereochemistry with

eevalues of around 90%.

Benzyl alcohol can be converted to the correspandinoride using DAST; however
Johnsof?’ found that reactions with diarylcarbinols (suchcampoundlL41) can results in an
intermolecular dehydration to give the correspogdliis(diarylmethyl)ethers (such as
compound142?), in addition to or instead of aryl fluoride fortitan (Scheme 32). The
hydroxy group is protonated and water is lost teega stabilised carbocation, which can
either be attacked by trace amounts of fluoridén@solution or with another molecule of the

starting material.

141 ,O 142

Scheme 32Reagents and condition§) DAST, DCM, -30°C
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The major disadvantage to the use of DAST is tha& highly toxic, reacts violently with
water releasing SQOand is explosive at elevated temperatfeBluolead™ 143 has been

developed as an air stable, solid fluorination &gkawever it is less reactive than DAST

Bu

143

(Figure 57).

Figure 57: Nucleophilic fluorinating reagent

5.4 Synthesis of azepine targets

Compoundl36 was synthesiseda the retrosynthesis in Scheme 33. The retrosyrelyess
via fluoride 147 and this could be made from alcoHele. Compoundl46 is converted to
compoundl47 by the use of a nucleophilic source of fluorinegts as diethylaminosulfur

trifluoride (DAST). The remaining steps in the dyegis use chemistry described previously.
m@ mMQW
p——
an*‘W* m@
| _ O fe—
N N

H F

148

N,Z
= X N’Z .z
| ZT P N
SNTONT — [ — |
F N7 N7 N z
OH N™ °N o}
147 146 145 144

Scheme 33Retrosynthesis of compoud@6
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LIHMDS which was formedn situ, was used to deprotonate methyl naphthyri@a@ this
was subsequently added to commercially availabiened44to give compound46in 85%

yield (Scheme 34).

z
N’ i
= A (i) = X
N” N o N” N N.
145 144 146

Scheme 34Reagents and condition§) BuLi, HMDS, then compound45, then compound44, THF, 0 °C->
ambient temperature, 85%.

Alcohol 146 was treated with a range of nucleophilic sourcefluafrine. The alcohol was
dissolved in DCM and cooled to -78 °C, then twoieglents of the fluorinating agent were
added. Deoxofludt, morpholinosulfur trifluoride and Fluole2d were examined as the
reagents are sold as safer versions of DA&de(suprd, however no product was observed.
When DAST was used the reaction proceeded in 989 yBcheme 35). THeF{*H} NMR
spectrum of compound47 contained two singlets at -147.5 and -148.0 ppme b the
broad signals in thtH NMR spectrum of the Cion the CBZ and all the Gién the azepine
ring, the compound is thought to exist as a mixtfreotamers as there is restricted rotation
around the carbamate. The signals in'fi'eNMR spectrum were therefore attributed to the

fluorine atom being in different environments ircle@aotamer.
z
N” (i) .z
= | X = SN N
SNTONT — L
OH N N E
146 147

Scheme 35 Reagents and condition§) DAST, DCM, — 78 °C1.5h, then 0 °C, 1 h, 98%.
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Alkyl fluoride 147 was hydrogenated using Pd/C to give compald®l The next step was a
Pd-mediated allylation, using conditions similarthmse of Connelet al;® acetateB87 was
reacted with amin@48in the presence of catalytic amounts of B{{pipf)-CHCl, to give

compoundl49in 87% yield.

a7 W"‘B“

148 O
87

Scheme 36Reagents and condition8) Pd/C, EtOH 5 h; (ii) Acetate87, PdChL(dppf)-DCM, DIPEA, DCM, 0
°C, 1.5h, 87%.

Compoundsl50 and 152 were made from the Rh-catalysed 1,4-addition oerei49. The
esters were cleaved using TFA in DCM. THE{'*H} NMR spectrum of compound53
showed two peaks associated with the fluorine atiooms each of the pairs of diastereomers.
The NMR also showed that at least 5 equivalen®&# was present in the material, and this

can be attributed to residual TFA from the reactitrture.

B(OH),
X v HN~/ \
X =H; Y = c-C4Hs5 - 108 N
X =Y = c-CqHg - 21
i N
() E
X
S g7 ~OH
)< Y
X =H; Y = ¢-C3Hs - 150 X=H;Y =c-CsH5 - 136
X =Y = c-CyH;5 - 152 X=Y =c-C3Hs5-153

Scheme 37Reagents and condition§) Boronic ester, [Rh(COD)C]] KOH, 95 °C, 30 min; (i) TFA, DCM, 40
°C, 2 h,13631%,1536%.
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Compound153 was synthesisedia methyl esterl55 due to the availability of starting
material. Esterl55 was formed by the alkylation of compoudd8 with (E)-methyl 4-
bromobut-2-enoat&07. The LCMS of the crude reaction mixture suggesiedreaction had
gone to completion; however when compodl® was purified by flash chromatography the
yield was lower than expected. Upon washing tharoal with MeOH compound48 eluted,;

it was assumed that compouh85 had degraded to give compouhd8 One mechanistic
explanation of this degradation pathway involves dltkene isomerising on the acidic silica
gel column, so that it moved out of conjugationhathie carbonyl; the derived enamine could

then readily hydrolyse using water from the silicaive compound48

A N
107 O
_~__0O
N NH () N N/\/\[( ~
N |N/ - » 0
H F . N N F
(if)
148 155

Scheme 38Reagents and condition@) (E)-methyl 4-bromobut-2-enoatd7, DIPEA, DCM, 25 °C, 3 h, 26%;
(ii) Silica column.

Compound 155 underwent a Rh-catalysed 1,4-addition with 3-moliplophenylboronic
ester. The crude LCMS showed that the expecteduptdthd hydrolysed to give compound
154, which was obtained in 6% overall yield (Schemg. 3%he ester hydrolysis could be
explained by the presence of KOH in the reactiortumne and the delay between the end of
the reaction and work—up. TA%¥ NMR of compound.54 shows two signals for the fluorine

atom in a 1:1 ratio, these signals could corresporite different pairs of diastereomers.
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156

Scheme 39Reagents and condition§) Boronic acid156, [Rh(COD)CI}L, KOH, 95 °C, 1 h1546%.

The biological results for fluorinated compourk®6 153and 154are summarised in Table
34; compoun®1 which does not contain a fluorine atom and waseareldewhere, is also
included for comparisoff. The measured pkof compound1is 10.4 and when a fluorine is
added to the core azepine the p#ecreased to 9.2. The potencies of the fluorinated
compoundgl 36, 153 and154 are between 6.3 and 7.1, whereas the potencyngpaond91

is 7.2. In the only direct comparison (compou®dsand 136) there is nearly ten-fold drop
off, which could be attributed to the fluorine atoffhe hypothesis that the increase in
permeability is related to pKs supported here, partly. The chromatographismé&protein
binding (%ChromPPB) for compourtB6 is 97%, which is classed as high. This may be
related to the high ChromLogR This observation is also apparent in compo8hdavhere
the %ChromPPB is 97% and the ChromLegs 3.32. Compound54 has a much lower
%ChromPPB of 82% and a permeability of 49 nm/ss thiclassed as a low permeability

compound with low plasma protein binding.
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Table 34:Biological results for compounds, 136, 153and154

OH
“ N

N~ N7

H z y

ovPe
Compound Chrom Measured Perm | %Chrom
X Y Z | assay
number LogD7.4 pKa (nm/s) PPB
(PICs0)
136 Cyclopropyl H F 6.3 3.77 340 97
153 Cyclopropyl | Cyclopropyl | F 6.5 4.80 9.2 490 ND
154 Morpholine H F 7.1 2.84 49 82
91 Cyclopropyl H H 7.2 3.32 10.4 245 97

Compoundl54is a mixture of four stereoisomers; the diasteresmere separated to see if
one had a higher potency. The single enantiomers symthesisedlia a similar route to the
racemate; compounti49 underwent the Rh-catalysed 1,4-addition to give pound 157.
Compound157 was then separated using chiral HPLC to give the &eparateert-butyl
esters157a—d The tert-butyl esters were cleaved with HCI to give the ik single
diastereomeré54a—d The'H NMR spectra of compound$4a—dsuggest compounds$4a

andl154cand compound$54bandl54dare pairs of enantiomers.

NN O _ N SN
NN N N Tk N

HO.__OH
B

149a-b R='Bu 157a-d ~C
(i) |:
N =H 154a-d

o)

151

Scheme 40Reagents and condition§) Boronic ester, [Rh(COD)CJ] KOH, 95 °C, 1 h, then chiral HPLT:7a
7%;157b6%; 157¢c7%; 157d6%; (ii) HCI, 50 °C, 6 h, then 25 °C, 66 h, then°&l) 6 h, then 25 °C, 17 h, then
50 °C, 6 h then 25 °C, 17 b54a47%;154b72%;154c64%;154d74%.
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The biological results for compouniiS4a—dare shown in Table 35. The ChromLogfand
permeabilities are similar for all the diastereosn€ompound.54d has a potency of 6.8 in
thea,Bs cellular assay, but the other diastereomers allvdbwer potency. As expected there
were no significant differences between the perifigabr the %ChromPPB values between
the four isomers. Interestingly the racemate teste@lGo = 7.1 and on-going work is

exploring the concentration of this sample.

Table 35:Biological data for compoundss4a—d

Compound a,Pe assay Permeability
Diastereomer ChromLogD+ 4 %ChromPPB
Number pICso nm/s
154a Diastereomer A 5.0 2.86 45 76
154b Diastereomer B 6.5 2.85 46 78
154c Diastereomer C 55 2.79 43 81
154d Diastereomer D 6.8 2.79 34 79
154 Racemate 7.1 2.84 49 82

The permeabilities for compound$4a—dare all too low for oral drug delivery; an array o
differently substituted morpholines was therefosplered to address this problem. The
substituted morpholines all contained additionathyleor methylene groups which would
increase the lipophilicity. The array synthesis veasried out in parallel to deliver three
different substituted morpholines; these were sapdrusing chiral chromatography. Ester
cleavage was slow and further equivalents of HCiewequired to drive the reaction to
completion. The eight esters were cleaved to dgimeecobrresponding diastereomers of acids

161-162 (Scheme 41).
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= O. o
N R >
N~ N7 — W °
N~ °N
H F
H F R,
R1=

Rq='Bu 149 H
=Me 155 4 115883 5:/@ 161a 50%
R, =B R, = & 5 5% 161b 66%
15 B0 N/\ 158c 5% 161c 50%
O 158d 6% 161d  74%
N 159a 11% (i) 162a 82%
R, = Me /\0/15% 15% " 162b 25%
N 160a 11% 163a 78%
R, = Me g\ 160b 11% 163b 82%

Scheme 41Reagents and condition§) Boronic ester, [Rh(COD)C]] KOH, 95 °C, 1 h then chiral HPLC (ii)
HCI 50 °C, 6 h then 25 °C, 66 h then 50 °C, 6 mtBB °C, 17 h then 50 °C, 6 h then 25 °C, 17 h

The biological data for compoundélad, 162a-h 162aand162bcan be found in Table 36.
Compoundsl6lad are the four stereoisomers of compod, of which compound.61b,

is the most potent. This compound has a similaenqmt to compound54d There is an
improved permeability of 62 nm/s compared with 8/s1for compound 54d This increase

is consistent with the increase in ChromLegifrom 2.79 to 3.25. Compourid2aand162b

are two diastereomers which differ in configuratairthe azepine centre. There is over a log
unit difference in the potencies of these diastexs in the cellular assay and compound
162a shows a large increase in permeability compareth wompound162b or 162d
consistent with the increase in ChromLggDFinally, compoundsl63a and 163b are
diastereomers which differ in configuration at teepine centre. The potencies of these
compounds are similar with a pj= 6.2 and 6.1 respectively. Disappointingly, nafi¢he
compounds in Table 36 were more potent than thginadi compoundl54d However, as

increases in permeabilities were observed furthplogation of this core was conducted.
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Table 36:Biological data for compounds51-163.

Cell assay
Compound number Diastereomer ChromLogD;, | Permeability (nm/s)
(PICs0)
161a Diastereomer A 5.4 3.17 78
161b Diastereomer B 6.5 3.25 62
161c Diastereomer C 6.1 3.32 63
161d Diastereomer D 5.8 3.07 75
162a Diastereomer A 6.2 3.87 120
162b Diastereomer B 5.2 3.71 36
163a Diastereomer A 6.2 3.49 61
163b Diastereomer B 6.1 3.56 89

5.5 Further SAR around azepine core

Compoundl62ahad the highest permeability of the series; difiesabstituents on the right-
hand side phenyl ring were therefore explored. &mabstitution patterns of interest based
on previous in-house experience, were the 3-cyojmgrd-methoxyphenyl, (3-
methylpyrazol-1-yl)-phenyl and (3,5-dimethylpyradell)-phenyl. These compounds were
predicted to have higher ChromLogbvalues than compounti54d and were therefore

likely to be more permeable.

The synthesis of these compounds was similar toahthe other compounds in this series.
Compoundl49 was reacted with boronic acid4 under standard Rh-catalysed 1,4-addition
conditions. The intermediate ester was not changet but was separated by chiral HPLC to
the give four stereoisomers, which were then cléausing HCI in 2MeTHF to give

compoundd65a—d
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Scheme 42:Reagents and condition§) Boronic esterl64, [Rh(COD)CI}L, KOH, 95 °C, 60 min, 64%; (ii)
Chiral HPLC, (iii) HCI, 2MeTHF, 25 °C, 18 h then 8C, 165a51%,165b 78%,165c81%,165d 81%.

Compoundd 68a—dwere synthesised frotert butyl esterl49 and boronic acid66to give
intermediatel 67 which was separated by chiral HPLC to give compsura¥a—d(Scheme
43). The ester$66a—dwere cleaved using HCI at elevated temperaturgs/éocompounds

168a—d

\ N O'Bu N OH
NN ) S (i) i) S
N | o |2 | 0
| 0] —— < ~
P N° N F N N F N
w H N/N\ )N’\>
0.0 - -
149 B )\) 168a-d

- 167a-d -
& i

N 166

Scheme 43:Reagents and condition§) Boronic esterl66, [Rh(COD)CI}L, KOH, 95 °C, 60 min, 28%; (ii)
Chiral HPLC, (iii) HCI, THF, 50 °C, 7 h then 25 °*I® h, then 50 °C 7 h, then 25 °C 16 h, then 50 ¢ ¥%8a
69%,168b86%,168c68%,168d 68%.

Finally, compoundsl70a-d were synthesised from methyl esfigs5 and boronic acid69

(Scheme 44). The diastereomers were separated heamd hydrolysed. Attempted acid
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catalysed hydrolysis with HCI in 1,4-dioxane wassuectessful. However the addition of
LiOH gave compoundd7la—d The'H NMR spectra of compoundk7laand 171cwere
identical, but different to the spectra @71band171d so these compounds are likely to be
pairs of enantiomers. From tHel NMR spectra of compoundk7la-dis was possible to

show that compounti71laand17lcwere enantiomers of each other.

T EATET = AL
L -

Scheme 44 Reagents and condition§) Boronic esterl69 [Rh(COD)CIL, KOH, 95 °C, 60 min, 63%; (ii)
Chiral HPLC, (iii) HCI then LiOH, 25 °C171a61%,171b61%,171c61%,171d82%.

The biological results for compoundss5a—d, 168a—dand 171a—d are in Table 37.
Compoundl65cwas the most potent diastereomer in the set afifmmers. This compound
had a potency in the in the cellular assay of Tl ChromLogR4 for this compound was
3.81 making it one of the most lipophilic compounids the series; due to the high
lipophilicity the chromatographic permeability wasgh. Compoundl68c was the most
potent isomer of the 3-methylpyrazole series, vatipotency of 6.8 in the cellular assay.
Finally, in the dimethylpyrazole isomers compound.bhad a potency of 7.2 in the cellular
assay. The ChromLogl for compoundl71lbwas 3.20 and the permeability was 99 nm/sec

(Table 37).
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Table 37:Biological data for compoundss5a—d, 168a—d and 171a-d

OH
N N
| R O
N~ N7
H F

Chromatographic

Compound number R Cell assay (plGy) ChromLogD+ 4
Permeability (nm/s)

165a 6.5 3.89 310

165b 6.0 3.90 450

165¢ 7.0 3.81 430

O\

165d 5.9 3.82 430

168a 6.3 3.19 90

168b @ 58 3.29 o1
_N

168c "\‘\> 6.8 3.00 87

168d 5.5 3.31 88

171a 6.9 3.29 130

171b é 7.2 3.20 99
NN

171c )ny 6.1 3.29 140

171d 6.7 3.20 91

5.6 Summary of compounds based on azepine cores

Compounds from the fluoro-azepine series were Ipsgent than their des-fluoro

counterparts. In this series there was only a sdedtease in the pKvhich resulted in poor

permeability, although the %ChromPPB results weadsfactory. A number of small

modifications to the morpholine ring were carriad,dut none of the new compounds were

more potent. A more speculative approach produuexttsets of four diastereomers of which

compound 165c was potent, and permeable. The properties of ¢bimpound will be

explored in the next section.
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Compoundl65cwas the most potent and permeable compound matiesiseries. This had
the potential to translate into a potent and pehieedrug; however one key experiment to
determine if it was suitable for oral drug delivemas to measure the %ChromPPB. The
%ChromPPB for compound65c was 95% (Table 38). Compourib5c also had high
permeability with a value of 430 nm/s in the acidi membrane permeability assay. This
was the first in-house example of a compound witlh hpermeability in the artificial
membrane permeability assay (>100 nm/s) and a lesnm protein binding<®5%), and
was potent in the integrin assay. The permeabilithe MDCK cell assay was 116 nm/s and
therefore the compound is considered to have hegmeability (Table 38). The compound
was tested in the hERG assay and unfortunatesiroived a value of pkg= 4.4, which was
above the acceptable limit. Further work would ¢fi@re be needed to find a suitable

compound with a lower level of hERG activity.

Table 38:%ChromPPB for compourtbsc.

Compound number 165c
%ChromPPB 96%
AMP 430 nm/s
MDCK 116 nm/s
hERG (pICso) 4.4

Sub-cellular liver fractions such as liver microgmmare usefuh vitro models of hepatic
clearance as they contain many of the drug methglienzymes found in the liver.
Compoundl65cwas tested in rat, human and mouse microsomesstamsn to have high

clearance in the mouse and moderate clearanceandehuman microsomes (Table 39).
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Table 39:Microsomal clearance for compouth@5c

Species| Clearance value (mg/min/g liver
Rat 2.69

Human 0.89

Mouse 3.02

Compoundl65cwas potent in the cellular assay with a chromatplgic free-fraction of 5%.

However it was cleared in the rat and mouse miecnesy and presented a small potential

cardiovascular risk to patients. For these readbissseries was terminated.

5.7 3-Fluoropiperidine core

The retrosynthesis of compourid2 is shown in Scheme 45; it is similar to that for

pyrrolidine (R)-70a The key difference is that there is a quaterraaspbon atom on the

central core ring with a fluorine atom as one & Substituents. Thg-fluorine atom might

cause problems in the synthesis, as the inductifeeteof the fluorine atom may affect the

reactivity of iodidel74.

Scheme 45Retrosynthesis of compoudd2

|[Page |[136



Property of GSK - Confidential - Do not copy

The first step in the synthesis was the conversia@ommercially available alcoh&l73to an
electrophile. Attempts to make the iodide using Appel reaction were unsuccessful. This
may be due to the sterically hindered intermediatened, or the electronic effect of the
fluorine atom, or both. The triflate had been prepaelsewher® by reacting alcohol73
with triflic anhydride. Triflatel79 was reacted with the lithium salt of methylnaphithye

but the only products from the reaction were uniezhstarting materials.

F

. . F
HO@BOC (i) or (ii) X/\OBOC (iii)
s |

173 X=1174 NNER
=OTf 179

Scheme 46:Reagents and condition¢i) PPh, I,, Imidazole DCM, 25 °C, 18 h, no reaction (ii),Of EgN,
DCM, 0 °C, 1 h; (iii) BuLi, THF, -78 °C, 1 h, noaetion, 0 °C, 1 h, no reaction.

The problem of synthesising compoubib via a nucleophilic attack in any3 reaction was
circumvented by using a different approach (Schdme The alternative synthetic route
started from aldehyd&30, which was then converted to alkelt&l via a Wittig reaction. The

final step is a Friedlander synthesis to give conmoid 75.

(6] F H F F
181 180 173

Scheme 47Retrosynthesis of compoudds

175

Alcohol 173was oxidised using Swern oxidation conditions i pinesence of DIPEA to give
aldehydel80. Attempts to isolate aldehyd@80were unsuccessful as it degraded to a mixture

of unidentifiable compounds. When the reaction repeated, aldehyds80was not isolated;
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ylid 182 was added into the reaction mixture to give conmglol81 in 41% overall yield

(Scheme 48
F H i o
i) F (ii) F
M_ppng
173 180 182 181

Scheme 48'Reagents and condition$) Oxalyl chloride, DMSO, DIPEA, DCM, — 70 °C, K (ii) Compound
182 THF, 25 °C, 18 h, 41%.

Compoundl80 (Scheme 49) was reacted with aldeh$88in a Friedlander reaction to give
compound184 in 40% yield. Compound84 was hydrogenated using Pd/C then the Boc
protecting group was removed using TFA to give coumu 176. The purity of compound

176 was too low to calculate a yield for this sequence

0 . = N =
F (i) o | F (i), (i) | F
= NBoc ———————> N N = NBoc ——— » N \N NH
H
X \o
180 » 184 176
N” > NH,

183

Scheme 49Reagents and conditioné) Aldehyde183 KOH, EtOH, 90 °C, 1 h, 40%; (ii) Pd/C, THF, 25,°Z
days then (iii) TFA, DCM 25 °C, 1 h.

The enantiomers of compoudd6 were separated using chiral HPLC. Each enantiovasr
alkylated with E)-methyl 4-bromobut-2-enoat&07 to give compoundsl77a and 177b
(Scheme 50). Due to previous failed attempts aifypng o,p-unsaturated esters these
compounds were not purified. The crude reactiontunds contained approximately 20% by
mass of DIPEA and this was carried forward in thgtmeaction. The impure estérg7aand

177bunderwent a Rh-catalysed 1,4-addition using stahdanditions to give diastereomers
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178a—b and 178c—d respectively. Each pair of diastereomers was stgghrasing chiral
HPLC and178band178cwere hydrolysed to give compountizB2aand172b. Methyl esters
178aand 178d were not hydrolysed as it was presumed these isomeuld be less potent

based on previous SAR.

= ) =
| F (i) | F e (i
N7N NH
176a Br\/\)J\O _ HO. OH
176b 107 177a  177b
. - | @Q
N \N N O‘R R = Me 178a 178¢c ©
H J a7 178d:J (i) 151
11}
R=H 1:172a 172b
N
Lo
Scheme 50Reagents and condition§), (E)-Methyl 4-bromobut-2-enoat&07, DIPEA, DCM, 25 °C, 18 h, (ii)

[Rh(COD)CIL, KOH, 95 °C, 100 min178a15%,178b48%,178c4%,178d40%; (iii) LIOH, THF, 25 °C, 18
h then HCI,172a62%,172b 74%.

The biological data for compounds/2a and 172b are presented in Table 40. The two
compounds are diastereomers and differ at thecgfjenec centre bearing the fluorine atom.
Compoundl72ahas a plg, = 6.9 in theo,fs cellular assay and compoud2b has a plG

= 6.7 in theo,fPs cellular assay. The ChromLogRfor both compounds is similar at around
2.7 and the permeability is very high >200 nm/serghis a difference in the %ChromPPB

but both compounds have low %ChromPPB with valig&)s
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Table 40:Biological data for compounds/2aand172h

Cellular
Compound Permeability
assay ChromLogD+ 4 %ChromPPB pK 4
Number (nm/s)
(PICs0)
172a 6.9 2.65 215 90 8.73
172b 6.7 2.68 380 83 8.44

5.8 Summary to 3-fluoropiperdine series

Both compoundd72aand 172b are permeable and have low %ChromPPB; however this
programme of work was terminated due to the podenmies in the cellular assay, and in
favour of other series. This low potency in e cellular assay was not consistent with
previous SAR. It was assumed that either compdutior 172bwould have a pl€ ~ 8 in

the a,Bs cellular assay, based on modelling and previous .S4pdn further analysis of the
data it was found that the concentration at whimmpoundl72awas screened at was 2 mM
whereas it should have been screened at 10 mMihamndfore further investigation is on-

going to find the true potency of compouhi?a

5.9 4-Difluoropiperidine core

Compound 185 was proposed in addition to the other cores becatiscontains a
difluoropiperidine core and would further test thgothesis that decreasing thepi{ the
core would increase permeability. The predicted yddue of compound85was calculatetf
as 5.67, the lowest pKvalue of all the compounds proposed. The retrib@gis of

compoundl85is in Scheme 51 and follows a similar synthetithpay to other coresside

supra.
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N" N N OH SN N SN
H F fo) p— H E o
E E —
185 N 191 N
L\v/o (0]
. O ]
N N N N— >
H Y N7 N NH
F (o] H F
F
190 189 F
Z""
W
N 'N NBoc ——— | NBoc —— HO NBoc
F F F
F
188 187 186

Scheme 51Retrosynthesis of compoud@5s

Commercially available alcohdlB6was converted to iodide387 using the Appel reaction in
68% vyield. The iodide was reacted with the lithigalt of 2-methylnaphthyridine to give
compound188 in quantitative yield (Scheme 52). The yields foede two steps were
significantly higher than the same reactions in 3a#uoropiperidine series. The fluorine
atoms in compound88 are one carbon atom further away from the reaatemetre and

therefore will have less of an effect on the reacti

HO NB i i
;:J:::J oc () |/;iJ:::TBoc (i) SNTON i NBoc

F
F F
186 187 188

Scheme 52Reagents and conditions(i) PPh, I,, PhMe, 25 °C, 72 h, 68%; (ii) 2-Methyl-1,8-napyrildine,
LIHMDS, THF, -10 °C, 1 h, 100%.

The enantiomers of compouri88 were separated by chiral HPLC. The Boc group was
removed using HCI in 1,4-dioxane. As the fluorinenas in compound 88aand 188b are
non-equivalent, the expectédF NMR spectrum was a roofatti however, the spectrum

consisted of a doublet at -93.0 ppm witfdar coupling of 231 Hz, and a multiplet between -
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109.0 and -114.0 ppm. Aminé89aand189bwere alkylated withEK)-methyl 4-bromobut-2-

enoate to give estet®0aand190b(Scheme 53).

INF = =
o | 0 | (i | __ o
NN NBoc ———= >N SN NH —= N7°N NS
F H H F o)
- F
F
188 F

189a-b 190a-b

Scheme 53Reagents and conditiongi) 4 M HCI in 1,4-dioxane DCM, 25 °C, 18 h89a17%;189b12% (ii)
(E)-methyl-4-bromobut-2-enoatd7, DCM, 0 °C, 4 h,190a97%;190b 97%.

Esters190aand190b underwent a Rh-catalysed 1,4-addition using stahdanditions. The
diastereomers were separated using chiral HPLGv® rgethyl esterd91aand191b from
190aand191cand191dfrom 190h. Estersl91band191d were hydrolysed using LiOH to
give compoundsl85a and 185h. The **F NMR spectrum of compounti85a showed a
doublet corresponding to one fluorine atom, but dkieer signal was not observed. In this
series the second signal has been a broad mul@pidtin the'>F NMR spectrum of

compoundL85ait was not possible to distinguish this signal frtra baseline noise.

| ) Z
N O , |
N N N N7 N N Or
F o} HO.__OH H
F B F 0
F
190a-b

N

N (i) R=Me 191a-d /\lo
3 E =H 185a-b

151

Scheme 54Reagents and conditiongi) [Rh(COD)CI}L, KOH, 95 °C, 30 min191a15%, 191b49%;191c6%,
191d40%; (ii) LIiOH, MeCN, 25 °C, 4 185a85%,185b72%.

The biological data for compouriB5aand185bis presented in Table 41. Compout®bb

is more potent in cellular assay than compol@8a The ChromLogR,4 of compoundL85b
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is 4.62 and this translates to a high permeabiigasurement and a high %ChromPPB. The
basic pk, of these molecules is around 5.6 and is the lowéghe all the compounds
measured in this chapter. The difference in theo@iwogD; 4 for the different diastereomers

is 0.6 log units; it is unclear why there is sudarge difference.

Table 41:Biological data for compounds85aand185h

Cellular
Compound Permeability
assay ChromLogD+ 4 %ChromPPB pK 4
Number (nm/s)
(pICs0)
185a 5.7 4.02 370 98 7.86
185hb 6.3 4.62 560 97 7.94

5.10 Conclusions to difluoropiperidine core

Compoundsl85aand185b were made to test the hypothesis of loweg giKing increased
permeability. The pKof these compounds is around 7.9 and as a regufidimeabilities are
very high (>300 nm/s). This increase in permeablias come at a cost, as decreasing the
pKa has increased the ChromLogpand as a result the %ChromPPB is very high. The
potencies of these compounds were also much Idvaer ather series; there will therefore be

no further work in this series.

5.11 4-Fluoropiperidine core

One of the other cores of interest was the 4-flpperidine; the first part of the
retrosynthesis of the 4-fluoropiperidine core isSoheme 55The disconnections to form

intermediatel38are similar to those described on other cores.

|[Page [143



Property of GSK - Confidential - Do not copy

X
| P F | = F
” N o p— N N/ o p—
N OH H N
138 196

| > F | o
N N/ (0] — N N/ i —
O)\O N;é\/vj\o/ NH
(e JNe]
)< )< 194

195
Oﬁwb

N N f—

A N o)\o
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Scheme 55Retrosynthesis of compoud@8

193 192

There are a number of disconnections of compdl®®iwhich would enable its synthesis
(Scheme 56). Disconnection A would produce alkyludride 197 and the forward synthesis
would couple this in a Sonogashira reaction tola-tetrahydronaphthyridinddisconnection
B converts the alkynyl fluoride to the alkyne alobth98 This alcohol could be formed in
two ways, the firstvia disconnection C, which gives similar synthons iecdnnection A.
Finally disconnection D would give alkyn200 and a piperidinon€201 The forward
synthesis of compound98 would involve deprotonating alkyn200 and adding it to

piperidinone201
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Scheme 56Retrosynthesis of compourd®?2

The first approach to intermedial®2 was via an addition of a terminal acetylene to the
ketone of 4-piperidinone20L Attempts to make the terminal acetyle®0 using
Sonogashira conditions were unsuccessful (Scheme T8 major by-product was the
alkyne homocoupling produ@02 The problem was partly resolved when the numifer o
equivalents of TMS acetylene was increased tokowever, although the desired product
formed, the TMS protecting group was cleaved owee tand the compound was converted

to the homocoupled produ2z02 The route was abandoned in favour of an altereati

AN A
o (X o .
o ——x—~ N N ™

N~ °N )\
>3 ° /T\
202 203 200

Scheme 57Reagents and condition§MS acetylene, Pgdba), XPhos, DMA, 60> 100 °C, 2 h.

The next approach involved the coupling of a damaphthyridine 203 and

ethynylpiperidinol199. The latter was formed in a two step reaction fitts¢ step adding the
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lithium salt of TMS acetylene to piperidine-4-ormdidwed by cleavage of the silyl protecting

group with TBAF (Scheme 58).

Me,Si ’
0@ 0 SN (i \Ob
N, |
Z N. z N. Z
204 199

201

Scheme 58Reagents and condition§) BuLi, TMSacetylene, THF, -78 °C, 31%; (ii) TBAFHF, 25 °C, 99%.

Alkyne 199was coupled to chlorid203via a Sonogashira reaction to gi¥88in 70% vyield.
Alkyne 198 was then reduced using catalytic Pd/C under an sggheve of H to give
compound205 (Scheme 59). The material at the end of the @acivas a mixture of
compound203and an impurity which was identified by LCMS. Timepurity had a mass ion
consistent with the incomplete hydrogenolysis a (BBZ protecting group of compound

198

OH

NH

203 199 198 205

Scheme 59Reagents and condition§) Pd,(dbak, XPhos, DMA, 100 °C, 4 h, 70%; (ii) Pd/C,,HEtOH, 24 h.

All attempts to convert alcohd05 into fluoride 194 resulted in elimination to obtain a
mixture of alkenes of which only one is showa0§). The structures were not isolated, but

the LCMS showed three distinct peaks with the samfze
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| X F ) | OH _ | X
— (I) N N (I) —
N N -~ — &I\ N N N

og\o NH 0”0 o)\o NH

/}\ 194 /}\ 205 /’\ 206

Scheme 60Reagents and condition§) DAST, DCM, -78 °C, 1 h.

One way of addressing the problematic fluorinaticas to add the fluorine atom earlier in
the synthesis. Alkynyl fluoridd97 was synthesised following the procedure developed b
Van Niel et al.®* The authors state the fluorination step requireseption of the alkyne in
order to prevent elimination of the hydroxyl grotgpan alkene. Alkyn204 was protected
with Co(CO)s to give compoun@07in 95% yield. Compoun@07 was treated with DAST
to give the fluoride208 in 100% vyield. Due to the paramagnetic nature ofiCwas not
possible to confirm its structure by NMR as thekseaere broad. The only evidence for this
reaction is based on the change in retention timtée LCMS and a weak mass ion. Finally
the protecting groups were removed; the alkyneegtotg group was removed first by
oxidation with cerium ammonium nitrate to give caupd209in 94% yield, followed by

removal of the silyl protecting group to give compd197 (Scheme 61).

(CO)3

SiMe; \ Co (CO),
—Si—<|-Co(CO), \. Co
Il Y; —8i—<|-Co(CO), I
H /
OH . F F
0) (ii) (iii)
—_— —_—— _—
N E N N
z 7 z
204 207 208 i R = TMS 209
('V)’—_» =H 197

Scheme 61:Reagents and conditioni) Co,(CO), EtO, 1 h; (ii) DAST, DCM, 1 h; (iii) Ce(Nk)>(NO3)e,
acetone, 1 h; (iv) TBAF, THF, 1 h; 42% (2 steps).
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With compound197 in hand, attention turned towards the coupling l&fyree 197 and
chloronaphthyridin€203 The Sonogashira reaction using(@tay and XPhos as a catalyst
resulted in a poor 36% yield of compoub®? with recovered starting material. Addition of

fresh catalyst and ligands to the reaction mixtesailted in no further product being formed

(Scheme 62).

X
s F
N |
\b N" N7 >al
N.
Z Oﬁ
197 203 192

Scheme 62Reagents and condition§) Pd,(dba}, XPhos, KCO;, DMA, 100 °C, 15 h, 36%.

The reduction of the alkynyl group in fluorid®2 proved to be the lowest yielding step in
the reaction sequence. Treatment of compdiffwith H, in the presence of Pd/C resulted
in 99% mass recovery but upon further analysisy @9% of the desired product formed,
with the rest of the mass attributed to the deterdated produc210 (Scheme 63). This step

was later optimised and an explanation of how thleatbgenated produ2tlO was made is

X X
(i m\/\b %
N N N N
O);T\ NH O);T\ NH

192 194 210

presented later.

Scheme 63Reagents and condition§) Pd/C, H, EtOH, 18 h;194:21019:81 .
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The remaining steps to form compouli®B have been described previously. Compoi@d
was alkylated withE)-methyl 4-bromobut-2-enoati®7to give compound 95 (Scheme 64).

The next step was the Rh-catalysed 1,4-additioipwed by an ester hydrolysis to give

compoundL38

X
A F () (] F
4?\ N NH ——————75——’ N™ °N O
O /jii BR\//Q§/ﬂ\O// Oé{jii N\“/\\§/J\O/

194

107 195
(i N
D ——— 7
H N o)
N OH
138

Scheme 64:Reagents and conditiongi) DIPEA, DCM, 25 °C, 2 h; (ii) [Rh(COD)CJ] (R)-BINAP, 3-
cyclopropylphenyl boronic acid, 1,4-dioxane; 30 nthren LiOH, 12 h, 5% (3 steps).

The biological data for compourkB8 is summarised in Table 42. Thgs cell potency is
7.0, an acceptable level of potency which meetsciiteria; however the compound is
lipophilic with a ChromLogB4 of 4.10 and as a result the artificial membramengability is
high. The plasma protein binding assay showed 98% binaliigthe hERG assay measured a
potency of 6.0. Due to the activity in the hERGrfhauda) assay the compound was not

progressed any further as the compound had thetudtt® cause cardiac arrhythmia.
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Table 42:Biological data for compounti38.

Assay Compound38
a,Bs Cell assay (pl&y) 7.0
ChromLogD 4 4.10
Permeability (nm/s) 320
Plasma protein binding (%) 98
hERG Barracuda assay (gHC 6.0

5.12 3-Fluoropyrrolidine series

As compoundl38 showed potency in the hERG Barracuda assay, itdeasled that the 3-
fluoropyrroldine target39 would not be synthesised as it was also likelydabtive in the
hERG assay. The cyclopropyl substituent on compdiBfilwas causing the molecule to
have a high ChromLogD value; it was therefore replaced with a morphotmeive more
suitable properties. Compou2d1is the morpholine equivalent of compoub®9 and was
proposed as it would have a lower ChromLegihan compound38 and therefore be less

likely to have activity in the hERG assay.

The retrosynthesis for compourddl is outlined in Scheme 6&nd is similar to that for
compoundl38 The reduction of the alkyne to the alkane wadblgrmatic in compound92
the proposed synthesis of compoultll contains a similar synthetic transformation so

further optimisation may be required.
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o

211 218

215 /}\ 214 213 212

Scheme 65Retrosynthesis of compou2d L

Compound213 was synthesised using conditions previously desdrifor the piperidine
series> TMS acetylene was deprotonated using BuLi; thejugmte base was added to
ketone212to give alcohoR19(Scheme 66). Alcohd19was treated with GECO) to give
compound220, followed by DAST treatment to give compou8l which was deprotected
with Ce(NH,)2(NOs)es to alkynyl fluoride222 The TMS protecting group was removed with

TBAF to give compoun@13

SiMe; (CO3) (00)3 -
| | -Co(CO)3 —Co(CO)3 | |
OH
(\fo 0] (u) (m) (w) F
N N
: 2 Y
212 219 220 221 R= TMS 222
W "o 213

Scheme 66Reagents and condition§) TMSacetylene, BuLi, THF, -60 °C, 3 h, 97%) (C0,(CO), EtO, 1 h
94%,; (iii) DAST, DCM, 1 h, 86%; (iv) Ce(NpL(NO3)e, acetone, 2 h, 100%; (v) TBAF, THF, 40 min, 31%.
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The 'H, *F and**C NMR spectra of compoun2il3 showed additional signals which were
attributed to rotamers. A variable temperature Nafiectrum was recorded at 373 K and the
rotameric peaks coalesced. TH& NMR spectrum run at 273 K showed two apparent
septets; however these were assigned as two #ripfetriplets {t), one for each rotamer,
whereJ; is twice the size o, (Figure 58). Thé®F NMR spectrum run at 373 K showed a

singlett.

AG4833.012.esp Mo (m)

Normalized Intensity

T T T T 7 T T T T T
-138.0 1385 -139.0 -1395 -140.0 1405 -141.0
Chemical Shift (ppm)

W165875.012.esp M01(m)

Normalized Intensity

T T T T T T T T T T T T T
-138.0 1385 -138.0 1395 -140.0 1405 1410
Chemical Shift (ppm}

Figure 58: Left : *F NMR spectrum of compouriil3(top at 373 K, bottom at 272 K). Right : representaof thett in the
¢ NMR of compoun®13 J;(blue), Jx(red).

Attempted Sonogashira coupling of acetyl@d8with aryl chloride203 failed (Scheme 67).
A low yield was also seen in the 4-fluoropiperidiseries, however in that case there was

enough material to continue the synthesis.
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213 203 214

Scheme 67Reagents and condition§) Pd,(dba), XPhos, KCO;, DMA, 100 °C, 15 h.

One hypothesis for the low yield in this Sonogasheaction is that the fluorine atom is
inductively affecting the C—H alkyne bond. This exff could have implications for the
reaction, as it is likely to stabilise the Pd—C tomhich might be unable to reductively
eliminate. To overcome this problem an alternatileyne coupling reagent was proposed.
Tertiary alcohoR23 could be coupled to the tetrahydronaphthyridiniagisimilar chemistry

carried out in the piperidine series, then the ladt@ould be replaced with fluorine using a

fluorinating agent later in the synthesis.

Pyrrolidin-3-one212 was reacted with the lithium salt of TMS acetylénele suprd; then
the silyl group was removed with TBAF to give corapd 223 (Scheme 68). The product
was contaminated with a tetrabutylammonium saltctvhivas evident in théH NMR

spectrum.

SiMe3
f f
OH OH
0]
_—

N N

4 4
219 223

Scheme 68Reagents and condition§) TBAF, THF, 30 min, 93%.
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Alkyne 223 was coupled to compour2D3 under Sonogashira conditions described above to
give alkyne224in a modest 23% vyield (Scheme 69). The yield wastahan expected but
higher than from the coupling with alkynyl fluori@d.3 This reaction gave enough material

to complete the synthesis, but this step would nedd optimised if a scale up was required.

X
N~ N7 >l U]
Nz o)\o OJLT\

223 203 224

Scheme 69Reagents and condition§) Pd,(dbay, XPhos, KCO;, DMA, 100 °C, 15 h, 23%.

The next step in the synthesis was the conversidheoalcohol224 to fluoride 214. The
alkyne was protected with @&O)s using conditions described previously to give h@do
225 which was then converted to fluorid@6 using DAST; finally the protecting group was
removed using Ce(NHL(NOs)s to give alkynyl fluoride214 TheH NMR spectrum showed
the presence of an impurity of around 19%; thisuntg contains an alkene proton and is a

mixture of rotamers, indicating the presence oBZ @roup.

~
H \N 0(CO)3
0oC _
(0C)sCo
HO N
v4
224 225
~
E!oc\N 0(CO)3 (iii)
(OC)sCo
F N_
z
226 214

Scheme 70:Reagents and conditiongi) Co,(CO), ELO, 1 h 99%; (ii) DAST, DCM, 1 h, 94%; (iii)
Ce(NH,),(NOs3)e, acetone, 1 h.
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Catalytic hydrogenation of compourd4 over Pd/C in EtOH resulted in an inseparable
mixture of the desired compourtl5 and the hydrogenolysis produg®7 (Scheme 71).
When compound214 was hydrogenated over RIO in EtOH, the only product to be

produced was compourR7. Van Niel et al®*

reported similar results when reducing an
alkynyl fluoride. LCMS indicated a rapid reductiof the alkyne to the alken228 and a
slower reduction to the alkane. It is possible #lkéne228 can bind to the Pd catalyst in an
n? complex 230 or n®-complex 229 The n®-complex can add hydrogen across the double

bond and hydride to the tertiary carbon to givelijrg@roduct227.

| F

N
A

o” 0 Pd

/}\ 230

Scheme 71Reagents and condition§) 5 mol% Pd/C, H EtOH, 25 °C, 18 227:95% yield,215 5% vyield.

The proposed mechanism for the dehalogenation pgtipeessia an ionic intermediate. One
hypothesis to overcome this pathway was to expldferent solvents which could make its
formation less favourable. Guminat al® showed that it was possible to reduce a
B-allylic fluoride with Pd/C in a low polarity solve like cyclohexane. To test this hypothesis
a number of solvents with a range of dielectricstants were used to see if there was a
decrease in the amount of hydrogenolysis producindd (Table 43). As described
previously, when EtOH was the solvent the majarityhe product was the undesired alkane

227. When the solvent was changed to THF, which halghatly lower dielectric constant,
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20% of the desired fluoroalkar®5was formed. When EtOAc was used as the solvent, the
yield of compound15increased to 31%. There was a significant imprey@nmn the yield
(58%) of compoun@®15 when CHC}{ was used. This reaction was complicated by the fac
that under these conditions there was evidence thi@atBoc protecting group had been

18 could

removed from compoundil5and227. Disappointingly, the results of Gumieaa
not be repeated with compouBd4 because no product formed when cyclohexane wak use
as solvent; this could be partly due to the insiitybof compound214 in cyclohexane
(Table 43). A reaction in 90% cyclohexane and 10#CG did produce a solution but

showed no improvement over the reaction when nei&tl¢was used as a solvent.

Table 43Results from the hydrogenation of compo@id with different solvents

Pd/C H,

F —_—
o/go

(e}
N ~z Solvent /’\

214 215 227

Ratio
Solvent Dielectric constant ) at 20°C
Fluorinated / Unfluorinated
EtOH 25" <5% : 90%
THF 7.4% 20% : 73%
EtOAC 6.0™ 31% : 65%
CHCl; 4.8" 58%* : 27%*
Cyclohexane 2.0" <5% : <5 %
9:1 Cyclohexane : CHC} NM 56% : 29%

NM : Not measured
* mixture of fluorinated and unfluorinated mateneith and without the Boc protecting group.
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Although the reaction conditions were not optineaipugh material was obtained from the
hydrogenation in CHGIto continue the synthesis of compou2tiL. The resulting material
was a mixture of compourll5 compound217and the corresponding compounds without
the Boc protecting group. This mixture was simplifiby the conversion of compoun2ks
and227to compound®231and232using TFA in DCM for 76 h (Scheme 72). The mixture
was purified by achiral HPLC and then the enantienveere separated by chiral HPLC to
give enantiomer®3la and 231b in 21% and 22% yields, respectively from the alkyny

fluoride.

R
N, (ii) | X R
NTON
Ho R=H232{_ N_
=F 231 z
X (i) [, 231a and 231b
214 | R
~
NN
N
R=F 231
L R=H 232 _

Scheme 72Reagents and condition§) 5 mol% Pd/C, H CHCE, 25 °C, 18 h; (ii) TFA, DCM, 76 h; (iii) Chiral
HPLC 231a21% yield,231b22%.

Compound®23laand231bwere deprotected using Pd/C in EtOH to give compe@33a
and 233b These were then alkylated using)-(methyl 4-bromobut-2-enoate to give
compound234aand 234h. Compound®235g 235k 236aand236b were formed from an
asymmetric Rh-catalysed 1,4-addition describedipusly; theeefor the latter reaction was
>90% by analytical chiral HPLC. After chiral HPL@\e ester235g 235h 236aand236b
were deprotected using LiQ4g) in THF to afford compound837a 237h 211aand211b

after an acidic work—ugLi NMR confirmed that there was no lithium in thevducts.
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N AN
X
P ! () » F 0 | F
o
” N o H N . N N (6]
N., NH H NMO/

231a-b 233a-b 234a-b

OH

R = N-Morpholine 235a-d
= 3,5-dimethylpyrazol-1-yl 236a-d

R = N-Morpholine 211a-b
= 3,5-dimethylpyrazol-1-yl 237a-b

Scheme 73:Reagents and condition¢i) Pd/C, H, EtOH, 18 h,232a 74%, 232b, 80%; (ii) €)-methyl 4-
bromobut-2-enoate, DIPEA, DCM, ® 25 °C, 6 h,234a97%, 234b 79%; (iii) [Rh(COD)CI}L, (R)-BINAP,
boronic acid, 1,4-dioxane; 30 m85a10%, 235b 45%, 235¢c9%, 235d 58%, 236a5%, 236b 51%, 236¢c6%,
236d35%; (iv) LIOH, 18 h211a81%,211a88%,237b84%,237b68%.

For completeness, all four diastereomers of comp@irl were required. In a subsequent
synthesis of compoun@l1la and 211b chiral HPLC was conducted at the end of the
synthesis rather than at intermedia&. Compoundf11cand211dwere both produced in

5% yield from234aand234h, respectively (Scheme 74).

O
NN o (). G N N
H S (Ijv% %
NN o
H
N OH

234a-b 211¢c-d

Scheme 74:Reagents and condition§) [Rh(COD)CIL, (R)-BINAP, boronic acid, 1,4-dioxane; 30 min, (ii)
LiOH, 18 h,211c5%,211d5%.

The biological data for compound®lla-d 237a and 237b is shown in Table 44.
Compound=211a 211h and237ahad a plGy > 7.9 in theo,ps cellular assay. Compound
237bhad a slightly lower value with a pd&= 7.6. Compound211c and211dwere nearly
100-fold less active with pkg= 6.3 and 6.5, respectively. The selectivity of pannds
211a-h 237aand237b at thea, 3 anda,ps integrin against the,ps integrinwas at least 10-
fold. There was at least 0.5 log unit of selecfiviindow at theo,fg integrin over thew,pe
integrin.
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Table 44: Biological data for compoundilla-d, 237and237h

Compound
Stereochemistry| a,Bs (pICs0) | B3 (PICs0) | ouPs (PICs0) | owPs (PICs0)
number
211a Diastereomer A 7.9 6.9 7.1 7.6
211b Diastereomer B 7.9 6.2 6.8 7.6
211c Diastereomer C 6.3 55 6.0 5.9
211d Diastereomer D 6.5 5.0 NT NT
237a Diastereomer A 8.0 6.5 6.7 7.7
237b Diastereomer B 7.6 6.0 6.7 7.2

NT: Not tested

All these compounds were potent at thfs integrin and therefore the permeabilities and
protein binding values were determined (Table 4%)e %ChromPPB correlates with the
ChromLogD 4, compounds2l1la and 211b have a ChromLogh, of 2.62 and 2.66
respectively and have a %ChromPPB of 88% and 84%pectively. Compound&37aand
237b with higher ChromLogR, values of 3.33 and 3.16, respectively and have a
%ChromPPB of 99%. The compounds were also incubatedman whole blood for 4 h at
37 °C and the percentage of the compound whichneibbound to the protein was measured.
Compounds211a and 211b had a low-to-moderate whole blood binding value erglas
compound237ahad high whole blood binding of 99%. The permetbgi of compounds
2113 2373 and237bwere high with values of >100 nm/s. Compo@3Yb had a moderate
permeability of 93 nm/s as measured in the aréifimembrane permeability assay. All of the
compounds were put through the MDCK permeabilisagsand compoundsllg 2373 and
237b were moderate-to-high. Compou2d1b had a value of 26 nm/s and has moderate

permeability.
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Table 45: Permeability and blood binding assay results fonpounds211a, 211b, 237and237h

MDCK
Compound Whole blood Permeability
ChromLogD~ 4 | %ChromPPB permeability
number binding (%) (nm/s)

(nm/s)
211a 2.66 88 83 230 87
211b 2.66 84 85 93 26
237a 3.33 99 99 330 177
237b 3.16 99 NT 160 70

NT: Not tested

An explanation for the difference in the permeaieti of the pyrrolidine diastereomers was
sought with molecular modelling. The two enantiognavere energy minimised in a
lipophilic environment using MOE (2012.10, forcédieMMFF94x), which would mimic the

lipophilic interior of the cell membrane. TH&R-diastereomer§ at the fluoropyrrolidine

stereogenic centre) shown in Figure 59) shows tba#iebridges between the carboxylic acid
and the protonated species. This enantiomer is tabslopt a conformation where all the
polar groups are away from the lipophilic envirommley orientating the lipophilic groups on

the outside surface of the molecule.

Figure 59: Lowest energy conformer in lipophilic environmerit(&)-4-((S)-3-fluoro-3-(2-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)-3-phgtbutanoic acid
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The RR-diastereomer of the fluoropyrrolidine is shown kigure 60. This compound is
unable to fold the polar groups together withowtuiming a large energy penalty; there is

therefore a large exposed polar surface area irgguttlower permeability.

Figure 60: Lowest energy conformer in lipophilic environmerit(&)-4-((R)-3-fluoro-3-(2-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)-3-phetbutanoic acid

5.13 Summary of results obtained with fluorine cordining cores

A number of cores containing a fluorine atom weyatisesised and tested. The original
hypothesis was to see if the p&f the core correlated with the permeability & tompound.
The physicochemical data for one example of each isoin Table 46. The original starting
point was compoun@38 which contained a basic nitrogen in the core ofrtiedecule. The
measured pKwas 9.63 and the permeability was low (30 nm/s) essult of the highly basic
core. Compound54 has a seven-membered core with a fluorine atom é¢adbon atoms
away from the nitrogen; as a result the,pK similar to compoun®38 The artificial
membrane permeability of compouh84is low (49 nm/s). The pkof the core of compound
138 is 8.64, which is lower than that of compou®88 because the fluorine atom has a
greater effect on the basicity of the nitrogen. Ppeemeability of compound38 should not

be compared with the other compounds in Table 4ause there is a different R group on
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the benzene ring and there is no direct comparisothis compound. Compound¥2 and
211 have lower pKvalues due to the increasing effect of the fluoatmm on the nitrogen in
the core; these compounds also have very highdefgbermeability. The %ChromPPB for
the compounds in Table 46 are around 80% with tleemion of compound38 This
compound has a %ChromPPB of 98% but this coul@ &esause it has a different R group.
This compound also has a considerably higher Chogbt, value which may be affecting

the %ChromPPB.

Table 46: Summary of data for compoun#é88, 138 154 172and211

Artificial
Compound membrane
Core R ChromLogD; 4| pKa %ChromPPB
number Permeability
(nm/s)
NS
238 @ Morpholine 2.28 9.63 30 81
77" H
N
154 5@ Morpholine 2.84 9.21 49 82
F
N
138 % Cyclopropyl 4.10 8.64 320 98
F
N%
172 Morpholine 2.68 7.63 380 83
e
NG
211 Morpholine 2.66 8.09 230 80
137"F
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Graph 5 shows a correlation between the permealaihtd the pK for the compounds in
Table 46. This correlation supports the hypoth#sas changing the pkKof the core nitrogen

can increase the permeability of the compound.

400

350

300

250 . y=-172.28x + 1660.7
500 R2=0.9519

150

100

50 4

Artificial membrane permeability (hm/s)

pKa

Graph 5: pK, and permeability data for compour2i38, 154, 172 and211

Graph 6 shows compoun@38, 138,154, 172and 211 plotted on the oral design guide
discussed in chapter 4. There is good correlatietwéen the measured (red) and the
calculated (blue) data. CompourzizZ8 and172 were predicted to be the least permeable and
these results have been confirmed with the measlatad Compoun@11 was predicted to
have the best chance of being permeable and hiave ®ChromPPB and this has also been

confirmed by the measured results.
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ChromLogD 4

CMR

Graph 6 : Compounds238, 138 154 172 and 211 plotted on the oral design guide showing the déffee
between measured (Red) and calculated (Blue) gsesult

Compound211a had excellenin vitro properties; it was potent at thgBs integrin, was
permeable and had a reasonable free fraction.dttherefore decided to test the hypothesis
in vivo. Compound21lawas dosed by intravenous infusion (30 min infusione) at 1
mg/kg to the Wister Hann rat; the compound posskssoderatdigh blood clearance (49
mL/min/Kg), a moderate volume of distribution (4./kg) and a moderate hdife (1.9 h). A
mean oral bioavailability of 77% was achieved faliog oral solution dosing at 1 mg/kg

(Table 47).
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Table 47:Rat PK data for compouril1a

Dose route Intravenous infusion Oral (n = 2)
(30 min)(n = 3) -
Mean Std Dev Mean
Dose level
1.01 0.02 1.01
(mg/kg)
Cl
49 9 ND
(mL/min/kg)
Vss (L/Kg) 4.1 2.1 ND
TY2 (h) 1.9 1.1 2.3
Cmax (ng/mL) 351 65 105
Tmax (h)* 0.5 0.5-0.5 0.63
AUC (0-inf)
352 64 258
(ng.h/mL)
%F ND ND 77

ND: Not determined; * median and range

After analysis of rat urine collected following tié dose, the amount of the administered
dose present in the urine after 12.5 h ranged 4% to 28% and accounted for ~22% of the

total clearance (Table 48). Overall the rat profifecompound?1lashows promise and the

compound has the potential to deliver a drug slatédy oral administration.

Table 48: Urine Collection and Analysis following the IV dofor compoun@1la

Total parent in the
Renal clearance Mean % of total
Rat ID urine (0 -12.5 h) % dose in urine
mL/min/kg clearance
(HO)
1 80.7 28 13
2 74.2 24 9.7 22
3 36.7 14 8.3
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Compound21lashowed good rat PK, therefore it was progressedartog PK study. Three
dogs were dosed to determine the suitability of administration in a non-rodent species.
There were two arms to the study; the first washal¥ infusion at a dose level of 1 mg/kg
and the second an oral administration at the sayee.d'he IV data was used to determine
clearance and the volume of distribution; the meatue for the clearance was 5.6
mL/min/Kg which is low compared to the dog liveobtl flow and the volume of distribution
was 2.5 L/Kg. When the compound was dosed ora#yniean AUC was 2200 ng.h/mL and
the mean bioavailability was 74%. These resultscatd that the compound can easily pass
the intestinal wall. The mean half life,ftfor compound21lawhen delivered intravenously

was 6.1 h (Table 49).

Table 49:Dog PK data for compouriil1a

Dose route Intravenous infusion Oral (n = 3)
(30 min)(n = 3) B
Mean Std Dev Mean Std Dev
Dose level (mg/kg) 1.1 0 1.0 0
Cl (mL/min/kg) 5.6 0.7 ND ND
Vss (L/Kg) 2.5 0.4 ND ND
TY (h) 6.1 0.8 ND ND
AUC (0-inf)
3180 465 2203 337
(ng.h/mL)
%F ND ND 74 1

ND : Not detemined
Compound21lashowed excellent dog PK, however a predicted hudose was required to
progress the compound further. The normal humandhial epithelium (NHBE) assay is the

most representativin vitro assay of ann vivo simulation. In this assay the compound is
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incubated with NHBE cells which have thgfs integrin and TGEon the cell surface; then
after 48 h the supernatants were removed and as$aythe protein plasminogen-activating
inhibition 1 (PAI-1). PAI-1 is a fibrotic mediatatownstream of the activated Tgsfeceptor
through then, e integrin. This assay is the most representatisayasf humaru,f3¢ inhibition
and this value will be used for the dose predict@ompound21lawas progressed through
this assay and showed a pJ& 6.1 (concentration required to inhibit 50% obtein) and a
plCyo= 7.8 (concentration required to inhibit 90% oftern).

The human dose prediction of compowtlais shown in Table 5& The oral profile of
compound2llain rat and dog was scaled to human; taking inteseration the renal and
hepatic clearance based on glomerular filtratiolesraand liver blood flow fromn vivo
experiments. The calculation is based on achiegingaximum free blood concentration
equivalent to the cell adhesionglGor at least 1 h. The human predicted dose of camg@
211ais 275 mg or 55 mgs per dose based on rat orrdsgectively. Comparing this to the
only currently available treatment for IPF (Pirféoine) the predicted dose is around an order
of magnitude lower. If the predicted dose were ¢otlhe clinical dose it could provide a
number of significant benefits to the current stadd not only is less active pharmaceutical
ingredient required, but the compound is predi¢tede dosed twice a day (instead of three

times).

Table 50:Dose predictions for compourzd 1a

Dose Total daily dose of Compouriilla| Total daily dose of Pirfenidone
(mg b.i.d) (mg) (mg)
Rat Dog Rat Dog
2403
275 55 550 110
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The next steps in the progression of compa2tawere to test the compound in the AMES
assay to determine genotoxicity. The compound wagdl at a range of concentrations up to
5000 mg / mL to a number of mutagenic strains otdr@ga and showed <2% revertant colony
counts compared with positive controls suggestegcompound was not genotoxic.
Compound21lawas a potent inhibitor of the integrin recepigs. The compound was also
permeable and had a high free-fraction. When thmepoaind was testenh vitro it showed
excellent permeability in the MDCK and free-fraction the whole blood binding assays.
Compound21la showed excellent oral bioavailability in @&m vivo rat PK study and also
showed excellent PK in the dog. This compound iseriily being considered as a small
molecule anti-fibrotic medicine to be delivered gatients with fibrotic diseases dosed at
around 100 mg per day. The only concern with compgd@ilawas the potential metabolite
that could be an aniline fragment which could poédly cause toxic side-effects (Figure 61);
even though this compound had been shown not tgebetoxic attention turned towards
finding a compound with similar (ideally lower) plieted daily dose than compoudla

but without the aniline fragment.

211a

Figure 61: Compound211ahighlighting aniline fragment

A (2-methoxy)ethoxy substituent was considered msmarpholine replacement. The (2-
methoxy)ethoxy group occupies the same space asdingholine in compoun@11a but
does not mimic the exact binding mode, as seengar& 62. This is because in the open

chain there is no preference for the torsion a(@t©-Ar) to be in a gauche conformation.
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Figure 62: Compound®1laand239docked into the., s homology model

The torsion angles and distances between the atarag2-methyoxy)ethoxy system needed
to be examined to ensure that the values obtain@sh the molecular modelling were
consistent with known values from X-ray crystalustures. The Cambridge Structural
Database (CSD) was searched for any compoundsitioigta (2-methoxy)ethoxy group and
the dihedral angles and distance between the twgems were retrieved. Table 51 shows the
results retrieved from the CSD and the torsion emgletween atoms on compow8p. The
dihedral angles (Tor 2, Tor 3) and the distancevbeh the two oxygen atoms (Dist 1) of the
binding mode of compoun239in the o, homology model lie close to the distributions in
CSD. There is about a 20° difference in the Tondl@in compoun@39and the compounds
in the CSD. This indicates that the (2-methoxy)gyhsubstituent in compoun239 should
not be subject to significant conformational peealt Based on this analysis it was

hypothesised that compou89would be a suitable morpholine replacement.

|[Page [169



Property of GSK - Confidential - Do not copy

Table 51:Dihedral angles and distances(8fmethoxy)ethoxy containing compounds from the CSD

Mean Result
Torsion angle/Distance CSD result rft:grlﬂt from
cSD docking
' 0
8: TOR1
H H /H r: Frequency
20
\\x
" 0 +90 173 155.1
139
H H i 279
419
Torl e
H 6: TOR2 4
H H r: Frequency
. L X 0 -0 +00
o LR 81 7.1
H H 162 \\ \_
H 243,
Tor2 s
0
8: TOR3
H H /H r: Frequency
_—C 0 -90 +90
" \ON\ 1 176 171.9
H H 222, \\\
H 333
Tor 3
H H\ /H 250
! a 200
H e c X 150
‘ N - 2.89 2.82
H H
H "1 L
Dist 1 2,500 3 3500 4
|S DIST1

The physicochemical properties of compol289 were predicted using the same methods
described in Chapter 5 and the compound was plattéde oral design guide (Figure 63).
Compound239is predicted to be suitable for oral drug delivetys likely to have a greater

drug efficiency maximum and have a similar permiggiiio compound21la Based on this
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analysis and the modelling it was hypothesised twempound239 would be a suitable
morpholine replacement.
(\o
N

N” 0
N OH

211a
~0

J

o
X
| F
N 3
N OH
239

ChromLogD

Go0dDrug eficiency

CMR

Figure 63: Compound®1laand239plotted in the oral design guide.

The synthesis of compour2B9 is similar to that of211a The first step requires a Rh-
catalysed addition of boronic ac2d1to compound®34a to give compoun@40, which was
not isolated. Methyl est&40was hydrolysed to give compou89which underwent chiral

HPLC separation to give compourZi39aand239bin 75% and 9% vyield, respectively.

X
F
(le\/Nj\/t\ 0 Q) ~ i o ~0"
H ~ S — _
N\/\)LO N~ N o)
234a B(OH), H N o

= H 239
241 239a and 239b ] i

Scheme 75Reagents and condition@) [Rh(COD)CIL, (R)-BINAP, KOH, 1,4-dioxane; (ii) LiOH, THF; Chiral
HPLC 239a75%,239b 9%.

The biological data for compoun2i39a and 239b is depicted in Table 52; the data for
compound2llais also included for comparison. Compou89a is more potent than
compound239b in the four integrin assays. Compoul89ais equipotent with compound

211ain the a,fs integrin cell assay; however it is less selectivehe o, integrin assay
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showing only 0.4 log units difference rather thae 1 log unit seen with compou2dla

Compound239ahas a similar ChromLogD) value to compoun@l1laand is inactive in the

hERG (Qpatch) assay. For these reasons it was etktal progress compourzB9a into

otherin vitro assays.

Table 52:Potency and physicochemical properties of comp@&8# 239band211a

o o s e ChromLogD7 4 MW NERG

pICso pICso pICso pICso (Qpatch)
239a 7.9 7.4 7.4 7.5 2.85 485 <4.52
239b 6.2 5.9 6.6 5.8 2.77 485 NT
211a 8.0 7.0 7.2 7.6 2.66 496 <4.52

NT : Not tested

Compound239awas progressed into permeability and binding assEys results suggested
it is both permeable and with a high free-fractiaith a result of 88 nm/s in the MDCK
assay and 74% protein binding in human whole bloeshectively (Table 53). The binding
data is consistent across species with a valuerltivam 85% blood binding in human, rat,
dog and mouse blood. A comparison of compou2tita and 239a suggests they have a
similar in vitro data therefore a rat PK study was initiated to eranthe differences of the
structural motif.

Table 53 Permeability and binding data for compour2i39aand211a

Assay Compound 239a Compound 211a
AMP permeability (nm/s) 213.7 230
MDCK (nm/s) 88 87
%PPB 90.4 83
%Whole blood binding 74 83

Before the rat PK study could be undertaken a nuraben vitro assays were completed.
Compound239a was stable in rat microsomes and also human agdhdpatocytes. The

compound was metabolised by rat hepatocytes lautaat level (Table 54)
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Table 54: Microsomal clearance for compoud9a

Species Clearance (mg/min/g of tissue)
Rat microsomes <0.53
Rat hepatocytes* <0.8-0.98
Human hepatocytes <0.87
Dog hepatocytes <1.73

*QOne value was 0.98 a second value was < 0.8, & iarigerefore quoted

The pharmacokinetics of compoug89ain the male Wister Hann rats following IV infusion
(2 mg/kg; 1 h infusion) and oral administrationn(®/kg) are shown in Table 55. Compound
239ahas low blood clearance (20 mL/min/kg); a modevateme of distribution (3.6 L/kg)
and a moderate-to-long half life (4.3 h). Followimigl administration at 2 mg/kg a mean oral

bioavailability of 93% was calculated.

Table 55:Rat PK results for compourzB9a

Dose route Intravenous infusion Oral (n = 3)
(30 min)(n = 3) -
Mean Std Dev Mean Std Dev

Dose level (mg/kg) 1.0 0 2.0 0.1
Cl (mL/min/kg) 20 2 ND ND

Renal clearance
3.7 0.6 ND ND

(mL/min/kg)

Vss (L/kg) 3.6 1.0 ND ND
TY2 (h) 4.3 1.2 ND ND
Cmax (ng/mL) ND ND 530 77
AUC (ng.h/mL) ND ND 1551 325
%F ND ND 93 27

ND : Not determined

Compound239a had a more desirable PK profile when comparedotopound211awith
two-fold lower clearance and an increase in orahwailability from 70% to 90%. The lower
clearance results in lower first pass metabolisrhjckv is driving the increase in oral

bioavailability. The increase in & along with an increase in free-fraction leads he t
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prediction of a lower human dose (55 mg/dose) caethto compoun@l1la(275 mg/dose).
Rat hepatocyte data for compowz@Bapredicted a clearance of <24 mL/min/kg compared to
the measured hepatic clearance of 16 mL/min/kgl(toearance minus renal clearance).
Compound 239a is stable in human hepatocytes, therefore predjctow-to-moderate
clearance in human. As compouzigPahas a superior PK profile and the fact that there
potential aniline risk a dog PK study was undentake

The pharmacokinetics of compou@89ain the male beagle dog following IV infusion (1 h
duration) and oral administration at a nominal do$el mg/kg are shown in Table 56.
Compound239ahas low blood clearance (3.7 mL/min/kg) of whicB &1L/min/kg is due to
hepatic clearance; a moderate volume of distributio4 L/kg) and a moderate to long half-
life (4.8 h). Following oral administration at 1 fiaRg compound239ashowed complete oral

bioavailability.

Table 56 Dog PK results for compourzB9a

Dose route Intravenous infusion

(30 min)(n = 3) Oral (n = 3)
Mean Std Dev Mean Range
Dose level (mg/kg) 1.0 0 1.0 +0
Cl (mL/min/kg) 3.7 1.0 ND ND
Renal clearance
0.55 0.23 ND ND
(mL/min/kg)
Vss (L/kg) 1.4 0.2 ND ND
Tz (h) 4.8 0.8 ND ND
Cmax (ng/mL) ND ND 760 +124
AUC (ng.h/mL) ND ND 5100 1717
%F ND ND 104 10

ND : Not determined
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Compound239a has been shown to be an suitable molecule for a@eélery, showing
excellent properties from the rat and dog PK studighe predicted dose based on the PK
studies is around 16 - 55 mg b.i.d.(based on dagranpredictions, respectively) which is
about three-fold less than compoutidlaand considerably less than current treatment (Table
57). Both compounds are now being considered ai srokecule anti-fibrotic medicines and
on-going work is looking at exploring scale-up aaxicological studies. The major rationale
for progressing both compounds is due to the unknesks associated with each compound.
Compound21lais a selectives, s integrin antagonist, but must be used at a highee dhan

compound239g whereas compouri239ais less selective, but has a lower predicted dose.

Table 57:Predicted daily dose of compouBtila 239aand Pirfenidone.

Predicted daily dose of Predicted daily dose of . L
compound211a compound239a Daily dose of Pirfenidone
110 - 550 mg 32-110 mg 2403 mg

5.14 Conclusion

This thesis has discussed a range of potent aedtisela, 3¢ compounds, both for oral and
inhaled delivery. The inhaled programme startechwabmpound7 which contained an
aniline. Over a period of two years and severalioneal chemistry iterations, compoud@
was developed. Compouri@ was one of the first,fs selective compounds developed, but
was not suitable for inhaled delivery, partly dwethe high lipophilicity and molecular
weight. Efforts towards making a smaller compouesuited in compoun82a which has
more desirable physical properties, but was nogémqotnough. The discovery that replacing
the core with a pyrrolidine resulted in high levelspotency enabled the team to develop
compounds such as compoulig)-70a which was a selective and potent compound.

Compounds(R)-78a and (R)-80a were developed in parallel. Compould)-78a was
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selected as an inhaled candidate and was prograsga@ference tqR)-80a for largely

commercial reasons.

In the oral programme efforts were focused on deing the basicity of the core using a
fluorine atom. The addition of a fluorine atom tectease the pkKof the core nitrogen atom
increased the permeability of these compounds.fiidwtion of these compounds that were
protonated in the GI tract were reduced, allowingremneutral species to cross the gut wall
membrane. Early efforts to find a compound whicls Wwath permeable and had a reasonable
free-fraction resulted in compounds which were ezithermeable or had a reasonable free
fraction but not both. A more detailed analysighaf physical properties of the molecule was
therefore undertaken, resulting in the oral degigide. A range of new fluorinated cores
were modelled in the oral design guide and the @amgs predicted to be the most
permeable and have a high free-fraction were maékde.addition of the fluorine atom did
have an effect on the basic nitrogen in the cohe dzepine series showed a small decrease
in pK, but the permeability was low-to-moderate. Theubifbpiperidine series had a larger
impact on the physicochemical properties; howetlee, one compound made in the 4-
fluoropiperidine series showed a high level of bition at the hERG channel which would
not be acceptable. The 3-fluoropiperidine serielsndit meet the potency criteria required for

an oral profile.

Compound21lawas a potent inhibitor of the integrin recepigs. The compound was also
permeable and had a high free fraction. When timepoaind was testeuh vitro it showed

excellent permeability in the MDCK and free-fraction the whole blood binding assays.
Compound21la showed excellent oral bioavailability in @&m vivo rat PK study and also
showed excellent PK in the dog. The concern abauaraline metabolite being produced

stimulated work to find an alternative replacemditte suggestion that a 2-(methoxy)ethoxy
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could replace the morpholine in compowitiia and this resulted in compour239a This
compound showed superior PK properties when cordpanigh compound2lla Both
compounds are currently being considered as smalikgule anti-fibrotic medicines to be
delivered to patients with fibrotic diseases withase around 30 — 550 mg per day. On-going
experiments include a CT SPECT study, which witshf the compound binds to thgfs
integrin on the damaged epithelium or not. If ieddind, it may inhibit the activation of
TGFR and the production of collagen by active myofidasts. In doing so, it is expected to
slow or stop the progression of fibrosis, providsignificant benefits to patients allowing

them to do more, feel better and live longer.
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6. Experimental

6.1 General experimental

All reactions with moisture sensitive reagents weeeformed under a nitrogen atmosphere
and with glassware that was dried in an oven aD*{5and cooled under reduced pressure.
Reactions were heated by means of DrySyn hotplatder nitrogen unless otherwise stated.
All organic layers were dried over Mg%©r by passage through a hydrophobic frit unless
otherwise stated. Crude reaction mixtures werefipdrion a Flashmaster™ Il apparatus
using Silica gel or C18 reverse phase columns,sentgherwise stated. All solvents were
reagent grade and supplied by Sigma-Aldrich or éfisBcientific unless otherwise stated.
Anhydrous solvents were used as supplied, stortkéreiinder argon or nitrogen, and were
transferred under an inert atmosphere using sytegeique. All microwave reactions were
carried out on the Biotage Initiator EXP EU in sehVials (unless otherwise stated). All
animal studies were ethically reviewed and caroetl in accordance with U.K. Animals
(Scientific Procedures) Act 1986 as amended 2082lzen GSK Policy on the Care, Welfare
and Treatment of Laboratory Animals. The humandgimlal samples were sourced ethically

and their research use was in accord with the tefrttee informed consents.

6.2 Analysis of experiments

Melting points were recorded on a SMP40 Bibby Sidfienautomatic melting point
apparatus and are uncorrected. Carbon, hydrogennarafjen elemental analyses were
conducted by Butterworth Laboratories and are gltdethe nearest 0.1% NMR spectra
were recorded on Bruker DPX-400 (400 MHz) spectiemseor AVC-600 (600 MHz)>C
NMR spectra were recorded on a Bruker DPX-400 AOLHz) spectrometer or on an AVC-

600 (151 MHz) spectrometet’r NMR spectra were recorded on Bruker DPX-400 (376
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MHz). Spectra recorded on the AVC-600 spectrometme obtained by Stephen Richards,
Sean Lynn or Richard Upton, Platform Technology Sngknce department, GSK Stevenage.
’Li NMR spectra were recorded on a Bruker DPX-4086(MHz) and spectra were obtained
by Sean Lynn. Chemical shifts are reported in ppets million and are referenced to the
residual solvent peak. Coupling constarlsgre measured in Hertz. High resolution mass
spectra (HRMS) Positive ion mass spectra were eadjlds accurate mass centroided data
using a Micromass Q-Tof Ultima hybrid quadrupolendiof-flight mass spectrometer,
equipped with a Z-spray (ESI) interface, over asnamge of 100 — 1100 Da, with a scan
time of 0.9 s and an interscan delay of 0.1 s. eR@3e was used as the external mass
calibrant ((M+H] = 609.2812 Da). The Q-Tof Ultima mass spectrometes operated in W
reflection mode to give a resolution (FWHM) of 16820000. lonisation was achieved with
a spray voltage of 3.5 kV, a cone voltage of 108\h cone and desolvation gas flows of 25
and 600 L/hr respectively. The source block angbbiation temperatures were maintained
at 120°C and 250°C respectively. The elementaposition was calculated using MassLynx
v4.1 for the [M+H[ and the mass error quoted as ppm. HRMS were redoby Bill
Leavens, Analytical Chemistry Mass Spectrometry &&pent, GSK, Stevenage. Only the
major molecular ion is listed unless otherwiseestaOptical rotations were carried out on
Optical Activity Ltd. 80-05-02/A/589 polarimeter.oGcentration is expressed in g in 100 mL
of solvent; the optical path of the cell was 1 dmi{s mL/g/dm) and all measurements were
made at 20°C. All purity measurements are by Ude&termined from LCMS and quoted as

minimum purities.
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6.3 HPLC Purification

Liquid chromatography mass spectrometry

High pH Generic Analytical Ultra Performance Liqui@hromatography (UPLC) Open

Access LCMS 2 Minute (System High pH 2 min)

The UPLC analysis was conducted on an Acquity UBLi@ged ethylene hybrid (BEH) C18
column (2.1 mm x 50 mm i.d. 1 packing diameter) at 40 °C. The flow rate emptbye
was 1 mL/min. The solvents employed were: A = 10 mfmonium bicarbonate in water
adjusted to pH 10 with ammonia solution. B = MeQ\e gradient employed was: time 0
min (%A = 99%, %B = 1%); time 1.5 min (%A = 3%, %B97%); time 1.9 min (%A = 3%,

%B = 97%) time 2.0 min (%A = 1%, %B = 99%).

High pH Generic Analytical UPLC Open Access LCM$ibute (System High pH 5 min)

The UPLC analysis was conducted on an Acquity UBEH C18 column (2.1 mm x 50
mm i.d. 1.7um packing diameter) at 40 °C. The flow rate empibyeas 1 mL/min. The
solvents employed were: A = 10 mM ammonium bicadte in water adjusted to pH 10
with ammonia solution. B = MeCN. The gradient enypld was: time 0 min (%A = 97%,
%B = 3%); time 4.5 min (%A = 0%, %B = 100%); tim&4min (%A = 0%, %B = 100%)

time 5.0 min (%A = 97%, %B = 3%).

TFA Generic Analytical UPLC Open Access LCMS 2 kirf8ystem TFA 2 min)

The UPLC analysis was conducted on an Acquity UBEH C18 column (2.1 mm x 50
mm i.d. 1.7um packing diameter) at 40 °C. The solvents employede: A = 0.1%

trifluoroacetic acid in water. B = MeCN. The gradieemployed was: time 0 min (%A =
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99%, %B = 1%); time 1.5 min (%A = 3%, %B = 97%Jné 1.9 min (%A = 3%, %B = 97%)

time 2.0 min (%A = 99%, %B = 1%).

Formic acid Generic Analytical UPLC Open Access LERIMinute (System formic 2 min)

The UPLC analysis was conducted on an Acquity UBEH C18 column (2.1 mm x 50
mm i.d. 1.7um packing diameter) at 40 °C. The solvents employece: A = 0.1% formic
acid in water. B = MeCN. The gradient employed viase 0 min (%A = 99%, %B = 1%);
time 1.5 min (%A = 3%, %B = 97%); time 1.9 min (%6A3%, %B = 97%) time 2.0 min

(%A = 99%, %B = 1%).

Mass directed auto prep (MDAP)

Mass directed auto prep (MDAP) Method A

The MDAP analysis was conducted on an XBridge Gdl8ran (100 mm x 30 mm i.d. om packing
diameter) at ambient temperature. The flow rateleyag was 40 mL/min. The solvents employed
were: A = 10 mM ammonium bicarbonate in water adjgito pH 10 with ammonia solution. B =
MeCN. The gradient employed was: time 0 min (%A98® %B = 1%); time 1 min (%A = 99%, %B
= 1%); time 20 min (%A = 70%, %B = 30%); time 2inntP6A = 1%, %B = 99%); time 25 min (%A

= 1%, %B = 99%).

Mass directed auto prep (MDAP) Method B

The MDAP analysis was conducted on an XBridge Gdl8ran (100 mm x 30 mm i.d. jom
packing diameter) at ambient temperature. The fitate employed was 40 mL/min. The
solvents employed were: A = 10 mM ammonium bicadbemn water adjusted to pH 10 with

ammonia solution. B = MeCN. The gradient employeswtime 0 min (%A = 85%, %B =
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15%); time 1 min (%A = 85%, %B = 15%); time 20 n{#A = 45%, %B = 55%); time 21

min (%A = 1%, %B = 99%); time 25 min (%A = 1%, %E8%).

Mass directed auto prep (MDAP) Method C

The MDAP analysis was conducted on an XBridge Gdl8ran (100 mm x 30 mm i.d. jom
packing diameter) at ambient temperature. The fiate employed was 40 mL/min. The
solvents employed were: A = 10 mM ammonium bicadbenn water adjusted to pH 10 with
ammonia solution. B = MeCN. The gradient employeswtime 0 min (%A = 70%, %B =
30%); time 1 min (%A = 70%, %B = 30%); time 10 n{#A = 15%, %B = 85%); time 11

min (%A = 1%, %B = 99%); time 15 min (%A = 1%, %B9%).

Mass directed auto prep (MDAP) Method D

The MDAP analysis was conducted on an XBridge Gdl8ran (100 mm x 30 mm i.d. jom
packing diameter) at ambient temperature. The fiate employed was 40 mL/min .The
solvents employed were: A = 10 mM ammonium bicadbenn water adjusted to pH 10 with
ammonia solution. B = MeCN. The gradient employeswtime 0 min (%A = 50%, %B =
50%); time 1 min (%A = 50%, %B = 50%); time 14 n{MA = 1%, %B = 99%); time 21

min (%A = 1%, %B = 99%); time 25 min (%A = 1%, %B9%).

Mass directed auto prep (MDAP) Method E

The MDAP analysis was conducted on an XBridge Gdl8ran (100 mm x 30 mm i.d. jom
packing diameter) at ambient temperature. The fitate employed was 40 mL/min .The
solvents employed were: A = water adjusted to pwWith TFA. B = MeCN. The gradient

employed was: time 0 min (%A = 100%, %B = 0%); titnenin (%A = 100%, %B = 0%);
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time 14 min (%A = 70%, %B = 30%); time 21 min (%6A1%, %B = 99%); time 25 min

(%A = 1%, %B = 99%).

Chiral HPLC

Chiral HPLC was carried out by Steve Jackson, Amkghaggs, Sean Hindley or Eric

Hortense, Platform Technology and Science, GSKeSiage.

Dog in vivo experiments

Prior to dosing a temporary cannula (angiocath) al inserted into the cephalic vein and
remain there for the first 2 h of blood samplingntmimise the number of venepunctures.
Prior to IV dosing, 1.1 mL of control blood (1 mibrfpooling + 0.1mL wastage due to
sample transfer) was taken from each dog usin@uniggocath and collected into heparinised
containers. 1 mL from each dog’s control blood (B m total) will be pooled into one
sterilin pot and mixed with 3 mL of sterile wateantaining 0.02% phosphoric acid (0.01%
final concentration). The IV dose was given at & i&f 1 mg/kg/h. The dogs were kept in
slings for no longer than 2 h following the enddafsing on each phase of the study. After
dosing blood samples (ca 0.1mL) were taken atithe-points 0, 20, 40 60, 65, 75, 90, 120,
180, 300, 420, 720, 1320 and 1540 min from the dgedl animals and O, 5, 15, 30, 60, 90,
120, 180, 240, 420, 720, 1320 and 1540 min fromPtBedosed animals. Urine samples were
collected following IV administration by the use ofetabolism cages. Sample urine was
collected over dry ice to cover the following tinmervals 2h — 7h, 7h — 12h, 12h — 24h. At
the end of the study all animals were returneddoksand, after veterinary health checks, and

made available for use in future studies.
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1,1-Dimethylethyl 7-(3-{4-[(E)-4-(methyloxy)-4-ox0-2-buten-1-yl]-1-piperazinyg-

oxopropyl)-3,4-dihydro-1,8-naphthyridine-HZ2-carboxylatg(14)

(E)-Methyl 4-(piperazin-1-yl)but-2-enoate (4.66 g,2Inmol) was suspended in EtOAc (100
mL), DIPEA (18 mL, 100 mmol) was added until thaaton formed a solution. 3-(8-{[(1,1-
dimethylethyl)oxy]carbonyl}-5,6,7,8-tetrahydro-1r@yphthyridin-2-yl)propanoic acid (6.47
g, 21.1 mmol) and then T3P™ (18 mL of a 50% sotuiio EtOAc, 31 mmol) were added.
The solution was stirred for 21 h at 50 °C. Thectiea was concentrated under reduced
pressure and re-suspended in MeOH (5 mL). The cmaterial was purified using reverse
phase chromatography (330 g, 40 — 95% MeCN (can@if.1% ammonia) in 10 mM
ammonium bicarbonate, 11 CV). The appropriate iivast were collected to give the title
compound (4.16 g, 42 %) as a brown gum : LCMS @ystligh pH 2 min) [M+H] 473; R
1.03 min, purity 98% NMR (600 MHz, CDC}) & = 7.34 — 7.24 (m, 1 H), 6.94 (dt,=
15.8, 6.1 Hz, 1 H), 6.89 (d,= 7.7 Hz, 1 H), 6.08 — 5.96 (m, 1 H), 3.81 — 3.@8 b H), 3.67
—3.60 (m, 2 H), 3.56 — 3.51 (m, 2 H), 3.14 (dg&; 6.1, 1.5 Hz, 2 H), 3.06 (§,= 7.7 Hz, 2
H), 2.88 — 2.79 (m, 2 H), 2.74 (,= 6.6 Hz, 2 H), 2.40 (dd] = 16.8, 4.8 Hz, 4 H), 1.93
(quin, J = 6.3 Hz, 2 H), 1.53 (s, 9 H)**C NMR (126 MHz, (CR),SO)s = 170.9, 166.4,
156.7, 153.8, 151.0, 144.7, 137.3, 123.2, 121.8,61B0.6, 59.0, 53.2, 53.0, 51.5, 45.3, 44.8,

41.4, 33.0, 32.4, 28.3, 26.2, 23.2; HRMS calcddaf37/N4Os, 473.2764 found 473.2763.
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1,3-Dicyclopropylbenzeng4)

1,3-Dibromobenzene (1.0 mL, 8.5 mmol), cyclopropgronic acid (2.19 g, 25.4 mmol),
Pd(OAc) (0.09 g, 0.4 mmol), XPhos™ (0.42 g, 0.89 mmol),@3 (11.1 g, 33.9 mmol)
and THF (12 mL) was heated in a microwave oven, (130 °C, high power). This procedure
was repeated a further 22 times. The resulting unest were combined and filtered through
Hyflo™. The residual solid was dissolved in DCM @5@L) and washed with 4D (2 x 500
mL). The organic layer was evaporated under redupszbsure then suspended in
cyclohexane (20 mL). The mixture was split into @&tdmes and purified by flash
chromatography (340 g, 100% cyclohexane, 7 CV). apy@opriate fractions were combined
and evaporated under reduced pressure to givatieampound (16.5 g) as a colourless
oil : LCMS (System formic 2 min) &.33 min, purity 76%'H NMR (400 MHz, CDCY) & =
7.23-7.11 (m, 1L H), 6.96 — 6.79 (m, 3 H), 1.9682 (m, 2 H), 1.01 — 0.90 (m, 4 H), 0.79 —

0.64 (m, 4 H).
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2-(3,5-Dicyclopropylphenyl)-4,4,5,5-tetramethyl-R3lioxaborolan€21)

-

A mixture of 1,3-dicyclopropylbenzene (16 g, 100 ainbig(pinacolato)diboron) (28.2 g,
111.0 mmol), [Ir(COD)OMeg] (1.0 g, 1.6 mmol) , 4,4'-dert-butyl-2,2'-bipyridine (0.8 g, 3.0
mmol) and TMBE (18 mL) was heated in a microwaveroyl h, 80 °C, high power). A
further seven equal-sized batches were preparedtraated in the same way. The eight
solutions were combined and concentrated undercegtdyressurte The residue was
recrystallised from hot DMSO (50 mL) over 4 h. Tgrecipitate was filtered and dried for 18
h under reduced pressure (~ 10 mmHg) to give tleedbmpound (8.61 g, 28 %) as a white
solid : LCMS (System formic 2 min) [M+H]285; R 1.54 min, purity 95%*H NMR (400
MHz, CDCk) & = 7.31 (d,J = 2.0 Hz, 2 H), 6.89 (d] = 2.0 Hz, 1 H), 1.95 — 1.79 (m, 2 H),
1.34 (s, 12 H), 0.96 — 0.85 (m, 4 H), 0.76 — 0185 4 H);*°C NMR (101 MHz, CROD) § =
144.5, 129.5, 127.5, 85.0, 40.5, 25.0, 16.0, 9RMS calcd for GgH26BO,, 285.2020 found

285.2022.
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tert-Butyl 7-(3-(4-(2-(3,5-dicyclopropylphenyl)-4-metkyp-4-oxobutyl) piperazin-1-yl)-3-

oxopropyl)-3,4-dihydro-1,8-naphthyridine-H2-carboxylate {5aand15b)

1,1-Dimethylethyl 7-(3-{4-[(E)-4-(methyloxy)-4-ox0-2-buten-1-yl]-1-piperazinyg-
oxopropyl)-3,4-dihydro-1,8-naphthyridine-H?-carboxylate (1.2 g, 2.6 mmol), 2-(3,5-
dicyclopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dadsorolane (0.94 g, 3.3 mmol), 3,5
dicyclopropyl phenyl boronic acid (2.8 g, 9.9 mmald KOH,q (1.22 mL of a 3.8 M
solution, 4.65 mmol) were dissolved in 1,4-diox#&5@ mL). The solution was stirred under
nitrogen for five min., then the flask was evacdatken flushed with nitrogen (this was
repeated 3 times). [Rh(COD)gI[64 mg, 0.13 mmol) was added to the solution dred t
reaction mixture was heated to 95 °C for 18 h. fidaetion mixture was concentrated under
reduced pressure. The crude material was dissalvEtOH (2 mL) and heptane (1 mL) and
the enantiomers separated by chiral HPLC (InjectiomL of the solution was injected onto
the column. 15% EtOH / Heptane, f = 75 mL/min, dgtg at 215 nm; column 2 cm x 25 cm

Chiralpak AD (self packed)).

Enantiomer A: tert-Butyl 7-(3-(4-(2-(3,5-dicyclopropylphenyl)-4-metkyp-4-
oxobutyl)piperazin-1-yl)-3-oxopropyl)-3,4-dihydrq8naphthyridine-1(&)-carboxylate

(514 mg, 32%) as a gum : Analytical chiral HPLC ¥d5EtOH (containing 0.2%
isopropylamine)/Heptane, f = 1.0 mL/min, detectatg215 nm; column 10 mm id x 15 cm
Chiralcel AD (self packed@e= 97% R = 8.1 min; LCMS (System High pH 2 min) [M+H]

631; R 1.44 min, purity >99%H NMR (400 MHz, (CR),S0)8 = 7.40 (dJ = 7.5 Hz, 1
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H), 6.92 (dJ = 7.5 Hz, 1 H), 6.69 (s, 2 H), 6.57 (s, 1 H), 483 = 5.0 Hz, 1 H), 3.62 (] =
5.5 Hz, 2 H), 3.52 (s, 3 H), 3.48 — 3.42 (m, 2 Bi}2 — 3.34 (m, 4 H), 3.26 — 3.15 (m, 1 H),
2.89 — 2.74 (m, 3 H), 2.73 — 2.62 (M, 3 H), 2.42.33 (M, 2 H), 2.30 — 2.18 (m, 3 H), 1.86 —

1.74 (m, 4 H), 1.44 (s, 9 H), 0.94 — 0.84 (m, 4®4B9 — 0.55 (M, 4 H).

Enantiomer B: tert-Butyl 7-(3-(4-(2-(3,5-dicyclopropylphenyl)-4-metkyp-4-
oxobutyl)piperazin-1-yl)-3-oxopropyl)-3,4-dihydrq8tnaphthyridine-1(&)-carboxylate

(508 mg, 31%) as a gum : Analytical chiral HPLC %dEXOH (containing 0.2%
isopropylamine)/Heptane, f = 1.0 mL/min, detectatg215 nm; column 10 mm id x 15 cm

Chiralcel AD (self packedpe= 98% R = 10.5 min.

3-(3,5-Dicyclopropylphenyl)-4-(4-(3-(5,6,7,8-tetsatro-1,8-naphthyridin-2-

yh)propanoyl)piperazin-1-yl)butanoic acidlga) 71%ee

OH
N N
%Q o

o)

1,1-Dimethylethyl 7-(3-{4-[(E)-4-(methyloxy)-4-o0x0-2-buten-1-yl]-1-piperazinyg-
oxopropyl)-3,4-dihydro-1,8-naphthyridine-H2carboxylate (200 mg, 0.4 mmol),
(R-BINAP (53 mg, 0.085 mmol) (3,5-dicyclopropylphéypronic acid (100 mg, 0.5
mmol), and KOkq) (0.13 mL of a 3.8 M solution, 0.50 mmol) were dised in 1,4-dioxane
(5 mL). The solution was stirred under nitrogen %ominutes, then the flask was evacuated
then flushed with nitrogen three times. [Rh(COD)@0 mg, 0.02 mmol) was added to the

solution and the reaction mixture was heated td®@3or 18 h. The reaction mixture was
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filtered through Celite™, washed with EtOH (10 ndr)d evaporated. The reaction mixture
was resuspended in DMSO (2 x 1 mL) and purifiedp™DAP (Method D, high pH). The
appropriate fractions were combined and evaporateder reduced pressure (using a freeze-
dryer) to give tert-butyl 7-(3-(4-(2-(3,5-dicyclopropylphenyl)-4-metkyp4-oxobutyl)
piperazin-1-yl)-3-oxopropyl)-3,4-dihydro-1,8-napitidine-1(2H)-carboxylate as a white
solid : Analytical chiral HPLC (15%EtOH/Heptane=f1.0 mL/min, detecting at 215 nm,;
column 10 mm id x 15 cm Chiralcel AD (self packeel 71% R = 10.5 min. The material
was dissolved in HCI (0.5 mL of a 4 M solution id-dioxane, 2 mmol) and the mixture was
stirred for 3 h at ambient temperature. The reaatixture was evaporated and resuspended
in DMSO (200puL) and purified by reverse phase chromatography8(AR g, 5 — 95%
MeCN (containing 0.1% ammonia) in 10 mM ammoniunctabbonate, 12 CV), the
appropriate fractions were combined and freezedditegive the title compound (33 mg,
15%) as a white solid : LCMS (System High pH 2 miitH]* 517; R 0.84 min, purity
93%;*H NMR (400 MHz, (CR),S0)5 = 7.01 (dJ = 7.5 Hz, 1 H)6.69 (d,J = 1.5 Hz, 2 H),
6.53 (d,J = 1.5 Hz, 1 H), 6.27 (d] = 7.5 Hz, 1 H), 6.24 (br. s, 1 H), 3.29 — 3.20 &),
3.28 —3.10 (m, 3 H), 2.72 — 2.53 (m, 7 H), 2.5849 (m, 2 H), 2.48 — 2.41 (m, 1 H), 2.40 —
2.30 (m, 2 H), 2.30 — 2.19 (m, 2 H), 1.90 — 1.68 4nH), 1.32 — 1.16 (m, 2 H), 0.97 — 0.80
(m, 4 H), 0.72 — 0.53 (m, 4 H) (the proton arisfrgm the carboxylic acid was not observed

due to exchange).
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3-(3,5-Dicyclopropylphenyl)-4-(4-(3-(5,6,7,8-tetsatro-1,8-naphthyridin-2-

yl)propanoyl)piperazin-1-yl)butanoic acidlgb) Enantiomer B)

OH
N N
(H\/EN:I\/\”/@ O

o)

tert-Butyl 7-(3-(4-(2-(3,5-dicyclopropylphenyl)-4-metkyp-4-oxobutyl) piperazin-1-yl)-3-
oxopropyl)-3,4-dihydro-1,8-naphthyridine-H2-carboxylate Enantiomer A (100 mg, 0.16
mmol) was dissolved in DCM (3 mL). HCI (4 M in 1¢dexane, 0.16 mL, 0.63 mmol) was
added to the reaction mixture and it was stirred I8 h. The reaction mixture was
concentrated under reduced pressure and re-suspendielF (1 mL) and LiOldq) (1 mL of

a 1 M solution, 1 mmol) was added. The reactiontonecwas stirred for 5 days at ambient
temperature. The crude material was concentrated jurified by reverse phase
chromatography (C18, 13 g, 5 — 95% MeCN (containlh§% ammonia) in 10 mM
ammonium bicarbonate, 20 CV). The appropriate ifsastwere combined and freeze dried
to give the title compound (38 mg, 46 %) : LCMS §8yn High pH 2 min) [M+H] 517; R
0.84 min, purity 98%'H NMR (500MHz, (C1}),S0)8 = 7.02 (d,J = 7.4 Hz, 1 H), 6.69 (d]

= 1.6 Hz, 2 H), 6.53 (J = 1.6 Hz, 1 H), 6.33 — 6.18 (m, 2 H), 3.42 — 3.B7 ¢ H), 3.26 —
3.06 (M, 4 H), 2.74 — 2.55 (m, 7 H), 2.49 — 2.18 6nt), 1.88 — 1.77 (m, 2 H), 1.75 @=
6.0 Hz, 2 H), 0.95 — 0.78 (m, 4 H), 0.70 — 0.52 @nH) (the proton arising from the
carboxylic acid was not observed due to exchang€);:NMR (126MHz, (CR),SO) & =
174.4, 170.8, 157.2, 156.4, 143.9, 136.9, 130.8,412122.6, 113.4, 110.7, 64.7, 53.9, 53.4,

45.7,41.5,41.2, 33.6, 27.1, 22.3, 16.0, 10.2/.1.0
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3-(3,5-Dicyclopropylphenyl)-4-(4-(3-(5,6,7,8-tetsatro-1,8-naphthyridin-2-

yl)propanoyl)piperazin-1-yl)butanoic acidlgc) Enantiomer C)

OH
X N
SOUSPE

N
O
tert-Butyl 7-(3-(4-(2-(3,5-dicyclopropylphenyl)-4-metkyp-4-oxobutyl) piperazin-1-yl)-3-
oxopropyl)-3,4-dihydro-1,8-naphthyridine-H2-carboxylate Enantiomer B (100 mg, 0.16
mmol) was dissolved in DCM (3 mL). HCI (4 M in 1¢dexane, 0.16 mL, 0.63 mmol) was
added to the reaction mixture and it was stirred I8 h. The reaction mixture was
concentrated under reduced pressure and re-suspendielF (1 mL) and LiOldq) (1 mL of
a 1 M solution, 1 mmol) was added. The reactiontanecwas stirred for 5 days at ambient
temperature. The crude material was concentrated jurified by reverse phase
chromatography (C18, 13 g, 5 — 95% MeCN (containlh§% ammonia) in 10 mM
ammonium bicarbonate, 20 CV). The appropriate ifsastwere combined and freeze dried
to give the title compound (25 mg, 31 %) : LCMS §8yn High pH 2 min) [M+H] 517; R
0.84 min, purity 98%IR (solid) 3377, 3001, 2932, 1614, 1598, 1441, 1001";cid NMR
(600 MHz, CROD) & = 7.14 (d,J = 7.2 Hz, 1 H), 6.71 (d] = 1.5 Hz, 2 H), 6.60 (s, 1 H),
6.38 (d,J = 7.2 Hz, 1 H), 3.68 — 3.46 (m, 4 H), 3.37 — 3(88 2 H), 3.32 — 3.28 (m, 1 H),
2.82 —2.78 (m, 2 H), 2.79 — 2.74 (m, 2 H), 2.7368 (m, 2 H), 2.69 — 2.65 (m, 2 H), 2.65 —
2.60 (m, 2 H), 2.55 (dd] = 12.7, 5.3 Hz, 1 H), 2.54 — 2.49 (m, 1 H), 2.d8,0 = 15.5, 6.1
Hz, 1 H), 2.42 — 2.36 (m, 1 H), 1.87 — 1.83 (m, 2 H83 — 1.79 (m, 2 H), 0.92 — 0.86 (M, 4
H), 0.64 — 0.59 (m, 4 H) (the protons arising frtme amine and carboxylic acid were not

observed due to exchang&ic NMR (151 MHz, CROD) § = 173.7, 170.3, 156.9, 156.2,
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143.8, 143.7, 136.4, 122.3, 112.9, 110.5, 64.3%,%8.3, 45.4, 41.4, 41.2, 36.7, 33.3, 32.6,

26.5, 21.5,15.5, 9.7.

1-Cyclopropyl-4-fluorobenzen@0)

1-Bromo-4-fluorobenzene (5.34 mL, 486 mmol) was deatl dropwise to
cyclopropylmagnesium bromide (97 mL of a 0.5 M $ol in THF, 49 mmol) then
PdCbh(dppf)-CHCI, adduct (1.36 g, 1.66 mmol) was added and themik&ure was heated
at 70 °C for 3 h. The mixture was cooled and dduath cyclohexane (100 mL) and then
cooled in an ice bath and the solution was decdnbaa the precipitated salt and evaporated
gently (150 mbar, 30 °C). The resulting red oil wassed through a 50 g silica pad eluting
with DCM (250 mL). The resulting fraction was evagied to give the title compound (3.9
g) as an orange oil (total sample mass is 5.7gdtiains residual THF/DCM/cyclohexane ~
25 wt% as determined by NMR : LCMS (System formimi) R 1.17 min, purity >99%'H
NMR (400 MHz, CDC}) 6 = 7.13 — 7.01 (m, 2 H), 7.01 — 6.90 (m, 2 H), 1-98.82 (m, 1

H), 1.02 — 0.85 (m, 2 H), 0.77 — 0.57 (m, 2 H). dednsistent with Xet al®®
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2-(5-Cyclopropyl-2-fluorophenyl)-4,4,5,5-tetrameltiy3,2-dioxaborolane 30)— chemistry

«@égg

1-Cyclopropyl-4-fluorobenzene (1 g, 7 mmds(pinacolato)diboron (2.1 g, 8 mmol), 4,4'-

carried out by Benoit Rhone

di-tert-butyl-2,2'-bipyridine (59 mg, 0.22 mmol) and [IPD)OMe}L (78 mg, 0.12 mmol)
were dissolved in TBME (8 mL) and heated in a mi@ae oven (1 h, 80 °C, normal power).
The resulting red mixture was pre-adsorbed ontoigi8" and the residue was purified by
chromatography on silica (100 g, 0 — 100% DCM iclohexane, 10 CV) to give the title
compound (1.55 g, 81%) as a yellow oil : LCMS (8ystHigh pH) R0.66 min; purity 56%
(by LCMS, impurity attributed to ester cleavagetba LCMS to give the boronic acid (see
R&D)); *H NMR (400 MHz, (CR),S0)s = 7.35 (ddJ = 5.5, 2.5 Hz, 1 H), 7.19 (ddd,=
8.5, 5.5, 2.5 Hz, 1 H), 7.02 @,= 8.5 Hz, 1 H), 2.02 — 1.91 (m, 1 H), 1.30 (s,H}2 0.96 —
0.86 (m, 2 H), 0.67 — 0.53 (m, 2 HYC NMR (400 MHz, CROD) & = 168.0 (d}Jc_r= 247
Hz,) 134.5 (d2Jc_r = 8.0 Hz), 132.5 (Jc_r = 10 Hz), 131.5, 129.5, 115.6, 85.2, 25.5, 15.4,
8.9; F NMR (376 MHz,CROD) § = (-109.5) — (-110.0) (m); HRMS calcd fordE,1BFO,,

263.1613 found 263.1611.

|[Page [193



Property of GSK - Confidential - Do not copy

1-Cyclopropyl-2-fluorobenzen@&8)— chemistry carried out by lan Campbell

1-Bromo-2-fluorobenzene (1.75 g, 10.0 mmol) wasead cyclopropylmagnesium

bromide (2 mL of a 0.5 M solution in THF, 1 mmolhca PdC}(dppf)-CHCl, adduct
(300 mg, 0.4 mmol) was subsequently added. Theumngixtas evacuated and refilled with
nitrogen three times and heated in a sealed vass#l °C for 4 h. The cooled mixture was
diluted with cyclohexane (4 mL) and the solutionsveecanted from the precipitated salt and
evaporated under reduced pressure. The resultingasi purified by flash chromatography
(20 g, 100 % DCM, 10 CV). The appropriate fractiorese combined and evaporated to give
the title compound (1.4 g, 100%) as a colourlets bCMS (System formic) R1.41 min,
purity 89%;*H NMR (400 MHz, CDCJ) 6 = 7.18 — 7.09 (m, 1 H), 7.09 — 6.97 (m, 2 H), 6.97

—6.83 (M, 1 H), 2.20 — 2.05 (M, 1 H), 1.05 — Q96 2 H), 0.79 — 0.71 (m, 2 H).

1-Chloro-3-cyclopropyl-2-fluorobenzendg)— chemistry carried out by lan Campbell

Cl

A mixture of 1,3-dichloro-2-fluorobenzene (660 mP0 mmol) and Pd@ldppf)-CH.Cl,

adduct (98 mg, 0.12 mmol) was added to cyclopropginesium bromide (12 mL of a 0.5 M
solution in THF, 6.0 mmol). The mixture was heateda microwave oven (2 h, 110 °C,
normal power). The cooled mixture was diluted waytlohexane (120 mL) and filtered

through a silica pad — washing with cyclohexaneGMD(4 : 1, 50 mL). The solution was
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evaporated to give the title compound (750 mg)rasrange oil containing 20% disubstituted
material : *H NMR (400 MHz, CDCJ) 6 = 7.19 — 7.09 (m, 1 H), 6.93 (1,= 8.0 Hz, 1 H),

6.80 — 6.71 (M, 1 H), 2.16 — 1.95 (m, 1 H), 1.0590 (m, 2 H), 0.76 — 0.64 (M, 2 H).

2-(3-Cyclopropyl-2-fluorophenyl)-4,4,5,5-tetrameltily3,2-dioxaborolane 3d) — chemistry

carried out by lan Campbell

%@A

A mixture of 1-chloro-3-cyclopropyl-2-fluorobenzene(640 mg, 3.75 mmol),
bis(pinacolato)diboron (1.14 g, 4.50 mmol), Pd(CA€)7 mg, 0.075 mmol), Xphos (71.5
mg, 0.15 mmol), KOAc (736 mg, 7.50 mmol) and 1,dx@ne (4 mL) were heated in a
microwave oven (40 min, 110 °C, normal power). theled mixture was diluted with @
(20 mL) and extracted with gD (2 x 20 mL). The organic layer was filtered thybwa pad of
silica, washed with EO (50 mL) and evaporated under reduced pressume.rddidue was
purified on a silica cartridge (20 g, cyclohexanB€EM 9:1, 10 CV then DCM 10 CV). The
dissolved in DMSO (4 x 1 mL) and purified by MDARI€thod C, formic acid). The
appropriate fractions were combined and evaportiegive the title compound (295 mg,
30%) as a white solid : LCMS (System High pH) [M#H62; R 1.35 min, purity 56% (by
LCMS, impurity attributed to ester cleavage on tl@MS to give the boronic acid (see
R&D)); *H NMR (400 MHz, CDCJ) & = 7.58 — 7.44 (m, 1 H), 7.12 — 6.91 (m, 2 H), 217

2.02 (m, 1 H), 1.39 (s, 12 H), 1.01 — 0.88 (m, 23480 — 0.63 (M, 2 H).
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3-(3-Cyclopropyl-2-fluorophenyl)-4-(4-((5,6,7,8-tahydro-1,8-naphthyridin-2-yl)methyl)-

1,4-diazepan-1-yl)butanoic acid — unknown stoichatno salt £8)

HO
SAGPaba

F

(E)-tert-Butyl 7-((4-(4-methoxy-4-oxobut-2-en-1-yl)-1,4-depan-1-yl)methyl)-3,4-dihydro-
1,8-naphthyridine-1(@)-carboxylate (150 mg, 0.34 mmol), 2-(3-cycloprogyl
fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor@a(265 mg, 1.01 mmol), [Rh(COD)glI]
(8 mg, 0.02 mmol), KOHy (178 pL of a 3.8 M solution, 0.675 mmol) were srsgped in
1,4-dioxane (2 mL). The reaction was heated in eowave oven (30 min, 95 °C, normal
power). The solvent was evaporated under a strdah,.0The sample was dissolved in
MeOH (0.5 mL) and loaded onto pre-conditioned S@Xian (1 g, MeOH 1 CV, MeCN 1
CV, load compound, MeOH 2 CV, 2 M NieOH 2 CV). The appropriate fractions were
combined and evaporated under a stream,0fTNe crude material was dissolved in DCM
(200 pL) and TFA (200 pL) and stirred for 2 h atbeemt temperature. The solvent was
removed under a stream oh.NThe crude material was dissolved in THF (500 and
NaOHag) (130 L of a 10 M solution) was added. The solution wasesl at 70 °C for 4 h.
The solvent was then removed under a stream,ofThNe samples were dissolved in DMSO
(1 mL) and purified by MDAP (Method C, high pH). h& appropriate fractions were
combined and evaporated under a stream,ab Nive the title compound (9.3 mg, 5%) as a
gum : LCMS (System High pH 2 min) [M+H]467; R 0.93 min, purity >99%H NMR
(400 MHz, (C3),S0O)6 =7.21 (dJ=7.0Hz, 1 H), 7.14 - 7.07 (m, 1 H), 7.02)t 7.5 Hz,

1 H), 6.87 — 6.75 (m, 1 H), 6.50 @= 7.5 Hz, 1 H), 3.68 — 3.62 (m, 2 H), 3.60 — 345 2
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H), 3.17 (s, 2 H), 2.98 — 2.78 (m, 8 H), 2.78 (@, 3 H), 2.69 — 2.61 (m, 2 H), 2.11 — 1.97
(m, 1 H), 1.88 —1.66 (m, 4 H), 1.03 - 0.89 (m,)2 76 — 0.60 (m, 2 H) (the protons arising
from the carboxylic acid and the amine were noteoked due to exchangefF{*H} NMR

(376 MHz, (CR),S0))s = -126.3 (s).

3-(5-Cyclopropyl-2-fluorophenyl)-4-(4-((5,6,7,8+tahydro-1,8-naphthyridin-2-yl)methyl)-

1,4-diazepan-1-yl)butanoic acidq) — unknown stoichiometric salt

HO
a ! o

7

(E)-tert-Butyl 7-((4-(4-methoxy-4-oxobut-2-en-1-yl)-1,4-dgpan-1-yl)methyl)-3,4-dihydro-
1,8-naphthyridine-1()-carboxylate (150 mg, 0.337 mmol), 2-(5-cycloprbpy
fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor@a(265 mg, 1.01 mmol), [Rh(COD)gl]
(8 mg, 0.02 mmol), KOHy (178 pL of a 3.8 M solution, 0.675 mmol) were srsged in
1,4-dioxane (2 mL). The reaction was heated in erowave oven (95 °C, 30 min, normal
power). The solvent was evaporated under a strefah,.0The sample was dissolved in
MeOH (0.5 mL) and loaded onto pre-conditioned S@Xian (1 g, MeOH 1 CV, MeCN 1
CV, load compound, MeOH 2 CV, 2 M NHeOH (2 CV)). The appropriate fractions were
combined and evaporated under a stream,0fTNe crude material was dissolved in DCM
(200 pL) and TFA (200 pL) and stirred for 2 h atbéemt temperature. The solvent was
removed under a stream o0b.N'he crude material was dissolved in THF (500 and (aq)
(130uL of a 10 M solution) was added. The solution wiisesd at 70 °C for 4 h. The solvent

was then removed under a stream ef The samples were dissolved in DMSO (1 mL) and
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purified by MDAP (Method C, high pH). The appraig fractions were combined and
evaporated under a stream ofthl give the title compound (7.2 mg, 4%) as a gUDCMS
(System High pH 2 min) [M+H] 467; R 0.89 min, purity 97%;H NMR (400 MHz,
(CD3),S0)6 =8.28 (s, 1 H), 7.08 (d,= 7.5 Hz, 1 H), 7.03 (ddl = 7.0, 2.0 Hz, 1 H), 7.01 —
6.94 (m, 1 H), 6.93 — 6.86 (M, 1 H), 6.47 Jd= 7.0 Hz, 1 H), 6.31 (br. s, 1 H), 3.50 — 3.42
(m, 2 H), 3.28 = 3.19 (m, 2 H), 2.86 — 2.53 (MH)}42.48 — 2.41 (m, 1 H), 1.94 — 1.83 (m, 1
H), 1.80 — 1.72 (m, 2 H), 1.72 — 1.63 (m, 2 H),70-90.85 (m, 2 H), 0.67 — 0.56 (m, 2 KC
NMR (101 MHz, (CR),S0)5 = 173.5, 156.5, 155.5 (dJc.r = 242 Hz), 139.5, 136.0, 129.5
(d,?Jcr = 15 Hz), 128.5, 125.5, 124.5 (dc.r = 6 Hz), 115.0 (dJc.r = 23 Hz), 113.0, 110.0,
75.5, 63.5, 62.5, 55.0, 54.5, 54.0, 53.5, 33.5),286.5, 26.0, 21.0, 14.5, 9-%{'H} NMR

(376 MHz, (CR),S0))s = -123.5 (s).

1-Cyclopropyl-3-fluorobenzendb)

1-Bromo-3-fluorobenzene (1.4 g, 8.0 mmol) was adtbedyclopropylmagnesium bromide
(1.6 mL of a 1 M solution in THF, 8.0 mmol) and Rg@ppf)-CHCI, adduct (240 mg, 0.30
mmol) was subsequently added. The mixture was tieatea microwave oven (4 h,
70 °C, normal power). The cooled mixture was dduteith cyclohexane (4 mL) and the
solution was decanted from the precipitated satt emaporated. The resulting oil was
purified by chromatography on silica (20 g, 100%NDCLO CV). The resulting fractions

were combined and evaporated to give the title @ung (835 mg, 77%) as a colourless oil :
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'H NMR (400 MHz, CDCJ) § = 7.40 — 7.10 (m, 1 H), 6.98 — 6.60 (m, 3 H), 206.77 (m, 1

H), 1.08 — 0.93 (m, 2 H), 0.79 — 0.57 (m, 2 H).

2-(3-Cyclopropyl-5-fluorophenyl)-4,4,5,5-tetrameltiy3,2-dioxaborolaned)

1-Cyclopropyl-3-fluorobenzene (800 mg, 5.88 mmal) TIMBE (8 mL) was treated with
bis(pinacolato)diboron (1.49 g, 5.88 mmol), 4,4telitbutyl-2,2'-bipyridine (50 mg, 0.19
mmol) and [Ir(COD)OMe] (80 mg, 0.12 mmol) and was heated in a microwaxen 90
min, 80 °C, normal power). The solution was cocded the resulting red mixture was
evaporated. The residue was purified by chromapdgraon silica (10 g, 100% DCM, 10
CV), the appropriate fractions were combined anapevated to give a colourless oil. The
residual oil was purified by MDAP (Method D, formacid), the appropriate fractions were
combined and freeze-dried to give the title comgb(t50 mg, 10%) as an oil : LCMS
(System formic 2 min) [M+H] 263; R 1.44 min, purity 74% (the major impurity is
attributed to the boronic acid resulting from thaltolysis of the boronic ester in the LCMS
mobile phase)*H NMR (400 MHz, (CR3),S0)8 = 7.33 — 7.20 (m, 1 H), 7.10 (ddi= 8.5,
2.0 Hz, 1 H), 7.00 (dt) = 10.5, 2.0 Hz, 1 H), 2.08 — 1.91 (m, 1 H), 1.42.22 (m, 12 H),
1.07 — 0.89 (m, 2 H), 0.81 — 0.64 (m, 2 I NMR (101 MHz, (CR),S0)$ = 163.5 (d,
Ye.r = 244 Hz), 146.5 (FJcr = 7 Hz), 127.5 (dJc.r = 2 Hz), 124.0, 116.5 (dJcr = 19

Hz), 114.5 (d%Jc.r = 22 Hz), 84.0, 24.5, 14.5, 9.5.
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3-(3-Cyclopropyl-5-fluorophenyl)-4-(4-((5,6,7,8-tahydro-1,8-naphthyridin-2-yl)methyl)-

1,4-diazepan-1-yl)butanoic acid?)

OH

(E)-tert-Butyl 7-((4-(4-methoxy-4-oxobut-2-en-1-yl)-1,4-dgpan-1-yl)methyl)-3,4-dihydro-
1,8-naphthyridine-1(d)-carboxylate (150 mg, 0.337 mmol), 2-(3-cyclopreby
fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxabor@a(265 mg, 1.01 mmol), [Rh(COD)glI]
(8 mg, 0.02 mmol), KOHy) (178 pl of a 3.8 M solution, 0.675 mmol) were sersded in
1,4-dioxane (2 mL). The reaction was heated in eowave oven (30 min, 95 °C, normal
power). The solvent was evaporated under a strdah,.0The sample was dissolved in
MeOH (0.5 mL) and loaded onto pre-conditioned S@Ximn (1 g, MeOH 1 CV, MeCN 1
CV, load compound, MeOH 2 CV, 2 M NiWeOH 2 CV). The appropriate fractions were
combined and evaporated under a stream,0fTNe crude material was dissolved in DCM
(200 pL) and TFA (200 pL) and stirred for 2 h atbeenmt temperature. The solvent was
removed under a stream oh.NThe crude material was dissolved in THF (500 and
NaOHag) (130 L of a 10 M solution) was added. The solution wasesl at 70 °C for 4 h.
The solvent was then removed under a stream,ofThNe samples were dissolved in DMSO
(1 mL) and purified by MDAP (Method C, high pH). h& appropriate fractions were
combined and evaporated under a stream,ab lgive the title compound (32 mg, 18%) as a
gum : LCMS (System High pH 2 min) [M+HK67; R 0.90 min, purity 99%'H NMR (600
MHz, (CD5),S0)8& = 8.29 (s, 1 H), 7.08 (d,= 7.4 Hz, 1 H), 6.87 — 6.78 (m, 2 H), 6.67 {d,

=10.2 Hz, 1 H), 6.47 (d] = 7.4 Hz, 1 H), 6.38 (br. s, 1 H), 3.42 (s, 2 B)I9 — 3.14 (m, 4
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H), 2.88 — 2.69 (m, 6 H), 2.66 — 2.55 (m, 6 H),&(@d,J = 7.2, 15.9 Hz, 1 H), 1.96 — 1.85
(m, 1 H), 1.77 — 1.72 (m, 2 H), 1.72 — 1.65 (m, 2 HO1 — 0.88 (m, 2 H), 0.74 — 0.63 (M, 2
H); *C NMR (101 MHz, (CR),S0)s = 173.5, 164.0, 162.5 (H)c.r = 242 Hz), 155.5, 146.5
(d, 3Jc.r = 8.0 Hz), 146.0 (Jcr = 8.0 Hz), 136.0, 121.0 (&Jc.r = 2 Hz), 113.0, 111.0 (d,
2Jee = 21 Hz), 110.0 (dPJe.r = 22 Hz), 109.5, 63.5, 63.0, 55.0, 54.5, 54.05530.5, 40.0,

38.5, 26.5, 26.0, 21.0, 15.0, 106 NMR (376 MHz, (CR),S0))$ = (-114.3) — (-114.6)

(m).

Methyl 3-(5-cyclopropyl-2-fluorophenyl)-4-(4-(3-@&,7,8-tetrahydro-1,8-naphthyridin-2-

yl)propanoyl)piperazin-1-yl)butanoatdla (Enantiomer A) an&1b (Enantiomer B))

(E)-Methyl 4-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyni?-yl)propanoyl)piperazin-1-yl)but-2-
enoate (370 mg, 0.993 mmol) and 2-(5-cyclopropfiladrophenyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (391 mg, 1.49 mmol) were disswlin 1,4-dioxane (8 mL). KOk
(0.39 mL of a 3.8 M solution, 1.49 mmol), [Rh(COD)¥I147 mg, 0.298 mmol) were added
and the mixture was stirred for 2 h at 95 °C. AtHer portion of 2-(5-cyclopropyl-2-
fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborda (50 mg, 0.19 mmol) and
[Rh(COD)CIL (10 mg, 0.02 mmol) were added, the reaction wiagdtfor 1 h. The reaction
mixture was cooled then,B® (10 mL) and EtOAc (20 mL) were added. The orgdayer
was extracted and evaporated under reduced pre3hweerude material was redissolved in

DMSO/MeOH (1:1, 4 mL) and purified by reverse phakeomatography (C18, 30 g, 5 —
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50% MeCN (containing 0.1% TFA) in water (containi@gl% TFA). The appropriate
fractions were combined and evaporated under redoi@ssure to give the title compound as
a racemate. The mixture was dissolved in EtOH (2) rahd heptane (1 mL) and the
enantiomers were separated using chiral HPLC (tiojec3 mL, 15% EtOH/Heptane, f = 15
mL/min, detecting at 215 nm; column 3 cm x 25 cnir&@pak OD-H (self packed)) to give

two enantiomers.

Methyl 3-(2-fluoro-5-morpholinophenyl)-4-(4-(3-(5/8-tetrahydro-1,8-naphthyridin-2-
yl)propanoyl)piperazin-1-yl)butanoate — Enantiordef21 mg, 4%) as a gum : Analytical
chiral HPLC (20%EtOH/ Heptane, f = 1.0 mL/min, d#iteg at 215 nm; column 4.6 mm id x
25 cm Chiralcel OD-H (self packed)) R 8.5 min, >99%ee LCMS (System TFA 2 min)
[M+H]* 509; R 0.71 min, purity 98%*H NMR (400 MHz, CROD) § = 7.13 - 7.08 (m, 1
H), 6.99 (dJ = 8.0 Hz, 1 H), 6.94 - 6.88 (m, 2 H), 6.37 J&s 7.5 Hz, 1 H), 3.70 - 3.62 (m, 1
H), 3.61 (s, 3 H), 3.54 — 3.50 (m, 1 H), 3.50 -B(¢h, 3 H), 3.40 - 3.35 (m, 2 H), 2.87 (dH,
= 15.5, 7.0 Hz, 1 H), 2.82 - 2.76 (m, 2 H), 2.7851 (m, 6 H) 2.47 - 2.38 (m, 3 H), 2.38 -
2.30 (M, 1 H), 2.25 - 2.16 (m, 1 H), 1.93 - 1.82 &), 1.02 - 0.90 (m, 2 H), 0.66 — 0.58 (m,

2 H) (the proton arising from the amine was naesibed due to exchange).

Methyl 3-(2-fluoro-5-morpholinophenyl)-4-(4-(3-(5/8-tetrahydro-1,8-naphthyridin-2-
yl)propanoyl)piperazin-1-yl)butanoate — EnantionBeX18 mg, 4%) as a gum : Analytical
chiral HPLC (20%EtOH/ Heptane, f = 1.0 mL/min, d#ieg at 215 nm; column 4.6 mm id x
25 cm Chiralcel OD-H (self packed)) R 14.0 min, >99% e LCMS (System TFA 2 min)
[M+H]* 509; R 0.71 min, purity 91%'H NMR (400 MHz, CROD) § = 7.11 (dJ = 7.5 Hz,

1 H), 7.02 — 6.96 (m, 1 H), 6.95 — 6.88 (M, 2 HR™(d,J = 7.5 Hz, 1 H), 3.69 — 3.62 (m, 1
H), 3.61 (s, 3 H), 3.57 — 3.52 (m, 1 H), 3.52 -3¢, 3 H), 3.41 — 3.35 (m, 2 H), 2.91 — 2.75

(M, 3 H), 2.74 — 2.65 (m, 4 H), 2.64 — 2.51 (m, 2 49 — 2.30 (m, 4 H), 2.26 — 2.15 (m, 1
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H), 1.96 — 1.81 (m, 3 H), 0.98 — 0.90 (m, 2 H),60-60.58 (m, 2 H) (the proton arising from

the amine was not observed due to exchange).

3-(5-Cyclopropyl-2-fluorophenyl)-4-(4-(3-(5,6,7,8ttahydro-1,8-naphthyridin-2-
yl)propanoyl)piperazin-1-yl)butanoic acid — unknostoichiometric salt §2a Enantiomer

A)

Methyl 3-(5-cyclopropyl-2-fluorophenyl)-4-(4-(3-&,7,8-tetrahydro-1,8-naphthyridin-2-
yl)propanoyl)piperazin-1-yl)butanoate (21 mg, Orol) was dissolved in 1,4-dioxane (1
mL) and LiOHgq) (0.081 mL of a 1 M solution, 0.081 mmol) was addéde mixture was
stirred for 12 h then ¥ (1 mL) was added. The reaction mixture was prdifoy MDAP
(method B, high pH) to give the title compound (&8, 41%) asagumup =+5 €=
1.19, EtOH); LCMS (System High pH 2 min) [M+HK}95; R 0.78 min, purity >99%’H
NMR (600 MHz, CROD) & = 7.15 (dJ = 7.2 Hz, 1 H), 7.01 (d] = 7.2 Hz, 1 H), 6.91 — 6.85
(m, 2 H), 6.38 (dJ = 7.3 Hz, 1 H), 3.65 (quin} = 7.3 Hz, 1 H), 3.61 — 3.56 (m, 1 H), 3.55 —
3.44 (m, 3 H), 3.38 — 3.34 (m, 2 H), 2.79 Jos 7.0 Hz, 3 H), 2.75 — 2.64 (m, 5 H), 2.60 —
2.50 (M, 4 H), 2.51 — 2.44 (m, 1 H), 2.41 — 2.33 {nH), 1.88 — 1.82 (m, 3 H), 0.94 — 0.87
(m, 2 H), 0.64 — 0.59 (m, 2 H) (the protons arisirggn the amine and carboxylic acid were

not observed due to exchange).
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3-(5-Cyclopropyl-2-fluorophenyl)-4-(4-(3-(5,6,7,8ttahydro-1,8-naphthyridin-2-
yh)propanoyl)piperazin-1-yl)butanoic acid — unknowstoichiometric salt §2b) Enantiomer

B)

O+_OH
= N
%“O F
0

Using the method above, the title compound wapgyesl from methyl 3-(5-cyclopropyl-2-
fluorophenyl)-4-(4-(3-(5,6,7,8-tetrahydro-1,8-napyridin-2-yl)propanoyl)piperazin-1-
yl)butanoate (18 mg, 0.04 mmol) to give the titempound (1.4 mg, 8%) as a gum :

[a]o=- 6 €= 1.24, EtOH).

4-(4-Fluorophenyl)morpholinesg)

ey

PdCbh(1,3-bis(2,6-diisopropylphenyl)-2,3-dihydroH:imidazole)(2-chloropyidine) (3.14 mL,

28.6 mmol), morpholine (2.99 mL, 34.3 mmol), 1-bmehfluorobenzene (0.412 g, 0.606
mmol) was dissolved in 1,2-dimethoxyethane (5 M{)'Bu (42.9 mL of a 1 M solution in

THF, 42.9 mmol) was added slowly over 2 min. Thact®n was heated to 50 °C for 1 h.
The reaction mixture was poured into water (100 ,nth¢ product was extracted with DCM
(100 mL), the aqueous layer was washed with DCM (00 mL). The combined organic
layer was evaporated under reduced pressure. Sltrieewas redissolved in DCM (10 mL)
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and purified by chromatography on silica (3 x 10@Mg 100% EtOAc in cyclohexane, 14
CV). The appropriate fractions were combined awaperated under reduced pressure to
give the title compound (4.68 g, 90%) as a yellow:d.CMS (System formic 2 min)
[M+H]* 182; R 0.82 min, purity >99%'H NMR (400 MHz, CDCJ) 5 = 7.06 — 6.93 (m, 2
H), 6.92 — 6.80 (m, 2 H), 3.93 — 3.79 (m, 4 H),8-12.99 (m, 4 H)**C NMR (101 MHz,
(CD3),S0) & = 157.5 (d,"Jcr = 235 Hz), 147.5, 116.5, 115.5, 66.0, 49 NMR (376
MHz, CDCk) 6 = (-125.0) — (-125.5) (m); HRMS calcd fordE;3FNO, 182.0976 found

182.0981.

4-(4-Fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxabami2-yl) phenyl)morpholine50)

jod
4-(4-Fluorophenyl)morpholine (2 g, 11 mmobis(pinacolato)diboron (1.6 g, 6.3 mmol),
4,4'-ditert-butyl-2,2'-bipyridine (0.2 g, 0.7 mmol) and [Ir(@POMe], (0.2 g, 0.3 mmol)
were dissolved in TMBE (8 mL) and heated in a mi@we oven (80 °C, 1 h, normal power).
The resulting mixture was adsorbed on Florisil™ podfied by chromatography on silica (2
x 100 g, 0 — 50 % EtOAc in cyclohexane, 10 CV)iteeghe title compound (1.6 g, 84%) as
a yellow oil. LCMS (System High pH 2 min) [M+H]308; R 1.07 min, purity >99%?*H
NMR (600 MHz, (CR),SO)5 = 7.13 — 7.10 (m, 1 H), 7.08 — 7.02 (m, 1 H), 7(02 = 8.8
Hz, 1 H), 3.75 — 3.69 (m, 4 H), 3.05 — 2.99 (m, % H29 (s, 12 H}*C NMR (151 MHz,
(CD5),S0)6 = 160.4 (d}c.r = 242 Hz), 147.3 (Jc.r = 1.7 Hz), 126.0 (FJcr = 7.7 Hz),

121.9 (d,3Jce = 7.7 Hz), 121.1 (¥Jc.r = 8.2 Hz), 115.6 (d®Jc.r = 24.3 Hz), 83.6, 66.1,
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49.2, 24.5°F NMR (376 MHz, (CR);S0))s = (-116.0) — (-116.5) (m); HRMS calcd for
Ci10H13BFNQO;, 226.1045 found 226.1044 (The m/z observed in HRMS was the

corresponding boronic acid, which is believed torfainder the agueous HRMS conditions)

4-(3-Bromophenyl)morpholines()

(\NQ\Br

o

1,3-Dibromobenzene (3.9 mL, 32 mmol), morpholing (hL, 16 mmol), Pgdba} (0.74 g,
0.80 mmol), Na@Bu (1.6 g, 17 mmol) and BINAP (0.75 g, 1.2 mmol)revelissolved in
PhMe (8 mL) and heated in a microwave oven (1 h°GOnormal power). Water (20 mL)
was added to the reaction mixture, the organicrlayes separated and then evaporated under
reduced pressure. The residue was dissolved in M@DHnL), and the solution was loaded
on a pre-conditioned aminopromgdlumn (10 g, MeOH 1CV, MeCN 1 CV, load compound,
MeCN 2 CV, then 2M NKlin MeOH 2 CV). The appropriate fractions were camdd and
evaporated under reduced pressure to give thectiepound (2.3 g) as an oil : LCMS
(System High pH 2 min) [M+H] 242; R 1.08 min; purity 75%; *H NMR (400 MHz,
CD;OD) & = 7.18 — 7.02 (m, 2 H), 7.02 — 6.76 (m, 2 H), 3-:93.71 (m, 4 H), 3.17 — 3.05 (m,

4 H). NMR in agreement with reportétidata run on higher spectrometer frequency and in

CDCls.
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4-(3-Cyclopropylphenyl)morpholiné®)

S

4-(3-Bromophenyl)morpholine (2.3 g, 9.50 mmol) whssolved in THF (10 mL) and the
solution was added to cyclopropylmagnesium bron@28 mL of a 0.5 M solution in THF,
11.4 mmol). PdG(dppf)-CHCl, (0.27 g, 0.32 mmol) was added and the mixture ested

to 60 °C for 3 h. The reaction mixture was coaded HO (50 mL) and DCM (50 mL) were
added. The organic layer was separated and theagtreous layer was washed with DCM (2
x 10 mL). The combined organic layers were evapdrander reduced pressure. The residue
was redissolved in DCM (5 mL) and purified by chadography on silica (100 g, 0 — 50%
EtOAc, 10 CV). The appropriate fractions were camedi an evaporated under reduced

pressure to give the title compound (1.7 g, 88%grasrange oil : LCMS (System High pH 2

min) [M+H]* 204; R 1.08 min, purity 93%:; IR (film) 2820, 1600, 124,19 cm"; *H NMR
(400 MHz, CROD) & = 7.15 — 7.00 (m, 1 H), 6.82 — 6.61 (m, 2 H), 6-66.46 (m, 1 H),
3.93-3.70 (M, 4 H), 3.19 — 2.99 (m, 4 H), 2.0269 (m, 1 H), 1.01 — 0.81 (m, 2 H), 0.78 —
0.50 (m, 2 H)*C NMR (126 MHz, (CR),S0)s = 151.1, 144.4, 128.8, 116.1, 112.5, 112.3,

66.1, 48.6, 15.4, 9.1.
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4-(3-Cyclopropyl-5-(4,4,5,5-tetramethyl-1,3,2-dideaolan-2-yl)phenyl)morpholines @)

o. O

&
4-(3-Cyclopropylphenyl)morpholine (1.0 g, 4.9 mmabspinacolatodiboron(0.75 g, 3.0
mmol), 4,4'-ditert-butyl-2,2'-bipyridine (0.08 g, 0.3 mmol) and [IQD)OMe]L (0.098 g,
0.148 mmol) was dissolved in TMBE (8 mL) and heate@ microwave oven (1 h, 80 °C,
high power). The reaction mixture was adsorbed dftwisil™ and purified by silica

chromatography (100 g, 0 — 50% EtOAc in cyclohexd® CV). The appropriate fractions

were combined and evaporated under reduced pressgree the title compound (845 mg,

52%) as a white solid : LCMS (High pH) [M+H]330; R 1.34 Min, purity 53% (the major
impurity is attributed to the boronic acid resuititom the hydrolysis of the boronic ester in
the LCMS mobile phase); LCMS (Method High pH) [M+H248; R 1.31 min;'H NMR
(400 MHz, (C1),S0)8 = 7.12 (dJ = 2.0 Hz, 1 H), 6.96 (s, 1 H), 6.82 (s, 1 H), 3-93.69
(m, 4 H), 3.19 — 2.99 (m, 4 H), 1.94 — 1.74 (m, )} H35 (s, 12 H), 1.01 — 0.79 (m, 2 H),
0.73 — 0.52 (m, 2 HfC NMR (101 MHz, (CR),S0)5 = 152.5, 145.5, 124.5, 120.5, 118.5,
85.0, 68.0, 51.0, 25.0, 16.5, 9.5 (the carbon enwirent adjacent to the boronic was not

observed); HRMS calcd for;gH;0BNO3, 248.1452 found 248.1447 (Boronic acid)
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3-(2-Fluoro-5-morpholinophenyl)-4-(4-(3-(5,6,7,8rydro-1,8-naphthyridin-2-

yl)propanoyl)piperazin-1-yl)butanoic acif)

(\N OH

o)

4-(4-Fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxabami2-yl)phenyl)morpholine  (71.8 mg,
0.234 mmol), [Rh(COD)CY (4 mg, 9 pmol), 4-(4-fluoro-3-(4,4,5,5-tetrametiiyB,2-
dioxaborolan-2-yl)phenyl)morpholine (72 mg, 0.23 otjrand KOHaq) (0.291 mL of a 3.8 M
solution, 1.10 mmol) was heated in the microwa®r(8n, 90 °C, high power). The reaction
mixture was filtered through Celite™ and purifiesing MDAP (Method C, high pH 3 x 1
mL). The appropriate fractions were combined anapevated under reduced pressure. The
crude mixture was dissolved in MeCNI (1:1, 70 mL) and LiOHq) (1.54 mL of a 1.0 M
solution, 1.54 mmol) was added. The reaction metwas stirred for 3 h. The mixture was
freeze-dried and then re-dissolved in DMSO/MeOHL,(2 mL) and purified by reverse
phase chromatography (C18, 4 g, 5 — 50% MeCN (auntp0.1% ammonia) in 10 mM
ammonium bicarbonate, 10 CV). The appropriate iflvastwere combined and freeze-dried

to give the title compound (32 mg, 20%) as a lytgtbi: LCMS (System High pH 2 min)

[M+H] * 540; R 0.68 min; purity >99%H NMR (600 MHz, CROD) & = 7.15 (d,J = 7.3
Hz, 1 H), 6.92 (tJ = 9.5 Hz, 1 H), 6.87 (dd} = 6.2, 2.9 Hz, 1 H), 6.80 (d1,= 8.6, 3.6 Hz, 1
H), 6.38 (d,J = 7.3 Hz, 1 H), 3.86 — 3.75 (m, 4 H), 3.65 (quirs 7.3 Hz, 1 H), 3.62 — 3.56
(m, 1 H), 3.56 — 3.44 (m, 3 H), 3.39 — 3.34 (M, 2 3109 — 3.01 (M, 4 H), 2.83 — 2.76 (m, 3
H), 2.73 — 2.66 (m, 5 H), 2.61 — 2.50 (M, 4 H),12:52.46 (m, 1 H), 2.42 — 2.32 (m, 1 H),

1.88 — 1.83 (m, 2 H) (the protons arising from #meine and the carboxylic acid were not
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observed due to exchang&)c NMR (151 MHz, CROD) & = 178.5, 173.1, 156.8 ({Jc.r=
240 Hz), 156.9, 156.0, 149.7 (U= 2 Hz), 138.9, 131.4 (dJcr= 15 Hz), 118.1 (Jcr
=5 Hz), 117.0 (3Jc.r= 8 Hz), 116.7 (d®Jcr= 22 Hz), 116.4, 112.3, 68.1, 64.0, 54.2, 54.1,
51.6, 46.6, 42.4, 41.4, 35.5, 33.6, 27.3, 2%B{'H} NMR (376 MHz, CD;OD) & = -130.5

(s).

3-(3-Cyclopropyl-5-morpholinophenyl)-4-(4-(3-(5,68#etrahydro-1,8-naphthyridin-2-

yl)propanoyl)piperazin-1-yl)butanoic acif?)

N | N\) 0
N N
o/
(E)-tert-butyl 4-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridiryl)propanoyl)piperazin-1-

yl)but-2-enoate (50 mg, 0.12 mmol), and 4-(3-cyobmyl-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)morpholine (79 mg, 0.24 oimwere dissolved in 1,4-dioxane (2
mL). KOHq) (0.063 mL of a 3.8 M solution, 0.241 mmol) and (RBGD)CI], (6 mg, 0.01
mmol) were added to the solution and the reactiotiure was heated in the microwave (30
min, 100 °C, high power). The reaction mixture vea®led and HCI (0.17 mL of a 4 M
solution in 1,4-dioxane, 0.68 mmol) was added ahe teaction mixture was stirred
overnight. The reaction mixture was partioned betw®CM (5 mL) and KD (5 mL) and
the aqueous layer was evaporated under reducesupeed he residue was then dissolved in
DMSO (1 mL) and purified by MDAP (method B, high pHhe appropriate fractions were

combined and evaporated under reduced pressureetthg title compound (7 mg, 11%) as a
gum : LCMS (System TFA 2 min) [M+H]562; R 0.58 min; purity 94% NMR (400
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MHz, (CD5),S0)é = 7.06 (dJ = 7.5 Hz, 1 H), 6.58 (s, 1 H), 6.42 (i 10.0 Hz, 2 H), 6.31

(d,J=7.5Hz, 1 H), 3.80 — 3.60 (m, 4 H), 3.35 — 30 7 H), 3.13 (s, 1 H), 3.12 — 2.99 (m,
4 H), 2.79 — 2.54 (m, 7 H), 2.46 — 2.35 (m, 3 HRS— 2.20 (m, 3 H), 1.86 — 1.69 (m, 3 H),
0.93-0.81 (m, 2 H), 0.68 — 0.58 (m, 2 H) (thenalg arising from the amine and carboxylic

acid proton were not observed due to exchange).

(R)-tert-butyl 3-(iodomethyl)pyrrolidine-1-carboxylatéR)-66)
I/\Qu j
%O

lodine (1.82 g, 7.17 mmol) was added to a soluénPPh (1.81 g, 6.90 mmol) and
imidazole (0.84 g, 12 mmol) in PhMe (20 mL) at 0°Che mixture was stirred at ambient
temperature for 15 min and theR){tert-butyl 3-(hydroxymethyl)pyrrolidine-1-carboxylate
(2.2 g, 6.0 mmol) was added portionwise over 5 nihO (300 mL) was added to the
mixture and a precipitate started to form. The omtwas stirred for 72 h then the precipitate
was collected by filtration. The solid was washeathviet,O (2 x 50 mL), then the filtrate was
concentrated under reduced pressure until abounbOvas remaining. The sample was
purified by chromatography on silica (100 g, 0 —%0TBME in cyclohexane, 10 CV). The
appropriate fractions were collected (UV set to 2fl)) and evaporated under reduced
pressure to give the title compound)-fert-butyl 3-(iodomethyl)pyrrolidine-1-carboxylate
(.51 g, 81 %) as a colourless oilo]f = + 26 € = 1.02, EtOH); LCMS (System formic 2
min) R 1.23 min; purity >99%'H NMR (400 MHz, CROD) 6 = 3.49 — 3.35 (m, 2 H), 3.34
—3.32(m, 1 H), 3.32 - 3.30 (M, 1 H), 3.27 - 34 1 H), 2.97 — 2.81 (m, 1 H), 2.48 — 2.34

(m, 1 H), 2.05 — 1.89 (m, 1 H), 1.68 — 1.50 (m,)]. H40 (s, 9 H).
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(R)-tert-Butyl 3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidat1-carboxylate(R)-67)

0
N" N N—~4

g

(R)-tert-Butyl 3-(iodomethyl)pyrrolidine-1-carboxylate (28g, 90 mmol) and 2-methyl-1,8-
naphthyridine (13 g, 90 mmol) were dissolved in T2BO mL). LIHMDS (90 mLofa 1 M
solution in THF, 90 mmol) was added at -10 °C diér. The reaction mixture was stirred at
0 °C for 90 min. The reaction mixture was quench&idg sat. NECI| (100 mL) then EtOAc
(500 mL) and HO (100 mL) were added. The organic layer was ség@rand evaporated
under reduced pressure. The residue was dissaivetDAc (30 mL) (heating was required)
and purified by chromatography on silica (1500 tQAc to 5% MeOH in EtOAc, 10 CV).
The appropriate fractions were combined and evépdnander reduced pressure to give the

title compound (18.33 g, 62 %) was an orange soidp = +19 € = 1.06, EtOH); LCMS

(System TFA 2 min) [M+H] 328; R 0.72 min; purity 93%; IR (solid) 3046, 2971, 1683,
1405, 1122 iy, *H NMR (400 MHz, (CR),S0)s = 9.03 (ddJ = 4.0, 2.0 Hz, 1 H), 8.48 —
8.23 (m, 2 H), 7.74 — 7.27 (m, 2 H), 3.44 J&= 7.5 Hz, 1 H), 3.38 — 3.22 (m, 1 H), 3.19 —
3.11 (m, 1 H), 3.06 — 2.91 (m, 2 H), 2.85 — 2.8] {nh), 2.27 — 2.07 (m, 1 H), 1.99 (s, 1 H),
1.92 — 1.81 (m, 2 H), 1.55 — 1.50 (m, 1 H), 1.37%(#); *C NMR (151 MHz, CDGJ) & =
166.1, 155.8, 153.9, 153.6, 138.1, 137.7, 123.@,112121.4, 78.5, 51.4, 45.7, 37.8, 37.4,

32.5, 30.9, 28.7; HRMS calcd forgEl26N3O,, 328.2020 found 328.2023.
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(R)-2-(2-(Pyrrolidin-3-yl)ethyl)-1,8-naphthyridine. dhohydrochloride (R)-71)

7
\

@ S

(R)-tert-Butyl 3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolider1-carboxylate (1.7 g, 5.2 mmol)
was dissolved in DCM (40 mL) at ambient temperattt€l (5.19 mL of a 4 M solution in
1,4-dioxane, 20.8 mmol) was added dropwise and tteeneaction mixture was stirred for 18
h. The reaction mixture was concentrated underaedipressure to give the title compound
(.24 g, 91%) as a purple hydroscopic solid : Anedy chiral HPLC (3 pL, 15%

EtOH/heptane (+ 0.1% TFA), f = 1 mL/min, wavelengtR15 nm, 4.6 mm x 25cm Chiralcel

OD-H (self packed) R= 21.5 min; LCMS (System High pH 2 min) [M+H]28; R 0.52
min; purity >99%; IR (solid) 3389, 2984, 1609 1458™"; *H NMR (400 MHz, (CR),S0)$
=9.73 (br. s, 1 H), 9.60 (br. s, 1 H), 9.28 (d¢ 5.0, 1.5 Hz, 1 H), 8.97 (dd,= 8.0, 1.5 Hz,

1 H), 8.90 (dJ = 8.0 Hz, 1 H), 8.10 — 7.90 (m, 2 H), 3.38 — 3(@6 1 H), 3.26 — 3.12 (m, 3
H), 3.14 — 2.99 (m, 1 H), 2.90 — 2.73 (m, 1 H),2-32.17 (m, 1 H), 2.16 — 2.03 (m, 1 H),
2.02 - 1.87 (m, 2 H), 1.64 — 1.52 (m, 1 H¢ NMR (101 MHz, (CR),S0)6 = 167.5, 151.5,

148.5, 142.5, 141.5, 124.5, 123.5, 122.0, 48.%,4%.0, 35.0, 31.0, 29.5.
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(RE)-Methyl 4-(3-(2-(1,8-naphthyridin-2-yl)ethyl)pyriidin-1-yl)but-2-enoate (R)-69)

(E)-Methyl 4-bromobut-2-enoate (0.435 mL, 3.64 mmeds dissolved in DCM (3 mL) and
added dropwise to a solution ofR){2-(2-(pyrrolidin-3-yl)ethyl)-1,8-naphthyridine,
monohydrochloride (1.2 g, 4.6 mmol) and DIPEA (3mB, 18.2 mmol) in DCM (40 mL) at
0 °C over 30 min. The solution was stirred for atl® °C and then at ambient temperature for
4 h. The reaction mixture was partitioned betwee® K30 mL) and DCM (10 mL). The
organic layer was separated and the aqueous lagemwmshed with further DCM (2 x 10
mL). The combined organic layers were combined @rtentrated under reduced pressure.
The crude material was redissolved in EtOAc (10 rahyl HO (10 mL) was added. The

organic layer was extracted and concentrated unglduced pressure to give the title

compound (1 g, 77%) as an oil : LCMS (System High2omin) [M+H]* 326; R 0.85 min;
purity 84%;H NMR (400 MHz, (CR),S0)5 = 9.03 (dd, = 4.0, 2.0 Hz, 1 H), 8.41 (dd,=
8.0, 2.0 Hz, 1 H), 8.39 — 8.33 (m, 1 H), 7.61 -07(®, 2 H), 6.86 (dtJ = 16.0, 6.0 Hz, 1 H),
6.00 (dt,J = 16.0, 1.5 Hz, 1 H), 3.67 (s, 3 H), 3.23 — 3.4% 2 H), 3.00 — 2.90 (m, 2 H), 2.77
—2.71 (m, 1 H), 2.61 — 2.54 (m, 1 H), 2.48 — 2891 H), 2.21 — 2.07 (m, 2 H), 2.00 — 1.91
(m, 1 H), 1.89 — 1.80 (m, 2 H), 1.48 — 1.33 (m, t BC NMR (101 MHz, (CR),S0) 5 =
165.5, 165.0, 155.5, 153.0, 146.5, 137.5, 137.0,512121.5, 121.0, 120.5, 59.5, 56.0, 53.5,

51.5, 37.0, 36.5, 34.5, 30.5.
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Methyl 4-(R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-}43-(3-cyclopropyl-5-

morpholinophenyl)butanoatéR)-69a (Diastereomer A) an(R)-69b (Diastereomer B))

7
\

O\

N

N

4-(3-Cyclopropyl-5-(4,4,5,5-tetramethyl-1,3,2-didwaaolan-2-yl) phenyl)morpholine (390
mg, 1.2 mmol), RE)-methyl 4-(3-(2-(1,8-naphthyridin-2-yl)ethyl)pyirdin-1-yl)but-2-
enoate (230 mg, 0.57 mmol), KQH (0.298 mL of a 3.8 M solution, 1.13 mmol) were
dissolved in 1,4-dioxane (3 mL) and stirred at aanbtemperature for 5 min under nitrogen,
and [Rh(COD)CH (84 mg, 0.17 mmol) was added. The reaction miiuas heated in a
microwave oven (1 h, 95 °C, normal power). The aorxtwas cooled and the solvent
evaporated under reduced pressure. The residueedigsolved in EtOAc (10 mL) and.@
(10 mL) was added. The organic layer was sepagatddiltered through a hydrophobic frit.
The aqueous layer was washed with further EtOA& & mL) and the combined organic
layers were concentrated under reduced pressueembtiure was dissolved in EtOH (4 mL)
(containing 0.2% isopropylamine) and heptane (3 rah)l the enantiomers separated by
chiral HPLC (Injection; 0.75 mL, eluting with 40%4@H (containing 0.2% isopropylamine):
60% heptane (containing 0.2% isopropylamine), D=f./min, detecting at 215 nm; column

5 cm x 20 cm Chiralpak AD-H (self packed), 45 nmimpive two diastereomers.

Diastereomer A: Methyl 4-R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-)43-(3-
cyclopropyl-5-morpholinophenyl)butanoate (47 mg¥a@s a gum : Analytical chiral HPLC
(50% EtOH (containing 0.2% isopropylamine) / 50%taae, f = 1.0 mL/min, detecting at
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215 nm; column 4.6 mm id x 25 cm Chiralcel AD-HI{g&acked)) R= 8.7 min; chiral purity

>99%; LCMS (System High pH 2 min) [M+H]529; R 1.15 min; purity >99%*H NMR
(400 MHz, (CROD) & = 9.05 — 8.99 (m, 1 H), 8.44 — 8.39 (m, 1 H),98:38.27 (m, 1 H),
7.65 —7.52 (m, 2 H), 6.64 — 6.61 (m, 1 H), 6.5853 (m, 1 H), 6.51 — 6.43 (m, 1 H), 3.87 —
3.75 (m, 4 H), 3.56 (s, 3 H), 3.13 — 3.08 (M, 4316 — 2.97 (M, 2 H), 2.95 — 2.84 (m, 1 H),
2.84-2.73 (m, 2 H), 2.71 — 2.46 (m, 4 H), 2.28230 (m, 2 H), 2.07 — 1.97 (m, 1 H), 1.96 —
1.73 (m, 3 H), 1.54 — 1.44 (m, 1 H), 1.36 — 1.26 {nH), 0.96 — 0.84 (m, 2 H), 0.70 — 0.60

(m, 2 H)

Diastereomer B: Methyl 44)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-)}43-(3-
cyclopropyl-5-morpholinophenyl)butanoate (47 mg¥d@s a gum : Analytical chiral HPLC
(50% EtOH (containing 0.2% isopropylamine) / 50%taa@e, f = 1.0 mL/min, detecting at

215 nm; column 4.6 mm id x 25 cm Chiralcel AD-HI{g®acked)) R = 14.2 min; chiral

purity >99%: LCMS (System TFA 2 min) [M+H]529; R 0.65 min; purity >99%'H NMR
(400 MHz, (CR)OD) & = 9.00 (dd,J = 4.5, 2.0 Hz, 1 H), 8.39 (dd= 8.0, 2.0 Hz, 1 H), 8.33
(d,J=8.0 Hz, 1 H), 7.65 — 7.48 (m, 2 H), 6.66 — 6(89 4 H), 3.87 — 3.74 (m, 4 H), 3.54 (s,
3 H), 3.12 — 3.04 (m, 4 H), 3.04 — 2.96 (m, 2 HY2— 2.82 (m, 1 H), 2.82 — 2.70 (m, 2 H),
2.70 — 2.43 (m, 3 H), 2.20 — 2.08 (m, 2 H), 2.0B95 (m, 1 H), 1.94 — 1.75 (m, 3 H), 1.53 —
1.38 (m, 1 H), 1.33 — 1.06 (m, 1 H), 0.94 — 0.82 2nfi), 0.69 — 0.55 (m, 2 H); HRMS calcd

for C32H41N403, 529.3173 found 529.3175.
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Methyl 3-(3-cyclopropyl-5-morpholinophenyl)-4R)-3-(2-(5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoate({R)-72aDiastereomer A)

X
»
NN N
O\
o
N
o
Methyl 4-(R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-}43-(3-cyclopropyl-5-

morpholinophenyl)butanoate — Diastereomer A (80 én@g> mmol) was dissolved in EtOH
(2 mL) and EtOAc (2 mL) and added to a hydrogematlask containing 10% Degussa™
Pd/C (32 mg). The reaction mixture was stirred uradeatmosphere of Hsupplied from a

burette) for 12 h. The reaction mixture was filtetbrough Celite™, washed with EtOAc and

evaporated under reduced pressure to give thecahepound (65 mg, 81%) as a gum :

LCMS (System High pH 2 min) [M+H] 533; R 1.34 min; purity >99%:'H NMR (400
MHz, CD;OD) & = 7.10 (d,J = 7.5 Hz, 1 H), 6.60 (s, 1 H), 6.54 (s, 1 H), 6(861 H), 6.33
(d,J=7.5Hz, 1 H), 3.85-3.75 (m, 4 H), 3.54 (s, 33441 — 3.33 (m, 2 H), 3.26 — 3.16 (m,
1 H), 3.12 — 3.04 (m, 4 H), 2.88 — 2.74 (m, 3 HY£2- 2.63 (M, 3 H), 2.63 — 2.53 (m, 1 H),
2.53-2.36 (M, 4 H), 2.26 — 2.11 (m, 1 H), 2.12.62 (m, 1 H), 1.98 — 1.90 (m, 1 H), 1.91 —
1.78 (m, 3 H), 1.72 — 1.56 (m, 2 H), 1.45 — 1.34 {nH), 0.97 — 0.83 (m, 2 H), 0.72 — 0.55

(m, 2 H) (the signal arising from the amine wasalugerved due to exchange).
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Methyl 3-(3-cyclopropyl-5-morpholinophenyl)-4R)-3-(2-(5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoatéR)-72b Diastereomer B)

O\

N

NI

Using the method above, the title compound was goezp from methyl 4-8)-3-(2-(1,8-
naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)-3-(3-cyclaropyl-5-morpholinophenyl)butanoate  —
Diastereomer B (78 mg, 0.151 mmol) to give thestdtbmpound (74 mg, 94%) as a gum :
LCMS (System High pH 2 min) [M+H] 533; R 1.34 min; purity >99%:'H NMR (400
MHz, (CD;)OD) 8 = 7.13 (dJ= 7.5 Hz, 1 H), 6.63 (s, 1 H), 6.57 (s, 1 H), 6(¢91 H), 6.36
(d,J=7.5Hz, 1 H), 3.86 — 3.76 (m, 4 H), 3.41 — 3.86 £ H), 3.28 — 3.18 (m, 1 H), 3.15 —
3.08 (M, 4 H), 2.82 (s, 3 H), 2.71 Jt= 6.5 Hz, 3 H), 2.64 — 2.57 (m, 1 H), 2.57 — 2.42 4
H), 2.24 — 2.16 (m, 1 H), 2.15 — 2.05 (m, 1 H),62-02.03 (m, 2 H), 2.01 — 1.93 (m, 1 H),
1.93 — 1.83 (m, 3 H), 1.68 (d,= 7.5 Hz, 2 H), 1.48 — 1.37 (m, 1 H), 1.33 — 1.80 { H),
0.93 (dd,J = 8.5, 2.0 Hz, 2 H), 0.66 (dd,= 5.0, 2.0 Hz, 2 H) (the proton arising from the

amine was not observed due to exchange).
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3-(3-Cyclopropyl-5-morpholinophenyl)-4R8}-3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-

yhethyl)pyrrolidin-1-yl)butanoic acid — unknownaosthiometric salt (R)-70a Diastereomer

A)
X
»
N N N
OH
O
N
o
Methyl 3-(3-cyclopropyl-5-morpholinophenyl)-4R)-3-(2-(5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoate Enantiomer A (65 mg, 0.12 mmol) was
dissolved in MeCN (2 mL) and LiOk} (0.244 mL of a 1 M solution, 0.244 mmol) was
added. The reaction mixture was stirred for 4 Amabient temperature. The reaction mixture
was purified by MDAP (method B, high pH) and thegpriate fractions were evaporated
under nitrogen flow to give a brown gum. The prddwes redissolved in # (2 mL) and

freeze-dried overnight to give the title compouB8 (ng, 84%) as a white lyophilate. LCMS

(System High pH 2 min) [M+H] 519; R 0.88 min; purity >99%:H NMR (600 MHz,
CD;0D) § = 7.08 (dJ = 7.3 Hz, 1 H), 6.59 (s, 1 H), 6.52 (s, 1 H), 6(841 H), 6.33 (dJ =

7.3 Hz, 1 H), 3.78 — 3.72 (m, 4 H), 3.48 (dds 12.7, 9.4 Hz, 1 H), 3.34 — 3.30 (m, 3 H),
3.26 —3.19 (m, 3 H), 3.13 (dd= 12.7, 3.7 Hz, 1 H), 3.10 — 3.04 (m, 4 H), 2.98 & 1 H),
2.74 (ddJ = 16.3, 10.6 Hz, 1 H), 2.64 @,= 6.2 Hz, 2 H), 2.56 — 2.51 (m, 1 H), 2.52 — 2.46
(m, 2 H), 2.27 (dquin) = 15.8, 7.9 Hz, 1 H), 2.19 — 2.10 (m, 1 H), 1.85.78 (m, 3 H), 1.78
—1.68 (m, 2 H), 1.62 (dd,= 13.0, 8.6 Hz, 1 H), 0.92 — 0.81 (m, 2 H), 0.63.57 (m, 2 H)
(the signals arising from the amine and carboxgbad protons were not observed due to

exchange)*C NMR (151 MHz, CROD) § = 180.4, 157.6, 157.3, 153.7, 147.3, 144.7,
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138.7, 117.1, 115.9, 113.5, 113.2, 112.3, 68.4,&P8.9, 55.1, 50.9, 46.2, 42.6, 41.3, 38.2,
36.5, 34.7, 31.0, 27.5, 22.5, 16.7, 9.7; HRMS cdiod Cz1H43N4Os, 519.3322 found

519.3330.

3-(3-Cyclopropyl-5-morpholinophenyl)-4K§-3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)butanoic acid — unknownasthiometric salt (R)-70b Diastereomer

B)

OH

N

N

Using the method above, the title compound wasasegpfrom methyl 3-(3-cyclopropyl-5-
morpholinophenyl)-4-®)-3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yhgbpyrrolidin-1-
yh)butanoate Enantiomer B (74 mg, 0.14 mmol) gdneetitte compound (27 mg, 39%) as a
gum : LCMS (System TFA 2 min) [M+H]519; R 0.64 min; purity >99%;'H NMR (600
MHz, CD;OD) & = 7.11 (dJ = 7.3 Hz, 1 H), 6.63 (s, 1 H), 6.56 (s, 1 H), 6(481 H), 6.36
(d,J=7.3Hz, 1 H), 3.82-3.77 (m, 4 H), 3.54 — 3.48 { H), 3.49 — 3.43 (m, 1 H), 3.44 —
3.36 (M, 1 H), 3.37 — 3.34 (m, 2 H), 3.29 — 3.25 {ni), 3.25 — 3.20 (M, 1 H), 3.18 (db=
12.7, 4.2 Hz, 1 H), 3.13 — 3.08 (m, 4 H), 2.81 &rl H), 2.76 (dd) = 16.2, 10.4 Hz, 1 H),
2.68 (t,J= 6.2 Hz, 2 H), 2.56 (ddl = 16.1, 2.9 Hz, 1 H), 2.52 (td,= 7.4, 5.3 Hz, 2 H), 2.33
(dquin,J = 15.6, 7.8 Hz, 1 H), 2.22 — 2.11 (m, 1 H), 1.89.82 (m, 3 H), 1.81 — 1.72 (m, 2

H), 1.71 — 1.64 (m, 1 H), 0.96 — 0.85 (m, 2 H),00-70.60 (m, 2 H) (the protons arising from
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the amine and carboxylic acid were not observed tduexchange)**C NMR (151 MHz,
CD;OD) 8 = 180.3, 157.9, 157.5, 153.7, 147.3, 144.7, 13814,.2, 115.7, 113.5, 113.2,
112.3, 68.2, 63.2, 60.2, 55.0, 50.9, 46.2, 42.63,438.2, 36.6, 35.0, 30.7, 27.6, 22.5, 16.7,

9.6; HRMS calcd for gH43N4O3, 519.3322 found 519.3330.

Methyl 4-(R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-}43-(3-(3,5-dimethyl-H-

pyrazol-1-yl)phenyl)butanoate {R)-76a (Diastereomer A) an(R)-76b (Diastereomer B))

/
\

(RE)-Methyl 4-(3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrtidin-1-yl)but-2-enoate (1 g, 3.07
mmol) was dissolved in 1,4-dioxane (16 mL) and 33{dimethyl-H-pyrazol-1-

yl)phenyl)boronic acid (1.33 g, 6.15 mmol), KQ§l(1.2 mL of a 3.8 M solution, 4.6 mmol)
and [Rh(COD)CH (0.15 g, 0.31 mmol) were added and the solutiors Waated in a
microwave oven (1 h, 95°C, high power). The reactwixture was then filtered through
Celite™ and evaporated under reduced pressure, shepended in EtOH (3 mL). The
diastereomers were separated by chiral HPLC (ligject3 mL, eluting with 30% EtOH
(+0.2% isopropylamine): 70% heptane (containingZ®.i8opropylamine), f = 20 mL/min,
detecting at 215 nm; column 3 cm x 25 cm Chiralp&kH (self packed), 45 min) to give

two diastereomers.
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Diastereomer A: Methyl 44R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-)43-(3-(3,5-
dimethyl-1H-pyrazol-1-yl)phenyl)butanoate (320 mg, 21%) : Amiabl chiral HPLC (30%
EtOH (containing 0.2% isopropylamine) / 70% heptdrel.0 mL/min, detecting at 215 nm;

column 4.6 mm id x 25 cm Chiralcel AD-H (self padkKeR: = 8.0 min; chiral purity >99%;

LCMS (System high pH 2 min) [M+H] 497; R 1.07 min; purity >95%; *H NMR (400
MHz, (CDs),S0)5 = 9.02 (ddJ = 4.0, 2.0 Hz, 1 H), 8.41 (dd,= 8.0, 2.0 Hz, 1 H), 8.35 (d,
= 8.5 Hz, 1 H), 7.59 — 7.56 (m, 1 H), 7.54 Jdk 8.5 Hz, 1 H), 7.41 — 7.34 (m, 1 H), 7.34 —
7.31 (m, 1 H), 7.31 = 7.26 (m, 1 H), 7.26 — 7.21 {nh), 6.04 (s, 1 H), 3.48 (s, 3 H), 3.44 (d,
1 H), 2.98 — 2.88 (m, 2 H), 2.84 (d#i= 15.5, 6.0 Hz, 1 H), 2.79 — 2.65 (m, 2 H), 2.63.53
(m, 2 H), 2.48 — 2.37 (m, 2 H), 2.25 (s, 3 H), 2(473 H), 2.12 — 2.00 (m, 1 H), 1.96 — 1.86

(m, 1 H), 1.86 — 1.75 (m, 2 H), 1.38 (= 2.0 Hz, 1 H), 1.29 — 1.21 (m, 1 H).

Diastereomer B: Methyl 44)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-)43-(3-(3,5-
dimethyl-1H-pyrazol-1-yl)phenyl)butanoate (388 mg, 25%) : Amiakl chiral HPLC (30%
EtOH (containing 0.2% isopropylamine) / 70% heptdrel.0 mL/min, detecting at 215 nm;

column 4.6 mm id x 25 cm Chiralcel AD-H (self padKeR = 12.0 min; chiral purity >99%;

LCMS (System high pH 2 min) [M+H]497; R 1.07 min; purity 63%'H NMR (400 MHz,

(CD3),S0)8 =9.02 (ddJ = 4.0, 2.0 Hz, 1 H), 8.40 (dd,= 8.0, 2.0 Hz, 1 H), 8.38 — 8.31 (m,
1 H), 7.59 — 7.50 (m, 2 H), 7.41 — 7.35 (m, 1 HRZ7(d,J = 1.5 Hz, 1 H), 7.31 - 7.19 (m, 1
H), 6.04 (s, 1 H), 3.48 (s, 3 H), 3.46 — 3.41 (nH)23.01 — 2.88 (m, 2 H), 2.87 — 2.72 (m, 2
H), 2.72 — 2.52 (m, 4 H), 2.42 — 2.28 (m, 2 H),3(&, 3 H), 2.16 (s, 3 H), 2.14 — 2.01 (m, 2

H), 1.96 — 1.87 (m, 1 H), 1.87 — 1.76 (m, 2 H).

|[Page |222



Property of GSK - Confidential - Do not copy

3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)-4-®)-3-(2-(5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic atLithium salt(R)-78a

AN
N v
N
Re
®
O |
NN
NN

Methyl 4-(R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-}43-(3-(3,5-dimethyl-H-
pyrazol-1-yl)phenyl)butanoate — Diastereomer A (389, 0.64 mmol) was dissolved in
EtOH (3 mL) and the solution was added to 5% Deai¥s€d/C (68 mg) under inert
atmosphere. The reaction mixture was stirred umaeatmosphere of hydrogen (supplied
from a burette) for 3 h. The reaction mixture witered through Celite™ under nitrogen,
then washed with EtOAc (15 mL) and the filtrate veasporated under reduced pressure to
give the methyl ester intermediate as a yellow gline crude material was dissolved in THF
(1 mL) then LiOHaq) (1.05 mL of a 1 M solution, 1.05 mmol) was added the reaction was
stirred for 18 h. The reaction mixture was conaaett under reduced pressure to give the
crude product. The crude material was suspend&MB0O : MeOH (1:1, 2 x 1 mL) and
purified using MDAP (high pH, Method B). The appriagpe fractions were collected and

freeze — dried to give the title compound (150 ®8%) as a lyophilate. LCMS (System

formic 2 min) [M+H]" 488; R 0.60 min; IR (film) 2923, 1586, 1386 ¢n'H NMR (600
MHz, (CD3);S0)6 = 7.34 — 7.28 (m, 1 H), 7.25 (s, 1 H), 7.22 — 716 2 H), 6.98 (dJ =
7.5 Hz, 1 H), 6.21 (d] = 7.5 Hz, 1 H), 6.03 (s, 1 H), 3.60 Jt= 6.5 Hz, 2 H), 3.24 — 3.19 (m,
2 H), 2.73 (tJ = 8.0 Hz, 1 H), 2.63 — 2.53 (m, 4 H), 2.40 — 2(B8 2 H), 2.33 — 2.27 (m, 1

H), 2.26 (s, 3 H), 2.17 (s, 3 H), 2.03 (dds 14.5, 8.0 Hz, 1 H), 2.00 — 1.95 (m, 1 H), 1.95 —

|[Page [223



Property of GSK - Confidential - Do not copy

1.86 (m, 1 H), 1.82 — 1.69 (m, 4 H), 1.62 — 1.50Q trH), 1.29 — 1.18 (m, 1 H) (the proton
arising from the amine was not observed due toaxgh);’Li NMR (156 MHz, (C3),S0)s

=-0.7 (s).
1-(3-bromophenyl)-3,5-dimethylH-pyrazole 82)

(3-Bromophenyl)hydrazine, hydrochloride (8.2 g, ®®nol) and pentane-2,4-dione (5.65
mL, 55.0 mmol) were dissolved in DCM (20 mL),$0, (0.195 mL of an 18 M solution,
3.67 mmol) was added dropwise and the reactioredtat ambient temperature for 18 h. The
reaction mixture was washed with® (3 x 50 mL) and the organic phase was dried over
MgSQy to give the title compound (4.7 g, 51%) was an €CMS (System High pH 2 min)
[M+H]* 251, 253; R1.12 min, purity 93%*H NMR (400 MHz, (CR),SO) & = 7.79 — 7.63

(m, 1 H), 7.61 — 7.48 (m, 2 H), 7.48 — 7.37 (m,)1. 607 (s, 1 H), 2.31 (s, 3 H), 2.18 (s, 3 H).

4-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)morpholine8@)

1-(3-Bromophenyl)-3,5-dimethylH-pyrazole (4.08 g, 16.2 mmol), morpholine (1.41 mL,
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16.2 mmol), Pgldba) (0.744 g, 0.812 mmol), NaBu (1.56 g, 16.2 mmol),R)-BINAP
(0.76 g, 1.22 mmol) were dissolved in PhMe (20 rahyl heated in a microwave oven (1 h,
50 °C, normal power). The mixture was filtered tigb a pad of Celite™ and then
concentrated under reduced pressure. The crudeiahatas dissolved in $O (10 mL) and
MeOH (5 mL) and it was purified using reverse phals®matography (C18, 130 g, 5 — 95%
MeCN (containing 0.1% ammonia) in 10 mM ammoniuncabbonate, 10 CV). The

appropriate fractions were combined and evaporatel@r reduced pressure to give the title

compound (2.94 g, 70%) as an oil : LCMS (Systermfor2 min) [M+H]" 258; R 0.92 min,
purity 91%;'H NMR (400 MHz, (CR),SO) & = 7.36 — 7.24 (m, 1 H), 6.97 — 6.92 (m, 2 H),
6.90 — 6.80 (m, 1 H), 6.03 (s, 1 H), 3.80 — 3.65 4ni), 3.18 — 3.11 (m, 4 H), 2.27 (s, 3 H),

2.16 (s, 3 H).

1-(3,5-Dibromophenyl)-3,5-dimethylH-pyrazole 86)

BT\QJI\/N>\

Br
3,5-Dibromoaniline (2.11 g, 8.41 mmol) was dissdlve MeCN (50 mL) and cooled to 0 °C.
H,SO, (3.41 mL of a 2 M aqueous solution, 6.14 mmol) &aNG, (0.64 g, 9.3 mmol) in
H,0O (3 mL) were added slowly to the reaction mixtanel this was stirred at 0 °C for 50 min.
L-Ascorbic acid (1.63 g, 9.25 mmol) i@ (5 mL) were then added and the reaction mixture
was stirred for 18 h. Pentane-2,4-dione (1.72 nf.8 Immol) added dropwise, then the

reaction was stirred at ambient temperature foh,#hen at 80 °C for 5 h. The reaction was

cooled to ambient temperature then EtOAc (100 mhys vadded. The organic layer was
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separated and washed with@H(40 mL), HCl.q) (40 mL of a 1 M solution, 40 mmol) and
then HO (40 mL). The organic layer was dried and thenceotrated under reduced
pressure. The sample was redissolved in DCM (5 anld) purified using chromatography on
silica (100 g, 0 — 25% EtOAc in cyclohexane, 10 CVhe appropriate fractions were

combined and evaporated under reduced pressureetohg title compound (1.75 g, 63%) as

a yellow oil : LCMS (System high pH) [M+H]328, 330, 332; RL.35 min, purity 98%'H
NMR (400 MHz, (C3),SO) 6 = 7.85 (tJ=1.5Hz, 1 H), 7.77 (d] = 1.5 Hz, 2 H), 6.12 (s,

1 H), 2.37 (s, 3 H), 2.18 (s, 3 H).

4-(3-(3,5-Dimethyl-H-pyrazol-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxablan-2-

yhphenyl)morpholing84)

1-(3,5-Dibromophenyl)-3,5-dimethylH-pyrazole (1.70 g, 5.16 mmol) was dissolved in
PhMe (40 mL) and added to a solution of morpho(®€99 mL, 5.67 mmol),R)-BINAP
(1.05 g, 1.68 mmol), NaBu (0.496 g, 5.16 mmol), R@bay (0.978 g, 1.07 mmol). The
reaction mixture was stirred at 80 °C for 2 h. Teaction mixture was filtered through a
Celite” pad, then washed with PhMe (50 mL) and the orgiayier was washed withJ® (2

x 100 mL). The organic layer was then concentrateder reduced pressure, then dissolved
in DCM (5 mL) and purified by chromatography onictl (100 g, 0 — 50%

EtOAc/cyclohexane, 8 CV). The appropriate fractiorese combined and evaporated under
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reduced pressure. The material contained impurniékded to the catalyst, however this was
taken forward in the next step. 4-(3-Bromo-5-(8imethyl-1H-pyrazol-1-
yhphenyl)morpholine (2 g, 6 mmolRis(pinacolato)diboron (1.66 g, 6.54 mmol), KOAc
(2.459 g, 14.87 mmol), XPhos™ (0.136 g, 0.286 mrant) Pd(dba}; (0.082 g, 0.089 mmol)
were dissolved in 1,4-dioxane (20 mL). The reactimrture was stirred at 110 °C for 1 h.
The reaction mixture was evaporated under reducesspre and dissolved in DCM (10 mL).
The organic layer was filtered and then washed B (100 mL) then brine (100 mL). The
organic layer was dried over magnesium sulfateeaagborated under reduced pressure. The
sample was dissolved in DCM (5 mL) and purified salica (100 g, 0 — 50% EtOAc in
cyclohexane, 8CV). The appropriate fractions weoenlmined and concentrated under
reduced pressure to give the title compound (87849%) as an orange oil : LCMS (System
High pH 2 min) [M+H] 384, R1.19 min, purity 6% (the major impurity is attriledtto the
boronic acid resulting from the hydrolysis of therdnic ester in the LCMS mobile phase)
[M+H]* 302, R0.69 min, purity 86%; IR (solid) 1586, 1318, 11889 cm®; *H NMR (400
MHz, CD;0D) & = 7.38 (d,J = 2.5 Hz, 1 H), 7.20 (d] = 2.5 Hz, 1 H), 7.07 (d] = 2.5 Hz, 1

H), 6.05 (s, 1 H), 3.90 — 3.78 (m, 4 H), 3.22 -93(h, 4 H), 2.26 (s, 3 H), 2.24 (s, 3 H), 1.35
(s, 12 H);**C NMR (101 MHz, CROD) § = 159.0, 157.0, 154.5, 142.0, 141.5, 123.0, 122.0,
121.5, 116.5, 107.5, 85.5, 67.5, 25.0, 13.0, 1H®MS (boronic acid) calcd for

Cl5H21BN303, 302.1670 found 302.1670.
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(R),(E)-tert-Butyl 4-(3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrralin-1-yl)but-2-enoat¢(R)-88)

0
= N =
eaathen

\N/N

(E)-tert-Butyl 4-acetoxybut-2-enoate (19 g, 95 mmol) anddBpf)CL (6.24 g, 8.53 mmol)
were dissolved in DCM (180 mL) was stirred for 15nmR)-2-(2-(Pyrrolidin-3-yl)ethyl)-
1,8-naphthyridine dihydrochloride (22.5 g, 85.0 atmn DIPEA (74.5 mL, 427 mmol) and
DCM (360 mL) were added dropwise, then the solutiais stirred for 24 h. The mixture was
washed with HO (3 x 220 ml). The organic phase was passed threughase-separator
cartridge and the solvent was removed under redpoessure. The residue was loaded in
DCM (20 mL) and purified by flash chromatographyn{aopropyl, 900 g, 0 — 100%
EtOAc/cyclohexane, 10 CV). The appropriate fracdisrere combined and evaporated under

reduced pressure to give the title compound (155066) as a brown oil which solidified :

LCMS (System High pH 2 min) [M+H] 368; R 1.03 min; purity >99%; IR (film) 2957,
1719, 1602, 1122, 843 ¢m'H NMR (600 MHz, (CR),S0)8 = 9.02 (ddJ = 4.2, 2.0 Hz, 1
H, 8.40 (ddJ = 8.0, 1.9 Hz, 1 H), 8.35 (d,= 8.3 Hz, 1 H), 7.56 (dd] = 9.0, 5.0 Hz, 1 H),
7.55 (d,J = 8.0 Hz, 1 H), 6.74 (dt) = 15.6, 5.9 Hz, 1 H), 5.87 (di,= 15.7, 1.5 Hz, 1 H),
3.22 - 3.12 (m, 2 H), 3.00 — 2.89 (m, 2 H), 2.78.69 (m, 1 H), 2.59 — 2.51 (m, 1 H), 2.47 —
2.39 (m, 1 H), 2.17 — 2.11 (m, 2 H), 2.14 — 2.08 {nH), 1.97 — 1.92 (m, 1 H), 1.89 — 1.78
(m, 2 H), 1.43 (s, 9 H)**C NMR (151 MHz, (CR),S0)s = 165.8, 164.8, 155.3, 153.1,
145.4, 137.5, 137.2, 123.1, 122.4, 121.5, 120.8%,7B9.8, 55.9, 53.3, 37.1, 36.8, 34.7, 30.4,

27.7; HRMS calcd for &H3oN30-, 368.2333 found 368.2328.
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tert-Butyl 4-((R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-}43-(3-(3,5-dimethyl-H-

pyrazol-1-yl)-5-morpholinophenyl)butanoai{®]}-89a (Diastereomer A) an(R)-89b

7\ 7<
g

(R),(E)-tert-Butyl 4-(3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrralin-1-yl)but-2-enoate (350 mg,

(Diastereomer B))

0.76 mmol), [Rh(COD)C} (19 mg, 0.04 mmol), (3-(3,5-dimethyHipyrazol-1-yl)-5-
morpholinophenyl)boronic acid (459 mg, 1.52 mmatd &KOHq) (0.401 mL of a 3.8 M
solution, 1.52 mmol) were dissolved in 1,4-diox#&henL) and the solution was heated in a
microwave oven (100 min, 95 °C, high power). Thact®n mixture was filtered through
Celite™ and washed with EtOAc (20 mL). The reactmixture was concentrated under
reduced pressure then dissolved in DMS@H1:1, 3 mL), the compound was purified by
reverse phase chromatography (C18, 40 g, 25 — 40@38/] then 40 — 75% (15 CV) MeCN
(containing 0.1% ammonia) in 10 mM ammonium bicadie). The appropriate fractions
were combined and evaporated to give an oil (12p:ni¢ne crude mixture was dissolved in
DMSO:H,O (1:1, 3 mL), the compound was purified using rseephase chromatography
(C18, 40 g, 25 — 40% (1 CV) then 40 — 75% (15 C\OQW (containing 0.1% ammonia) in
10 mM ammonium bicarbonate). The appropriate foastiwere combined and evaporated,
then dissolved in EtOH (3 mL) and heptane (3 ml)e Tiastereomers were separated by
chiral HPLC (Injection; 1 mL, eluting with 15% EtOH5% heptane, f = 30 mL/min,
detecting at 215 nm; column 3 cm x 25 cm Chiralp&kH (self packed), 45 min) to give

two diastereomers.
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Diastereomer A:tert-butyl 4-([R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-)43-(3-

(3,5-dimethyl-H-pyrazol-1-yl)-5-morpholinophenyl)butanoate (44 8d) as a brown oil :
Analytical chiral HPLC (20% EtOH (containing 0.2%sopropylamine)/heptane,
f = 1.0 mL/min, detecting at 215 nm; column 4.6 nax 25 cm Chiralcel 1A (self packed))

R; = 10.5 min; chiral purity >99%.

Diastereomer B:tert-butyl 4-([R)-3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-)43-(3-
(3,5-dimethyl-H-pyrazol-1-yl)-5-morpholinophenyl)butanoate (70 rbg) as a brown oil :
Analytical chiral HPLC (20% EtOH (containing 0.2%sopropylamine)/heptane,
f = 1.0 mL/min, detecting at 215 nm; column 4.6 nadn 25 cm Chiralcel 1A (self packed))
Rt 13.2 min; chiral purity >99%; achiral purity 93¥RMS calcd for G;H49NO3, 625.3861

found 625.3844.

tert-Butyl  3-(3-(3,5-dimethyl-H-pyrazol-1-yl)-5-morpholinophenyl)-4R)-3-(2-(5,6,7,8-

tetrahydro-1,8-naphthyridin-2-yl)ethyl)pyrrolidirad)butanoate (R)-90a)
N Oj<
\ °
N
NH N NN
5 )T

tert-Butyl 4-(3-(2-(1,8-naphthyridin-2-yl)ethyl)pyrralin-1-yl)-3-(3-(3,5-dimethyl-H-
pyrazol-1-yl)-5-morpholinophenyl)butanoate — Diastemer A (46 mg, 0.074 mmol) was
dissolved in a solution of EtOAc (10 mL). The cormapd was stirred at ambient temperature
under an atmosphere of hydrogen (supplied fromratta) in the presence of 5% Degussa™

Pd/C (40 mg) for 18 h. The reaction was filteretbtigh Celite™ and washed with EtOAc
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(30 mL) and EtOH (20 mL). The solution was concateti under reduced pressure to give

the title compound (34 mg) as a white solid : LCk&ystem High pH 2 min) [M+H] 629;
R: 1.39 min; purity >63% (the only impurity is attited to EtOAc)"H NMR (400 MHz,
(CD3),;S0)8 =7.00 (dJ=7.5Hz, 1 H), 6.79 (dl = 12.5 Hz, 2 H), 6.72 (s, 1 H), 6.22 (b=
7.5 Hz, 1 H), 6.19 (br. s, 1 H), 6.02 (s, 1 H),13-83.67 (m, 4 H), 3.25 — 3.19 (m, 2 H), 3.16
—3.11 (M, 4 H), 2.77 — 2.61 (m, 3 H), 2.61 — AH6 3 H), 2.48 — 2.30 (M, 5 H), 2.25 (s, 3
H), 2.16 (s, 3 H), 2.11 — 2.04 (m, 1 H), 1.98 -91(/, 2 H), 1.78 — 1.70 (m, 2 H), 1.64 — 1.53

(m, 2 H), 1.43 = 1.29 (m, 2 H), 1.25 (s, 9 BBl NMR courtesy of Seble Lemma).

3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)-5-morpholinophenyl)-44)-3-(2-(5,6,7,8-tetrahydro-

1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoicid (R)-80a)

OH
)

ZN

NH N NN
o) )J,
tert-Butyl  3-(3-(3,5-dimethyl-H-pyrazol-1-yl)-5-morpholinophenyl)-4R)-3-(2-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)ethyl)pyrrolidirsd)butanoate (34 mg, 0.053 mmol) was
dissolved in DCM (1 mL) and TFA (50 uL, 0.7 mmadrhe reaction mixture was stirred for
18 h. The solvent and TFA had evaporated (as #sk fivas left open), so a further DCM (1
mL) and TFA (50 pL, 0.7 mmol) were added, the rieactixture was stirred for 3 h. TFA
(50 pL, 0.7 mmol) was added and the reaction méxtas stirred for 22 h. TFA (50 uL, 0.7
mmol) was added and the reaction mixture was dtifoe 72 h. The reaction mixture had

evaporated so was suspended #®HO0.5 mL). The mixture was purified using revepbase

chromatography (C18, 12 g, 5 — 95% MeCN (containth§% ammonia) in 10 mM
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ammonium bicarbonate, 20 CV). The appropriate iivpast were combined and evaporated
under reduced pressure to give the title compodAdg, 61%) as a gum : LCMS (System
TFA 2 min) [M+H]" 573, R0.63 min, purity 95%; IR (film) 2924, 2223, 167&%, 1118,
725 cm®; *H NMR (600 MHz, (CR),S0)& = 7.02 (dJ = 7.3 Hz, 1 H), 6.85 (s, 1 H), 6.79 (s,
1 H), 6.74 (s, 1 H), 6.26 (d,= 7.3 Hz, 1 H), 6.03 (s, 1 H), 3.80 — 3.72 (m, 4 3127 — 3.19
(m, 4 H), 3.18 — 3.12 (m, 4 H), 2.99 — 2.88 (m, R B85 — 2.77 (M, 2 H), 2.77 — 2.67 (m, 1
H), 2.63 — 2.54 (m, 3 H), 2.47 — 2.39 (m, 2 H),72-32.31 (m, 1 H), 2.29 — 2.22 (m, 3 H),
2.19-2.13 (m, 3 H), 2.08 —1.98 (m, 1 H), 1.97.86 (m, 1 H), 1.75 (quirl = 5.9 Hz, 2 H),
1.69 — 1.54 (m, 2 H), 1.40 — 1.31 (m, 1 H) (thetpng arising from the amine and the
carboxylic acid were not observed due to exchand€);NMR (126 MHz, (CR),SO) s =
173.7, 157.6, 156.3, 151.7, 147.6, 145.3, 140.B.513136.5, 114.3, 113.2, 112.8, 110.3,
109.3, 107.2, 66.4, 62.1, 59.7, 53.7, 48.6, 41131,440.8, 37.0, 36.3, 35.3, 30.5, 26.5, 21.4,

13.6, 12.5, HRMS calcd for#H44NeO3, 573.3534 found 573.3548.

7-((6-Fluoro-1,4-diazepan-1-yl)methyl)-1,2,3,4-gdtydro-1,8-naphthyriding%)-103)

NH

tert-Butyl 7-formyl-3,4-dihydro-1,8-naphthyridine-1D-carboxylate (0.15 g, 0.56 mmol)
andtert-butyl 6-fluoro-1,4-diazepane-1-carboxyld®12 g, 0.54 mmol) were dissolved in
DCM (4 mL). Sodium triacetoxyborohydride (0.29 g4 Inmol) was added and the reaction
mixture was stirred at ambient temperature undeogen for 24 h. HCI (0.68 mL of a4 M in
1,4-dioxane solution, 2.7 mmol) was added to thectien mixture, which was stirred at
ambient temperature for 48 h. The reaction mixtmes partitioned between water (10 mL)
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and DCM (10 mL). The product was extracted with D@Mx 10 mL). The aqueous layer
was basified using NaQk, (10 M) to about pH 12. DCM was added (10 mL) and the
organic layer was extracted and evaporated undducesl pressure to afford the title
compound (117 mg, 82%) as a yellow solid : mp 128% °C; LCMS (System High pH 2
min) [M+H]* 265; R 0.75 min, purity 90%'H NMR (400 MHz, (CR),S0)s = 7.09 (dJ =

7.5 Hz, 1 H), 6.51 (d) = 7.5 Hz, 1 H), 6.26 (br. s, 1 H), 4.73 — 4.48 (nH), 3.48 (s, 2 H),
3.25 —3.18 (m, 2 H), 3.17 — 3.00 (m, 1 H), 3.0B.79 (M, 3 H), 2.79 — 2.64 (M, 2 H), 2.64 —

2.54 (m, 4 H),2.38 —2.19 (M, 1 H), 1.83 — 1.67 2ril).

7-((6,6-Difluoro-1,4-diazepan-1-yl)methyl)-1,2,3dtrahydro-1,8-naphthyridind. 04

tert-Butyl 7-formyl-3,4-dihydro-1,8-naphthyridine-1D-carboxylate (1.03 g, 3.92 mmol)
andtert-butyl 6,6-difluoro-1,4-diazepane-1-carboxylate8@g, 3.8 mmol) was dissolved in
DCM (30 mL). Sodium triacetoxyborohydride (2.00 45 mmol) was added and the
reaction mixture was stirred at ambient temperatun@er nitrogen for 18 h. Water (20 mL)
was added and the aqueous layer was extracted@ilh (2 x 10 mL). The organic fractions
were combined and concentrated under reduced peesfSbe residue was suspended in
2MeTHF (30 mL) and HCI (4.7 mL of a 4 M in 1,4-deme solution, 19 mmol) was added.
The reaction mixture was stirred at ambient tentpeeafor 24 h. Water (20 mL) and DCM
(20 mL) were added and the aqueous phase was wadglefdirther DCM (2 x 10 mL). The
aqueous layer was basified using NagH{10 M)to about pH 12 then extracted with DCM
(10 mL). The organic layers were combined and cotnated under reduced pressure to give
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the title compound (0.99 g, 90%) as a white soldp: 110 — 117 °C; LCMS (System High
pH 2 min) [M+H]" 283; R 0.85 min, purity 92%*H NMR (500 MHz, (CR),S0)$ = 7.10
(d,J=7.3 Hz, 1 H), 6.50 (d] = 7.3 Hz, 1 H), 3.54 (s, 2 H), 3.28 — 3.25 (m, 2 Bi14 — 2.99
(m, 4 H),2.84 -2.71 (m, 2 H), 2.69 — 2.56 (m, 4 H82 — 1.64 (m, 2 H) (the protons arising
from the amines were not observed due to exchah2NMR (126 MHz, (CR),S0) 8 =
156.1, 155.0, 136.5, 127.6 (ddc.r = 235.8, 232.1 Hz), 113.6, 110.4, 64.1, 62.3X,r =
30.5 Hz), 60.3, 56.4 (EJcr = 29.6 Hz), 52.1, 41.1, 26.5, 21.4F NMR (376 MHz,

(CD5),S0)3 = (-95.5) — (-96.0) (m).

(E)-Methyl 4-(6-fluoro-4-((5,6,7,8-tetrahydro-1,8-r@pyridin-2-yl)methyl)-1,4-diazepan-1-

yl)but-2-enoate(f)-105

fm*

7-((6-Fluoro-1,4-diazepan-1-yl)methyl)-1,2,3,4-&dtydro-1,8-naphthyridine (0.12 g, 0.44
mmol) and DIPEA (0.12 mL, 0.67 mmol) were dissolnedDCM (10 mL), E)-methyl 4-
bromobut-2-enoatg0.05 mL, 0.44 mmol) was added and the reactioriure was stirred at
ambient temperature for 18 h. Water (10 mL) waseddtb the reaction mixture and the
organic layer was separated. The agueous phasextrasted with DCM (2 x 5 mL). The
combined organic layers were concentrated to dieetitle compound (0.16 g, 100%) as a
yellow oil : LCMS (System High pH 2 min) [M+F]363; R 1.02 min, purity 87%'H NMR

(400 MHz, (CDR),S0)s = 7.09 (d,J = 7.5 Hz, 1 H), 6.82 (d] = 15.5 Hz, 1 H), 6.49 (d] =
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7.5 Hz, 1 H), 6.28 (br. s, 1 H), 6.03 (= 15.5 Hz, 1 H), 3.69 (s, 3 H), 3.48 — 3.46 (nh})2

3.30 — 3.23 (M, 6 H), 3.01 — 2.74 (m, 4 H), 2.6854 (m, 5 H), 1.83 — 1.63 (m, 2 H).

(E)-Methyl 4-(6,6-difluoro-4-((5,6,7,8-tetrahydro-raphthyridin-2-yl)methyl)-1,4-

diazepan-1-yl)but-2-enoat&({6)

7-((6,6-Difluoro-1,4-diazepan-1-yl)methyl)-1,2,3dtrahydro-1,8-naphthyridine (1.26 g,
3.49 mmol) and DIPEA (2.44 mL, 14.0 mmol) were diged in DCM (50 mL). E)-methyl
4-bromobut-2-enoat€0.63 mL, 3.5 mmol) was added. The resulting mixtwas stirred for
18 h under an atmosphere of nitrogdf)-Nethyl 4-bromobut-2-enoat®.08 mL, 0.4 mmol)
was added and the reaction mixture was stirred 1®rh. The reaction mixture was
concentrated and re-suspended in DCM (10 mL), tlodutiesn was purified by
chromatography on silica (100 g, 0 — 100% EtOAcynlohexane then 0 — 25% MeOH in
EtOAc, 14 CV). The appropriate fractions were cameldi and evaporated under reduced
pressure to give the title compound (0.74 g, 568® gum : LCMS (System High pH 2 min)
[M+H]* 381; R 1.11 min, purity 89%'H NMR (400 MHz, (CROD) § = 7.17 (dJ = 7.5 Hz,

1 H), 6.89 (dtJ = 15.5, 6.0 Hz, 1 H), 6.61 (d,= 7.5 Hz, 1 H), 6.04 (d] = 15.5 Hz, 1 H),
3.71 (s, 3 H), 3.58 (s, 2 H), 3.43 — 3.33 (m, 63)5 — 2.96 (M, 4 H), 2.75 (s, 2 H), 2.70](t,
= 6.5 Hz, 2 H), 1.87 (quin] = 6.0 Hz, 2 H) (the proton arising from the amimas not

observed due to exchange).
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3-(3-Cyclopropylphenyl)-4-(6-fluoro-4-((5,6,7,8-tahydro-1,8-naphthyridin-2-yl)methyl)-

1,4-diazepan-1-yl)butanoic aci@tf-113)

(E)-Methyl 4-(6-fluoro-4-((5,6,7,8-tetrahydro-1,8-r@pyridin-2-yl)methyl)-1,4-diazepan-1-
yhbut-2-enoate (150 mg, 0.41 mmol), (3-cyclopropylphenyl)boronicica (120 mg, 0.75
mmol) and KOkhg) (0.2 mL of a 3.8 M solution, 0.8 mmol) were dissul in 1,4-dioxane (4
mL). [Rh(COD)CI}k (10 mg, 0.02 mmol) was added to the reaction méxtunder an
atmosphere of nitrogen. The reaction was heatednmcrowave oven (30 min, 95 °C, high
power). Water (10 mL) was added to the reactiontuné and the product was extracted
using DCM (3 x 10 mL). The combined organic layevere concentrated, and then
suspended in THF (3 mL). LiQK,) (2.07 mL of a 1 M solution, 2.07 mmol), was added
the reaction mixture and stirred for 18 h. The tieacmixture was neutralised by adding 5%
citric acidaq) (until pH = 7) and partitioned between water (10)rand DCM (10 mL). The
organic layer was separated and the aqueous lagwashed witABuOH (2 x 20 mL). The
organic layers were concentrated under reducedsymesThe product was purified using
reverse phase chromatography (C18, 40 g, 10 — 6@%NV(containing 0.1% TFA) in water
(containing 0.1% TFA)). The appropriate fractionsergr combined and evaporated under
reduced pressure to give the title compound (703686) as a gum : LCMS (System High
pH 2 min) [M+H]" 467; R 0.89 min, purity >99%'H NMR (400 MHz, CROD) § = 7.56 (t,
J=7.0Hz, 1 H), 7.30 — 7.19 (m, 1 H), 7.12 — 7(68 2 H), 7.01 (dJ = 8.0 Hz, 1 H), 6.63

(dd,J = 7.5, 9.5 Hz, 1 H), 3.11 — 2.36 (m, 14 H), 2.12.33 (m, 4 H), 2.06 — 1.85 (m, 3 H),
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1.18 - 1.15 (m, 2 H), 1.05 -0.92 (m, 2 H), 0.80.63 (m, 2 H) (the protons arising from the
carboxylic acid and the amine were not observed tduexchange)!*F NMR (376 MHz,

CD30OD) § = (-179.0) — (-179.5) (m, 0.5 F), (-180.0) — (-Am 0.5 F).

3-(3,5-Dicyclopropylphenyl)-4-(6-fluoro-4-((5,6, #8trahydro-1,8-naphthyridin-2-

yl)methyl)-1,4-diazepan-1-yl)butanoic aci@d)-115)

OH

(E)-Methyl 4-(6-fluoro-4-((5,6,7,8-tetrahydro-1,8-rigpyridin-2-yl)methyl)-1,4-diazepan-1-
yhbut-2-enoatg(100 mg, 0.3 mmol), 2-(3,5-dicyclopropylphenyl)-&4&-tetramethyl-1,3,2-
dioxaborolane (141 mg, 0.50 mmo]) [Rh(COD)CI} (7 mg, 0.01 mmol) and KOk (0.13
mL of a 3.8 M solution, 0.50 mmol) were dissolvedli,4-dioxane (4 mL). The reaction
mixture was heated in a microwave oven (30 mirt®shigh power). LiOkiq(1.38 mL of a

1 M solution, 1.38 mmol) was added to the reactimrture and it was stirred at ambient
temperature for 18 h. The reaction mixture was nadiged by adding citric acid then
partitioned between # (10 mL) and DCM (10 mL). The aqueous layer washea with
DCM (2 x 10 mL). The organic layer was combined ammhcentrated under reduced
pressure. The crude material was purified by revelsgase chromatography (C18, 4 g, 5 —
65% MeCN (containing 0.1% ammonia) in 10 mM ammanibicarbonate in water. The
appropriate fractions were concentrated under elyressure, giving the title compound

(23 mg, 17%) as a brown gum : LCMS (System high p#H]" 507; R 0.93 min, purity
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82%; 'H NMR (400 MHz, CROD) & = 7.19 — 7.13 (m, 1 H), 6.81 — 6.66 (m, 2 H), 6-66
6.29 (m, 2 H), 3.45 - 3.35 (m, 3 H), 3.03 — 2.59 th H), 2.56 — 2.27 (m, 5 H), 2.02 - 1.71
(m, 5 H), 1.08 — 0.79 (m, 4 H), 0.79 — 0.27 (m, ¥(tHe protons arising from the amine and

the carboxylic acid were not observed due to exgbean

3-(3-Cyclopropylphenyl)-4-(6,6-difluoro-4-((5,6, #t8trahydro-1,8-naphthyridin-2-

yl)methyl)-1,4-diazepan-1-yl)butanoic acid — unkmostoichiometric saltl(14)

OH
(@)
N
OO
N" N SN F
H F

[Rh(COD)CIL (11 mg, 0.02 mmol) and (3-cyclopropylphenyl)bacoacid (130 mg, 0.80
mmol) were dissolved in 1,4-dioxane (4 mL). K#(0.21 mL of a 3.8 M solution, 0.80
mmol) and E)-methyl 4-(6,6-difluoro-4-((5,6,7,8-tetrahydro-in&phthyridin-2-yl)methyl)-
1,4-diazepan-1-yl)but-2-enoate (170 mg, 0.45 mmaje added. The reaction mixture was
heated in a microwave oven (30 min, 95 °C, high gQwrlhe reaction mixture was cooled,
partitioned between 1 (10 mL) and DCM (10 mL), and the organic phase separated
and concentrated under reduced pressure. The gredsae-suspended in 2MeTHF (4 mL)
and LiOHaq) (2.1 mL of a 1 M solution, 2.1 mmol) was addede Teaction mixture was
stirred for 4 h. The reaction mixture was concdrttaand the residue was re-suspended in
THF (4 mL). LiOHaq) (2.1 mL of a 1 M solution, 2.1 mmol) was added dnel reaction
mixture was stirred for another 2 h. The producs weatracted with DCM (20 mL), the

organic layer was evaporated under reduced presBheeresidue was dissolved in MeOH :
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DMSO (1 : 1, 1 mL). The crude material was purifieg reverse phase chromatography
(C18, 13 g, 5 — 65% MeCN (containing 0.1% ammoma)0 mM ammonium bicarbonate.
The appropriate fractions were concentrated uretiiraed pressure. The fractions containing
the product were concentrated to give the title poumd (50 mg, 23%) as a gum : LCMS
(System High pH 2 min) [M+H]485; R 0.88 min, purity 97%; IR (film) 3383, 2931, 2495,
1667, 1601 cil; *H NMR (500 MHz, CROD) & = 7.27 (dJ = 7.4 Hz, 1 H), 7.15 — 7.10 (m,
1 H), 7.00 (dJ = 7.7 Hz, 1 H), 6.97 (s, 1 H), 6.86 (= 7.7 Hz, 1 H), 6.57 (s, 1 H), 3.62 —
3.52 (m, 2 H), 3.43 — 3.38 (m, 2 H), 3.12 — 3.02 PnH), 2.99 — 2.88 (m, 3 H), 2.86 — 2.69
(m, 8 H), 2.43 (ddJ = 14.8, 7.1 Hz, 1 H), 1.95 — 1.79 (m, 3 H), 1.32.26 (m, 1 H), 0.94 —
0.87 (m, 2 H), 0.68 — 0.62 (m, 2 H) (the two pr&amising from the amine and carboxylic
acid were not observed due to exchandi).NMR (126 MHz, CROD) & = 179.8, 165.1,
156.1, 145.2, 145.0, 139.3, 129.2, 126.5, 125.8,512118.2, 112.4, 64.3, 63.7 ?(ﬂc.pz 31
Hz), 62.4, 61.7 (BJcr = 31 Hz), 58.6, 57.7, 42.9, 42.3, 40.4, 27.3, 21682, 9.5 (the carbon
atom attached with two fluorine atoms could notdbserved due to the splitting and the
difficulty distinguishing it from the baseline neis *°F{*H} NMR (376 MHz, CD:OD) & =

-98.6 (s).
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3-(3,5-Dicyclopropylphenyl)-4-(6,6-difluoro-4-((588-tetrahydro-1,8-naphthyridin-2-

yl)methyl)-1,4-diazepan-1-yl)butanoic acid — unkmostoichiometric saltl(16)

OH
O
N
SeyY!
N~ N N F
H F

[Rh(COD)CI}L (8 mg, 0.02 mmol) and 2-(3,5-dicyclopropylpherd#.5,5-tetramethyl-1,3,2-
dioxaborolane (175 mg, 0.621 mmol) were dissolved in 1,4-dioxéhenL). KOHgq) (0.16
mL of a 3.8 M solution, 0.62 mmol) an&)¢methyl 4-(6,6-difluoro-4-((5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)methyl)-1,4-diazepan-1-yl)i+enoate (130 mg, 0.34 mmol) were
added. The reaction mixture was heated in a micvevewven (30 min, 95°C, high power).
The mixture was extracted with water (10 mL) andMD@ x 10 mL). The combined organic
layers were concentrated under reduced pressueepiuuct was re-suspended in THF (4
mL) and LiOHaq) (2.1 mL of a 1 M solution, 2.1 mmol) was addedfte reaction mixture.
The reaction mixture was concentrated under redymedsure. The crude mixture was
dissolved in MeOH : DMSO (1 : 1, 1 mL). The crudatarial was purified by MDAP
(Method C, high pH). The fractions containing thiequct were concentrated, giving the title
compound (165 mg, 92%) as a gum : LCMS (System lgig2 min) [M+H] 525; R 0.93
min, purity 99%; IR (film) 3428, 1677, 1603, 142899, 1135 cr; *H NMR (500 MHz,
CDsOD) 8 = 7.54 (d,J = 7.3 Hz, 1 H), 6.73 (s, 2 H), 6.65 (s, 1 H), 6(88] = 7.3 Hz, 1 H),
3.81 (s, 2 H), 3.51 — 3.44 (m, 2 H), 3.20 — 2.98 i), 2.98 — 2.90 (m, 2 H), 2.88 — 2.68
(m, 4 H), 2.63 — 2.56 (M, 1 H), 1.99 — 1.90 (m, 2 H88 — 1.78 (M, 2 H), 1.42 — 1.25 (m, 2

H), 0.98 — 0.83 (m, 4 H), 0.72 — 0.57 (m, 4 H) (gveton arising from the carboxylic acid
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was not observed due to exchange). HRMS calcd f@H4FN4,O,, 525.3036 found

525.3015.

7-(((3aR,685)-3a,6a—difluorohexahydropyrrolo[3@pyrrol-2(1H)-yl)methyl)-1,2,3,4-

tetrahydro-1,8-naphthyridine hydrochloridielLg)

A mixture of tert-butyl 7-formyl-3,4-dihydro-1,8-naphthyridine-12-carboxylate (0.30 g,
1.1 mmol) and (3R 6a-tert-butyl 3a,6a—difluorohexahydropyrrolo[3,4-c]pyrréd€lH)-
carboxylate (0.28 g, 1.1 mmol) in DCM (4 mL) wstgred at ambient temperature under
nitrogen for 10 min then sodium triacetoxyborohgdr{0.60 g, 2.8 mmol) was added and the
reaction mixture was stirred at ambient temperaturder nitrogen for 24 h. The reaction
mixture was partitioned betweery® (10 mL) and DCM (10 mL). The aqueous phase was
extracted with further DCM (2 x 10 mL). The organigyers were combined and
concentrated under reduced pressure. HCI (1.14 ind.4o M solution in 1,4-dioxane, 4.56
mmol) was added to the reaction mixture which wasesl at ambient temperature for 48 h.
The mixture was concentrated under reduced pressugere the title compound (333 mg,
100%) as a yellow gum : LCMS (System formic 2 nii}+H]* 295; R 0.33 min, purity
>99%;'H NMR (400 MHz, (CR),S0)$ = 10.35 (br. s, 1 H), 9.89 (br. s, 1 H), 8.96 frl

H), 7.62 (d,J = 7.5 Hz, 1 H), 6.68 (d] = 7.5 Hz, 1 H), 3.92 — 3.81 (m, 2 H), 3.80 (s, 2 H
3.79 — 3.67 (m, 2 H), 3.48 — 3.36 (M, 4 H), 2.82.71 (m, 4 H), 1.88 — 1.79 (m, 2 H);

F{'H} NMR (376 MHz, (CD),S0) = -164.5 (s).
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(E)-Methyl 4-((3&R,6a5)-3a,6a—difluoro-5-((5,6,7,8-tetrahydro-1,8-naphitiy-2-

yl)methyl)hexahydropyrrolo[3,4}pyrrol-2(1H)-yl)but-2-enoate 120

7-(((3eR,6&5)-3a,6a—difluorohexahydropyrrolo[3@}pyrrol-2(1H)-yl)methyl)-1,2,3,4-
tetrahydro-1,8-naphthyridine (0.33 g, 0.91 mmol)sveissolved in DMF (10 mL), DIPEA
(0.633 mL, 3.63 mmol) andcEf-methyl 4-bromobut-2-enoat®.107 mL, 0.907 mmol). The
reaction mixture was stirred for 18 Ii){Methyl 4-bromobut-2-enoate (0.05 mL, 0.4 mmol)
was added. The reaction mixture was stirred for Before an additional portion oE)-
methyl 4-bromobut-2-enoaf®.02 mL, 0.2 mmol) was added and the reactionumaxstirred
for a further 3 h. The reaction mixture was pourgd LiClag (100 mL of a 1% solution) and
the product extracted with DCM (2 x 100 mL). Theyamic extracts were combined and
concentrated under reduced pressure. The crudeiahat@s re-suspended in DCM (2 mL)
and purified by chromatography on silica (20 g, @30% EtOAc in DCM, 10 CV, then
100% EtOAc 5 CV). The appropriate fractions werbbected and combined to give the title
compound (223 mg, 63 %) as a yellow oil : LCMS ¢8ys High pH 2 min) [M+H] 393; R
1.03 min, purity 90%*H NMR (400 MHz, (CR),S0)s = 7.10 (dJ = 7.5 Hz, 1 H), 6.83 (dt,
J=16.0, 6.0 Hz, 1 H), 6.41 (d= 7.5 Hz, 1 H), 6.35 (br. s, 1 H), 6.08 — 5.97 (), 3.72 —
3.63 (M, 3 H), 3.43 (s, 2 H), 2.96 — 2.81 (m, 6 B0 — 2.61 (M, 8 H), 1.76 — 174 (m, 2 H);
¥c NMR (101 MHz, (CR),SO)6 = 165.5, 155.5, 153.5, 145.0, 136.0, 122.0, 11818,0,
102.5 (dd,"Jc.r = 218,%c¢ = 13 Hz), 67.0, 61.5 — 61.0 (m), 59.5, 54.5, 5465, 26.0,

20.5:°F{*H} NMR (376 MHz, (CD}),S0)& = -165.0 (s).
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3-(3-Cyclopropylphenyl)-4-((F 6&9-3a,6a—difluoro-5-((5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)hexahydropyrrolo[3g}pyrrol-2(1H)-yl)butanoic acid 121)

(E)-Methyl 4-((3&R,6a5)-3a,6a—difluoro-5-((5,6,7,8-tetrahydro-1,8-naphhitiy-2-yl)methyl)
hexahydropyrrolo[3,4-c]pyrrol-2@)-yl)but-2-enoate (110 mg, 0.28 mmol) and (3-
cyclopropylphenyl)boronic acid (156 mg, 0.963 mmaljere dissolved in 1,4-dioxane (1.6
mL). [Rh(COD)CI} (53 mg, 0.11 mmol) was added to the solution &edréaction mixture
was heated in a microwave oven (30 min, 100 °C pigWer). Water (5 mL) and DCM (5
mL) were added to the reaction mixture and the mogkyer was extracted. LiQk) (1.4
mL of a 1 M solution, 1.4 mmol) was added to thacten mixture and it was stirred for 18
h. The reaction mixture was concentrated undercedipressure and dissolved in DMSO :
MeOH (1 : 1, 1 mL) and purified by reverse phasewgtatography (13 g, 5 — 95% MeCN
(containing 0.1% ammonia) in 10 mM ammonium bicadte, 10 CV). The appropriate
fractions were combined and evaporated under redpoessure to give the title compound
(0.9 mg, 0.7 %) as an orange gum : LCMS (Systenh igig 2 min) [M+H] 497; R 0.85
min, purity >99%:; IR (film) 3270, 2949, 2810, 1678603 cnt; 'H NMR (400 MHz,
(CD3),S0)8 = 7.18 — 7.04 (m, 2 H), 7.01 — 6.88 (m, 2 H), 6-86.72 (m, 1 H), 6.39 (d, =
7.5 Hz, 1 H), 4.09 (s, 2 H), 2.98 — 2.80 (m, 4 2180 — 2.54 (m, 10 H), 2.40 — 2.29 (m, 2 H),
1.95 — 1.80 (m, 3 H), 1.76 — 1.71 (m, 2 H), 0.99.78 (m, 1 H), 0.76 — 0.56 (m, 2 H) (the
protons arising from the amine and carboxylic asiete not observed due to exchange).

HRMS calcd for GgHzsF2N4O,, 497.2701 found 497.2692.
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3-(3,5-Dicyclopropylphenyl)-4-((3 6a)-3a,6a—difluoro-5-((5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)hexahydropyrrolo[3,4-c]pgt-2(1H)-yl)butanoic acid §7)

(E)-Methyl 4-((3&R,685)-3a,6a—difluoro-5-((5,6,7,8-tetrahydro-1,8-naphitiyn-2-yl)methyl)
hexahydropyrrolo[3,4&]pyrrol-2(1H)-yl)but-2-enoate (110 mg, 0.28 mmol), and (3,5-
dicyclopropylphenyl)boronic acid (170 mg, 0.84 minabere dissolved in 1,4-dioxane (1.6
mL). [Rh(COD)CI} (53 mg, 0.11 mmol) was added to the solution &edréaction mixture
was heated in a microwave oven (30 min, 100 °Ch Ipigwer). LiOHaq) (1.4 mL of a 1 M
solution, 1.4 mmol) was added to the reaction me&twhich was stirred at ambient
temperature for 18 h. The reaction mixture was eotrated and EtOAc (10 mL) was added.
The organic layer was washed withhGH (3 x 10 mL) and concentrated under reduced
pressure, then dissolved in DMSO : MeOH (1 : 1, l).nThe solution was purified using
MDAP (Method C, high pH). The appropriate fractiamsre combined and evaporated under
reduced pressure to give the title compound (3 2n%) as a yellow gum : LCMS (System
High pH 2 min) [M+H] 537; R0.92 min, purity >99%'H NMR (400 MHz, (CR),S0)& =
7.15—-7.01 (m, 1 H), 6.75 — 6.66 (m, 2 H), 6.68.53 (m, 1 H), 6.45 — 6.38 (m, 1 H), 6.35 —
6.28 (m, 1 H), 3.39 (s, 2 H), 3.25 — 3.22 (m, 23,7 — 3.03 (m, 1 H), 2.98 — 2.86 (m, 2 H),
2.85 — 2.69 (M, 4 H), 2.69 — 2.54 (m, 6 H), 2.46.31 (m, 2 H), 1.89 — 1.79 (m, 2 H), 1.79 —
1.70 (m, 2 H), 0.95 — 0.82 (m, 4 H), 0.68 — 0.56 @énH) (the proton arising from the
carboxylic acid was not observed due to exchange)NMR (376 MHz, (CR),SO) § =

(-165.0) — (-165.5) (m).
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tert-Butyl 7-(hydroxymethyl)-3,4-dihydro-1,8-naphthyine-1(2H)-carboxylate 122

1,1-Dimethylethyl 7-formyl-3,4-dihydro-1,8-naphtigine-1(2H)-carboxylate (5.4 g, 21
mmol) was dissolved in 2MeTHF (12 mL). Sodium bgmide (0.8 g, 20 mmol) was added
to the mixture at 0 °C and the suspension wasedtifor 1 h. The reaction mixture was
guenched with ED (2 mL) and concentrated under reduced presstieciude mixture was
dissolved in DCM (2 mL) and purified by chromatagg on silica (70 g, 0 — 100% EtOAc
in cyclohexane, 12 CV). The appropriate fractionsravcombined and evaporated under
reduced pressure to give the title compound (5.001g,%) as an off—white solid : mp
98 °C; LCMS (System High pH) [M+A]265; R 0.88 min, purity >97%; IR (solid) 3411,
2932, 1696, 1576, 1367, 1152 ¢niH NMR (400 MHz, (CR),S0)s 7.51 (dJ = 8.0 Hz, 1
H), 7.11 (d,J = 8.0 Hz, 1 H), 5.30 () = 6.0 Hz, 1 H), 4.45 (d] = 6.0 Hz, 2 H), 3.69 — 3.58
(m, 2 H), 2.71 (tJ = 6.5 Hz, 2 H), 1.82 — 1.77 (m, 2 H), 1.45 (s, ¥C NMR (101 MHz,
(CD»),S0) 6 = 157.5, 153.5, 150.0, 137.5, 122.0, 115.0, 79965, 44.5, 27.5, 26.5, 20.5;

HRMS calcd for G4H21N-Os, 265.1552 found 265.1549.
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tert-Butyl 7-(bromomethyl)-3,4-dihydro-1,8-naphthyrigii(2H)-carboxylate 123

tert-Butyl 7-(hydroxymethyl)-3,4-dihydro-1,8-naphthyine-1(2H)-carboxylate (5.0 g, 19
mmol), PPB (4.9 g, 19 mmol) and CB(6.3 g, 19 mmol) were dissolved in DCM (30 mL).
The reaction mixture was stirred at ambient tenmtpeeafor 18 h. The reaction mixture was
concentrated under reduced pressure and dissaiie@M (24 mL). The crude mixture was
purified by chromatography on silica (330 g, 0 -9848tOAc in cyclohexane, 14 CV). The
appropriate fractions were combined and evaponabelr reduced pressure to give the title
compound (3.5 g, 56 %) as a pink oil : LCMS (Systdigh pH 2 min) [M+H] 328, 330, R
1.19 min; purity >99%; IR (film) 1684, 1572, 1365155 cm: 'H NMR (400 MHz,
(CD3),S0)6 7.52 (dJ = 8.0 Hz, 1 H), 7.18 (dl = 8.0 Hz, 1 H), 4.57 (s, 2 H), 3.76 — 3.49 (m,
2 H), 2.73 (tJ = 7.0 Hz, 2 H), 1.83 — 1.78 (m, 2 H), 1.53 — 1(419 H);*°*C NMR (126
MHz, (CDs;),S0O) 6 = 153.5, 152.5, 150.5, 138.0, 124.0, 119.0, 80455, 35.0, 27.5, 25.5,
22.5: HRMS calcd for GH1o °BrN,O,, 328.0708 found 328.0697; elemental analysis calcd

for C14H1gBrN,Os, C, 51.4; H, 5.9; N, 8.6 found : C, 51.6; H, 9\B:8.4%.
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tert-Butyl 7-((4-tert-butoxycarbonyl)-2-oxo-1,4-diazepan-1-yl)methyl3#-2lihydro-1,8-

naphthyridine-1(B)-carboxylate 125

tert-Butyl 3-oxo0-1,4-diazepane-1-carboxylae00 mg, 2 mmol) was dissolved in DMF (12
mL) under nitrogen and cooled to 0 °C. Sodium Hdelr{112 mg of a 60% dispersion in
mineral oil), 2.80 mmol) was added to the reactimrture and the solution was warmed to
ambient temperature for 25 min. A solutionteft-butyl 7-(bromomethyl)-3,4-dihydro-1,8-
naphthyridine-1(B)-carboxylate (840 mg, 2.57 mmol) in DMF (12 mL)svadded and the
reaction mixture was left to stir at ambient tenapere under nitrogen for 18 h. The reaction
mixture was partitioned between DCM (100 mL) ang®DH100 mL) and the organic phase
separated. The aqueous phase was washed with E&AmL). The combined organic
fractions were washed with brine (50 mL) andOH(50 mL) and concentrated. The crude
product was purified by chromatography on silicdQ, 0 — 10% MeOH in DCM, 15 CV).
The appropriate fractions were combined and evépdnander reduced pressure to give the
title compound (1.02 g, 95 %) as a yellow solidg 124 °C; LCMS (System High pH 2 min)
[M+H]* 461; R 1.14 min, purity 95%'H NMR (400 MHz, CDCJ) 6 = 7.33 (dJ= 7.5 Hz, 1
H), 6.92 (dJ = 7.5 Hz, 1 H), 4.63 (s, 2 H), 4.30 — 4.10 (m, 2 8181 — 3.70 (m, 2 H), 3.57 —
3.44 (m, 4 H), 2.74 () = 6.5 Hz, 2 H), 2.02 — 1.86 (m, 2 H), 1.85 — 1./ 2 H), 1.53 (s, 9

H), 1.45 (s, 9 H).
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1-((5,6,7,8-Tetrahydro-1,8-naphthyridin-2-yl)meth{l4-diazepan-2-one.26)

(\/(L (\NH

HCI (2.71 mL of a 4 M solution in 1,4-dioxane, 10r8nol) was added to a solution teft-
butyl 7-((4-tert-butoxycarbonyl)-2-oxo-1,4-diazepan-1-yl)methyl-8lihydro-1,8-
naphthyridine-1-(B)-carboxylate (1.02 g, 2.71 mmol) in DCM (10 mUhe reaction
mixture was stirred for 18 h. The reaction mixturas concentrated under reduced pressure
to give the title compound (724 mg, 100 %) as dmwiite solid : mp 184 — 188 °C; LCMS
(System TFA 2 min) [M+H] 261; R 0.31 min, 98%:H NMR (400 MHz, (CR),SO) & =
10.07 (br. s, 1 H), 8.53 (br. s, 1 H), 7.64Jc 7.5 Hz, 1 H), 6.74 (d] = 7.5 Hz, 1 H), 4.63

(s, 2 H), 3.96 (br. s, 2 H), 3.76 — 3.64 (m, 2 BI}4 (t,J = 5.0 Hz, 2 H), 3.23 (br. s, 2 H),
2.80 — 2.70 (m, 2 H), 2.52 — 2.47 (m, 2 H), 1.82.77 (m, 2 H).**C NMR (101 MHz,
(CD»),S0) 6 = 167.5, 151.5, 142.5, 140.5, 120.0, 109.5, 66455, 49.5, 48.0, 47.5, 47.0,

24.5,18.5.
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(E)-Methyl  4-(3-oxo0-4-((5,6,7,8-tetrahydro-1,8-napjridin-2-yl)methyl)-1,4-diazepan-1-

ad

N
H

yhbut-2-enoate 127

1-((5,6,7,8-Tetrahydro-1,8-naphthyridin-2-yl)methg§l4-diazepan-2-one (723 mg, 2.17
mmol) was dissolved in DCM (20 mL) and DIPEA (1.8, 8.69 mmol). E)-methyl 4-
bromobut-2-enoatf).26 mL, 2.2 mmol) was added to the reaction mexand stirred for 3 h
at ambient temperature. Water (10 mL) and DCM (10 were added and the organic layer
was separated. The aqueous phase was extractecdD®@ith (2 x 10 mL), the combined
organic extracts were evaporated, then purifiedclwomatography on silica (100 g, 0 —
100% DCM in cyclohexane then 0 — 25% MeOH in DCK,QV). The appropriate fractions
were combined and evaporated under reduced pretssgree the title compound (500 mg,
64 %) as a yellow gum. LCMS (System High pH) [M£K859; R 0.85 min, purity 99%'H
NMR (400 MHz, (CR),S0)& = 7.09 (d,J = 7.5 Hz, 1 H), 6.81 (df] = 15.5, 5.5 Hz, 1 H),
6.33 (br. s, 1 H), 6.28 (d,= 7.5 Hz, 1 H), 6.02 (dfl = 15.5, 1.5 Hz, 1 H), 4.30 (s, 2 H), 3.44
—3.36 (M, 4 H), 3.31 (dd, = 5.5, 1.5 Hz, 2 H), 3.29 (s, 3 H), 3.27 — 3.21, tnH), 2.83 —

2.77 (M, 2 H), 2.62 (1 = 6.2 Hz, 2 H), 1.81 — 1.70 (m, 2 H), 1.66 — 1(55 2 H).
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3-(3-Cyclopropylphenyl)-4-(3-oxo-4-((5,6,7,8-tetyano-1,8-naphthyridin-2-yl)methyl)-1,4-

diazepan-1-yl)butanoic acid 28

OH

(E)-Methyl  4-(3-ox0-4-((5,6,7,8-tetrahydro-1,8-napjridin-2-yl) methyl)-1,4-diazepan-1-
yhbut-2-enoate (150 mg, 0.42 mmol), (3-cycloprghgnyl)boronic acid (122 mg, 0.751
mmol) and KOkhg) (0.2 mL of a 3.8 M solution, 0.8 mmol) were dissal in 1,4-dioxane (4
mL). [Rh(COD)CI} (10 mg, 0.02 mmol) was added and the reactionurexivas heated in a
microwave oven (30 min, 95 °C, high power). The tonig was partitioned with water (10
mL) and DCM (3 x 10 mL). The combined organic estsavere concentrated. The product
was re-suspended in 2MeTHF (4 mL) and Lig@H2.1 mL of a 1 M solution, 2.1 mmol).
The reaction mixture was stirred for 20 h then emtated under reduced pressure and
dissolved in MeOH : DMSO (1: 1, 1 mL) and watemglL). The crude material was purified
by reverse phase chromatography (C18, 13 g, 5 —M@%N (containing 0.1% ammonia) in
10 mM ammonium bicarbonate). The appropriate foastivere concentrated under reduced
pressure to give the title compound (0.12 g, 648@® gum : LCMS (System High pH 2 min)
[M+H]* 463; R 0.76 min, purity 90% NMR (600 MHz, CROD) & = 7.13 — 7.06 (m, 2
H), 7.06 — 6.98 (m, 2 H), 6.83 (d= 7.3 Hz, 1 H), 6.34 (d] = 7.3 Hz, 1 H), 4.46 — 4.31 (m,
2 H), 3.60 — 3.48 (m, 2 H), 3.48 — 3.31 (m, 6 HY®— 2.86 (M, 2 H), 2.81 — 2.71 (m, 2 H),
2.71-2.60 (M, 3 H), 2.34 —2.31 (m, 2 H), 1.7268 (m 2 H), 1.63 — 1.49 (m, 1 H), 0.94 —
0.81 (m, 2 H), 0.73 — 0.63 (m, 2 H) (the protonsiag from the carboxylic acid and the

amine were not detected due to exchanf€);NMR (151 MHz, CROD) § = 180.0, 174.9,
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155.8, 152.4, 144.6, 143.7, 136.8, 127.6, 125.4,51222.7, 115.3, 109.8, 59.8, 54.2, 52.0,

48.4,48.3, 42.5, 41.3,41.0, 25.9, 24.7, 20.6),1A9.

3-(3,5-Dicyclopropylphenyl)-4-(3-oxo-4-((5,6,7,84t@hydro-1,8-naphthyridin-2-yl)methyl)-

1,4-diazepan-1-yl)butanoic aciiZ9)

OH

(E)-Methyl  4-(3-ox0-4-((5,6,7,8-tetrahydro-1,8-napjridin-2-yl)methyl)-1,4-diazepan-1-
yh)but-2-enoate (150 mg, 0.42 mmol), 2-(3,5-dicyetapylphenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (214 mg, 0.751 mmol), [Rh(CODXX10 mg, 0.02 mmol) and KQk, (0.2
mL of a 3.8 M solution, 0.8 mmol) were dissolvedli-dioxane (4 mL). The reaction
mixture was heated in a microwave oven (30 min®5high power). The crude product was
extracted with HO (10 mL) and DCM (3 x 10 mL). The combined orgalsigers were
concentrated under reduced pressure. The prodctessuspended in 2MeTHF (4 mL) and
LiOH(aq (2.1 mL of a 1 M solution, 2.1 mmol) was added dhe reaction mixture was
stirred for 18 h. The reaction mixture was concaett under reduced pressure. It was then
dissolved in MeOH : DMSO (1 mL, 1:1). The crude engtl was purified by reverse phase
chromatography (C18, 13 g, 5 — 65% MeCN (containth§% ammonia) in 10 mM
ammonium bicarbonate, 10 CV). The appropriate ifvastwere concentrated under reduced
pressure to give the title compound (54 mg, 29% ) gam : LCMS (System High pH 2 min)
[M+H]* 503; R 0.85 min, purity 89%'H NMR (400 MHz, CROD) & = 7.09 (dJ = 7.5 Hz,

|[Page |[251



Property of GSK - Confidential - Do not copy

1 H), 6.75 (s, 2 H), 6.56 (s, 1 H), 6.35 {d= 7.5 Hz, 1 H), 3.60 — 3.54 (m, 2 H), 3.42 Jc;

3.5 Hz, 2 H), 3.36 — 3.28 (m, 4 H), 2.89 (br. $)22.79 — 2.70 (m, 2 H), 2.70 — 2.61 (m, 2
H), 2.56 (ddJ = 14.5, 6.5 Hz, 1 H), 2.32 (dd,= 14.5, 8.0 Hz, 1 H), 1.89 — 1.74 (m, 5 H),
1.63-1.50 (m, 2 H), 0.93 -0.79 (m, 4 H), 0.7W.56 (m, 4 H) (the protons arising from the

amine and the carboxylic acid were not observedia@xchange).

Benzyl 4-((1,8-naphthyridin-2-yl)methyl)-4-hydroxagpane-1-carboxylatd 46)

N_ N Njio
AN AN
| HO
/ /

2-Methyl-1,8-naphthyridine (7.8 g, 54 mmol) wasstived in anhydrous dry THF (150 mL).
The solution was cooled at 0 °C, then LIHMDS (65 aifla 1 M solution in THF, 65 mmol)
was added dropwise over 30 min. The solution wasedtfor 15 min then benzyl 4-
oxoazepane-1-carboxylate (3.8 g, 15 mmol) in THBO(INL) was added over 15 min. The
reaction mixture was stirred for 3 h, warmed to Embtemperature, then stirred for a further
30 min. Sat. NECI (250 mL), HO (250 mL) and then EtOAc (250 mL) were added. The
organic phase was separated and the aqueous phasgashed with sat. NaHGg) (250
mL) then washed with EtOAc (2 x 250 mL). The organitrats were combined, dried, and
evaporated under reduced pressure to give theciihepound (18.7 g, 85%) as a gum :
LCMS (System High pH 2 min) [M+H] 392; R 0.93 min, purity 85%:H NMR (400 MHz,
(CD53);S0) 8 = 9.09 — 8.93 (M, 1 H), 8.48 — 8.25 (m, 2 H), 7-68.50 (m, 2 H), 7.42 — 7.20
(m, 5 H), 5.13 — 4.93 (m, 1 H), 3.58 — 3.40 (M, )2 3440 — 3.14 (m, 2 H), 3.10 (s, 2 H), 2.07

—1.84 (M, 3H), 1.84 — 1.66 (M, 2 H), 1.66 — 142 H), 1.54 — 1.41 (m, 1 H).
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Benzyl 4-((1,8-naphthyridin-2-yl)methyl)-4-fluoroagane-1-carboxylate 147, (1479

(enantiomer A) andl47b) (enantiomer B))

i

NG
Benzyl 4-((1,8-naphthyridin-2-yl)methyl)-4-hydroxae@pane-1-carboxylate (12.0 g, 30.6
mmol) was dissolved in DCM (300 mL) and added drspvio a solution of DAST (8.1 mL,
61.3 mmol) in DCM (300 mL) at -78 °C. The solutimas stirred for 1.5 h then warmed to O
°C over 1 h. Sat. NaHCG{250 mL) was added slowly and the phases weraaieph DCM
(300 mL) was added to the aqueous phase and tbeslagere separated. The organic phases
were combined and washed with brine (300 mL), deed evaporated. The crude mixture
was dissolved in DCM (10 mL) and purified by chraogaaphy on silica (330 g, 100 — 95%
EtOAc in acetone, 10 CV), the appropriate fractisiese combined to give the racemic title
compound (15.2 g, 98%) as a brown oil. The sotutias dissolved in IPA (13 mL) and the
enantiomers separated by using chiral HPLC (ImpectD.5 mL, eluting with 40% EtOH /
hexane (containing 0.2% isopropylamine, f = 50 mhb/ndetecting at 215 nm; column 3 cm
x 25 cm Chiralpak OJ (self packed) to give two e¢ioamers. The combined fractions
containing pure Enantiomer A from the first 26 oijens were evaporated under reduced
pressure and the residue was partitioned betweeM B0 mL) and a solution of
NH4OHaq) (@ pH 10; 200 mL). The aqueous layer was extraati¢id DCM (2 x 300 mL)
and the combined organic extracts were dried,$8g), filtered and evaporated under
reduced pressure followed by drying in a vacuurmaaied5 °C for 4 h and then at ambient
temperature for 24 h to give the title compound riiomer A (1.285 g, 11%) as a red

viscous oil : Analytical chiral HPLC (40% EtOH (daiming 0.2% isopropylamine)/heptane,
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f = 0.6 mL/min, detecting at 215 nm; column 4.6 nanx 25 cm Chiralcel OD-H (self
packed)) R= 3.7 min; chiral purity >99%]p = - 23 € = 1.0, EtOH); LCMS (System High
pH 2 min) [M+H]" 394; R 1.06 min, purity 91%*H NMR (400 MHz, (CR),SO)& = 9.06
(dd,J = 4.5, 2.0 Hz, 1 H), 8.45 (dd,= 8.0, 2.0 Hz, 1 H), 8.39 (d,= 8.0 Hz, 1 H), 7.62 (dd,
J=28.0, 4.0 Hz, 1 H), 7.57 (dd,= 8.0, 2.0 Hz, 1 H)7.40 — 7.23 (m, 5 H), 5.08 — 5.03 (m, 2
H), 3.67 — 3.43 (m, 2 H), 3.41 — 3.28 {&,.- = 20 Hz, 2 H), 3.28 = 3.19 (m, 2 H), 2.10 — 1.58
(m, 6 H);**F NMR (376 MHz, (CR),S0)5 = (-147.5) — (-148.0) (m), (-148.0) — (-148.5) (m)

(two peaks due to rotamers on the NMR timescale).

The combined fractions containing pure EnantiomémoBh all 34 injections were evaporated
under reduced pressure and the residue was peetitibetween DCM (300 mL) and a
solution of NHOHq) (@ pH 10; 200 mL). The aqueous layer was extrawitti DCM (2 x
300 mL) and the combined organic extracts weredd(i¢a.SO,), filtered and evaporated
under reduced pressure followed by drying in a uatwven at 45 °C for 4 h and then at
ambient temperature for 24 h to give the title coomqul Enantiomer B (1.453 g, 12%) as a
red viscous oil : Analytical chiral HPLC (40% EtOH(containing 0.2%
isopropylamine)/heptane, f = 0.6 mL/min, detectaig?15 nm; column 4.6 mm id x 25 cm
Chiralcel OD-H (self packed)):R= 5.5 min; p]p = + 22 ¢ = 1.0, EtOH); other analytical

data is consistent with Enantiomer A. .
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(2)-7-((4-Fluoroazepan-4-yl)methyl)-1,2,3,4-tetrdny-1,8-naphthyridine(£)-148)

Benzyl 4-((1,8-naphthyridin-2-yl)methyl)-4-fluoroegane-1-carboxylate (1.0 g, 2.5 mmol)
was dissolved in EtOH (50 mL) and 5% Degussa™ P@®64 g) was added and the
suspension stirred under an atmosphere of hydr(gygplied from a burette) for 5 h. The
reaction mixture was filtered through Celite™ undelanket of nitrogen, the solution was
evaporated under reduced pressure to give thecathepound (0.79 g) as a golden oil :
LCMS (System High pH 2 min) [M+H]264; R 0.80 min., purity 95%'H NMR (400 MHz,
(CDCly) 8 =7.12 — 6.97 (m, 2 H), 6.48 — 6.43 (m, 1 H), 4186 s, 1 H), 3.40 () = 5.5 Hz, 2
H), 3.13 — 2.74 (m, 8 H), 2.74 — 2.66 (m, 2 H),2-01.77 (m, 6 H)}*F NMR (376 MHz,

(CD5),S0)$ = (-136.0) — (-136.5) (m).

(+)-7-((4-Fluoroazepan-4-yl)methyl)-1,2,3,4-tetrdhy-1,8-naphthyridine 1489
(Enantiomer A))
[ H
—
N N ¢

Using the method above, the title compound wasagsezpbfrom benzyl 4-((1,8-naphthyridin-
2-yl)methyl)-4-fluoroazepane-1-carboxylate (1.2852¢g6 mmol) gave the title compound

(0.70 g, 81%) as an oil. Purity >99%]§ + 5 (c = 1.06, EtOH).
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7-((4-Fluoroazepan-4-yl)methyl)-1,2,3,4-tetrahydr8-naphthyridine 148b) (Enantiomer

B))

Using the method above, the title compound wasagregpfrom benzyl 4-((1,8-naphthyridin-
2-yl)methyl)-4-fluoroazepane-1-carboxylate enanegorB (1.454 g, 2.5 mmol) gave the title

compound (0.61 g, 68%) as an oil]d = - 6 € = 1.03, EtOH).

(x)-(E)-tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl) azepan-1-

yl)but-2-enoate({t)-(149)

PdChL(dppf)-CHCl, adduct (171 mg, 0.209 mmol), (£)-7-((4-fluoroazegayl)methyl)-
1,2,3,4-tetrahydro-1,8-naphthyridine (550 mg, 2x@@o0l) and E)-tert-butyl 4-acetoxybut-2-
enoate (418 mg, 2.09 mmol) were dissolved in DCBIfiL). The solution was stirred at 0
°C for 5 min then DIPEA (1.09 mL, 6.27 mmol) wasded. After 90 min, the reaction
mixture was filtered through Celite™, washed witENd (15 mL) and water (2 x 15 mL).

The organic layer was separated, concentratedséotlge title compound (0.732 g, 87%) as a

gum : LCMS (System High pH 2 min) [M+/]404; R 1.28 min, purity 89%'H NMR (400
MHz, (CDs),S0)é = 7.04 (dJ = 7.5 Hz, 1 H), 6.70 (dt] = 15.5, 5.5 Hz, 1 H), 6.32 (d,=

7.5 Hz, 1 H), 6.28 — 6.19 (m, 1 H), 5.85 {d= 15.5 Hz, 1 H), 3.39 — 3.27 (m, 1 H), 3.27 —
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3.19 (M, 2 H), 3.19 — 3.11 (m, 2 H), 3.06 — 2.91 {nH), 2.82 — 2.68 (M, 2 H), 2.65 — 2.57
(M, 2 H), 2.47 — 2.27 (m, 2 H), 2.11 — 1.92 (m, 2 H92 — 1.58 (m, 6 H), 1.45 (s, 9 KiC
NMR (101 MHz, (CR),SO)s = 164.5, 155.5, 152.5, 152.0, 145.5, 135.5, 12B18,5, 99.0
(dXc.r = 171 Hz), 79.5, 58.5, 56.5, 55.0, 48.6 — 48.4, #0)5, 38.5 (d2Jc.r = 23 Hz), 36.5
(d, 2c.r = 23 Hz), 27.5, 26.0, 22.0 (Ac.r = 6 Hz), 20.5; HRMS calcd for gHasFNzO,,

404.2702 found 404.2708.

(x)-3-(3-Cyclopropylphenyl)-4-(4-fluoro-4-((5,6, #t@trahydro-1,8-naphthyridin-2-

yl)methyl)azepan-1-yl)butanoate. TFA ({¢)36))

X H
| | F oN
N
N o OH
M o ©
FsC~ ~O

(x)-(E)-tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napltidin-2-yl)methyl)azepan-1-
yl)but-2-enoate (200 mg, 0.5 mmol) and (3-cyclogtppenyl)boronic acid (234 mg, 1.45
mmol) were dissolved in 1,4-dioxane (2 ndr)d KOHgq) (0.26 mL of a 3.8 M solution, 0.99
mmol). The solution was degassed with nitrogen tleefRh(COD)CI} (2.5 mg, 5.0 umol)
was added. The reaction mixture was heated in aom&ve oven (1 h, 95 °C, normal
power). The mixture was filtered and evaporatedeumdduced pressure. The resulting solid
was dissolved in MeOH : DMSO (1 :1, 4 mL) and pedfby reverse phase chromatography
(C18, 60 g, 15 — 70% MeCN (containing 0.1% TFAater (containing 0.1% TFA), 10
CV) The appropriate fractions were combined andoerated under reduced pressure. The
residual gum was dissolved in DCM (3 mL) and pedfby chromatography on silica (10 g,
0 — 30% MeOH (containing 0.1% 4&t) in DCM, 16 CV). The appropriate fractions were

|[Page |257



Property of GSK - Confidential - Do not copy

combined and evaporated under reduced pressurévéoagyellow gum. The gum was
dissolved in MeOH (3 mL) and loaded onto a pre-@iorted SCX column (5 g, MeOH 1
CV, MeCN 1 CV, load compound, MeOH 4 CV, 2 M pih MeOH 3 CV). The resulting
solution was evaporated under reduced pressure/¢otlte title compound (46 mg, 18%).
This gum was suspended in 1,4-dioxane (0.6 mL)H@B(0.22 mL of a 4 M solution in 1,4-
dioxane, 0.88 mmol) was added and the reactioredtat ambient temperature for 18 h. The
reaction mixture was heated to 40 °C and stirrecbfh. HCI (0.11 mL of a 4 M solution in
1,4-dioxane, 0.44 mmol) was added and the reastimed at 40 °C for 2 h. The solvent was
removed under a stream of nitrogen and then thelsawas dissolved in DMSO (0.6 mL)
and purified by MDAP (Method E, TFA). The appropeiaractions were combined and
evaporated under a stream of nitrogen to give itteedompound (16 mg, 31%) as a gum :
LCMS (System formic 2 min) [M+H] 466; R 0.56 min, purity >99%'H NMR (400 MHz,
(CD3),S0)8 = 9.28 (br. s, 1 H), 8.48 (br. s, 1 H), 7.61Jd; 7.5 Hz, 1 H), 7.24 — 7.14 (m, 1
H), 7.14 — 7.01 (m, 2 H), 6.92 (d= 7.5 Hz, 1 H), 6.58 (d] = 7.5 Hz, 1 H), 3.54 — 3.33 (m,
4 H), 3.33 — 3.14 (m, 2 H), 3.06 — 2.90 (m, 2 HB2— 2.64 (m, 2 H), 2.58 — 2.49 (m, 7 H),
2.31-2.07 (m, 1 H), 2.07 — 1.91 (m, 1 H), 1.9.61 (m, 5 H), 0.97 — 0.81 (m, 2 H), 0.69 —
0.55 (m, 2 H)*C NMR (101 MHz, (CR),S0)s = 172.5, 159.2, 158.9, 144.5, 144.4, 142.0,
140.9, 140.2, 137.2, 128.8, 125.3, 124.9, 124.8,52120.2, 117.7, 114.8, 113.1, 96.5 (d,
1Jer = 176 Hz), 50.5, 50.0, 49.5, 37.3, 25.1, 19.0319.7;*°*F NMR (376 MHz, CROD) &
=-76.0 (s, 15 F), -147.0 (s, 1 F) (over integmnatwas observed at -76.0 ppm due to excess

TFA present in the sample); HRMS calcd foglds,FN3O,, 466.2864 found 466.2859.
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(x)-3-(3,5-Dicyclopropylphenyl)-4-(4-fluoro-4-((5,B6,8-tetrahydro-1,8-naphthyridin-2-

yl)methyl)azepan-1-yl)butanoic acid. TFA ((153)

(ﬁ@%
NN Ao

o)
o
OJ\CF3

(x)-(E)-methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-dpyridin-2-yl)methyl)azepan-1-
yl)but-2-enoate (215 mg, 0.60 mmol), [Rh(COD)}CI{3 mg, 6 pmol), 2-(3,5-
dicyclopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-dadporolane (370 mg, 1.30 mmol) and
KOHaq) (0.313 mL of a 3.8 M solution, 1.19 mmol) werestilved in 1,4-dioxane (3 mL)
and the solution was heated in a microwave ovdmn @ °C, normal power). Water (10 mL)
was added at the solution and the product is eelaitom the water phase with DCM (2 x
15 mL). The organic phase was evaporated and dessah 1:1 DMSO : MeOH (2 mL) and
purified by MDAP (Method B, TFA). The appropriateactions were collected and
evaporated under reduced pressure to give thettfgoound (20 mg, 7 %) as a gum : LCMS
(System formic 2 min) [M+H] 506; R 0.75 min, purity >99%H NMR (400 MHz,
(CD3),S0)8 = 9.32 (br. s, 1 H), 8.60 (br. s, 1 H), 7.65J&; 7.0 Hz, 1 H), 6.88 — 6.78 (m, 2
H), 6.68 — 6.65 (m, 1 H), 6.62 (d,= 7.0 Hz, 1 H), 3.53 — 3.20 (m, 9 H), 3.13 — 2.8% B
H), 2.82 — 2.66 (m, 3 H), 2.07 — 2.00 (m, 1 H),71-:91.65 (m, 9 H), 1.01 — 0.82 (m, 4 H),
0.74 — 0.52 (m, 4 H) (the proton arising from tleboxylic acid was not observed due to
exchange)*F{*H} NMR (376 MHz, CxOD) & = -76.0 (s, 5 F), -146.0 (s, 1 F) (over
integration was observed at -76.0 ppm due to ext€&gs present in the samplefRMS

calcd for GiH41FN3O,, 506.3177 found 506.3166.
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(x)-(E)-Methyl  4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-rta@pyridin-2-yl)methyl)azepan-1-

(¥)-7-((4-Fluoroazepan-4-yl)methyl)-1,2,3,4-tetrdny-1,8-naphthyridine (0.79 g, 3.0 mmol)

yh)but-2-enoate ((£)t55

and DIPEA (0.79 mL, 4.5 mmol) were dissolved in D20 mL), E)-methyl 4-bromobut-
2-enoate (0.59 g, 3.3 mmol) was added dropwisenbtent temperature under an atmosphere
of N, for 3 h. Water (60 mL) was added to the reactiaxtune and the layers were separated.
The aqueous phase was extracted with DCM (30 mdl)tla@ organic layers were combined,
dried, filtered and evaporated under reduced presdine crude mixture was dissolved in
DCM (5 mL) and purified by chromatography on silig® g, 0 — 50% MeOH in DCM, 8
CV). The appropriate fractions were combined andpevated to give the title compound
(0.29 g, 26%) as an orange gum : LCMS (System HigI2 min) [M+H] 362; R 1.07 min,
purity 92%;H NMR (400 MHz, CDC}) § = 7.09 (dJ = 7.5 Hz, 1 H), 6.96 (tdfJ.n = 15.5,
3J4n = 6.0, Hz, 1 H), 6.47 (dl = 7.5 Hz, 1 H), 5.96 (dfJ4.n = 15.5,*04.4 = 1.5 Hz, 1 H),
4.82 (br. s, 1 H), 3.76 (s, 3 H), 3.44 — 3.40 (nH)23.24 (td,*Jyp = 6.0,%4.y = 1.5 Hz, 2
H), 2.93 — 2.83 (m, 2 H), 2.78 — 2.59 (M, 5 H),12-52.41 (m, 1 H), 2.16 — 1.67 (m, 7 H),

1.61 — 1.49 (m, 1 HI*F NMR (376 MHz, (CR),S0)é = (-134.0) — (-134.5) (m);
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(E)-Methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-rtghyridin-2-yl)methyl)azepan-1-yl)but-

2-enoate 1558 (Enantiomer A))

Using the method above, the title compound was gvegp from 7-((4-fluoroazepan-4-
yl)methyl)-1,2,3,4-tetrahydro-1,8-naphthyridine wraatiomer A (0.70 g, 2.5 mmol) to give

the title compound (304 mg, 32%) as an orange gpunity 84%.

(E)-Methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-r@hyridin-2-yl)methyl)azepan-1-yl)but-

2-enoate 155b) (Enantiomer B))
T
e
T

Using the method above, the title compound was gvegp from 7-((4-fluoroazepan-4-
yl)methyl)-1,2,3,4-tetrahydro-1,8-naphthyridine ndatiomer B (0.61 g, 2.5 mmol) to give

the title compound (1.11 g, 98%) as an orange gpurity 86%.
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridyl)methyl)azepan-1-yl)-3-(3-

morpholinophenyl)butanoic acigt)-(154))

OH
@)
N
(9
(E)-Methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-rfigpyridin-2-yl)methyl)azepan-1-yl)but-
2-encate (215 mg, 0.595 mmol), [Rh(COD)XI](3 mg, 6 wumol), (3-
morpholinophenyl)boronic acid (360 mg, 1.74 mmatd &KOHq) (0.313 mL of a 3.8 M
solution, 1.190 mmol) were dissolved in 1,4-diox&BenL) and the solution was heated in a
microwave oven (1 h, 95 °C, normal power). The sofuwas filtered through a MgSO
column, washed with EtOH (10 mL) then evaporatedenrreduced pressure. The crude
material was dissolved in MeOH : DMSO (1:1, 1 mindavas purified by reverse phase
chromatography (C18, 30 g8 (3 CV) then MeCN (3 CV). The appropriate fraciomere
combined and the product was extracted with DCM 80). The organic phase was
separated, evaporated under reduced pressure ssalveéd in MeOH : DMSO (1:1) (3mL)
and purified by MDAP (Method B, High pH). The appriate fractions were combined and
evaporated under reduced pressure to give thetittgpound (19 mg, 6 %) as a yellow gum :
LCMS (High pH 2 min) [M+H] 511; R 0.82 min, purity 93%:;*H NMR (400 MHz,
(CD5),S0) & = 7.12 (t,J = 7.5 Hz, 1 H), 7.04 (ddl = 7.0, 1.0 Hz, 1 H), 6.81 (s, 1 H), 6.74
(dd,J=8.0, 2.0 Hz, 1 H), 6.66 (d,= 7.5 Hz, 1 H), 6.31 (dd} = 8.0, 2.0 Hz, 1 H), 6.24 (br.
s, 1 H), 3.77 — 3.69 (m, 4 H), 3.27 — 3.20 (m, 4 318 — 3.11 (m, 2 H), 3.11 — 3.04 (m, 4
H), 2.84 — 2.64 (m, 6 H), 2.62 (t= 6.0 Hz, 2 H), 2.58 — 2.53 (m, 1 H), 2.41 — 280 1 H),

2.07 — 1.80 (m, 3 H), 1.80 — 1.72 (m, 2 H), 1.70.62 (m, 1 H), 1.53 — 1.40 (m, 1 H) (the
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proton arising from the carboxylic acid was notefed due to exchangefF NMR (376

MHz, CD:0D) § = (-136.0) — (-136.5) (m, 0.5 F), (-136.5) — (-X§7m, 0.5 F).

tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-yl)-3-(3-

morpholinophenyl)butanoatéj7a—d (Diastereomers A-D)

8%%

(x)-(E)-tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-
yh)but-2-enoate (200 mg, 0.496 mmol) (3-morpholinepyl)boronic acid (300 mg, 1.447
mmol) and KOkhg (0.261 mL of a 3.8 M solution, 0.991 mmol) werestilved in 1,4-
dioxane (2 mL) and the solution was degassed. [RE(CI], (3 mg, 5 pmol) was added the
solution was heated in a microwave oven (1 h, 95f@mal power). The mixture was
filtered and the solution evaporated under redyredsure. The crude mixture was dissolved
in DMSO : MeOH (1:1, 4 mL) and purified by revergease chromatography (C18, 30 g, 70
— 95% MeCN (containing 0.1% ammonia) in 10 mM amium bicarbonate, 12 CV). The
appropriate fractions were combined and evaponaiteldr reduced pressure to give (et
butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-naprtidin-2-yl) methyl)azepan-1-yl)-3-(3-
morpholinophenyl)butanoate (107 mg, 38%) as a yeld. The mixture was dissolved in
EtOH (5 mL) and the diastereomers were separatedhirgl HPLC (Injection; 0.5 mL,
eluting with 95% EtOH/4.8% heptane/0.2% isopropyfenf = 42.5 mL/min, detecting at

320 nm; column 3 cm x 25 cm Chiralpak AD-H (seltlked), 45 min), to give
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Diastereomer A: tert-butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-nabitidin-2-
yl)methyl)azepan-1-yl)-3-(3-morpholinophenyl)butat® (19 mg, 7%). Analytical chiral
HPLC (95%EtOH (containing 0.2% isopropylamine)/laey, f=0.6 mL/min, detecting at
215 nm; column 4.6 mm id x 25 cm Chiralcel AD-Hl{g@acked)) R= 7.2 min; chiral purity

>99%.

Diastereomer B: tert-butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-nabitidin-2-
yl)methyl)azepan-1-yl)-3-(3-morpholinophenyl)butat® (17 mg, 6%). Analytical chiral

HPLC (Method (as diastereomer A))®R9.5 min; chiral purity >99%.

Diastereomer C: tert-butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-nabitidin-2-
yl)methyl)azepan-1-yl)-3-(3-morpholinophenyl)butat® (19 mg, 7%). Analytical chiral

HPLC (Method (as diastereomer A))R11.5 min; chiral purity >99%.

Diastereomer D: tert-butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-nabitidin-2-
yl)methyl)azepan-1-yl)-3-(3-morpholinophenyl)butat® (18 mg, 6%). Analytical chiral

HPLC (Method (as diastereomer A))R16.5 min; chiral purity >99%.
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridyl)methyl)azepan-1-yl)-3-(3-

morpholinophenyl)butanoic acid%4g (Diastereomer A)
COL)
~
N N F @/}

OH
@]
N
G
tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-yl)-3-(3-
morpholinophenyl)butanoate — Diastereomer A (19 ]63 mmol) was dissolved in THF
(0.3 mL) and HGlg) (0.12 mL of a 2 M solution, 0.24 mmol) was add&de solution was
stirred at 50 °C for 6 h, then at ambient tempeeatar 66 h, then at 50 °C for 6 h, then at
ambient temperature for 17 h, then 50 °C for 6 & famally ambient temperature for 17 h.
The solvent was evaporated then the crude mixtuas eissolved in O (0.5 mL) and
purified by reverse phase chromatography (C18,04.8 — 95% MeCN (containing 0.1%
ammonia) in 10 mM ammonium bicarbonate, 10 CV). ®Eppropriate fractions were
combined and dried under a stream of nitrogene the title compound (8 mg, 47%) as a
yellow gum : LCMS (System formic 2 min) [M+HB11; R 0.49 min, purity 98%'H NMR
(400 MHz, CDC}) & = 7.23 (t,J= 8.0 Hz, 1 H), 7.16 (d] = 7.5 Hz, 1H), 6.83 — 6.76 (m, 1
H), 6.73 — 6.70 (m, 1 H), 6.70 — 6.63 (m, 1 H),7(d,J = 7.0 Hz, 1 H), 6.08 (br. s, 1 H),
3.90 — 3.84 (m, 4 H), 3.44 (1,= 5.5 Hz, 2 H), 3.32 — 3.23 (m, 1 H), 3.19 — 3.t} & H),
3.13 —3.02 (m, 2 H), 3.01 — 2.92 (m, 2 H), 2.99.65 (M, 8 H), 2.31 — 1.99 (m, 3 H), 1.97 —
1.90 (m, 2 H), 1.88 — 1.66 (m, 3 H) (the protorsiag from the carboxylic acid was not

observed due to exchang&® NMR (376 MHz, CDGJ) & = (-137.0) — (-137.5) (m).
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridyl)methyl)azepan-1-yl)-3-(3-

morpholinophenyl)butanoic ac{d54b) (Diastereomer B)
COL)
~
N N F &

OH
@]
N
G
Using the method above, the title compound was gveep fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyggan-1-yl)-3-(3-morpholinophenyl)
butanoate — Diastereomer B (17 mg, 0.03 mmol) glaeditle compound (11 mg, 72%) as a
gum : LCMS (System formic 2 min) [M+H]511; R 0.49 min, purity 98%!H NMR (400
MHz, CDCk) & = 7.23 (t,J = 8.0 Hz, 1 H), 7.17 (dJ=7.5 Hz, 1 H), 6.81 — 6.76 (m, 1 H),
6.72 (t,J= 2.0 Hz, 1 H), 6.69 — 6.65 (m, 1 H), 6.45Jd; 7.5 Hz, 1 H), 6.32 — 6.15 (br. s, 1
H), 3.90 — 3.85 (m, 4 H), 3.48 — 3.42 (m, 2 H),8-33.29 (m, 1 H), 3.20 — 3.14 (m, 4 H),
3.13 —3.04 (m, 2 H), 3.04 — 2.91 (m, 2 H), 2.9D.71 (m, 8 H), 2.34 — 2.00 (m, 3 H), 1.98 —
1.90 (m, 2 H), 1.88 — 1.67 (m, 3 H) (the protorsiag from the carboxylic acid was not

observed due to exchang&&{*H} NMR (376 MHz, CDC}) & = -136.5 (s).
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridyl)methyl)azepan-1-yl)-3-(3-

morpholinophenyl)butanoic acid%49 (Diastereomer C)
COL)
~
N N F &

OH
@]
N
G
Using the method above, the title compound was gveep fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyggan-1-yl)-3-(3-morpholinophenyl)
butanoate — Diastereomer C (19 mg, 0.03 mmol) ¢jaeeitle compound (11 mg, 64%) as a
gum : LCMS (System formic 2 min) [M+H]511; R 0.49 min, purity 98%!H NMR (400
MHz, CDCk) § = 7.23 (tJ = 8.0 Hz, 1 H), 7.16 (d] = 7.5 Hz, 1 H), 6.82 — 6.76 (m, 1 H),
6.72 (t,J=2.0 Hz, 1 H), 6.67 (d] = 8.0 Hz, 1 H), 6.47 (d] = 7.5 Hz, 1 H), 6.29 — 6.06 (br. s,
1 H), 3.90 — 3.84 (M, 4 H), 3.45 (t= 6.0 Hz, 2 H), 3.33 — 3.24 (m, 1 H), 3.19 — 3.t ¢
H), 3.12 — 3.04 (m, 2 H), 3.03 — 2.92 (m, 2 H),2-82.68 (M, 8 H), 2.33 — 1.99 (m, 3 H),
1.98 -1.89 (m, 2 H), 1.87 — 1.66 (m, 3 H), (thetpn arising from the carboxylic acid was

not observed due to exchang®®{'H} NMR (376 MHz, CDC}) & = -136.5 (s); HRMS

calcd for GgH39FN4O3, 511.3068 found 511.3079.
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridyl)methyl)azepan-1-yl)-3-(3-

morpholinophenyl)butanoic acid%4d) (Diastereomer D)
COL)
~
N N F &

OH
@]
N
G
Using the method above, the title compound was gveep fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methyggan-1-yl)-3-(3-morpholinophenyl)
butanoate — Diastereomer D (18 mg, 0.03 mmol) glaeditle compound (12 mg, 74%) as a
gum : LCMS (System formic 2 min) [M+H]511; R 0.48 min, purity >99%'H NMR (400
MHz CDChk) § = 7.23 (tJ = 8.0 Hz, 1 H), 7.16 (d] = 7.5 Hz, 1 H), 6.82 — 6.76 (m, 1 H),
6.72 (t,J= 2.0 Hz, 1 H), 6.69 — 6.62 (m, 1 H), 6.45J& 7.5 Hz, 1 H), 6.28 — 6.03 (br. s, 1
H), 3.90 — 3.85 (m, 4 H), 3.47 — 3.41 (m, 2 H),8-33.28 (m, 1 H), 3.20 — 3.15 (m, 4 H),
3.13 —3.02 (m, 2 H), 3.01 — 2.89 (m, 2 H), 2.8869 (m, 8 H), 2.40 — 2.01 (m, 3 H), 1.97 —
1.88 (m, 2 H), 1.87 — 1.60 (m, 3 H) (the protorsiag from the carboxylic acid was not

observed due to exchang&¥ NMR (376 MHz, CDG)) § = (-136.0) — (137.0) (m).
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tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napitidin-2-yl)methyl)azepan-1-yl)-3-(3-

((R)-3-methylmorpholino)phenyl)butanoatE58a—d (Diastereomers A-D)
O&(
(N
O
N N OJ<

(2)-(E)-tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-
ylbut-2-enoate (150 mg, 0.37 mmol),R){3-methyl-4-(3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)morpholine (329 mg, 1.G8&ol) and KOk, (0.20 mL of a 3.8
M solution, 0.74 mmol) were dissolved in 1,4-dioga(l.5 mL), then the solution was
degassed. [Rh(COD)GIJ2.0 mg, 3.8 pumol) was added and the solutionthadressel was
flushed with nitrogen, sealed and heated in a miav@ oven (1 h, 95 °C, normal power)
[Rh(COD)CIL (4 mg, 8 umol) was added and the reaction vesgshdd with nitrogen,
sealed and heated in a microwave oven (1 h, 95ié@nal power). The solution was filtered
and the solvent was evaporated under reduced peesEhe reaction mixture was dissolved
in DMSO (4 mL) and purified by reverse phase chrmgeaphy (C18, 30 g, using a 65 —
95% MeCN (containing 0.1% ammonia) in 10 mM ammanibicarbonate, 13 CV). The
appropriate fractions were combined and evaponateidr reduced pressure to give (et
butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-naptiain-2-yl)methyl)azepan-1-yl)-3-(34R)-
3-methylmorpholino)phenyl)butanoate (57 mg, 26%)aagellow gum: LCMS (System
formic 2 min) [M+H] 581; R 1.47 min, purity >99%'H NMR (400 MHz, CROD) § = 7.22
—7.03 (M, 2 H), 6.88 —6.75 (m, 2 H), 6.72d; 7.5 Hz, 1 H), 6.40 (dd] = 7.5, 4.5 Hz, 1

H), 3.91 (dt,J = 11.0, 4.5 Hz, 1 H), 3.82 (dd,= 11.0, 2.5 Hz, 1 H), 3.75 — 3.58 (m, 3 H),
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3.23-3.10 (m, 2 H), 3.10 — 3.03 (m, 2 H), 2.88.52 (m, 11 H), 2.52 — 2.30 (m, 2 H), 2.05
—-1.67 (m,7H), 154 -1.38 (m, 1 H), 1.28 (s,)9 HO7 — 0.88 (m, 3 H) (the proton arising

from the amine was not observed due to exchange).

A 55 mg portion was dissolved in EtOH (5 mL) aneé tiastereomers were separated by
chiral HPLC (Injection; 0.5 mL, eluting with EtOHgptane : isopropylamine (1000 : 30 : 2),
f = 42.5 mL/min, detecting at 320 nm; column 2 cr@5xcm Chiralpak AD-H (self packed),

45 min) to give :

Diastereomer A: tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-naplgtidin-2-

yl)methyl)azepan-1-yl)-3-(3-8)-3-methylmorpholino)phenyl)butanoate (11 mg, 5%)
Analytical chiral HPLC (5%EtOH(containing 0.2% isopylamine)/Heptane, f = 1.0
mL/min, detecting at 215 nm; column 4.6 mm id xc@® Chiralcel AD-H (self packed)) ;R

= 9.2 min; chiral purity>99%.

Diastereomer B: tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-
yl)methyl)azepan-1-yl)-3-(3-R)-3-methylmorpholino)phenyl)butanoate (10 mg, 5%)

Analytical Chiral HPLC (Method (as diastereomer R)}= 10.2 min; chiral purity>99%.

Diastereomer C: tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-
yl)methyl)azepan-1-yl)-3-(3-8)-3-methylmorpholino)phenyl)butanoate (11 mg, 5%)

Analytical Chiral HPLC (Method (as diastereomer R)= 13.5 min; chiral purity>99%.

Diastereomer D: tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-
yl)methyl)azepan-1-yl)-3-(3-R8)-3-methylmorpholino)phenyl)butanoate (12 mg, 6%)

Analytical Chiral HPLC (Method (as diastereomer R))= 22.5 min; chiral purity>99%.
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridryl)methyl)azepan-1-yl)-3-(34R)-3-

methylmorpholino)phenyl)butanoic aciti§lg (Diastereomer A)

|\ OH

tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-yl)-3-(3-
((R)-3-methylmorpholino)phenyl)butanoate — Diastereome (11 mg, 0.02 mmol) was
dissolved inTHF (0.2 mL) and HGlg (0.05 mL of a 2 M solution, 0.10 mmol). The
suspension was stirred at ambient temperature&dr then 50 °C for 2 h. HGlg) (0.02 mL

of a 2 M solution, 0.05 mmol) was added to the smfuand the reaction was heated to 50 °C
for 5 h. The solution was evaporated and dissoineti,O (300 pL). The solution were
purified by reverse phase chromatography (C18,04.8 — 95% MeCN (containing 0.1%
ammonia) in 10 mM ammonium bicarbonate, 10 CV). ®Eppropriate fractions were
combined and dried under a stream of nitrogenve the title compound (5 mg, 50%) as a
gum : [a]p=- 5 (€ = 0.45, CDCJ); LCMS (System formic 2 min) [M+H]525; R 0.49 min,
purity >99%:'H NMR (400 MHz, CDCJ) 6 = *H NMR (400 MHz, CQOD) 6 = 7.22 (tJ =
7.5, 1 H), 7.16 (d) = 7.5 Hz, 1 H), 6.88 — 6.81 (m, 2 H), 6.74 J& 7.5 Hz, 1 H), 6.46 (d]

= 7.5 Hz, 1 H), 4.00 — 3.92 (m, 1 H), 3.85 — 3.81, 2 H), 3.75 — 3.65 (m, 2 H), 3.43 — 3.35
(m, 4 H), 3.31 — 3.29 (m, 1 H), 3.29 — 3.21 (m, 2 3119 — 3.09 (m, 3 H), 2.95 — 2.85 (m, 3
H), 2.72 (tJ = 6.5 Hz, 2 H), 2.67 (s, 2 H), 2.46 — 2.23 (m, 1 {22 — 1.96 (m, 4 H), 1.93 —

1.85 (m, 2 H), 1.80 — 1.68 (m, 1 H), 1.04 Jd; 6.5 Hz, 3 H) (the protons arising from the
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amine and carboxylic acid were not observed duxthange)*°F NMR (376 MHz, CDG))

5 = (-144.0) — (-145.0) (m).

4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridfyl)methyl)azepan-1-yl)-3-(3-R)-3-

methylmorpholino)phenyl)butanoic aciti§lb) (Diastereomer B)

|\ OH

Using the method above, the title compound was gresp fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl) methygman-1-yl)-3-(3-R)-3-
methylmorpholino)phenyl)butanoate — Diastereome(l8 mg, 0.02 mmol) gave the title
compound (6 mg, 66%) as a gunu]d= + 3 € = 0.51, EtOH); LCMS (System formic 2
min) [M+H]* 525; R 0.49 min, purity >99%'H NMR (400 MHz, CROD) & = 7.24 — 7.17
(m, 1 H), 7.13 (dJ = 7.5 Hz, 1 H), 6.87 — 6.78 (m, 2 H), 6.71Jck 7.5 Hz, 1 H), 6.43 (d]
=7.5Hz, 1 H), 3.97 — 3.87 (m, 1 H), 3.87 — 3./#8 £ H), 3.73 — 3.58 (m, 2 H), 3.48 — 3.34
(m, 4 H), 3.17 — 3.03 (M, 4 H), 2.96 — 2.77 (m, 3 75 — 2.54 (m, 6 H), 2.38 — 2.06 (m, 2
H), 2.06 — 1.89 (m, 3 H), 1.89 — 1.81 (m, 2 H),11-81.71 (m, 1 H), 1.01 (d,= 6.5 Hz, 3 H)
(the protons arising from the amine and carboxaticl were not observed due to exchange);

% NMR (376 MHz, CDGJ) & = (-144.0) — (-145.0) (m).

|[Page |272



Property of GSK - Confidential - Do not copy

4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridryl)methyl)azepan-1-yl)-3-(34R)-3-

methylmorpholino)phenyl)butanoic aciti§lg (Diastereomer C)

|\ OH

Using the method above, the title compound was gveep fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methygman-1-yl)-3-(3-®)-3-
methylmorpholino)phenyl)butanoate — Diastereome(lC mg, 0.02 mmol) gave the title
compound (5 mg, 50%) as a gunu]d= + 3 € = 0.48, EtOH); LCMS (System formic 2
min) [M+H]* 525; R 0.49 min, purity >99%'H NMR (400 MHz, CDGJ) & = 8.07 (br. s, 1
H), 7.33 (dJ = 8.0 Hz, 2 H), 7.21 () = 7.5 Hz, 1 H), 6.76 (ddl = 8.0, 2.0 Hz, 1 H), 6.69 —
6.58 (M, 2 H), 6.50 (d] = 7.5 Hz, 1 H), 4.02 — 3.91 (m, 1 H), 3.91 — 3(@9 2 H), 3.80 —
3.63 (M, 4 H), 3.54 — 3.48 (m, 3 H), 3.37 — 3.24 {nH), 3.19 — 3.03 (M, 4 H), 2.87 @=
6.5 Hz, 3 H), 2.82 — 2.68 (m, 3 H), 2.68 — 2.57 {nk]), 2.38 — 2.20 (m, 1 H), 2.18 — 2.00 (m,
2H),2.00-1.84 (m, 3 H), 1.76 (br. s, 1 H), 1-42.01 (m, 3 H) (the proton arising from the

carboxylic acid could not be observed due to exghan
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridryl)methyl)azepan-1-yl)-3-(34R)-3-

methylmorpholino)phenyl)butanoic aciti§ld) (Diastereomer D)

|\ OH

Using the method above, the title compound was gveep fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)methygman-1-yl)-3-(3-®)-3-
methylmorpholino)phenyl)butanoate — Diastereome(1lR mg, 0.02 mmol) gave the title
compound (8 mg, 74%) as a gumld= - 5 € = 0.81, CDCJ); *H NMR (400 MHz, CQOD)
§=7.25-7.19 (m, 1 H), 7.16 (@= 7.5 Hz, 1 H), 6.87 — 6.81 (m, 2 H), 6.77 — 6.1, { H),
6.46 (d,J = 7.5 Hz, 1 H), 3.98 — 3.94 (m, 1 H), 3.88 — 3.8 2 H), 3.75 — 3.64 (m, 2 H),
3.51—3.35 (M, 4 H), 3.33-3.31 (M, 1 H), 3.1316 (M, 2 H), 3.16 — 3.10 (M, 3 H), 2.96 —
2.84 (m, 3 H), 2.72 (1 = 6.5 Hz, 2 H), 2.67 (s, 2 H), 2.40 — 2.21 (m, 1 P{P6 — 2.01 (m, 4
H), 1.93-1.86 (m, 2 H), 1.83 - 1.71 (m, 1 H),41(8,J = 6.5 Hz, 3 H) (the protons arising

from the amine and the carboxylic acid were noeoled due to exchange).
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Methyl 3-(3-((56R)-2,6-dimethylmorpholino)phenyl)-4-(4-fluoro-4-(&7,8-tetrahydro -

1,8-naphthyridin-2-yl)methyl)azepan-1-yl)butanogit9g (Diastereomer A)

A
AN
~
NN N o~
(E)-Methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-rfgpyridin-2-yl)methyl)azepan-1-yl)but-
2-enoate Diastereomer A (150 mg, 0.33 mmol), [RHPED)]. (9 mg, 0.02 mmol), (3-(&
6R)-2,6-dimethylmorpholino)phenyl)boronic acid (234y,m1.00 mmol) and KOR) (0.175
mL of a 3.8 M solution, 0.664 mmol) were dissolvedL,4-dioxane (2 mL) and the solution
was heated in a microwave oven (100 min, 95 °Ch Ipigwer). The reaction mixture was
filtered through Celite™ then washed with EtOAc (B.). The reaction mixture was
evaporated and dissolved in DMSO : MeOH (1 mL),¢hede reaction mixture was purified
using reverse phase chromatography (C18, 12 %%MeCN (containing 0.1% ammonia)
in 10 mM ammonium bicarbonate, 15 CV). The appmaiprifractions were combined and
evaporated. The solid was dissolved in EtOH (2 nabg heptane (1 mL) and the
diastereomers separated by using chiral HPLC (ioyec 0.5 mL, eluting with 20%
EtOH/heptane (containing 0.2% isopropylamine, f & r@L/min, detecting at 215 nm;
column 3 cm x 25 cm Chiralpak OJ-H (self packed),nin) to give the title compound
(diastereomer A) (20 mg, 11%) as a gum, diastere@mweas not collected. Analytical chiral
HPLC (20% EtOH (containing 0.2% isopropylamine)fage, f = 1.0 mL/min, detecting at
215 nm; column 4.6 mm id x 25 cm Chiralcel OJ (palfked)) R= 14.8 min; chiral purity
>99%: LCMS (System High pH 2 min) [M+HB53; R 1.38 min, purity 94%'H NMR (400

MHz, CD;0D) & = 7.20 — 7.06 (m, 2 H), 6.83 — 6.72 (m, 2 H), 668) = 7.5 Hz, 1 H), 6.40
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(d,J= 7.5 Hz, 1 H), 3.76 (ddd,= 10.0, 6.0, 2.0 Hz, 2 H), 3.65 — 3.52 (m, 2 H}83(d,J =
10.0 Hz, 2 H), 3.42 — 3.32 (m, 2 H), 3.32 — 3.14 ), 2.84 — 2.72 (m, 4 H), 2.69 {t=
6.0 Hz, 2 H), 2.65 — 2.54 (m, 4 H), 2.49 (dd= 15.0, 8.0 Hz, 1 H), 2.44 — 2.36 (m, 1 H),
2.33-2.22 (m, 2 H), 2.06 — 1.68 (m, 7 H), 1.50.35 (m, 1 H), 1.21 (s, 3 H), 1.20 (s, 3 H)
(the proton arising from the amine was not obsedigsl to exchangeJ’F NMR (376 MHz,
CD3sOD) 6 = (-139.5) — (-140.0) (m); HRMS calcd forzE46FN4GC;, 553.3528 found

553.3548.

3-(3-((25,6R)-2,6-dimethylmorpholino)phenyl)-4-(4-fluoro-4-(&7,8-tetrahydro-1,8-
naphthyridin-2-yl)methyl)azepan-1-yl)butanoic acithknown stoichiometric salt1629

(Diastereomer A)

o/'\
N
A
N | Nig g i
H N OH
Methyl  3-(3-((56R)-2,6-dimethylmorpholino)phenyl)-4-(4-fluoro-4-((7,8-tetrahydro-
1,8-naphthyridin-2-yl)methyl)azepan-1-yl)butanoat®iastereomer A (20 mg, 0.04 mmol)
was dissolved in MeOH (1 mL). LiQk, (0.3 mL of a 1 M solution, 0.3 mmol) was added to
the reaction mixture. The reaction mixture wagatirfor 18 h at ambient temperature. The
solution was purified using reverse phase chronmapity (C18, 5 — 95% MeCN (containing
0.1% ammonia) in 10 mM ammonium bicarbonate, 15.QWe appropriate fractions were

collected and evaporated to give the title compoliedmg, 82 %) as a gumal]p =+ 9 € =

1.08, EtOH); LCMS (System formic 2 min) [M+H]539; R 0.56 min, purity >99%:>H
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NMR (400 MHz, (CR),S0)5 = 9.14 (br. s, 1 H), 8.28 (br. s, 1 H), 7.65Jd; 7.5 Hz, 1 H),
7.19 (t,J = 7.5 Hz, 1 H), 6.95 (s, 1 H), 6.88 — 6.82 (m, X1 6179 (d,J = 7.5 Hz, 1 H), 6.62
(d,J=7.5Hz, 1 H), 3.68 (ddd,= 10.0, 6.5, 2.5 Hz, 2 H), 3.59 @@= 11.5 Hz, 2 H), 3.48 —
3.37 (m, 6 H), 3.30 — 3.22 (m, 2 H) 3.07 — 2.98 PH), 2.75 — 2.63 (m, 2 H), 2.61 — 2.52
(m, 2 H), 2.24 (tJ = 11.0 Hz, 2 H), 2.05 (s, 1 H), 1.93 — 1.65 (MH)61.17 (s, 3 H), 1.15 (s,
3 H) (the protons arising from the amine and cayhboxacid were not observed due to

exchange); HRMS calcd fors@H43FN4O3, 539.3392 found 539.3380.

Methyl  3-(3-((%5,6R)-2,6-dimethylmorpholino)phenyl)-4-(4-fluoro-4-(@&7,8-tetrahydro-

1,8-naphthyridin-2-yl)methyl)azepan-1-yl)butanogit9b) (Diastereomer B)
X
| | F N
N N ©
N/Y
kro

(E)-Methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-rf@pyridin-2-yl)methyl)azepan-1-yl)but-
2-enoate — Diastereomer B (80 mg, 0.22 mmol) wasotired in 2MeTHF (2.1 mL) and the
solution was degassed. §@8R)-2,6-dimethyl-4-(3-(4,4,5,5-tetramethyl-1,3,2-datorolan-2-
yl)phenyl)morpholine (211 mg, 0.664 mmol),R{BINAP (83 mg, 0.13 mmol),
[Rh(COD)CIk (33 mg, 0.066 mmol) and KQ4) (0.116 mL of a 3.8 M solution, 0.443
mmol) were added. The solution was heated in aaw&ve oven (45 min, 90 °C, high
power). The reaction mixture was diluted with Me@mL), loaded onto an SCX silica
cartridge (5 g, MeOH 1 CV, MeCN 1 CV, load compouktCN 2 CV, 2 M NH in MeOH

3 CV). The appropriate fractions were evaporatedjite a gum. The crude gum was

dissolved in 1:1 MeOH : DMSO (300 pL) and purifidy reverse phase column
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chromatography (C18, 60 g, 50 — 95% MeCN (contginihl% ammonia) in 10 mM
ammonium bicarbonate, 12 CV). The appropriate ifvast were evaporated under reduced
pressure. The solid was dissolved in EtOH (2 mld laeptane (1 mL) and the diastereomers
were separated by using chiral HPLC (Injection; @b, eluting with 20% EtOH/heptane
(containing 0.2% isopropylamine, f = 30 mL/min, elgding at 215 nm; column 3 cm x 25 cm
Chiralpak OJ-H (self packed), 15 min) to give thie tcompound (28 mg, 15%). Analytical
chiral HPLC (20% EtOH (containing 0.2% isopropylaeWheptane, f = 1.0 mL/min,
detecting at 215 nm; column 4.6 mm id x 25 cm QbtalaOJ (self packed)) R 10.0; chiral

purity >99%, achiral purity 88%.

3-(3-((256R)-2,6-Dimethylmorpholino)phenyl)-4-(4-fluoro-4-(@&7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic agigA salt (L62b) (Diastereomer B)
X H
[ RN
NN ©
N&K
kro

Methyl  3-(3-((56R)-2,6-dimethylmorpholino)phenyl)-4-(4-fluoro-4-(&7,8-tetrahydro-
1,8-naphthyridin-2-yl)methyl)azepan-1-yl)butano&& mg, 0.051 mmol) was dissolved in
MeCN (380 pl) and NaOHl) (127 pL of a 2 M solution, 0.253 mmol) was addeapavise.
The reaction mixture was heated in a microwave ¢88rmin, 50 °C, very high power). The
reaction mixture was evaporated under reduced ymesnd the resulting white solid was
dissolved in HO : DMSO (1:1, 1 mL). The solution was purified bgverse phase

chromatography (C18, 12 g, 5 — 95% MeCN (contairititfo TFA) in water (containing
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0.1% TFA). The appropriate fractions were combied concentrated to give the title
compound (8.0 mg, 25 %) as a gunap[= - 10 € = 1.14, EtOH); LCMS (System High pH
2 min) [M+H]" 539; R 0.91 min, purity 93%'H NMR (400 MHz, (CR),S0)& = 9.33 (br. s,

1 H), 8.55 (br. s, 1 H), 7.64 (d,= 7.5 Hz, 1 H), 7.21 — 7.16 (m, 1 H), 6.97 — 6(88 1 H),
6.84 (ddJ = 8.0, 2.0 Hz, 1 H), 6.78 (d,= 7.5 Hz, 1 H), 6.61 (d = 7.5 Hz, 1 H), 3.68 (ddd,
J=10.0, 6.5, 2.5 Hz, 2 H), 3.62 — 3.56 (m, 2 H503- 3.38 (M, 6 H), 3.10 — 3.00 (M, 2 H),
2.82 —2.72 (m, 4 H), 2.60 — 2.52 (m, 2 H), 2.2d, = 12.0, 10.5 Hz, 2 H), 2.10 — 1.96 (m,

2 H), 1.94 — 1.87 (m, 2 H), 1.87 — 1.79 (m, 5 HL7L(s, 3 H), 1.15 (s, 3 H).

3-(3-(8-Oxa-3-azabicyclo[3.2.1]octan-3-yl) pheny4fluoro-4-((5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢lé0g (Diastereomer A)

(o)
AN
NN N o

(E)-Methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-r@pyridin-2-yl)methyl)azepan-1-yl)but-
2-enoate — Enantiomer A (150 mg, 0.33 mmol), [RhD3CI], (8 mg, 0.02 mmol), (3-(8-
oxa-3-azabicyclo[3.2.1]octan-3-yl)phenyl)boronidda¢232 mg, 0.100 mmol) and KQ4J
(0.175 mL of a 3.8 M solution, 0.664 mmol) weresdived in 1,4-dioxane (2 mL) and the
solution was heated in a microwave oven (100 nbr’,®, high power). The reaction mixture
was filtered through Celite™, washed with EtOAc {@Q), then the appropriate fractions
were evaporated under reduced pressure. The calidewsas dissolved in DMSO : MeOH
(2:1, 1 mL) and purified using reverse phase chtography (C18, 30 g, 5 — 95% MeCN

(containing 0.1% ammonia) in 10 mM ammonium bicadte, 15 CV). The appropriate
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fractions were combined and evaporated to give yheth3-(3-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)phenyl)-4-(4-fluoro-&(6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)methyl)azepan-1-yl)butanoate (45 mgs). The selas dissolved in EtOH (3 mL) and the
diastereomers were separated by chiral HPLC (liojec0.5 mL, eluting with 50% MeOH
(containing 0.2% isopropylamine) / 50% EtOH (conitagg 0.2% isopropylamine) (f = 20
mL/min, detecting at 280 nm; column 2 cm x 25 cmr&pak OJ (self packed), 45 min) to
give the title compound (21 mg, 11%) : Analyticdliral HPLC (EtOH/MeOH, f = 1.0
mL/min, detecting at 215 nm; column 4.6 mm id x@b Chiralcel OJ (self packed)) R
20.8 min; LCMS (System High pH 2 min) [M+HP51; R 1.33 min, purity 97%H NMR
(400 MHz, CROD) 6 = 7.16 — 7.05 (m, 2 H), 6.72 — 6.65 (m, 2 H), 662 = 7.5 Hz, 1 H),
6.44 — 6.39 (m, 1 H), 4.44 (br. s, 1 H), 3.58 -3, 3 H), 3.43 — 3.33 (M, 5 H), 3.27 — 3.17
(m, 1 H), 2.86 (ddJ = 11.5, 2.5 Hz, 2 H), 2.82 — 2.79 (m, 2 H), 2.7B.73 (m, 2 H), 2.72 —
2.67 (m, 4 H), 2.66 — 2.55 (m, 6 H), 2.48 (dd; 15.0, 8.0 Hz, 2 H), 2.40 (ddd= 13.5, 7.5,
1.5 Hz, 1 H), 2.03 —1.97 (m, 1 H), 1.91 — 1.68 i), 1.51 — 1.36 (m, 2 H}’*C NMR (101
MHz, CD;OD) 6 = 175.0, 157.0, 153.5, 153.0, 152.5, 145.0, 1373).0, 119.0, 115.5,
114.5, 113.5, 99.5 (dJc.r = 173 Hz), 75.5, 65.5, 58.0, 54.5, 52.0, 50.54¢ls = 5 Hz), 42.5
(d, ®Jcr = 6 Hz), 40.5, 40.0 (d)c.r = 23 Hz), 39.5 (d2Jc.r = 23 Hz), 38.5, 30.5, 29.0, 27.5,
23.0 (d,%Jc.r = 5 Hz), 22.5:"F NMR (376 MHz, CROD) § = (-139.5) — (-140.0) (m);

HRMS calcd for GoH44FN4O3, 551.3392 found 551.3372.
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3-(3-(8-Oxa-3-azabicyclo[3.2.1]octan-3-yl)phenyl4+fluoro-4-((5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢lé3g (Diastereomer A)
phtny Yl Yy Y y

A
Eete

” N N OH
Methyl  3-(3-((1IR,59)-8-0xa-3-azabicyclo[3.2.1]octan-3-yl)phenyl)-4f{dero-4-((5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)methyl)azepan-)bytanoate — Diastereomer A (21 mg,
0.04 mmol) was dissolved in MeOH (1 mL). LiQk (0.08 mL of a 1 M solution, 0.08
mmol) was added to the reaction mixture. The reactnixture was stirred for 18 h at
ambient temperature. Water (0.5 mL) was added lamddaction mixture was stirred for 72
h. HClag) (0.3 mL of a 2 M solution, 0.6 mmol) was addedhe reaction mixture, then it
was loaded onto a pre-conditioned SCX column (3MgOH 1 CV, MeCN 1 CV, load
compound, MeOH 2 CV, 2 M NHin MeOH 2 CV). The ammonical fractions were
combined and evaporated. The residue was purif@dgureverse phase chromatography
(C18, 12 g, 5 — 95% MeCN (containing 0.1% ammoma)0 mM ammonium bicarbonate,
15 CV). The appropriate fractions were collected eamaporated to give the title compound
(16 mg, 0.030 mmol, 78 %) as a gunufp[= - 4 € = 1.09, EtOH); LCMS (System High pH
2 min) [M+H]" 537; R 0.89 min, purity 94%'H NMR (400 MHz, CROD) § = 7.21 — 7.08
(m, 2 H), 6.77 — 6.69 (m, 2 H), 6.64 @= 7.5 Hz, 1 H), 6.43 (d] = 7.5 Hz, 1 H), 3.50 —
3.32 (m, 8 H), 3.28 — 3.06 (M, 4 H), 2.97 — 2.78 eH), 2.69 (tJ = 6.5 Hz, 2 H), 2.66 —
2.58 (m, 1 H), 2.38 — 2.08 (m, 2 H), 2.01 Jcs 6.0 Hz, 2 H), 1.98 — 1.90 (m, 5 H), 1.90 —
1.82 (m, 2 H), 1.81 — 1.70 (m, 1 H) (the protorisiag from the amine and carboxylic acid

were not observed due to exchand&}; NMR (101 MHz, CROD) & = 180.5, 157.0, 154.0,
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153.5, 150.5, 144.5, 142.5, 138.0, 131.0, 118.0,011116.0, 115.0, 114.5, 114.0, 96.5 (d,
YJe.r = 175 Hz), 75.5, 65.5, 54.5 (Hlc.r = 3 Hz), 46.5, 43.5, 42.5, 40.0, 38.5 i = 22
Hz), 29.0, 27.5, 22.5, 20.5 (8c.r = 2 Hz);**F NMR (376 MHz, CROD) & = (-144.5) —

(-145.0) (m); HRMS calcd for ££H41:FN4O3, 537.3235 found 537.3219.

3-(3-(8-Oxa-3-azabicyclo[3.2.1]octan-3-yl) pheny4fluoro-4-((5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢lé0b) (Diastereomer B)

a
AN
H N o~

3-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyri@ryl)methyl)azepan-1-yl)but-2-enoate

(80 mg, 0.22 mmol) was dissolved in 2MeTHF (2.1 mhy the solution was degassed. 3-
(3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl) pkig-8-oxa-3-azabicyclo[3.2.1]octane
(209 mg, 0.664 mmol)R)-BINAP (83 mg, 0.13 mmol) and KQk,, (0.12 mL of a 3.8 M
solution, 0.44 mmol) were then added to the reaatnixture. The solution was heated in a
microwave oven (45 min, 90 °C, high power). Thectiea mixture was diluted with MeOH
(3 mL), loaded onto an SCX silica column (5 g, Me®IgV, MeCN 1 CV, load compound,
MeOH 2 CV, 2 M NH in MeOH 3 CV). The appropriate fractions were evxraped to give a
gum. The crude gum was dissolved in 1:1 MeOH:DMSQ0(uL) and purified by reverse-
phase column chromatography (C18, 60 g, 50 — 95%MWi&ontaining 0.1% ammonia) in
10 mM ammonium bicarbonate, 14 CV). The approprfedetions were evaporated then
dissolved in EtOH (3 mL) and the diastereomers veeqgarated by chiral HPLC (Injection;

0.5 mL, eluting with 50% MeOH (containing 0.2%psopylamine) / 50% EtOH (containing
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0.2% isopropylamine) (f = 20 mL/min, detecting 8 2m; column 2 cm x 25 cm Chiralpak
0OJ (self packed), 45 min) to give the title compb24 mg, 11%) : Analytical chiral HPLC
(EtOH/MeOH, f = 1.0 mL/min, detecting at 215 nmjwuon 4.6 mm id x 25 cm Chiralcel OJ
(self packed)) R= 31.0 min; LCMS (System High pH 2 min) [M+HB51; R 1.33 min,
purity 55% (the major impurity was related ®)-BINAP); *H NMR (400 MHz, CDCJ) § =
7.30 = 7.21 (m, 2 H), 7.21 — 7.12 (m, 1 H), 7.07)(¢ 7.5 Hz, 1 H), 6.69 — 6.61 (m, 2 H),
6.47 — 6.38 (m, 1 H), 4.86 (br. s, 1 H), 3.60 ($§)33.45 - 3.36 (m, 2 H), 3.32 (d~= 11.5
Hz, 2 H), 3.29 — 3.17 (m, 1 H), 3.04 — 2.97 (m,2 }92 — 2.83 (m, 2 H), 2.83 — 2.78 (m, 1
H), 2.75 — 2.64 (m, 4 H), 2.64 — 2.55 (m, 2 H),52-52.44 (m, 2 H), 2.09 — 1.84 (m, 10 H),

1.84 — 1.71 (m, 2 H), 1.56 — 1.45 (m, 1 H), 1.3616 (M, 1 H).

3-(3-(8-Oxa-3-azabicyclo[3.2.1]octan-3-yl) pheny4fluoro-4-((5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢lé3b) (Diastereomer B)

o
A

N | N~ i i

H N OH
Using the method above, the title compound wasgrezpfrom methyl 3-(3-(R®,59)-8-oxa-
3-azabicyclo[3.2.1]octan-3-yl)phenyl)-4R)-4-fluoro-4-((5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)methyl)azepan-1-yl)butanoate -afdereomer B (24 mg, 0.04 mmol) to
give the title compound (19 mg, 82 %) as a guajp = + 7 € = 1.06, EtOH); LCMS
(System High pH 2 min) [M+H] 537; R 0.90 min, purity 94%H NMR (400 MHz,

CD;0OD) 8 = 7.29 — 7.14 (m, 2 H), 6.89 — 6.71 (m, 2 H), §68) = 7.5 Hz, 1 H), 6.47 (dl =

7.5 Hz, 1 H), 4.45 (br. s, 1 H), 3.52 — 3.34 (mH)03.18 (d,J = 11.5 Hz, 1 H), 3.06 — 2.83
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(m, 6 H), 2.80 — 2.60 (m, 4 H), 2.50 — 2.27 (m, )} 121 — 1.99 (m, 4 H), 1.99 — 1.91 (m, 4
H), 1.91 - 1.82 (m, 2 H), 1.82 — 1.66 (m, 1 H) (gveton arising from carboxylic acid was
not observed due to exchang&z NMR (101 MHz, CROD) & = 180.5, 156.5, 153.5, 151.5,
145.0, 1445, 138.5, 130.5, 121.0, 118.0, 116.8,511114.0, 113.5, 98.5 (aJC-F: 175 Hz),
75.5, 66.0, 57.0, 54.5, 46.5, 42.5%@.F = 25 Hz) 39.5, 36.5 (dJc.r = 24 Hz), 35.5 (FIc.r
= 26 Hz), 29.0, 27.5, 22.0, 20.5 fc.r = 6 Hz);**F NMR (376 MHz, CQOD) & = (-144.0)

—(-144.5) (m); HRMS calcd for 4H4,FN4O3, 537.3235 found 537.3228.

3-(3-Cyclopropyl-4-methoxyphenyl)-4-(4-fluoro-4-(67,8-tetrahydro-1,8-naphthyridin-2-

yl)methyl)azepan-1-yl)butanoat&g5a—d (Diastereomers A-D)

N N E OH

(x)-(E)-tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-
yhbut-2-enoate (200 mg, 0.496 mmol), 2-(3-cyclgpie4-methoxyphenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (397 mg, 1.45 mnami)l KOH,q (0.261 mL of a 3.8 M
solution, 0.991 mmol) were dissolved in 1,4-dioxgkenlL) and the solution was degassed.
[Rh(COD)CIL (2.5 mg, 5.0 umol) was added and the reactioneldlsshed with nitrogen,
sealed and heated in a microwave oven (1 h, 986fnal power). The reaction mixture was
filtered and the solution evaporated. The resididid was dissolved in MeOH : DMSO
(1:1, 4 mL) and purified by reverse phase chrograohy (C18, 60 g, 5 — 50% MeCN

(containing 0.1% TFA) in water (containing 0.1% TFAO CV). The appropriate fractions
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were combined and concentrated under reduced peedsu give (x)tert-butyl 3-(3-
cyclopropyl-4-methoxyphenyl)-4-(4-fluoro-4-((5,63#etrahydro-1,8-naphthyridin-2-
yl)methyl)azepan-1-yl)butanoate (175 mg, 64%) a®lack oil. A 50 mg portion was
dissolved in EtOH (5 mL) and the diastereomers rsdpd by using chiral HPLC (Injection;
0.5 mL, eluting with 3% EtOH/heptane (containin@%.isopropylamine, f = 42.5 mL/min,
detecting at 320 nm; column 2 cm x 25 cm Chiralp&kH (self packed), 30 min) to give
mixed fractions of diastereomers A and B (21 mg) fractions containing pure diastereomer
C (11 mg) and D (11 mg). Fractions containing dgstmer A and B were evaporated and
dissolved in EtOH (3 mL) and the diastereomers wereaseparated by chiral HPLC
(Injection; 0.25 mL, eluting with 3% EtOH/heptar@miitaining 0.2% isopropylamine, f = 20
mL/min, detecting at 280 nm; column 2 cm x 25 cmré&pak AS (self packed), 10 min) to
give diastereomer A (11 mg) and diastereomer Bnfg Diastereomer A : Analytical chiral
HPLC (3%EtOH(containing 0.2% isopropylamine)/heptain= 1.0 mL/min, detecting at 215
nm; column 4.6 mm id x 25 cm Chiralcel AD (self pad)) R = 10.5 min; chiral purity >
99%; Diastereomer B : Analytical chiral HPLC (Meth¢as diastereomer A));R 9.0 min;
chiral purity > 99%; Diastereomer C : Analyticalireth HPLC (Method (as diastereomer A))
R: = 11.5 min; chiral purity > 99%; Diastereomer Bnalytical chiral HPLC (Method (as
diastereomer A)) R= 24.2 min; chiral purity > 99%. The four estererev hydrolysed
separately by dissolving the solid in 2-MeTHF (@n2) and HClyq) (0.01 mL of a 12 M
solution, 0.10 mmol). The suspension was stirreghabient temperature for 16 h then 50 °C
for 2 h. The solution was evaporated under redpcesisure and dissolved in water (300 uL).
The individual solutions were purified by reverdeape chromatography (C18, 4.3 g, 5 —
95% MeCN (containing 0.1% ammonia) in 10 mM ammanibicarbonate, 10 CV). The
appropriate fractions were combined and dried urdstream of nitrogen to give the title

compound.
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Diastereomer A: 3-(3-cyclopropyl-4-methoxyphenyj4fluoro-4-((5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢tlmg, 51%); LCMS (System formic 2
min) [M+H]* 495; R 0.60 min, purity >99%:d]p = + 2 € = 1.06, EtOH) H NMR (400
MHz, CDCk) & = 7.18 (d,J = 7.5 Hz, 1 H), 6.98 — 6.85 (m, 1 H), 6.78 Jc5 8.5 Hz, 1 H),
6.60 (d,J = 2.0 Hz, 1 H), 6.52 — 6.40 (m, 1 H), 3.85 (s, 3 3150 (s, 1 H), 3.48 — 3.41 (m, 2
H), 3.31 — 3.17 (m, 1 H), 3.12 — 2.87 (m, 4 H),72-82.67 (m, 4 H), 2.46 — 2.23 (m, 1 H),
2.23—2.01 (m, 4 H), 2.01 — 1.90 (m, 3 H), 1.9D79 (m, 2 H), 1.70 — 1.62 (m, 2 H), 0.99 —
0.90 (m, 2 H), 0.73 — 0.58 (m, 2 H) (the protonisiag from the amine and the carboxylic

acid were not observed due to exchange).

Diastereomer B: 3-(3-cyclopropyl-4-methoxyphenyj44fluoro-4-((5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢lmg, 78%); LCMS (System formic 2
min) [M+H]* 495; R 0.60 min, purity >99%:d]p = - 2 € = 1.09, EtOH);'H NMR (400
MHz, CDChk) 6 = 7.14 (d,J = 7.5 Hz, 1 H), 6.89 (dd] = 8.5, 2.5 Hz, 1 H), 6.78 (d,= 8.5
Hz, 1 H), 6.60 (dJ = 2.5 Hz, 1 H), 6.43 (d] = 7.5 Hz, 1 H), 3.85 (s, 3 H), 3.47 — 3.39 (m, 2
H), 3.31 — 3.19 (m, 1 H), 3.12 — 3.01 (m, 2 H),13-:02.88 (m, 2 H), 2.85 — 2.67 (m, 8 H),
2.45-2.23 (m, 1 H), 2.21 - 1.97 (m, 3 H), 1.9B77 (m, 4 H), 1.77 — 1.65 (m, 1 H), 0.98 —
0.86 (m, 2 H), 0.68 — 0.55 (m, 2 H) (the protonisiag from the amine and the carboxylic
acid were not observed due to exchand&); NMR (101 MHz, CDGJ) § = 176.0, 156.5,
154.5, 137.5, 134.5, 132.5, 123.5, 123.0, 119.8,511110.0, 96.5 (olJC_F = 174 Hz), 73.5,
67.0, 63.0, 56.5, 55.5, 49.0 fdc.r = 5 Hz), 46.0 (d2Jc.r = 23 Hz), 44.5, 41.0, 38.5, 35.5 (d,
Jor = 24 Hz), 25.5, 23.5, 19.0 (dJcr = 6 Hz), 9.0, 7.5 (one carbon environment not

observed)**F NMR (376 MHz, CDGJ) § = (-136.5) — (-137.0) (m).

Diastereomer C: 3-(3-cyclopropyl-4-methoxypheny(44fluoro-4-((5,6,7,8-tetrahydro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢8lmg, 81%); LCMS (System formic 2
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min) [M+H]* 495; R 0.60 min, purity >99%:d]o = - 7 € = 1.01, EtOH);'H NMR (400
MHz, CDCk) 6 = 7.17 (d,J = 7.5 Hz, 1 H), 6.92 — 6.86 (m, 1 H), 6.77 Jck 8.5 Hz, 1 H),
6.60 (d,J=2.0 Hz, 1 H), 6.46 (dl = 7.5 Hz, 1 H), 3.85 (s, 3 H), 3.48 — 3.37 (m, R 3127 -
3.15 (m, 1 H), 3.15 - 2.91 (m, 4 H), 2.91 — 2.63 &), 2.34 — 2.03 (m, 4 H), 2.03 — 1.79
(m,4H),1.79-1.64 (m,1H),0.99-0.86 (m,)2871 — 0.54 (m, 2 H) (the protons arising
from the amine and the carboxylic acid were noteoked due to exchangéfF NMR (376

MHz, CDCk) § = (-136.5) — (-137.0) (m).

Diastereomer D: 3-(3-cyclopropyl-4-methoxyphenyj44fluoro-4-((5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢g8lmg, 81%); LCMS (System formic 2
min) [M+H]* 495; R 0.60 min, purity 99%;d]p = + 6 € = 0.98, EtOH)*H NMR (400 MHz,
CDCl) § = 7.17 (dJ = 7.5 Hz, 1 H), 6.94 — 6.83 (m, 1 H), 6.77 Jc 8.5 Hz, 1 H), 6.60 (d,
J=2.0Hz, 1 H), 6.46 (dl = 7.5 Hz, 1 H), 3.84 (s, 3 H), 3.49 — 3.37 (m, 2 3429 — 3.15 (m,

1 H), 3.14 — 2.90 (m, 4 H), 2.89 — 2.65 (M, 8 HR®— 2.00 (M, 4 H), 2.00 — 1.79 (m, 4 H),
1.79 —1.64 (m, 1 H), 0.99 — 0.83 (m, 2 H), 0.7255 (m, 2 H) (the protons arising from the
amine and the carboxylic acid were not observed tduexchange)*F NMR (376 MHz,
CDClL) & = (-136.5) — (-137.0) (m); HRMS calcd for,dBizsFNsOs, 496.2970 found

496.2970.
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tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-yl)-3-(3-

(5-methyl-H-pyrazol-1-yl)phenyl)butanoatd §7a—g (Diastereomers A-D)

[ §:%OJ<

(¥)-(E)-tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napktidin-2-yl)methyl)azepan-1-
yhbut-2-enoate (200 mg, 0.5 mmol), (3-(5-methid-fryrazol-1-yl)phenyl)boronic acid (292
mg, 1.44 mmol) and KO#) (0.26 mL of a 3.8 M solution, 0.99 mmol) were dised in
1,4-dioxane (3 mL). The solution was degassed mittlogen, then [Rh(COD)Cl](2.5 mg, 5
pmol) was added. The solution was heated in a meve oven (1 h, 95 °C, normal power).
The mixture was filtered and the filtrate was evaped under reduced pressure. The
resulting solid was dissolved in 1,4-dioxane (3 mMIBh(COD)CI} (5 mg, 10 umol) was
added and the reaction mixture was heated in somare oven (normal power, 95 °C, 1 h).
The mixture was filtered and the filtrate evapodatender reduced pressure. The crude
mixture was dissolved in DMSO (5 mL) and purifiegieverse phase chromatography (C18,
30 g, 70 — 95% MeCN (containing 0.1% ammonia) innd ammonium bicarbonate, 11
CV). The appropriate fractions were combined arapevated under reduced pressure to give
(x)-tert-butyl  4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napitidin-2-yl)methyl)azepan-1-yl)-
3-(3-(5-methyl-H-pyrazol-1-yl)phenyl)butanoate (80 mg, 28 %) asshoyv gum. The gum
was dissolved in EtOH (5 mL) and the diastereonsegsarated by chiral HPLC (Injection;
0.5 mL, eluting with 90% EtOH (containing 0.2% isopylamine)/10% hexane (containing
0.2% isopropylamine), then 25% EtOH, f = 42.5 mldpdetecting at 320 nm; column 3 cm

x 25 cm Chiralpak AD-H (self packed), 45 min) tovegimixed fractions of diastereomer A
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and B and diastereomer C and D. The two mixedifnastwere evaporated and dissolved in
EtOH (5 mL), diastereomers A and B were separdtgdction; 0.5 mL, eluting with 92.5%
EtOH (containing 0.2% isopropylamine)/7.5% hexanentaining 0.2% isopropylamine),
then 25% EtOH, f = 42.5 mL/min, detecting at 320, melumn 3 cm x 25 cm Chiralpak OD-
H (self packed), 20 min) to give diastereomer Anig) and diastereomer B (9 mq).
Diastereomers C and D were separated using a meth@ddjection; 0.5 mL, eluting with
95% EtOH (containing 0.2% isopropylamine)/5% hexémmtaining 0.2% isopropylamine),
then 25% EtOH, f = 42.5 mL/min, detecting at 320, melumn 3 cm x 25 cm Chiralpak OD-
H (self packed), 30 min) to give diastereomer Cn{§) and diastereomer D (9 mg).
Diastereomer A : Analytical chiral HPLC (10%EtOHftaining 0.2%
isopropylamine)/Heptane, f = 1.0 mL/min, detectatg215 nm; column 4.6 mm id x 25 cm
Chiralcel AD-H (self packed)) R= 15.8 min; chiral purity >99%. Diastereomer B :
Analytical Chiral HPLC (Method (as diastereomer /&)= 20.5 min; chiral purity >99%.
Diastereomer C : Analytical Chiral HPLC (Method ¢hastereomer A)) R= 17.0 min; chiral
purity >99%. Diastereomer D : Analytical Chiral HEL(Method (as diastereomer A)) R

21.5 min; chiral purity >99%.
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridryl)methyl)azepan-1-yl)-3-(3-(5-

methyl-1H-pyrazol-1-yl)phenyl)butanoic acid §89 (Diastereomer A)

=N
§N
m%i
N N/ ] OH

tert-Butyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-napitidin-2-yl)methyl)azepan-1-yl)-3-(3-
(5-methyl-H-pyrazol-1-yl)phenyl)butanoate — Diastereomer A g, 0.01 mmol) was
dissolved in THF (0.2 mL) and Hgd) (0.05 mL of a 2 M solution, 0.1 mmol) was added.
The solution was stirred at 50 °C for 7 h thenrabignt temperature for 16 h, then at 50 °C
for 7 h, then 16 h at ambient temperature and l§in@lh at 50 °C. The solution was
evaporated and then dissolved in,CH (0.3 mL) and purified by reverse phase
chromatography (C18, 4.3 g, 5 — 95% MeCN (contgnth1l% ammonia) in 10 mM
ammonium bicarbonate, 8 CV). The appropriate foastiwere combined and evaporated
under a stream of No give the title compound (5 mg, 69%) as a gynjs = - 3 € = 0.53,
CDCl); LCMS (System formic 2 min) [M+H] 506; R 0.52 min, purity >99%*H NMR
(400 MHz, CDC}) § = 7.59 (dJ = 2.0 Hz, 1 H), 7.46 — 7.39 (m, 1 H), 7.34 — 7.82 4 H),
7.19 (d,J = 7.5 Hz, 1 H), 6.49 (d] = 7.5 Hz, 1 H), 6.24 — 6.19 (m, 1 H), 3.53 — 3.48 8

H), 3.20 — 2.96 (m, 3 H), 2.96 — 2.86 (m, 1 H),&-82.65 (m, 8 H), 2.36 (s, 3 H), 2.31 — 1.99
(m, 3 H), 1.99 -1.91 (m, 2 H), 1.91 — 1.67 (m, 3(the proton arising from the carboxylic

acid was not observed due to exchange).
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridiryl)methyl)azepan-1-yl)-3-(3-(5-

methyl-1H-pyrazol-1-yl)phenyl)butanoic acid §8b) (Diastereomer B)

=N
§N
m%i
N N/ ] OH

Using the method above, the title compound was gregp fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl) methygman-1-yl)-3-(3-(5-methylH1-pyrazol-
1-yl)phenyl)butanoate — Diastereomer B (9 mg, Gr080l) gave the title compound (7 mg,
86%) as a gum ofp=+ 3 € =0.71, CDCJ); LCMS (System formic 2 min) [M+H]506; R
0.52 min, purity >99%'H NMR (400 MHz, CDC}) & = 7.59 (dJ = 1.5 Hz, 1 H), 7.45 — 7.38
(m, 1 H), 7.34 — 7.26 (m, 2 H), 7.23 — 7.17 (m, R 6147 (d, J = 7.5 Hz, 1 H), 6.22 (dd] =

1.5, 1.0 Hz, 1 H), 3.52 — 3.41 (m, 3 H), 3.18 -62(M, 3 H), 2.96 — 2.83 (m, 2 H), 2.83 —
2.65 (m, 7 H), 2.36 (s, 3 H), 2.33 — 1.99 (m, 3HY9 — 1.89 (M, 2 H), 1.88 — 1.64 (m, 3 H)
(the protons arising from the carboxylic acid anare were not observed due to exchange);

HRMS calcd for GgH37FNsO2, 506.2926 found 506.2907.
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridiryl)methyl)azepan-1-yl)-3-(3-(5-

methyl-1H-pyrazol-1-yl)phenyl)butanoic acid §89 (Diastereomer C)

=N
§N
m%i
N N/ ] OH

Using the method above, the title compound was greep fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl) methygman-1-yl)-3-(3-(5-methylH1-pyrazol-
1-yl)phenyl)butanoate — Diastereomer C (9 mg, @d2ol) gave the title compound (5.5 mg,
68%) as a gum afp = - 7 €€ = 0.55, CDCJ); LCMS (System formic 2 min) [M+H]506; R
0.52 min, purity >99%'H NMR (400 MHz, CDC}) & = 7.59 (dJ = 2.0 Hz, 1 H), 7.45 — 7.38
(m, 1 H), 7.34 — 7.26 (m, 2 H), 7.24 — 7.15 (m, 2 6149 (d,J = 7.0 Hz, 1 H), 6.24 — 6.20
(m, 1 H), 3.49 — 3.37 (m, 3 H), 3.20 — 2.96 (m, 3 2496 — 2.86 (m, 1 H), 2.86 — 2.61 (m, 8
H), 2.37 (s, 3 H), 2.27 — 1.99 (m, 3 H), 1.99 —91(&, 2 H), 1.88 — 1.64 (m, 3 H) (the

protons arising from the carboxylic acid and amirege not observed due to exchange).
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4-(4-Fluoro-4-((5,6,7,8-tetrahydro-1,8-naphthyridiryl)methyl)azepan-1-yl)-3-(3-(5-

methyl-1H-pyrazol-1-yl)phenyl)butanoic acid §8d) (Diastereomer D)

=N
§N
m%i
N N/ ] OH

Using the method above, the title compound was gregp fromtert-butyl 4-(4-fluoro-4-
((5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl) methygman-1-yl)-3-(3-(5-methylH1-pyrazol-
1-yl)phenyl)butanoate — Diastereomer D (9 mg, Gu®@ol) gave the title compound (5.5 mg,
68%) as a gum ofp = + 6.5 € = 0.55, CDGJ); LCMS (System formic 2 min) [M+H]506;

R 0.52 min, purity >99%H NMR (400 MHz, CDCJ) 6 = 7.59 (dJ= 2.0 Hz, 1 H), 7.47 —
7.39 (m, 1 H), 7.34 — 7.29 (m, 2 H), 7.25 — 7.17 2nl), 6.50 (d,) = 7.0 Hz, 1 H), 6.22 (d]

= 2.0 Hz, 1 H), 3.50 — 3.38 (m, 3 H), 3.22 — 2.87 8 H), 2.96 — 2.86 (m, 1 H), 2.86 — 2.61
(m, 8 H), 2.37 (s, 3 H), 2.25 — 2.00 (m, 3 H), 2-00.91 (m, 2 H), 1.91 — 1.65 (m, 3 H) (the

protons arising from the carboxylic acid and therenwere not observed due to exchange).
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Methyl  3-(3-(3,5-dimethyl-H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telrgdro-1,8-
naphthyridin-2-yl)methyl)azepan-1-yl)butanoa{g){70) and (70a—9 (Diastereomers A—

D)

(x)-(E)-Methyl 4-(4-fluoro-4-((5,6,7,8-tetrahydro-1,8-rtapyridin-2-yl)methyl)azepan-1-yl)
but-2-enoate (140 mg, 0.387 mmol), [Rh(COD)El9 mg, 0.039 mmol), KOH) (0.306 of

a 3.8 M solution mL, 1.16 mmol) and 3,5-dimethy(3t{4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)H-pyrazole (346 mg, 1.16 mmol) were dissolved indigkane

(2 mL) and heated in a microwave oven (1 h, 95Hi@h power). The reaction mixture was
purified without work—up by reverse phase chromaphy (C18, 30 g, 5 — 95% MeCN
(containing 0.1% ammonia) in 10 mM ammonium bicadie, 10 CV). The fractions were
combined and evaporated to give the title compddB80 mg, 63 %) as a gum. The solution
was dissolved in EtOH (10 mL) and the diastereonseysarated by using chiral HPLC
(Injection; 0.5 mL, eluting with 80% EtOH/hexan@iitaining 0.2% isopropylamine, f = 75
mL/min, detecting at 215 nm; column 2 cm x 25 cnir@pak AD-H (self packed), 15 min)
to give diastereomer D (11 mg) (R 13.0 min) and mixed fractions (33 mg). The mixed
fractions were evaporated and dissolved in EtOF[3 and the diastereomers separated by
using chiral HPLC (Injection; 0.5 mL, 95% EtOH/hexa(containing 0.2% isopropylamine, f

= 42.5 mL/min, detecting at 280 nm; column 2 cm5xcn Chiralpak OD-H (self packed),
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25 min) to give diastereomer A (10 mg); R16.5 min) and mixed fractions (18 mg). The
mixed fractions were evaporated and dissolved i®@HEt(1.5 mL) and the remaining
diastereomers were separated by using chiral HRh@Ection; 0.5 mL, eluting with 50%
EtOH/hexane (containing 0.2% isopropylamine, f =n85min, detecting at 280 nm; column
2 cm x 25 cm Chiralpak OJ-H (self packed), 35 nhinyjive diastereomer B (10 mg) (R

13.0 min) and diastereomer C (10 mg) £R20.0 min).

Diastereomer A: Methyl 3-(3-(3,5-dimethyHipyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)methyl)azepan-)byitanoate (10 mg, 5%) as a gum:
Analytical chiral HPLC (2.5% EtOH (containing 0.2%sopropylamine)/Heptane,
f = 1 mL/min, detecting at 250 nm; column 4.6 mmxd25 cm Chiralcel OD-H (self
packed)) R= 16.5 min; chiral purity>99%; LCMS (System High pH 2 min) [M+AB34; R
1.31 min, purity 98%'H NMR (400 MHz, CRCN) & = 7.44 — 7.36 (m, 1 H), 7.32 — 7.20 (m,
3 H), 7.08 (d,J = 7.5 Hz, 1 H), 6.38 (d] = 7.5 Hz, 1 H), 6.04 (s, 1 H), 5.09 (br. s, 1 HHSB
—3.52 (m, 2 H), 3.40 — 3.29 (m, 3 H), 2.89 (d& 15.5, 5.5 Hz, 1 H), 2.79 (dJ.. = 20.0
Hz, 2 H), 2.72 — 2.49 (m, 8 H), 2.32 — 2.26 (m, 32424 (s, 3 H), 2.05 — 1.77 (m, 8 H), 1.77
—1.63 (M, 1 H), 1.54 — 1.38 (m, 1 HJF NMR (376 MHz, CRCN) = (-136.8) — (-137.1)

(m).

Diastereomer B: Methyl 3-(3-(3,5-dimethyHipyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)methyl)azepan-)byitanoate (10 mg, 5%) as a gum.
Analytical chiral HPLC (as above){R= 19.5 min; chiral purity = 96% (contains 2%
diastereomer A); LCMS (System High pH 2 min) [M£Hj34; R 1.31 min, purity >99%'H
NMR (400 MHz, CQCN) & = 7.44 — 7.34 (m, 1 H), 7.32 — 7.20 (m, 3 H), 7(08) = 7.5 Hz,

1 H), 6.38 (dJ = 7.5 Hz, 1 H), 6.04 (s, 1 H), 5.10 (br. s, 1 HE3(s, 3 H), 3.40 — 3.30 (m, 3
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H), 2.85 (dd,J = 15.5, 6.5 Hz, 1H), 2.79 (@Jur = 20 Hz, 2 H), 2.73 — 2.43 (m, 8 H), 2.28 (s,
3 H), 2.24 (s, 3 H), 2.09 — 1.66 (M, 9 H), 1.49.381(m, 1 H);**F NMR (376 MHz, CRCN)

5 = (-136.5) — (-136.8) (m).

Diastereomer C: methyl 3-(3-(3,5-dimethypyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)methyl)azepan-)byitanoate (10 mg, 5%) as a gum:
Analytical chiral HPLC (as above);R 20.2 min; chiral purity>99%; LCMS (System High
pH 2 min) [M+H]" 534; R 1.31 min, purity 98%*H NMR (400 MHz, CRCN) 6 = 7.44 —
7.36 (m, 1 H), 7.32 — 7.21 (m, 3 H), 7.08Jd; 7.5 Hz, 1 H), 6.38 (d] = 7.5 Hz, 1 H), 6.04
(s, 1 H), 5.13 (br. s, 1 H), 3.55 (s, 3 H), 3.48.29 (m, 3 H), 2.89 (ddl= 15.5, 5.5 Hz, 1 H),
2.78 (d,%3.r = 20 Hz, 2 H), 2.72 — 2.48 (m, 8 H), 2.32 — 2.26 &), 2.24 (s, 3 H), 2.05 —
1.77 (m, 8 H), 1.75 — 1.65 (m, 1 H), 1.52 — 1.43 {ni); *>F NMR (376 MHz, CRCN) § =

(-136.8) — (-137.1) (m).

Diastereomer D: methyl 3-(3-(3,5-dimethydpyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)methyl)azepan-)bytanoate (11 mg, 5%) as a gum.
Analytical chiral HPLC (as above);R 21.2 min; chiral purity>99%; LCMS (System High
pH 2 min), [M+H] 534; R 1.31 min; purity >99%'H NMR (400 MHz, CRCN) & = 7.43 —
7.37 (m, 1 H), 7.34 — 7.20 (m, 3 H), 7.08Jd; 7.5 Hz, 1 H), 6.38 (d] = 7.5 Hz, 1 H), 6.04
(s, 1 H), 5.13 (br. s, 1 H), 3.54 (s, 3 H), 3.48.30 (m, 3 H), 2.85 (ddl = 15.5, 6.5 Hz, 1H),
2.77 (d,334.r = 20 Hz, 2 H), 2.72 — 2.41 (m, 8 H), 2.28 (s, 3 P4 (s, 3 H), 2.00 — 1.66 (m,

9 H), 1.49 — 1.39 (m, 1 H¥’F NMR (376 MHz, CRCN) & = (-136.5) — (-136.8) (m).

|[Page [296



Property of GSK - Confidential - Do not copy

3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telrgdro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢ld1g (Diastereomer A)
phtny Yl Yy Y y

s
NN
X
»
N N N OH

Methyl  3-(3-(3,5-dimethyl-H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telrpdro-1,8-
naphthyridin-2-yl)methyl)azepan-1-yl)butanoate -afdereomer A (10 mg, 0.02 mmol) was
dissolved in 1,4-dioxane (0.5 mL). H&l (50 pL of a 4 M solution in 1,4-dioxane, 0.2
mmol) was added to the reaction mixture and it wtsed for 18 h. The solution was
evaporated and dissolved in THF (0.5 mL) and LigH200 pL of a 1 M solution, 0.2
mmol) and stirred for 18 h. The crude material weaporated and was dissolved in DMSO :
H,O (1:1 ; 300uL) and purified by reverse phase (12 g, 5 — 75% MédC€ontaining 0.1%
ammonia) in 10 mM ammonium bicarbonate, 10 CV). ®Eppropriate fractions were

collected and evaporated to give the title compag@nehg, 61%) : LCMS (System High pH 2

min) [M+H]* 520; R 0.88 min, purity 85%;d]p = + 16 € = 1.01, EtOH)"H NMR (400
MHz, CDsCN) & = 7.44 — 7.36 (m, 1 H), 7.30 (ddi= 2.0, 1.0 Hz, 1 H), 7.29 — 7.26 (m, 1 H),
7.21 (dt,J = 7.5, 1.5 Hz, 1 H), 7.10 (d,= 7.5 Hz, 1 H), 6.38 (d] = 7.5 Hz, 1 H), 6.02 (s, 1
H), 3.48 — 3.38 (m, 1 H), 3.34 — 3.29 (m, 2 H),8-02.77 (m, 8 H), 2.67 (§,= 6.0 Hz, 2 H),
2.64 — 2.56 (M, 1 H), 2.53 — 2.36 (M, 1 H), 2.283(81), 2.20 (s, 3 H), 2.15 — 1.98 (m, 4 H),
1.87 — 1.75 (m, 3 H), 1.66 — 1.53 (m, 1 H) (thetpng arising from the amine and the
carboxylic acid were not observed due to exchang&):NMR (376 MHz, CRCN) & =

(-136.9) — (-137.1) (m).
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3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telrgdro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢ld1b) (Diastereomer B)

.
NN
A
»
N N N OH
Using the method above, the title compound wasagregpfrom methyl 3-(3-(3,5-dimethyl-

1H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telngdro-1,8-naphthyridin-2-

yl)methyl)azepan-1-yl)butanoate — Diastereomer B fig, 0.02 mmol) to give the title

compound (6 mg, 61%); LCMS (System High pH 2 midy-H] T 520; R 0.88 min, purity
93%; [u]p = + 9 € = 1.03, EtOH)"H NMR (400 MHz, CRCN) & = 7.48 — 7.40 (m, 1 H),
7.34 - 7.32 (m, 1 H), 7.32 — 7.28 (m, 1 H), 7.28.21 (m, 1 H), 7.13 (d] = 7.5 Hz, 1 H),
6.41 (d,J= 7.5 Hz, 1 H), 6.04 (s, 1 H), 5.64 (br. s, 1 BI47 — 3.38 (m, 1 H), 3.38 — 3.31 (m,
2 H), 3.14 — 2.77 (m, 8 H), 2.69 &= 6.5 Hz, 2 H), 2.64 — 2.58 (m, 1 H), 2.54 — 2(62 1
H), 2.30 (s, 3 H), 2.23 (s, 3 H), 2.15 — 2.01 (MH)41.92 — 1.78 (m, 3 H), 1.73 - 1.59 (m, 1
H) (the proton arising from the carboxylic acid watot observed due to exchang€f

NMR (376 MHz, CRCN) § = (-137.6) — (-137.7) (m).
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3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telrgdro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢ld1qg (Diastereomer C)
phtny Yl Yy Y y

Ty
N\
(L) E i
_

N N N OH
Using the method above, the title compound wasagregpfrom methyl 3-(3-(3,5-dimethyl-
1H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telngdro-1,8-naphthyridin-2-
yl)methyl)azepan-1-yl)butanoate — Diastereomer Q i@ig, 0.02 mmol) to give the title
compound (6 mg, 61%) : LCMS (System High pH 2 niM}H] * 520; R 0.88 min, purity
95%; [o]o = - 16 € = 1.08, EtOH); *H NMR (400 MHz, CRCN) & = 7.48 — 7.40 (m, 1 H),
7.35-7.32(m, 1 H), 7.31 — 7.28 (m, 1 H), 7.28.21 (m, 1 H), 7.13 (d] = 7.5 Hz, 1 H),
6.41 (d,J = 7.5 Hz, 1 H), 6.05 (s, 1 H), 5.82 (br. s, 1 8152 — 3.40 (m, 1 H), 3.38 — 3.31 (m,
2 H), 3.13 - 2.79 (m, 8 H), 2.71 — 2.67 (m, 2 HEE&— 2.59 (m, 1 H), 2.56 — 2.50 (m, 1 H),
2.30 (s, 3 H), 2.23 (s, 3 H), 2.19 — 1.98 (m, 4 HY3 — 1.75 (M, 3 H), 1.64 (m, 1 H) (the
proton arising from the carboxylic acid were nosetved due to exchangéjF NMR (376

MHz, CDsCN) & = (-137.0) — (-137.2) (m); HRMS calcd fordBlssFNsOz, 520.3082 found

520.3068.
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3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telrgdro-1,8-

naphthyridin-2-yl)methyl)azepan-1-yl)butanoic a¢ld1d) (Diastereomer D)
phtny Yl Yy Y y

=y
N<\
(LA E i
P

N N N OH
Using the method above, the title compound wasagregpfrom methyl 3-(3-(3,5-dimethyl-
1H-pyrazol-1-yl)phenyl)-4-(4-fluoro-4-((5,6,7,8-telngdro-1,8-naphthyridin-2-
yl)methyl)azepan-1-yl)butanoate — Diastereomer D (g, 0.02 mmol) to give the title
compound (8 mg, 82 %)LCMS (System High pH 2 min) [M+H] 520; R 0.88 min, purity
93%; [o]o = - 10 € = 1, EtOH);*H NMR (400 MHz, CRCN) & = 7.48 — 7.40 (m, 1 H), 7.33
(dd,J = 2.0, 1.0 Hz, 1 H), 7.32 — 7.26 (m, 1 H), 7.2d,@= 7.5, 1.0 Hz, 1 H), 7.13 (d,=
7.5 Hz, 1 H), 6.41 (d) = 7.5 Hz, 1 H), 6.05 (s, 1 H), 5.61 (br. s, 1 B47 — 3.38 (m, 1 H),
3.38 — 3.26 (M, 2 H), 3.18 — 2.79 (m, 8 H), 2.69 (& 6.5 Hz, 2 H), 2.66 — 2.57 (m, 1 H),
2.56 — 2.50 (m, 1 H), 2.30 (s, 3 H), 2.23 (s, 3H),6 — 2.00 (m, 3 H), 1.93 — 1.73 (M, 4 H),
1.70 — 1.59 (m, 1 H) (the proton arising from tlaeboxylic acid were not observed due to

exchange)!*F NMR (376 MHz, CRCN) § = (-137.4) — (-137.8) (m).
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(E)-tert-Butyl 3-fluoro-3-(3-oxobut-1-en-1-yl)piperidine-darboxylate 180)

= NBoc

Oxalyl chloride (1.12 mL 12.8 mmol) was dissolvedDCM (40 mL) and the solution was
cooled to -70 °C. DMSO (1.21 mL, 17.2 mmol) was edido the mixture and the reaction
was stirred for 20 mirtert-Butyl 3-fluoro-3-(hydroxymethyl)piperidine-1-carkyglate (2.0 g,
8.6 mmol) dissolved in DCM (10 mL) and added dragemMo the solution. The mixture was
stirred at -70 °C for 20 min, then DIPEA (7.48 m12.9 mmol) was added dropwise. The
mixture was stirred at -70 °C for 20 min then wadne O °C and quenched with water (0.1
mL). The organic layer was separated and washddhsilhe (100 mL) and evaporated under
reduced pressure. The crude product was dissonedTHF (30 mL) and 1-
triphenylphosphoranylidene (5.19 g, 16.3 mmol) vealsled. The mixture was stirred at
ambient temperature for 18 h. The solvent was remounder reduced pressure, then
dissolved in DCM (2 mL) and purified by flash chratography (100 g, 50 : 50 EtOAc :
heptane, 10 CV) to give the title compound (960 Aidp) as a gum : LCMS (System formic
2 min) [M+H]" 272; R 1.00 min, purity 94%H NMR (400 MHz, CROD) & = 6.87 (dd,
33u-r = 19.0,204.h = 16.0 Hz, 1 H), 6.34 (d = 16.0 Hz, 1 H), 4.06 — 3.90 (m, 2 H), 2.29 (s, 3
H), 1.98 — 1.86 (m, 2 H), 1.86 — 1.71 (m, 2 H),61-61.54 (m, 2 H), 1.45 (s, 9 HC NMR
(101 MHz, CQOD) & = 199.0, 156.5, 146.5 (@)c.r = 20 Hz), 130.5 (XJc.r = 9 Hz), 93.5
(d, “Jc.r = 184 Hz), 81.5, 43.5, 34.5, 34.0, 28.5, 27.552'F NMR (376 MHz, CROD) § =

(-164.0) — (-164.4); HRMS calcd fon23FNOs, 272.1657 found 272.1650.
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(E)-tert-Butyl 3-(2-(1,8-naphthyridin-2-yl)vinyl)-3-fluordperidine-1-carboxylatel@3

(E)-tert-Butyl 3-fluoro-3-(3-oxobut-1-en-1-yl)piperidine-darboxylate (200 mg, 2 mmol)
was dissolved in EtOH (5 mL) and KOH (48 mg, 0.89mah) and 2-amino-3-
pyridinecarboxaldehyde (322 mg, 2.60 mmol) wereeddd he reaction mixture was heated
to 90 °C for 1 h. The reaction mixture was thenled@nd the solvent evaporated. The crude
material was dissolved in DCM (2 mL) and purifiegd flash chromatography (20 g, 100%
EtOAc, 10 CV). The appropriate fractions were cameli and evaporated to give the title
compound (104 mg, 40%) : LCMS (System formic 2 niM¥H]" 358; R 1.22 min, purity
>99%:;*H NMR (400 MHz, CROD) & = 9.04 (dJ = 2.5 Hz, 1 H), 8.50 — 8.33 (m, 2 H), 7.81
(d,J = 8.5 Hz, 1 H), 7.60 (dd} = 8.5, 4.5 Hz, 1 H), 7.22 — 7.00 (m, 2 H), 4.09.65 (m, 1
H), 4.03 (d,J = 13.0 Hz, 1 H), 3.18 — 3.11 (m, 1 H), 3.06 — 288 1 H), 2.12 — 1.73 (m, 3
H), 1.73 — 1.58 (m, 1 H), 1.46 (s, 9 HYC NMR (101 MHz, CROD) & = 158.5, 155.5,
155.0, 153.5, 139.0, 138.0 {cr = 5 Hz), 137.5, 129.5 (dJc.r = 10 Hz), 122.5, 122.0,
121.0 , 92.5 (d}Jc.r = 179 Hz), 80.0, 69.5, 34.5 (Wlc.r = 23 Hz), 27.5, 21.5, 15.2%{'H}
NMR (376 MHz, CROD) ¢ = -162.5 (s); HRMS calcd for gH2sFN3O,, 358.1925 found

358.1927.
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7-(2-(3-Fluoropiperidin-3-yl)ethyl)-1,2,3,4-tetraty-1,8-naphthyridine(£)176) and (76a—

b) (Enantiomers A and B)

2

(E)-tert-butyl 3-(2-(1,8-naphthyridin-2-yl)vinyl)-3-fluoraperidine-1-carboxylate (5.0 g, 140
mmol) was dissolved in THF (100 mL). This was adtted hydrogenation flask containing
10% Degussa™ Pd/C (148 mg). The reaction mixture stered under an atmosphere of
hydrogen (supplied from a burette) for 18 h. Thepsmsion was filtered and the solvent
evaporated. The crude material was dissolved in THFO mL) and then added to a
hydrogenation flask containing 10% Degussa™ Pd/@3 (ing) and the suspension was
stirred for 2 days under an atmosphere of hydrdgepplied from a burette). The suspension
was filtered and the solvent evaporated. The crudeerial was dissolved in DCM (3 mL)
and purified by flash chromatography (100 g, 1:pthee/EtOAc to 100% EtOAc, 10 CV).
The appropriate fractions were combined and evépdrander reduced pressure to give the
intermediate. This crude intermediate was dissoladdCM (50 mL) and TFA (2.12 mL, 27
mmol) was added. The reaction mixture was stircedLfh, then the solvent was evaporated.
The crude material was dissolved in MeOH (10 mLyl doaded onto an amino propyl
column (10 g, MeOH, 5 CV). The appropriate fractiomere combined and evaporated to
give the title compound (x)-7-(2-(3-fluoropiperidiyl)ethyl)-1,2,3,4-tetrahydro-1,8-
naphthyridine (610 mg, 17%). LCMS (System formianth) [M+H]" 264; R 0.84 min,
purity 77%; (x)-7-(2-(3-fluoropiperidin-3-yl)ethy},2,3,4-tetrahydro-1,8-naphthyridine (5.0
g, 14 mmol) was dissolved in EtOH (10 mL) and heptdl mL) and the enantiomers
separated by using chiral HPLC (Injection; 1 mlytielg with 40% EtOH (containing 0.2%

isopropylamine): 70% hexane (containing 0.2% isppl@mine), f = 30 mL/min, detecting at
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215.4 nm; column 3 cm x 25 cm Chiralpak AD-H (spHcked), 45 min) to give two

enantiomers.

Enantiomer A : 7-(2-(3-fluoropiperidin-3-yl)ethyl);2,3,4-tetrahydro-1,8-naphthyridine —
Enantiomer A (1.35 g, 27%) : Analytical chiral HPL@0% EtOH (containing 0.2%
isopropylamine)/heptane, f = 1.0 mL/min, detectaig?15 nm; column 4.6 mm id x 25 cm
Chiralcel AD-H (self packed)) R 19.0 min chiral purity >99%; LCMS (System Highl 2
min) [M+H]* 264; R 0.83 min, purity >99%'H NMR (400 MHz, CROD) & = 7.11 (d,J =
7.5 Hz, 1 H), 6.36 (d) = 7.5 Hz, 1 H), 3.39 — 3.33 (m, 2 H), 2.97 — 2(88 2 H), 2.71 —
2.65 (m, 2 H), 2.65 — 2.48 (m, 4 H), 2.01 — 1.92 {nH), 1.91 — 1.70 (m, 5 H), 1.70 — 1.49
(m, 2 H) (the protons arising from the amines weseobserved due to exchangelz NMR
(101 MHz, CROD) § = 158.5, 157.5, 138.5, 115.5, 112.0, 93.5%¢+ = 172 Hz), 54.0 (d,
2JcF = 23 Hz), 46.0, 42.5, 39.5 (tlc.r = 22 Hz), 34.0 (dXc.r = 22 Hz), 31.5, 27.5, 22.5 (d,
3Jc.r = 1.5 Hz), 18.5°F NMR (376 MHz, CROD) § = (-164.0) — (-165.0) (m); HRMS calcd

for CisH23FN3, 264.1868 found 264.1871.

Enantiomer B : 7-(2-(3-fluoropiperidin-3-yl)ethyl)2,3,4-tetrahydro-1,8-naphthyridine —
Enantiomer B (1.5 g, 30%) : Analytical chiral HPI(Method (same as enantiomer A))R
24.0 min chiral purity >99%; LCMS (System High pHnd@n) [M+H]" 264; R 0.83 min,
purity >99%:*H NMR (400 MHz, CROD) & = 7.10 (dJ = 7.5 Hz, 1 H), 6.36 (d] = 7.5 Hz,
1 H), 3.42 — 3.33 (m, 2 H), 3.00 — 2.86 (M, 2 HY, 72— 2.46 (m, 6 H), 2.02 — 1.89 (m, 1 H),
1.90 - 1.69 (m, 5 H), 1.69 — 1.49 (m, 2 H) (thetpns arising from the amines were not
observed due to exchangeéJC NMR (101 MHz, CROD) § = 158.5, 157.5, 138.5, 115.5,
112.0, 93.5 (d*Jc.r = 173 Hz), 54.0 (PJcr = 23 Hz), 46.5, 42.5, 39.5 (ljc.r = 22 Hz),
34.0 (d,2Jc.r = 21 Hz), 31.5 (3Jc.r = 5 Hz), 27.5, 23.5, 18.5%F NMR (376 MHz, CROD)

0 = (-164.0) — (-165.0) (m); HRMS calcd fo4E,3F N3, 264.1868 found 264.1871.
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(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)piperidin-1-

yhbut-2-enoate {779 (Enantiomer A)

7-(2-(3-Fluoropiperidin-3-yl)ethyl)-1,2,3,4-tetratyp-1,8-naphthyridine — Enantiomer A
(500 mg, 2 mmol) and DIPEA (0.497 ml, 2.85 mmolyevdissolved in DCM (2 mL) at 0 °C.
(E)-methyl 4-bromobut-2-enoate (0.223 ml, 1.899 mmwed)s then added dropwise to the
solution. The reaction was stirred for 18 h and slévent evaporated, to give the title
compound (898 mg). The mixture was taken forwarthewt purification and the NMR
spectrum contained the following significant peal®®% of the title compound and 20% of
DIPEA. LCMS (System High pH 2 min) [M+H]362; R 1.07 min;'*H NMR (400 MHz,
CDsOD)6 =7.12 (dJ=7.5Hz, 1 H), 6.94 (d = 15.5, 6.5Hz, 1 H), 6.37 (d,=75Hz, 1
H), 6.06 — 5.99 (m, 1 H), 3.73 (s, 3 H), 3.71 -53(&, 1 H), 3.40 — 3.34 (m, 3 H), 2.86 — 2.76
(m, 1 H), 2.76 — 2.65 (m, 3 H), 2.65 — 2.55 (m, 2 2427 — 2.10 (m, 2 H), 1.99 — 1.78 (m, 6
H), 1.67 — 1.42 (m, 2 H) (the proton arising frohe tamine was not observed due to

exchange); HRMS calcd foragH20FN3O,, 362.2238 found 362.2237.
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(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)piperidin-1-

yh)but-2-enoateX77b) (Enantiomer B)

Using the method above, the title compound wasgregpfrom 7-(2-(3-fluoropiperidin-3-
ylethyl)-1,2,3,4-tetrahydro-1,8-naphthyridine —atiomer B (500 mg, 2 mmol) to give the
title compound (840 mg, 98%) as a gum : LCMS (Systeligh pH 2 min) [M+H] 362; R
1.06 min;*H NMR (400 MHz, CROD) & = 7.15 (d,J = 7.0 Hz, 1 H), 7.05 — 6.90 (m, 1 H),
6.42 (d,J = 7.0 Hz, 1 H), 6.07 (d] = 14.5 Hz, 1 H), 3.78 (s, 3 H), 3.49 — 3.66 (m,)2 3144
—3.41 (m, 2 H), 3.28 — 3.13 (M, 2 H), 3.13 — 2®7 2 H), 2.90 — 2.80 (M, 1 H), 2.80 — 2.69
(m, 2 H), 2.69 — 2.60 (M, 1 H), 2.33 — 2.16 (m, 2 05 — 1.85 (M, 4 H), 1.85 — 1.65 (m, 2
H) (the proton arising from the amine was not obsérdue to exchange); HRMS calcd for

CooH29FN3O,, 362.2238 found 362.2237.
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Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydro-in&phthyridin-2-yl)ethyl)piperidin-1-yl)-

3-(3-morpholinophenyl)butanoat&18a—h (Diastereomers A and B)

(E)-Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydrqg8tnaphthyridin-2-yl)ethyl)piperidin-1-
yl)but-2-enoate — Enantiomer A (85 mg, 0.22 mmi@}(COD)CIL (5 mg, 0.01 mmol), (3-
morpholinophenyl)boronic acid (139 mg, 0.672 mmatd KOH,q (0.12 mL of a 3.8 M
solution, 0.45 mmol) were dissolved in 1,4-dioxdRenL) and the solution was heated in a
microwave oven (100 min, 95 °C, high power). Thacten mixture was filtered through
Celite™, washed with EtOAc (10 mL) and evaporaidte reaction mixture was suspended
in MeOH (300pL) and purified by reverse phase chromatography8(GD g, 5 — 95%
MeCN (containing 0.1% ammonia) in 10 mM ammoniuncabbonate, 20 CV). The
appropriate fractions were combined and evaportaiedive methyl 4-(4,4-difluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pmdin-1-yl)-3-(3-
morpholinophenyl)butanoate (85 mg, 58%) as a gume. mixture was dissolved in EtOH (1
mL) and heptane (1 mL) and the diastereomers wegrarated by chiral HPLC (Injection; 2
mL, 50% EtOH (containing 0.2% isopropylamine): 50Bexane (containing 0.2%
isopropylamine), f = 30 mL/min, detecting at 215;rmolumn 3 cm x 25 c¢cm Chiralpak OD-H

(self packed), 45 min) to give two diastereomers.

Diastereomer A: 7-Methyl 4-(4,4-difluoro-3-(2-(5{63-tetrahydro-1,8-naphthyridin-2-

yhethyl)piperidin-1-yl)-3-(3-morpholinophenyl)butaate (18 mg, 15 %) : Analytical chiral
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HPLC (50% EtOH (containing 0.2% isopropylamine)/5Méptane, f = 1.0 mL/min,
detecting at 215 nm; column 4.6 mm id x 25 cm Gb@aOD-H (self packed)) R= 4.0 min;
chiral purity = 99%; LCMS (System High pH 2 min) ] 543; R 1.31 min, purity >99%;
'H NMR (400 MHz, CROD) & = 7.31 — 7.09 (m, 2 H), 6.91 — 6.80 (m, 2 H), 6-86.69 (m,

1 H), 6.49 — 6.32 (m, 1 H), 3.90 — 3.80 (M, 4 HEB- 3.55 (M, 5 H), 3.45 — 3.37 (M, 2 H),
3.20 — 3.10 (m, 4 H), 3.02 — 2.90 (m, 1 H), 2.88.78 (m, 1 H), 2.73 (d] = 5.5 Hz, 2 H),
2.66 — 2.31 (m, 5 H), 2.07 — 1.79 (m, 6 H), 1.62.57 (m, 1 H), 1.27 — 1.13 (m, 3 H) (the
proton arising from the amine was not observed muexchange)*C NMR (101 MHz,
CDsOD) 6 = 175.0, 158.5, 157.5, 155.5, 153.0, 145.5, 1383).5, 120.5, 117.0, 115.5,
112.0, 94.5 (dXJc.r = 174 Hz), 68.0, 65.5, 62.0 (8lc.r = 24 Hz), 55.0, 52.0, 51.0, 42.5,
41.5, 40.5, 39.0 (FJc.r = 22 Hz), 34.5 (dXc.k = 23 Hz), 31.5 (d*Jc.r = 4 Hz), 27.5, 23.5

(d, ®Jcr = 6 Hz), 22.5; HRMS calcd for4gH,FN4Os, 543.3125 found 543.3141.

Diastereomer B: 7-Methyl 4-(4,4-difluoro-3-(2-(5/8-tetrahydro-1,8-naphthyridin-2-
yhethyl)piperidin-1-yl)-3-(3-morpholinophenyl)butaate (59 mg, 48 %) : Analytical chiral
HPLC (50%EtOH (containing 0.2% isopropylamine) /%Cheptane, f = 1.0 mL/min,
detecting at 215 nm; column 4.6 mm id x 25 cm Gb&laOD-H (self packed)) R= 12.5
min; chiral purity > 99%; LCMS (System High pH 2mhi[M+H]" 543; R 1.30 min, purity
>99%; IR (film) 1733, 1601, 1121 ¢n'H NMR (400 MHz, CROD) 6 = 7.17 (tJ = 7.5 Hz,

1 H), 7.12 (dJ = 7.5 Hz, 1 H), 6.85 — 6.81 (m, 1 H), 6.79 Jcs 2.0 Hz, 1 H), 6.73 (d] =
7.5 Hz, 1 H), 6.35 (d] = 7.5 Hz, 1 H), 3.85 — 3.76 (m, 4 H), 3.55 (s, 3 3141 — 3.33 (m, 3
H), 3.28 — 3.23 (m, 1 H), 3.15 — 3.07 (m, 4 H),72-82.75 (m, 3 H), 2.70 (§,= 6.0 Hz, 2 H),
2.63 —2.44 (m, 5 H), 2.24 @,= 10.5 Hz, 1 H), 2.15 (] = 10.5 Hz, 1 H), 2.04 — 1.72 (m, 6
H), 1.60 — 1.44 (m, 1 H) (the proton arising frohe tamine was not observed due to
exchange)F NMR (376 MHz, CRQOD) & = (-156.0) — (-157.0) (m); HRMS calcd for
CaoH42FN4O3, 543.3125 found 543.3141.
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Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydro-in&phthyridin-2-yl)ethyl)piperidin-1-yl)-

3-(3-morpholinophenyl)butanoat&18c—g (Diastereomers C and D)

(E)-Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydrqg8tnaphthyridin-2-yl)ethyl)piperidin-1-
yl)but-2-enoate (56 mg, 0.148 mmol), [Rh(COD)CI](4 mg, 8 wumol), (3-
morpholinophenyl)boronic acid (92 mg, 0.44 mmoldakOHgq) (0.08 mL of a 3.8 M
solution, 0.30 mmol) were dissolved in 1,4-dioxdRenL) and the solution was heated in a
microwave oven (95 °C, 100 min, normal power). Té&ction mixture was filtered through
Celite™, washed with EtOAc (10 mL) and evaporaidte reaction mixture was suspended
in MeOH (300pL) and purified by reverse phase chromatography8(GD g, 5 — 95%
MeCN (containing 0.1% ammonia) in 10 mM ammoniuncabbonate, 20 CV). The
appropriate fractions were combined and evaportaiedive methyl 4-(4,4-difluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pmin-1-yl)-3-(3-morpholinophenyl)
butanoate (77 mg, 96%) as a gum. The crude mateaaldissolved in EtOH (2 mL) and
purified by chiral HPLC (Injection; 1 mL, 50% EtOttontaining 0.2% isopropylamine):
50% hexane (containing 0.2% isopropylamine), f =r0/min, detecting at 215.4 nm;

column 3 cm x 25 cm Chiralpak OD-H (self packed)in) to give two diastereomers.

Diastereomer C: Methyl 4-(4,4-difluoro-3-(2-(5,@8+#etrahydro-1,8-naphthyridin-2-yl)ethyl)
piperidin-1-yl)-3-(3-morpholinophenyl)butanoate ittg, 4%) : LCMS (System High pH 2

min) [M+H]" 543; R 1.30 min, purity >99%; Analytical chiral HPLC (50%tOH
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(containing 0.2% isopropylamine)/Heptane, f = 110'mmn, detecting at 215 nm; column 4.6
mm id x 25 cm Chiralcel OD-H (self packed)) R5.0 min; chiral purity > 99%H NMR
(400 MHz, CROD) § = 7.16 (t,J = 7.5 Hz, 1 H), 7.11 (d] = 7.5 Hz, 1 H), 6.83 (d] = 1.5
Hz, 1 H), 6.81 — 6.76 (m, 1 H), 6.73 @= 7.5 Hz, 1 H), 6.32 (d] = 7.5 Hz, 1 H), 3.83 —
3.77 (m, 4 H), 3.54 (s, 3 H), 3.39 — 3.34 (m, 3314 — 3.06 (m, 4 H), 2.88 (d= 6.0 Hz, 1
H), 2.85 (dJ = 6.0 Hz, 1 H), 2.69 (] = 6.5 Hz, 2 H), 2.64 — 2.34 (m, 6 H), 2.31 — 20 1
H), 1.93 — 1.80 (m, 4 H), 1.79 — 1.47 (m, 5 H) (greton arising from the amine was not
observed due to exchangeéJc NMR (101 MHz, CROD) § = 173.5, 157.0, 155.5, 151.5,
143.5, 137.0, 129.0, 119.0, 115.5, 114.0, 113.6,51193.0 (d,lJC.F =174 Hz), 67.0, 64.0,
60.5 (d,2Jc.- =23 Hz), 53.5, 50.5, 49.5, 40.0, 38.5, 37.5%0d.- = 23 Hz), 33.0 (d®Jc.c = 23
Hz), 30.3 (d3Jc.r= 6 Hz), 26.0, 22.0, 21.5, 21.5F NMR (376 MHz, CROD) & = (-156.0)

—(-157.0) (m); HRMS calcd for 4gH42F2N4Os, 543.3141 found 543.3145.

Diastereomer D: Methyl 4-(4,4-difluoro-3-(2-(5,87#etrahydro-1,8-naphthyridin-2-yl)ethyl)
piperidin-1-yl)-3-(3-morpholinophenyl)butanoate (88), 40%) : LCMS (System High pH 2
min) [M+H]" 543; R 1.30 min, purity 98%; Analytical chiral HPLC (50B4OH (containing
0.2% isopropylamine) / Heptane, f = 1.0 mL/min,e#ing at 215 nm; column 4.6 mm id x
25 cm Chiralcel OD-H (self packed)) R9.2 min; chiral purity > 99%; LCMS (System High
pH 2 min) [M+H] 543; R 1.30 min, purity >99%; IR (film) 1734, 1601, 112in™; H
NMR (600 MHz, CROD) & = 7.18 (t,J = 7.9 Hz, 1 H), 7.15 (d] = 7.3 Hz, 1 H), 6.81 (dd]
=8.1, 2.2 Hz, 1 H), 6.75 (d,= 7.3 Hz, 1 H), 6.38 (d] = 7.3 Hz, 1 H), 3.86 — 3.80 (m, 4 H),
3.57 (s, 3 H), 3.42 — 3.38 (m, 2 H), 3.32J& 2.6 Hz, 1 H), 3.11 (dd] = 5.9, 3.7 Hz, 4H),
2.87 (ddJ = 15.4, 6.2 Hz, 1 H), 2.73 (@,= 6.2 Hz, 2 H), 2.67 — 2.29 (m, 10 H), 1.99 — 1.86
(m, 4 H), 1.80 (dd®Jyr = 8.6,J4y = 4.2 Hz, 1 H), 1.75 — 1.68 (m, 1 H), 1.67 — 1.57 {m,
H), 1.52 (ddd>J4.r = 13.0,Ju.n = 6.6, 3.1 Hz, 1 H) (the proton arising from the aenimas
not observed due to exchang&z NMR (151 MHz, CROD) & = 173.6, 157.0, 155.6, 151.4,
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143.8, 137.0, 128.7, 118.9, 115.4, 113.9, 113.0,6,193.0 (d Jc.r = 174 Hz) 66.5, 63.9,
60.5, 53.7, 50.5, 49.5, 41.0, 40.2, 38.6, 37.40,330.2, 25.9, 21.7, 21.6°F NMR (376
MHz, CD;OD) § = (-154.5) — (-155.5) (m); HRMS calcd fordBlsFN,Os, 543.3141 found

543.3145.

Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-ridbyridin-2-yl)ethyl)piperidin-1-yl)-3-(3-

morpholinophenyl)butanoaté{1g (Diastereomer A)

Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-ri@byridin-2-yl)ethyl)piperidin-1-yl)-3-(3-
morpholinophenyl)butanoate — Enantiomer A (28 mg58 mmol) was dissolved in MeOH
(1 mL). LiOHpg) (0.5 mL of a 1 M solution, 0.5 mmol) was addedhe reaction mixture.
The reaction mixture was stirred for 18 h at ambtemperature. H@l;) (0.5 mL of a 2 M
solution) was added to the reaction mixture. Thaetien mixture was then added to a pre-
conditioned SCX column (5 g, MeOH 1 CV, MeCN 1 GQ¥ad compound, MeOH 2 CV, 2
M NH3 in MeOH 2 CV). The ammonical fractions were evaped and redissolved in MeOH
(300uL). The reaction mixture was purified by reversagd chromatography (12 g, 5 — 95%
MeCN (containing 0.1% ammonia) in 10 mM ammoniuncabbonate, 20 CV). The
appropriate fractions were evaporated to give itte ¢ompound (17 mg, 62%) as a gum :
Analytical Chiral HPLC (Method (40% EtOH (+0.1% popylamine)/heptane, f = 1.0
mL/min, detecting at 235 nm; column 4.6 mm id xc23 Chiralcel OD-H (self packed)) R
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8.4 min; chiral purity >99%; LCMS (System High p\+H]* 511; R 0.80 min, purity
>99%; IR (film) 3335, 2945, 1672, 1600, 1180, 1th8"; *H NMR (400 MHz, CROD) 6 =
7.26 — 7.13 (m, 2 H), 6.86 (s, 1 H), 6.80 (dd; 8.0, 2.0 Hz, 1 H), 6.74 (d,= 8.0 Hz, 1 H),
6.41 (d,J = 7.5 Hz, 1 H), 3.86 — 3.72 (m, 4 H), 3.45 — 3(88 3 H), 3.27 — 3.05 (m, 6 H),
293 - 251 (m, 10 H), 2.18 - 1.78 (m, 6 H), 1.78.54 (m, 2 H) (the protons arising from
the amine and carboxylic acid were not observed tduexchange)**C NMR (101 MHz,
CDs;OD) 6 = 180.5, 156.0, 155.5, 153.0, 145.5, 139.5, 1301®.5, 116.5, 116.0, 115.5,
112.0, 94.5 (d}Jc.r = 174 Hz), 68.0, 65.5, 59.5 (8]c.r = 25 Hz), 54.5, 50.5, 45.5, 42.5,
40.5, 38.5 (d%Jcr = 21 Hz), 33.5 (d%c.r = 20 Hz), 30.5 (d3Jcr = 4 Hz), 27.0, 22.0, 21.5
(d, *Jc.e = 5 Hz);®F NMR (376 MHz, CRQOD) 6 = (-151.0) — (-153.0) (m); HRMS calcd for

Ca9H40FN4O3, 511.3079 found 511.3071.

Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-ri@byridin-2-yl)ethyl)piperidin-1-yl)-3-(3-

morpholinophenyl)butanoaté{1b) (Diastereomer B)

Using the method above, the title compound was gvegp from methyl 4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pmin-1-yl)-3-(3-morpholinophenyl)
butanoate — Enantiomer B (32 mg, 0.061 mmol) gaeetitle compound 4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pmdin-1-yl)-3-(3-
morpholinophenyl)butanoic acid (23 mg, 74% yield) & gum : Analytical Chiral HPLC
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(Method (as Diastereomer A)) R 13.8 min; chiral purity >99%; LCMS (System Highl 2
min) [M+H]* 511; R 0.80 min, purity >99%; IR (film) 3347, 2946, 167801, 1181, 1120
cm’; 'H NMR (400 MHz, CROD) § = 7.27 — 7.13 (m, 2 H), 6.92 — 6.82 (m, 2 H).9%6(d, J

= 7.5 Hz, 1 H), 6.40 (d] = 7.5 Hz, 1 H), 3.88 — 3.77 (m, 4 H), 3.51 — 3(82 3 H), 3.27 —
3.16 (M, 4 H), 3.03 — 2.92 (m, 2 H), 2.83 (d&: 16.0, 10.0 Hz, 1 H), 2.76 — 2.52 (m, 9 H),
2.02-191 (m, 6 H), 1.91 - 1.56 (m, 2 H) (Thet@ns arising from the carboxylic acid and
the amine protons were not observed due to exchiaiGeNMR (151 MHz, BO) & = 180.2,
154.9, 151.3, 143.0, 139.1, 130.2, 120.6, 119.6,911116.5, 116.3, 111.7, 94.1 edc.p =
172 Hz), 66.7, 62.8, 58.4 (llc.r = 22 Hz), 52.5, 49.9, 43.6, 41.1, 38.4, 36.8%0d = 21
Hz), 30.5 (d,%Jcr = 20 Hz), 28.7, 25.5, 20.3, 18.8%F NMR (376 MHz, CQOD) & =

(-151.5) — (-152.0) (m); HRMS calcd fopdEl40FN4O3, 511.3079 found 511.3071.

tert-Butyl 4,4-difluoro-3-(iodomethyl)piperidine-1-cavkylate (L87)

Imidazole (142 mg, 2.09 mmol) and RF648 mg, 2.09 mmol) were suspended in DCM (10
mL). lodine (530 mg, 2.1 mmol) was added portionwiserdvenin using an ice bath to
control the exotherm. The mixture was stirred for hl tert-butyl 4,4-difluoro-3-
(hydroxymethyl)piperidine-1-carboxylate (500 mgyiznol) was added and the suspension
was stirred at ambient temperature for 96 h. THeesb was evaporated under reduced

pressure then ED (15 mL) was added to the residue and the mixtuare stirred at ambient
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temperature for 3 h. The resulting suspension vitasefd and the filtrate concentrated under
reduced pressure. The residue was purified by cht@gnaphy on silica (20 g, 0 — 50%
EtOAc / cyclohexane, 10 CV). The appropriate fiatsi were combined and evaporated
under reduced pressure to give the title compoudl@d (mg, 68%) as a colourless gum:
LCMS (System formic 2 min) [M+H]347; R 1.26 min, purity >99%'H NMR (400 MHz,

CDsOD) § = 4.01 — 3.94 (m, 1 H), 3.80 — 3.57 (m, 1 H),23(dd,J = 10.5, 3.5 Hz, 1 H),

3.26 — 3.06 (M, 2 H), 3.07 — 2.92 (m, 1 H), 2.38.23 (m, 1 H), 2.09 — 1.77 (m, 2 H), 1.43

(s, 9 H).

tert-Butyl 3-(2-(1,8-naphthyridin-2-yl)ethyl)-4,4-diftropiperidine-1-carboxylatel 88

2-Methyl-1,8-naphthyridine (201 mg, 1.40 mmol) antert-butyl 4,4-difluoro-3-
(iodomethyl)piperidine-1-carboxylate (480 mg, 1.81o1) were dissolved in THF (10 mL).
The solution was cooled to 0 °C then LIHMDS (1.4 ofla 1 M solution in THF, 1.4 mmol)
was added dropwise at a rate to ensure the soltgioperature was maintained below 0 °C.
The solution was stirred for 30 min at 0 °C, thereriched by slow addition of sat. NEg)

(7.5 mL), followed by the addition of J@ (2.5 mL). The suspension was partitioned between
H,O (10 mL) and EtOAc (20 mL) and the aqueous laygrasated and re-extracted with
EtOAc (10 mL). The combined organic extracts weeshed with HO (10 mL), brine (10
mL) and dried. The resulting solution was evapatrateder reduced pressure to give the title

compound (501 mg, 100%) as an orange gum : LCMSt¢8y formic 2 min) [M+H] 378;
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R 0.93 min, purity 98%H NMR (400 MHz, (C2),SO)5 = 9.08 — 8.95 (m, 1 H), 8.49 —
8.27 (M, 2 H), 7.65 — 7.47 (m, 2 H), 3.97 — 3.36 21H), 3.19 — 2.92 (m, 2 H), 2.28 — 1.98

(m, 2 H), 1.93 — 1.77 (m, 1 H), 1.77 — 1.64 (m,)1. H48 — 1.31 (m, 12 H).

7-(2-(4,4-Difluoropiperidin-3-yl)ethyl)-1,2,3,4-tethydro-1,8-naphthyridine 189a-h

(Enantiomers A and B)

(x)-tert-Butyl 3-(2-(1,8-naphthyridin-2-yl)ethyl)-4,4-difaropiperidine-1-carboxylate (500
mg, 1.33 mmol) was dissolved in EtOH (20 mL) andlextl to a flask containing 10%
Degussd” Pd/C (155 mg). The reaction mixture was stirredesnan atmosphere of,H
(supplied from a burette) for 70 h. The reactiorxtome was filtered through Celitg,
washed with EtOH (20 mL) and the resulting soluteMaporated under reduced pressure to
give an orange oil. The oil was dissolved in Me(Hn{L) and HCI (2.2 mL of a 3 M
solution in CPME, 6.6 mmol) was added to the sofutivhich was stirred at 20 °C for 18 h.
The solvent was evaporated under reduced pressugee the title compound (398 mg,
99%). LCMS (System formic 2 min) [M+H]282; R 0.36 min. The mixture was dissolved in
EtOH (2 mL) and heptane (2 mL) and the enantionseqsarated by using chiral HPLC
(Injection; 1 mL, eluting with 20% EtOH (containir®2% isopropylamine): 80% hexane
(containing 0.2% isopropylamine), f = 30 mL/minteling at 215 nm; column 3 cm x 25

cm Chiralpak AD-H (self packed), 45 min) to giveote@nantiomers.
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Enantiomer A: 7-(2-(4,4-difluoropiperidin-3-yl)ethyl,2,3,4-tetrahydro-1,8-naphthyridine
(65 mg, 17 %) : Analytical chiral HPLC (50% EtOHb(taining 0.2% isopropylamine) / 50%
heptane, f = 1.0 mL/min, detecting at 215 nm; caluft6 mm id x 25 cm Chiralcel AD-H
(self packed)) R= 12.0 min; chiral purity >99%; LCMS (System Highi 2 min) [M+H]
282; R 0.36 min, purity >99%; IR (film) 2932, 1596, 146153 cn; *H NMR (400 MHz,
CDsOD) 8 = 7.12 (d,J = 7.5 Hz, 1 H), 6.37 (d] = 7.5 Hz, 1 H), 3.43 — 3.33 (m, 2 H), 3.09
(dt,J = 13.0, 4.0 Hz, 1 H), 3.03 — 2.90 (m, 1 H), 2.82.42 (m, 6 H), 2.11 — 1.93 (m, 2 H),
1.93 - 1.69 (m, 4 H), 1.59 — 1.41 (m, 1 H) (theksearising from the amines were not
observed due to exchangeéJC NMR (101 MHz, CROD) § = 158.0, 157.5, 138.5, 124.0,
115.5 (ddNc.r = 242.5, 242.0 Hz), 112.0, 44.5 (dde.r = 24.0, 23.5 Hz), 44.0 (Q)c.r = 9
Hz), 42.5, 35.5, 35.0 (ddJcr = 22.0, 21.5 Hz), 27.5, 26.5 flc.r = 3 Hz), 22.5, 18.5F
NMR (376 MHz, (CR)SO)5 = -93.0 (d,2Jr. = 231 Hz, 1 F), (-109.0) — (-114.0) (m, 1 F);

HRMS calcd for GsH2oFoN3, 282.1776 found 282.1773

Enantiomer B: 7-(2-(4,4-difluoropiperidin-3-yl)etini,2,3,4-tetrahydro-1,8-naphthyridine
(43 mg, 12 %) : Analytical chiral HPLC (Method (esantiomer A)) R= 14.5 min; chiral
purity >99%; LCMS (System High pH 2 min) [M+HR82; R 0.36 min, purity >99%H
NMR (400 MHz, CROD) § = 7.12 (dJ = 7.5 Hz, 1 H), 6.37 (dl = 7.5 Hz, 1 H), 3.43 — 3.33
(m, 2 H), 3.09 (dt]J = 13.0, 4.0 Hz, 1 H), 3.03 — 2.90 (m, 1 H), 2.82.42 (m, 6 H), 2.11 —
1.93 (m, 2 H), 1.93 — 1.69 (m, 4 H), 1.59 — 1.41 {nH) (the peaks arising from the amines
were not observed due to exchand&}; NMR (101 MHz, CROD) & = 158.0, 157.5, 138.5,
124.0, 115.5 (dd'Jc.r = 242.5, 242.0 Hz), 112.0, 44.5 (ddc.r = 24.0, 23.5 Hz), 44.0 (d,
3Jce = 9 Hz), 42.5, 35.5, 35.0 (dtljc.r = 22.0, 21.5 Hz), 27.5, 26.5 filc.r = 3 Hz), 22.5,
18.5;°F NMR (376 MHz, (CR)SO) 8 = -93.0 (d,2Je.r = 231 Hz, 1 F), (-109.0) — (-114.0)

(m, 1 F);HRMS calcd for GsH22F:N3, 282.1776 found 282.1769.
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(E)-Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydrq8tnaphthyridin-2-yl)ethyl) piperidin-1-

yhbut-2-enoate 1909 (Enantiomer A)

7-(2-(4,4-Difluoropiperidin-3-yl)ethyl)-1,2,3,4-tethydro-1,8-naphthyridine — Enantiomer A
(65 mg, 0.23 mmol) was dissolved in DIPEA (0.06 rAl4 mmol) in DCM (2 mL) at 0 °C.
(E)-Methyl 4-bromobut-2-enoate (0.03 mL, 0.2 mmol)swadded dropwise. The resulting
mixture was stirred for 21 h. The solvent had evafsal under a stream of nitrogen to give
the title compound (85 mg, 97 %) : LCMS (SystemtHjgH 2 min) [M+H] 380; R 1.12
min, purity 96%;'H NMR (400 MHz, CROD) 6 = 7.11 (d,J = 7.5 Hz, 1 H), 6.91 (dt] =
15.5, 6.0 Hz, 1 H), 6.35 (d,= 7.5 Hz, 1 H), 6.04 (d] = 15.5 Hz, 1 H), 3.74 (s, 3 H), 3.39 —
3.33 (M, 3 H), 3.40 — 3.33 (M, 3 H), 3.24 — 3.15 PnH), 3.00 — 2.92 (m, 1 H), 2.92 — 2.74
(m, 3 H), 2.68 (tJ = 6.0 Hz, 2 H), 2.63 — 2.44 (m, 2 H), 2.38 — 28 1 H), 1.90 — 1.80 (m,

1 H), 1.64 — 1.50 (m, 1 H) (the proton arising frdhe amine was not observed due to

exchange).
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(E)-Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydrq8tnaphthyridin-2-yl)ethyl) piperidin-1-

yh)but-2-enoate {90b) (Enantiomer B)

Using the method above, the title compound wasgregpfrom7-(2-(4,4-difluoropiperidin-
3-yl)ethyl)-1,2,3,4-tetrahydro-1,8-naphthyridindenantiomer B (43 mg, 0.15 mmol) to give
the title compound (56 mg, 97 %) : LCMS (SystemtHjgH 2 min) [M+H] 380; R 1.12
min, purity 95%;'H NMR (400 MHz, CROD) 6 = 7.11 (d,J = 7.5 Hz, 1 H), 6.91 (dt] =
15.5, 6.0, Hz, 1 H), 6.35 (d,= 7.5 Hz, 1 H), 6.04 (dl = 15.5 Hz, 1 H), 3.74 (s, 3 H), 3.39 —
3.33 (m, 3 H), 3.40 — 3.33 (M, 3 H), 3.24 — 3.15 PnH), 3.00 — 2.92 (m, 1 H), 2.92 — 2.74
(m, 3 H), 2.68 (tJ = 6.0 Hz, 2 H), 2.63 — 2.44 (m, 2 H), 2.38 — 28 1 H), 1.90 — 1.80 (m,

1 H), 1.64 — 1.50 (m, 1 H) (the proton arising fréhe amine was not observed due to
exchange)*C NMR (101 MHz, CROD) § = 166.5, 156.5, 155.5, 144.5, 137.0, 122.5, 122.5
(t, *Jc.r=242.0 Hz), 114.0, 111.0, 57.5 fdc.r = 1.5 Hz), 54.5 (3Jc.¢ = 8.0 Hz), 53.5, 51.0,
50.0 (d,%Jc.r = 10.5 Hz), 42.0 (EJc.r=21.0 Hz), 41.0, 34.0, 33.0 &Jc.r = 21.0 Hz), 26.0,
21.0; *F NMR (376 MHz, CROD) § = -101.0 (d,%Jer = 236.0 Hz, 1 F), (-115.0) —

(-117.0) (m, 1 F); HRMS calcd for,gH2gF2N30,, 380.2138 found 380.2144.
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Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydro-in&phthyridin-2-yl)ethyl)piperidin-1-yl)-

3-(3-morpholinophenyl)butanoat&q1la—h (Diastereomers A and B)

N
O

(E)-Methyl  4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydrq8tnaphthyridin-2-yl)ethyl)piperidin-1-
yhbut-2-enoate — Enantiomer A (85 mg, 0.224 mm@h(COD)CI}, (5.52 mg, 0.011
mmol), (3-morpholinophenyl)boronic acid (139 mgT®2 mmol) and KOk (0.118 mL of
a 3.8 M solution, 0.448 mmol) were dissolved in-digxane (2 mL) and the solution was
heated in a microwave oven (100 min, 95 °C, higivgrd. The reaction mixture was filtered
through Celite™, washed with EtOAc (10 mL) and #wvent evaporated. The reaction
mixture was suspended in MeOH (30Q0) and purified by reverse phase chromatography
(C18, 40 g, 5 — 95% MeCN (containing 0.1% ammoma)0 mM ammonium bicarbonate,
20 CV). The appropriate fractions were combined ewajporated to give a gum. The gum
was dissolved in EtOH (1 mL) and heptane (1 mL) treddiastereomers were separated by
chiral HPLC (Injection; 2 mL, eluting with 50% EtOHb0% heptane, f = 30 mL/min,
detecting at 215 nm; column 3 cm x 30 cm Chiral@dék-H (self packed), 45 min) to give

two isomers.

Diastereomer A: Methyl 4-(4,4-difluoro-3-(2-(5,8#etrahydro-1,8-naphthyridin-2-
ylethyl)piperidin-1-yl)-3-(3-morpholinophenyl)butaate — Diastereomer A (18 mg, 15%) as
a gum : Analytical chiral HPLC (50% EtOH/50% hemah= 1.0 mL/min, detecting at 215
nm; column 4.6 mm id x 25 cm Chiralcel OD-H (se#ficked)) R= 4.5 min; chiral purity

>99%; LCMS (System High pH 2 min) [M+#HB43; R 1.31 min, purity 93%'H NMR (400
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MHz, CD;OD) § = 7.31 — 7.09 (m, 2 H), 6.91 — 6.80 (m, 2 H), 6:86.69 (m, 1 H), 6.49 —
6.32 (M, 1 H), 3.85 (d] = 3.5 Hz, 4 H), 3.69 — 3.55 (m, 5 H), 3.45 — 387 2 H), 3.15 (d)

= 3.5 Hz, 4 H), 3.02 — 2.90 (m, 1 H), 2.89 — 2.i#8 (L H), 2.73 (dJ = 5.5 Hz, 2 H), 2.66 —
2.31 (m, 5 H), 2.07 — 1.79 (m, 5 H), 1.62 — 1.57 {nH), 1.27 — 1.13 (m, 3 H) (the proton
arising from the amine was not observed due to axg#);"*C NMR (101 MHz, CROD) §
=175.0, 158.0, 153.0, 145.0, 138.5, 130.5, 1312@,0, 120.5, 116.5, 115.5, 112.0105;:
304 Hz), 68.0, 64.5, 58.5, 55.5 {dc.c = 9 Hz), 52.5, 52.0 (fJc.r = 9 Hz), 50.5, 43.5, 42.5,
42.0, 40.5, 35.5, 27.5, 26.5, 22.5, 18% NMR (376 MHz, CROD) § = -100.5 (dJe¢ =
236 Hz 1 F), (-114.0) — (-117.0) (m, 1 F); HRMSochfor GoHaiF.N4Os, 543.3125 found

543.3141.

Diastereomer B: Methyl 4-(4,4-difluoro-3-(2-(5,87etrahydro-1,8-naphthyridin-2-
yl)ethyl)piperidin-1-yl)-3-(3-morpholinophenyl)butaate — Diastereomer B (59 mg, 49%) as
a gum : Analytical chiral HPLC (Method (as Diastareer A)) R = 12.5 min; chiral purity
>99%; LCMS (System High pH 2 min) [M+H]543; R 1.30 min, purity >99%H NMR
(400 MHz, CROD) 8 = 7.17 (tJ = 7.5 Hz, 1 H), 7.12 (dl = 7.5 Hz, 1 H), 6.87 — 6.76 (m, 2
H), 6.73 (dJ = 7.5 Hz, 1 H), 6.35 (d] = 7.5 Hz, 1 H), 3.85 — 3.75 (m, 4 H), 3.65 — 3(B6

2 H), 3.55 (s, 3 H), 3.40 — 3.34 (m, 2 H), 3.15.653m, 4 H), 2.87 — 2.75 (m, 3 H), 2.70Jt,

= 6.5 Hz, 2 H), 2.63 — 2.42 (m, 5 H), 2.32 — 2.66 2 H), 2.02 — 1.72 (m, 5 H), 1.60 — 1.43
(m, 1 H) (the proton arising from the amine was olaserved due to exchangéjF NMR
(376 MHz, CQOD) & = -100.5 (d2Jr.r = 236 Hz 1 F), (-114.0) — (-117.0) (m, 1 F); HRMS

calcd for GoH41FN4O3, 543.3125 found 543.3141.
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Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydro-in&phthyridin-2-yl)ethyl)piperidin-1-yl)-

3-(3-morpholinophenyl)butanoat&q1c—g (Diastereomers C and D)

Using the method above, the title compound wasasezpfrom E)-methyl 4-(4,4-difluoro-3-
(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethpiperidin-1-yl)but-2-enoate — Enantiomer

B (56 mg, 0.16 mmol) to give two diastereomers.

Diastereomer C: Methyl 4-(4,4-difluoro-3-(2-(5,@+tetrahydro-1,8-naphthyridin-2-
yhethyl)piperidin-1-yl)-3-(3-morpholinophenyl)butaate — Diastereomer C (5 mg, 6%) as a
gum. LCMS (System high pH 2 min) [M+H]543; R 1.30 min, purity >99%; Analytical
chiral HPLC (50% EtOH (+0.2% isopropylamine) / reepg, f = 1.0 mL / min, detecting at
215 nm; column 4.6 mmid x 25 cm Chiralcel OD-H {geicked)) R= 5.0 min; chiral purity

= 98%:;'H NMR (600 MHz, CROD) & = 7.20 (t,J = 7.9 Hz, 1 H), 7.15 (d] = 7.3 Hz, 1 H),
6.85 (s, 1 H), 6.85 — 6.81 (m, 1 H), 6.76 & 7.3 Hz, 1 H), 6.38 (d] = 7.3 Hz, 1 H), 3.89 —
3.81 (m, 4 H), 3.58 (s, 3 H), 3.45 — 3.38 (m, 234),7 — 3.10 (M, 4 H), 2.90 — 2.79 (m, 3 H),
2.73 (t,J = 6.2 Hz, 2 H), 2.65 — 2.47 (m, 5 H), 2.28 Jc& 9.5 Hz, 1 H), 2.18 (br. s, 1 H),
2.06 -1.75 (m, 7 H), 1.61-1.48 (m, 1 H) (the protwmising from the amine was not observed
due to exchangeJ’F NMR (376 MHz, CROD) & = -100.5 (d?Je.¢ = 236 Hz, 1 F), (-114.0)

—(-117.0) (m, 1 F); HRMS calcd forsg41F2N4Os, 543.3141 found 543.3145.

Diastereomer D: Methyl 4-(4,4-difluoro-3-(2-(5,87etrahydro-1,8-naphthyridin-2-
ylethyl)piperidin-1-yl)-3-(3-morpholinophenyl)butaate — Diastereomer D (32 mg, 40%) as
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a gum : Analytical chiral HPLC (Method (as Diastarer C)) R= 9.2 min; chiral purity >
99%; LCMS (System High pH 2 min) [M+£B43; R 1.30 min, purity >99%'H NMR (600
MHz, CD;0OD) § = 7.20 (tJ= 7.9 Hz, 1 H), 7.14 (d] = 7.3 Hz, 1 H), 6.86 (s, 1 H), 6.83 (dd,
J=8.1,2.2 Hz, 1 H), 6.76 (d,= 7.3 Hz, 1 H), 6.40 (d] = 7.3 Hz, 1 H), 3.87 — 3.81, (m, 4
H), 3.59 (s, 3 H), 3.42 — 3.38 (M, 2 H), 3.34 -93(@, 2 H), 3.16 — 3.09 (m, 4 H), 2.94 (,
= 9.2 Hz, 1 H), 2.83 (dd] = 15.4, 7.0 Hz, 1 H), 2.72 (,= 6.2 Hz, 3 H), 2.64 — 2.47 (m, 5
H), 2.46 — 2.38 (m, 1 H); 2.09 — 1.81 (m, 6 H),21-61.51 (m, 1 H) (the proton arising from
the amine was not observed due to exchartde)NMR (376 MHz, CRQOD) & = -100.5 (d,
Jer =236 Hz 1 F), (-114.0) — (-117.0) (m, 1 F); HRM&cd for GoHaiFoN4Os, 543.3141

found 543.3145.

4-(4,4-Difluoro-3-(2-(5,6,7,8-tetrahydro-1,8-napytidin-2-yl)ethyl) piperidin-1-yl)-3-(3-

morpholinophenyl)butanoic acid85g (Diastereomer A)

Methyl 4-(4,4-difluoro-3-(2-(5,6,7,8-tetrahydro-in&phthyridin-2-yl)ethyl)piperidin-1-yl)-
3-(3-morpholinophenyl)butanoate — Diastereomer 8 i1ftg, 0.11 mmol) was dissolved in
MeOH (1 mL). LiOHaq) (0.5 mL of a 1 M solution, 0.5 mmol) was addedHe reaction
mixture. The reaction mixture was stirred for 18ttambient temperature. Htgl (0.5 mL of

a 2 M solution) was added to the reaction mixttitee reaction mixture was then added to a
pre-conditioned SCX column (5 g, MeOH 1 CV, MeCKY, load compound, MeOH 2 CV,
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2 M NHz in MeOH, 2 CV). The ammonical fractions were evaped and redissolved in
MeOH (300uL). The reaction mixture was purified by reversagd chromatography (12 g,
5 - 95% MeCN (containing 0.1% ammonia) in 10 mM amiuam bicarbonate, 20 CV). The
appropriate fractions were evaporated to give ittee ¢ompound (49 mg, 85%) as a gum :
LCMS (System High pH 2 min) [M+H]529; R 0.84 min, purity 98%'H NMR (600 MHz,
CD;0D) 6 = 7.21 — 7.19 (m, 2 H), 6.92 (s, 1 H), 6.85 — 16 2 H), 6.38 (dJ = 7.3 Hz, 1
H), 3.89 — 3.79 (m, 4 H), 3.45 - 3.36 (m, 3 H),3-23.10 (m, 4 H), 2.78 (br. s, 2 H), 2.74 (t,
J=6.2 Hz, 2 H), 2.69 — 2.55 (m, 4 H), 2.53-2.37 @), 2.28 (br. s, 1 H), 2.03 — 1.81 (m, 6
H), 1.59 (br. s, 1 H) (the protons arising from #maine and the carboxylic acid were not
observed due to exchangé¥ NMR (376 MHz, CROD) & = -101.0 (d2Jer = 236.0 Hz),

second signal not observed (see R&D).

4-(4,4-Difluoro-3-(2-(5,6,7,8-tetrahydro-1,8-napytidin-2-yl)ethyl) piperidin-1-yl)-3-(3-

morpholinophenyl)butanoic acid§5b) (Diastereomer B)

Using the method above, the title compound wasasezbfrom methyl 4-(4,4-difluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pimin-1-yl)-3-(3-
morpholinophenyl)butanoate — Diastereomer D (32 @61 mmol) to give the title
compound (24 mg, 72%) as a gum : LCMS (System Igigh2 min) [M+H]" 529; R 0.87
min, purity >99%:; IR (film) 2949, 2822, 1675, 1600118 cni; 'H NMR (400 MHz,
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CDsOD) 6 = 7.45 (dJ = 7.5 Hz, 1 H), 7.18 () = 8.0 Hz, 1 H), 6.86 (s, 1 H), 6.81 (dbi=
8.0, 2.0 Hz, 1 H), 6.76 (d,= 7.5 Hz, 1 H), 6.53 (d] = 7.5 Hz, 1 H), 3.88 — 3.77 (m, 4 H),
3.66 (br. s, 1 H), 3.59 — 3.49 (m, 1 H), 3.44)(t 5.4 Hz, 2 H), 3.34 — 3.25 (m, 4 H), 2.89 —
2.72 (m, 4 H), 2.71 — 2.55 (m, 3 H), 2.55 — 2.34 1), 2.08 — 1.76 (m, 7 H), 1.73 — 1.57
(m, 1 H) (The peaks arising from the carboxylicdaproton and the amine proton were not
observed due to exchangé}c NMR (126 MHz, (CR).SO)s = 174.0, 157.0, 156.0, 151.0,
144.5, 136.5, 128.5, 124.0 fﬂg,:: 245.0 Hz), 118.5, 114.5, 113.5, 112.5, 110.5),663.0,
55.5 — 55.0 (m), 50.0 — 49.5 (m), 49.0, 42.0J4,-= 19.0 Hz), 41.0, 40.5, 35.0, 33.0, 26.5,
25.5, 24.5, 21.5'%F NMR (376 MHz, CRQOD) § = -101.0 (d%J-¢ = 234.0 Hz), (-117.5) —

(-121.0) (m, 1 F); HRMS calcd for,gHsoF,N4Os, 529.2985 found 529.2968.

Benzyl 4-hydroxy-4-((trimethylsilyl)ethynyl)pipende-1-carboxylate204)

Butyl lithium (32.2 mL of a 1.6 M solution in hexas, 51.4 mmol) was added slowly at -40
°C to a stirred solution of ethynyltrimethylsila@@32 mL, 51.4 mmol) in THF (80 mL). The
mixture was stirred at -40 °C for 1 h, then cooted-60 °C. A solution of benzyl 4-
oxopiperidine-1-carboxylate (10 g, 40 mmol) in THEO mL) was added. The reaction
mixture was stirred for 3 h. The reaction mixturaswvarmed to ambient temperature. Sat.
NH4CI (50 mL) was added and the solution was extraetigd EtOAc (2 x 50 mL). The
organic fractions were combined and evaporated ruretiiced pressure. The residue was

purified by chromatography on silica (100 g, 0 -0%0EtOAc in cyclohexane, 10 CV). The
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appropriate fractions were combined and evaporategve the title compound (4.2 g, 31%)
as a yellow oil : LCMS (System High pH 2 min) [M+H}32; R 1.27 min, purity 93%'H
NMR (400 MHz, (CDR),S0)é = 7.44 — 7.27 (m, 5 H), 5.63 (s, 1 H), 5.07 (8)23.74 — 3.56

(m, 2 H), 3.36 — 3.16 (m, 2 H), 1.78 — 1.63 (M, )2 H59 — 1.50 (m, 2 H), 0.16 (s, 9 H).

Benzyl 4-ethynyl-4-hydroxypiperidine-1-carboxyl&e€9

@uw =

O

Benzyl 4-hydroxy-4-((trimethylsilyl)ethynyl)pipende-1-carboxylate (4.42 g, 13.3 mmol)
was dissolved in THF (60 mL). Tetrabutylammoniuoofide (14.67 mL of a 1 M solution in
THF, 14.67 mmol) was added and the reaction wasedtiat ambient temperature for 1 h.
The reaction mixture was poured intg@H(100 mL), then EtOAc (100 mL) was added and
the organic layer was extracted. The aqueous lagsrwashed with EtOAc (2 x 50 mL) and
the combined organic fractions were concentratedeumeduced pressure to give the title
compound (3.4 g, 99%) as an oil : LCMS (System High2 min) [M+H] 260; R 0.92 min,
purity 92%:'H NMR (400 MHz, (CR),S0)8 = 7.45 — 7.24 (m, 5 H), 5.69 (br. s, 1 H), 5.07
(s, 2 H), 3.67 — 3.53 (m, 2 H), 3.37 (s, 1 H), 33221 (m, 2 H), 1.83 - 1.63 (m, 2 H), 1.63 —

1.45 (m, 2 H).
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tert-Butyl  7-((1-((benzyloxy)carbonyl)-4-hydroxypipend4-yl)ethynyl)-3,4-dihydro-1,8-

naphthyridine-1(B)-carboxylate 198

Pdy(dba) (0.124 g, 0.135 mmol), XPhBS (0.142 g, 0.297 mmol)K,CO; (5.60 g, 40.5
mmol), tert-butyl 7-chloro-3,4-dihydro-1,8-naphthyridine-HRcarboxylate (13.1 mL, 33.7
mmol) and benzyl 4-ethynyl-4-hydroxypiperidine-Idmaxylate (3.50 g, 13.5 mmol) were
dissolved in DMA (80 mL). The reaction mixture wasated to 100 °C for 4 h, the cooled to
ambient temperature. The reaction mixture was ttwercentrated, partitioned betweepCH
(200 mL) and DCM (200 mL), the aqueous layer wagsassted and washed with further
DCM (2 x 100 mL). The combined organic phases wben evaporated under reduced
pressure themedissolved in DCM (30 mL) and purified by chronmgtaphy on silica (3 x
100 g, 0 — 100% EtOAc in cyclohexane, 8 CV). Thprapriate fractions were combined and
evaporated under reduced pressure to give thetittoound (4.6 g, 70%) as a yellow solid :
LCMS (System High pH 2 min) [M+H]492; R 1.24 min, purity 89%'H NMR (400 MHz,
CDsOD) & = 7.52 (dJ = 7.5 Hz, 1 H), 7.39 — 7.25 (m, 5 H), 7.18Jd 7.5 Hz, 1 H), 5.12 (s,
2 H), 3.90 — 3.78 (m, 2 H), 3.78 — 3.65 (M, 2 HRG3— 3.35 (M, 2 H), 2.89 — 2.72 (m, 2 H),
2.01-185(m, 4 H),1.81-1.68 (m, 2 H), 1.5) (H) (the proton arising from the alcohol

was not observed due to exchange).
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tert-Butyl 7-(2-(4-hydroxypiperidin-4-yl)ethyl)-3,4-djldro-1,8-naphthyridine-12)-

carboxylate 205

tert-Butyl 7-((1-((benzyloxy)carbonyl)-4-hydroxypipemd4-yl)ethynyl)-3,4-dihydro-1,8-
naphthyridine-1(B)-carboxylate (3.6 g, 7.3 mmol) and 10% Degussa™R@.779 g) were
suspended in EtOH (30 mL) and stirred under an spimere of hydrogen for 24 h. The
reaction was then filtered through Celite™, waskhetthh EtOAc (50 mL) and evaporated
under reduced pressure to give the title compog@rP(g). LCMS (System High pH 2 min)
[M+H]* 362; R 0.81 min, purity 86%; IR (film) 3372, 2934, 16894,48 cni; *H NMR (400
MHz, (CD5),SO)6 = 7.38 (d,J = 7.5 Hz, 1 H), 6.87 (d] = 7.5 Hz, 1 H), 4.31 (br. s, 1 H),
4.12 (br. s, 1 H), 3.67 — 3.55 (m, 2 H), 2.85 -31m, 2 H), 2.73 — 2.65 (m, 4 H), 2.65 — 2.57

(m, 2 H), 1.85 — 1.75 (m, 2 H), 1.75 — 1.68 (m,)2 H44 (s, 9 H), 1.42 — 1.30 (m, 4 H).

Benzyl 4-hydroxy-4-((trimethylsilyl)ethynyl)pipernde-1-carboxylate (Cobalt carbonyl

complex) 207)

Dicolbalt octacarbonyl (7.8 g, 23 mmol) was addedtipnwise to a solution of benzyl 4-
hydroxy-4-((trimethylsilyl)ethynyl)piperidine-1-choxylate (6.9 g, 21 mmol) in E (10
mL). The reaction mixture was stirred for 1 h. Tkaction mixture was concentrated under
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reduced pressure (400 mbar) to give the title camgo(12.8 g, 100%) as a solid : It was
noted that some coloured material ended up inrdpe(at 72 mbar). LCMS (System High pH

2 min) [M+H]" 618; R 1.31 min, purity 95%.

Benzyl 4-fluoro-4-((trimethylsilyl)ethynyl)piperidie-1-carboxylate  (Cobalt  carbonyl

F o
@\/O\H/N /S'\

@)

complex) 208

Benzyl 4-hydroxy-4-((trimethylsilyl)ethynyl)pipende-1-carboxylate (cobalt carbonyl
complex) (12.8 g, 20.8 mmol) was dissolved in ambyd DCM (120 mL) at -78 °C. DAST
(2.75 mL, 20.8 mmol) was added dropwise over 5 fhire reaction mixture was stirred for 1
h. The reaction mixture was warmed to ambient teatpee. Sat. KCO; (aq) (20 mL) was
added and the mixture was stirred for 10 min. Thgaoic layer was separated and
concentrated under reduced pressure to give thetimpound (12.95 g, 100 %) as a red oil :
Due to the quadrapolar nature of Co no NMR wasrtak€MS shows nan/z the only
evidence for this reaction working is based ondf&nge in Rfrom 1.31 (benzyl 4-hydroxy-
4-((trimethylsilyl)ethynyl)piperidine-1-carboxylatéCobalt carbonyl complex)). The crude
mixture was taken forward to the next step. LCM$s{&m High pH 2 min) R1.72 min,

purity 91%.
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Benzyl 4-ethynyl-4-fluoropiperidine-1-carboxylated([)

Q. 7
;

Benzyl  4-fluoro-4-((trimethylsilyl)ethynyl)piperidie-1-carboxylate  (cobalt  carbonyl
complex) (2.17 g, 3.50 mmol) was dissolved in aget0 mL). Ceric ammonium nitrate
(5.76 g, 10.51 mmol) was added to the mixture powise over 20 min. The reaction was
stirred at ambient temperature for 1 h. The reaatiixture was concentrated and the residue
was dissolved DCM (300 mL). The organic layer wasshked with HO (300 mL), filtered
through Celite™ and evaporated under reduced peedsugive the silyl protected title
compound (1.1 g, 94%) as an d#H NMR (400 MHz, (CR),SO)& = 7.49 — 7.23 (m, 5 H),
5.17 — 5.02 (m, 2 H), 3.77 — 3.49 (m, 2 H), 3.4®32 (m, 2 H), 2.07 — 1.70 (m, 4 H), 0.25 —
0.23 (s, 9 H). Benzyl 4-fluoro-4-((trimethylsilytfgynyl)piperidine-1-carboxylate (1.11 g,
3.33 mmol) was dissolved in THF (10 mL). Tetrabatgmonium fluoride (3.66 mL ofa 1 M

in a solution of THF, 3.66 mmol) was added and teaction was stirred at ambient
temperature for 1 h. The reaction mixture was pounéo water (100 mL) and the product
was extracted with EtOAc (3 x 100 mL), the orgdaiger was concentrated under reduced
pressure and resuspended y®OHMeOH:DMSO (1:1:1) (4 mL) and purified by reversease
chromatography (130 g, 30 — 95% MeCN (containidg®ammonia) in 10 mM ammonium
bicarbonate, 10 CV). The appropriate fractions wemabined and evaporated under reduced
pressure to give the title compound (365 mg, 428@raoil : LCMS (System High pH 2 min)
[M+H]* 262; R 1.16 min, purity 97%; IR (film) 2971, 1697, 142M)55, 1031 cm; 'H
NMR (400 MHz, (CR),S0)8 = 7.52 — 7.27 (m, 5 H), 5.09 (s, 2 H), 3.98J¢; 5.0 Hz, 1 H),

2.75-2.68 (M, 4 H), 2.36 — 2.30 (m, 4 H).
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tert-Butyl 7-((1-((benzyloxy)carbonyl)-4-fluoropiperiai4-yl)ethynyl)-3,4-dihydro-1,8-

naphthyridine-1(B)-carboxylate 192

Benzyl 4-ethynyl-4-fluoropiperidine-1-carboxylat@s@ mg, 1.35 mmol}tert-butyl 7-chloro-
3,4-dihydro-1,8-naphthyridine-1kB-carboxylate, Hydrochloride (412 mg, 1.35 mmol),
Pd(dba} (13.6 mg, 0.0154 mmol), XPhos (14 mg, 0.031 mmaokl KCO; (560 mg, 4.05
mmol) were dissolved in DMA (10 mL) and the reactioeated to 100 °C for 15 h. The
reaction solvent was evaporated, partitioned beitwe® (50 mL) and DCM (50 mL), the
agueous layer was separated and washed with fut@d (2 x 50 mL). The combined
organic phases were then evaporated under reduessipe and purified by chromatography
on silica (100 g, 0 — 100% EtOAc in cyclohexane,(\)). The appropriate fractions were
combined and evaporated under reduced pressutieetdhg title compound (240 mg, 36%)
as a yellow oil : LCMS (System High pH 2 min) [M+H}94: R 1.41 min, purity 95%'H
NMR (400 MHz, (CR),S0)é = 7.55 (dJ = 7.5 Hz, 1 H), 7.46 — 7.28 (m, 5 H), 7.23 Jc&&
7.5 Hz, 1 H), 5.10 (s, 2 H), 3.76 — 3.58 (m, 4 81419 — 3.34 (m, 2 H), 2.75 — 2.63 (m, 2 H),

2.15—1.92 (m, 2 H), 1.90 — 1.76 (m, 4 H), 1.400(sl).
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tert-Butyl 7-(2-(4-fluoropiperidin-4-yl)ethyl)-3,4-ditgro-1,8-naphthyridine-12)-

carboxylate 194

tert-Butyl 7-((1-((benzyloxy)carbonyl)-4-fluoropiperiai4-yl)ethynyl)-3,4-dihydro-1,8-
naphthyridine-1(B)-carboxylate (240 mg, 0.49 mmol) was dissolvecEtsO (4 mL) and
added to a flask containing 10% Degu¥sRd/C (51.7 mg) the reaction mixture was stirred
under an atmosphere of Ksupplied from a burette) for 12 h. The reactiortore was then
filtered through Celite™, washed with EtOAc (20 mahd evaporated under reduced
pressure to give the title compound (183 mg, 998@raoil : LCMS (System High pH 2 min)

[M+H] " 364; R 0.77 min, purity 19% (major impurity is compoud6 (see R&D));

3-(3-Cyclopropylphenyl)-4-(4-fluoro-4-(2-(5,6,7,8ttahydro-1,8-naphthyridin-2-

yhethyl)piperidin-1-yl)butanoic acid unknown stbiometric salt {38

OH

tert-Butyl 7-(2-(4-fluoropiperidin-4-yl)ethyl)-3,4-dilgro-1,8-naphthyridine-12)-
carboxylate (187 mg, 0.514 mmol) and DIPEA (0.135 0.772 mmol) were dissolved in
DCM (3 mL). E)-Methyl 4-bromobut-2-enoate (0.068 ml, 0.57 mmegs added dropwise
over 5 minutes then the resulting mixture wasedifior 2 h. Water (10 mL) was added to the
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reaction mixture and the organic layer was sepafdte aqueous phase was re-extracted with
DCM (5 mL). The combined organic layers were evapaat and the redissolved in MeOH (2
mL). The crude material was purified by reversesehehromatography (C18, 12 g, 10 — 50%
MeCN (containing 0.1% TFA) in ¥ (containing 0.1% TFA), 10 CV) The appropriate
fractions were combined and evaporated under redpoessure to give the title compound
(110 mg) containing an impurity of Ef-methyl 4-(4-fluoro-4-(2-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)ethyl)piperidin-1-yl)but-2-enoateCMS (System High pH 2 min) [M+H]
462; R 0.99 min, purity 63%.E)-tert-Butyl 7-(2-(4-fluoro-1-(4-methoxy-4-oxobut-2-en-1-
yl)piperidin-4-yl)ethyl)-3,4-dihydro-1,8-naphthyiite-1(2H)-carboxylate (100 mg, 0.217
mmol), (3-cyclopropylphenyl) boronic acid (65 mg4@ mmol) [Rh(COD)CIL (6 mg, 0.01
mmol) and KOkhg (0.103 mL of a 3.8 M solution, 0.390 mmol) werestilved in 1,4-
dioxane (4 mL). The reaction mixture was heated microwave oven (30 min, 95 °C, high
power). The Boc group was removed in the reactio®@H,q (1 mL of a 1 M solution, 1
mmol) was added to the reaction mixture and it stased for 12 h. The reaction mixture
was concentrated under reduced pressure and reddso DMSO : MeOH (1:1, 1 mL), and
purified by reverse phase chromatography (C18,,120g— 70% MeCN (containing 0.1%
ammonia) in 10 mM ammonium bicarbonate in water,CM). The appropriate fractions
were evaporated under nitrogen flow to give tHe tompound (5 mg, 5%) as a gum : LCMS
(System High pH 2 min) [M+H] 466; R 0.96 min, purity 96%;H NMR (400 MHz,
(CD5),S0)8 = 7.18 — 7.10 (m, 1 H), 7.02 (@= 7.5 Hz, 1 H), 6.98 (d] = 7.5 Hz, 1 H), 6.96
(s, 1 H), 6.27 (dJ = 7.5 Hz, 1 H), 6.25 (br. s, 1 H), 3.29 — 3.15 thH), 2.84 — 2.69 (m, 2
H), 2.69 — 2.55 (m, 4 H), 2.43 — 2.30 (M, 4 H),422-22.13 (m, 1 H), 1.94 — 1.80 (m, 4 H),
1.80-1.48 (m, 6 H), 0.96 — 0.88 (m, 2 H), 0.7@58 (m, 2 H) (one exchangeable proton not

observed).
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Benzyl 3-hydroxy-3-((trimethylsilyl)ethynyl)pyrraline-1-carboxylate(19)

Me;,Si
\C v@
HO™ NN O

@)

Ethynyltrimethylsilane (11.6 mL, 82.0 mmol) was stitved in THF (30 mL) and cooled to
— 60 °C."BuLi (51.3 mL of a 1.6 M solution in hexanes, 82@nol) was added dropwise
and the solution was stirred at -60 °C for 30 nefolke a solution of benzyl 3-oxopyrrolidine-
1-carboxylate (15 g, 68.4 mmol) in THF (25 mL) waded dropwise. The reaction mixture
was stirred for 2 h and then warmed to ambient tgatpre. Water (0.5 mL was added to the
reaction mixture then sat. N8Iq) (250 mL) and EtOAc (250 mL) were added. The agaeou
layer was extracted with ethyl acetate (2 x 250 .mLhe combined organic extracts were
evaporated under reduced pressure to give thecttigpound (21 g, 97%) as a brown oil :
LCMS (System High pH 2 min) [M+H]318; R 1.22 min, purity 86%; IR (solid) 2957,
2143, 1692, 1432, 1138, 846 ¢ntH NMR (400 MHz, (CR),S0)6 = 7.46 — 7.16 (m, 5 H),
5.24 — 4.95 (m, 2 H), 3.63 — 3.23 (m, 4 H), 2.16.99 (m, 2 H), 0.24 — 0.09 (s, 9 H) (the
proton arising from the alcohol was not observed thuexchange)*C NMR (101 MHz,
CD;0D) 6 = 156.5, 138.5, 130.0, 129.5, 129.0, 129.0, 12105.,5, 89.5, 72.5, 68.5, 60.5,

46.0, 41.5, -0.1; HRMS calcd for &124NOsSi, 318.1520 found 318.1515.
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Benzyl 3-hydroxy-3-((trimethylsilyl)ethynyl)pyrraline-1-carboxylate cobalt compleX20)

(CO)3

Co,
MesSi -Co(CO)3
H

IO

Benzyl 3-hydroxy-3-((trimethylsilyl)ethynyl)pyrradine-1-carboxylate (2.7 g, 8.5 mmol) was
dissolved in B (25 mL). Dicobalt octacarbonyl (3.20 g, 9.36 mmnweas addegbortionwise
and the reaction was stirred for 1 h. The reactiurture was filtered to give the title
compound (4.79 g, 94%) as a pink solid. LCMS (Systermic 2 min) [M+H] 604; R 1.53

min, purity >99%.

Benzyl 3-fluoro-3-((trimethylsilyl)ethynyl)pyrroliche-1-carboxylate cobalt compleR71)

(CO)3
Co,
Me;Si ~Co(CO)3

Benzyl 2-hydroxy-2-((trimethylsilyl)ethynyl)pyrradine-1-carboxylate dicobalt hexacarbonyl
(4.79 g, 7.94 mmol) was dissolved in DCM (40 mLyawoled to -78°C. DAST (1.05 mL,

7.94 mmol) was added and the reaction mixture wasn@d to ambient temperature for 3 h.
The reaction mixture was cooled to -78°C and DA$DE mL, 7.94 mmol) was added and

the reaction mixture was warmed to ambient tempegdor 2 h. The reaction mixture was
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cooled to 0°C and Sat.,KO; (10 mL) was added. The reaction mixture was panéd
between DCM (50 mL) and 4@ (40 mL). The aqueous layer was washed with farthe
fractions of DCM (2 x 50 mL). The combined orgatagers were washed with brine (50
mL), then evaporated to give the title compound44g, 86%) as a red-brown oil : LCMS

(System formic 2 min) [M+H] 606; R 1.60 min, purity 94%.

Benzyl 3-fluoro-3-((trimethylsilyl)ethynyl)pyrrolithe-1-carboxylateZ22)

Me;Si
S
= N

@]

Benzyl 2-fluoro-2-((trimethylsilyl)ethynyl)pyrrolishe-1-carboxylate dicobalt hexacarbonyl
(3.92 g, 6.48 mmol) was dissolved in acetone (4Q.n@leric ammonium nitrate (10.65 g,
19.43 mmol) was added portionwise, then the reactioxture was stirred at ambient
temperature for 2 h. Ceric ammonium nitrate (3.56.89 mmol) was added and the mixture
was stirred for 2 h. The solvent was evaporatesh) the crude mixture was dissolved DCM
(60 mL) and EtOAc (300 mL). The organic solutionsweashed with kD (3 x 60 mL). The
agueous layer was washed EtOAc (100 mL). The coeaborganic fractions were washed
with brine (50 mL), then evaporated under reduaedgure to give the title compound (2.10
g, 100%) as an green oil : LCMS (System formic 2)niM+H]* 320; R 1.39 min, purity
90%:;*H NMR (400 MHz, CDC}) § = 7.51 — 7.32 (m. 5 H), 5.18 (d= 26.5 Hz, 2 H), 3.96

(s, 1 H), 3.81 — 3.49 (m, 3 H), 2.55 — 2.39 (m,)1 H39 — 2.16 (m, 1 H), 0.21 (s, 9 H).

Benzyl 3-ethynyl-3-fluoropyrrolidine-1-carboxylag13
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X
F N
o)
Benzyl 3-fluoro-3-((trimethylsilyl)ethynyl)pyrroliche-1-carboxylate (3.92 g, 12.27 mmol)

was dissolved in THF (40 mL) then was added TBAB.§ mL of a 1 M solution in THF,
13.5 mmol). The reaction mixture was stirred formdid, then poured into 40 (100ml) and
the product was extracted EtOAc (3 x 50 mL). Tbenbined organics were washed with
H,0 (50 mL), brine (50 mL) and evaporated under redyaressure. The crude mixture was
dissolved in DCM (200 mL) and flashed through a@@ilica column. The appropriate
fractions were combined and evaporated under redpoessure to give the title compound
(0.96 g, 31%) as an oil : LCMS (System formic 2 )iill+H]" 248; R 1.05 min, purity
85%: IR (oil) 3293, 3125, 2124, 1697, 1416, 695'ci NMR (400 MHz, (CR),S0) s =
7.47 — 7.22 (m, 5 H), 5.09 (s, 2 H), 4.11 Jcs 5.0 Hz, 1 H), 3.89 — 3.70 (m, 1 H), 3.70 —
3.52 (m, 2 H), 3.50 — 3.34 (m, 1 H), 2.47— 2.18 Zri}); *C NMR (101MHz, (CDR),SO, 373
K) 8 = 154.5, 139.0, 129.0, 128.0, 127.5, 92.73J¢r =174.0 Hz), 79.5 (fJc.r = 8.5 Hz),
79.0 (d,Jc.r = 31 Hz), 66.5, 57.5 (dJc.r = 26 Hz), 44.5, 38.5 (dJc.r = 24 Hz);*F NMR
(376 MHz, (CD),SO, 273 K)§ = -140.0 (tt,>Je.n = 40, 20 Hz, 1 F, rotamer 1) -140.5 (tt,
3Jem = 40, 20 Hz, 1 F, rotamer 2);"F NMR (376 MHz, (CR),SO, 393 K)& =

-139.5 (tt,3JF-H =40, 20 Hz), HRMS calcd for,gH1sFNO,, 248.1073 found 248.1081.
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Benzyl 3-ethynyl-3-hydroxypyrrolidine-1-carboxyla{223)

o O

0]

Benzyl 3-hydroxy-3-((trimethylsilyl)ethynyl)pyrradine-1-carboxylate (6.89 g, 21.7 mmol)
was dissolved in THF (100 mL). Tetrabutylammoniulmofide (23.9 mL of a 1 M in a
solution in THF, 23.9 mmol) was added and the reaatvas stirred at ambient temperature
for 30 min. The reaction mixture was poured sloiatp H,O (100 mL) and the product was
extracted using EtOAc (3 x 100 mL). The organicelayas evaporated under reduced
pressure to give the title compound benzyl 3-ethgAalyydroxypyrrolidine-1-carboxylate
(4.95 g, 93%) as a brown oil : LCMS (System High pkhin) [M+H]" 246; R 0.84 min,
purity 86%: IR (film) 3288, 3957, 2111, 1677, 144027, 696 crit; *H NMR (400 MHz,
(CD3),S0)6 = 7.53 — 7.16 (M, 5 H), 5.07 (s, 2 H), 3.63 — 31225 H), 2.19 — 2.01 (m, 2 H)
(the proton arising from the alcohol was not obsdrgue to exchange)iC NMR (101 MHz,
CDs;OD) & = 155.5, 136.5, 128.0, 127.5, 127.5, 83.5, 72(®0,767.0, 58.0, 44.0, 39.0;

HRMS calcd for G4H16NOs, 246.1125 found 246.1119.
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tert-Butyl  7-((1-((benzyloxy)carbonyl)-3-hydroxypyrrdin-3-yl)ethynyl)-3,4-dihydro-1,8-

naphthyridine-1(B)-carboxylate 224)

Benzyl  3-ethynyl-3-hydroxypyrrolidine-1-carboxylate (17.6 g, 71.8  mmol),
dicyclohexyl(2',4',6'-triisopropyl-[1,1'-bipheny-yl)phosphine, (0.753 g, 1.58 mmol),
KoCO; (29.8 g, 215 mmol),tert-butyl 7-chloro-3,4-dihydro-1,8-naphthyridine-H3}
carboxylate (69.9 mL, 179 mmol) and benzyl 3-etthd¥ydroxypyrrolidine-1-carboxylate
(17.6 g, 71.8 mmol) were dissolved in DMA (200 naod the reaction heated at 100 °C for 2
h. The reaction mixture was cooled to ambient teatpee and the solvent was evaporated.
The reaction mixture was partitioned between w&&0 mL) and DCM (500 mL), the
agueous layer was separated and washed with fut8dt (2 x 250 mL). The combined
organic phases were then evaporategtlissolved in DCM (30 mL) and purified by
chromatography on silica (1500 g, 0 — 100% EtOAcyidohexane, 10 CV). The appropriate
fractions were evaporated under reduced pressugeathe title compound (7.86 g, 23%) :
LCMS (System High pH 2 min) [M+H]478; R 1.19 min, purity 98%; IR (film) 3382, 2931,
2224, 1704, 1626, 1414, 1152 ¢ptH NMR (400 MHz, CDGY) & = 7.36 — 7.22 (m, 6 H),
7.01 (d,J = 7.5 Hz, 1 H), 5.10 (s, 2 H), 3.82 — 3.67 (m, ¥ 8167 — 3.53 (m, 2 H), 2.79 —
2.66 (m, 2 H), 2.31 — 2.19 (m, 2 H), 1.94 — 1.79 pH), 1.48 (s, 9 H) (the proton arising
from the alcohol was not observed due to exchang€):NMR (126 MHz, CROD) & =

156.7, 155.3, 152.7, 139.4, 139.2, 138.2, 129.8,112128.9, 127.8, 124.4, 89.6, 84.0, 82.8,
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72.4, 71.7, 68.2, 46.2, 45.7, 41.1, 28.5, 27.41 HRMS calcd for @H3,N3Os, 478.2337

found 478.2325.

tert-Butyl  7-((1-((benzyloxy)carbonyl)-3-hydroxypyrrdin-3-yl)ethynyl)-3,4-dihydro-1,8-

naphthyridine-1(B)-carboxylate (Cobalt carbonyl comple2pR6)

Co(CO) (6.19 g, 18.1 mmol) was added portionwise to aitswt of tert-butyl 7-((1-
((benzyloxy)carbonyl)-3-hydroxypyrrolidin-3-yl)ethyl)-3,4-dihydro-1,8-naphthyridine-
1(2H)-carboxylate (7.86 g, 16.5 mmol) in Bt (50 mL) and the reaction mixture was stirred
for 1 h. The reaction mixture was concentrated umdduced pressure (600 mbar) and the
resulting a oil was taken forward to the next stéhout purification (12.3 g, 99%) : LCMS
(System High pH 2 min) [M+H] 764; R 1.62 min, purity 93%; HRMS calcd for
C33H3,Co:N3011 764.0695 found 764.0703. Due to the quadropolarraaf Co the NMR is

very broad.
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tert-Butyl 7-((1-((benzyloxy)carbonyl)-3-fluoropyrroli-3-yl)ethynyl)-3,4-dihydro-1,8-

naphthyridine-1(B)-carboxylate (Cobalt carbonyl comple2P©)

tert-Butyl  7-((1-((benzyloxy)carbonyl)-3-hydroxypyrrdin-3-yl)ethynyl)-3,4-dihydro-1,8-
naphthyridine-1(B)-carboxylate (Cobalt carbonyl complex) (12.56 &.46 mmol) was
dissolved in anhydrous DCM (120 mL) at -78 °C. DA@T17 mL, 16.5 mmol) was added
dropwise over 5 min and the reaction mixture waswea to ambient temperature and stirred
for 18 h. An additional portion of DAST (2.17 mL6.5 mmol) was added to the reaction
mixture and stirred for 3 h. An additional portiohDAST (0.5 mL, 3.8 mmol) was added at
-78°C and the reaction mixture was stirred for $at. KCOz(,q) (60 mL) was added and the
mixture was stirred for 10 min. The organic layeaswseparated and evaporated under
reduced pressure to give the title compound (11® %) as a red oil : LCMS (System High
pH 2 min) [M+H]" 766; R 1.66 min, purity 86%, Due to the quadropolar matof Co the

NMR is very broad.
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tert-Butyl 7-((1-((benzyloxy)carbonyl)-3-fluoropyrroli-3-yl)ethynyl)-3,4-dihydro-1,8-

naphthyridine-1(B)-carboxylate 214)

tert-Butyl 7-((1-((benzyloxy)carbonyl)-3-fluoropyrrolia-3-yl)ethynyl)-3,4-dihydro-1,8-
naphthyridine-1(B)-carboxylate (Cobalt complex) (11.9 g, 15.6 mmwBs dissolved in
acetone (200 mL) and ceric ammonium nitrate (25.8606 mmol) was added portionwise
over 10 min. The reaction was stirred at ambiemperature for 1 h. EtOAc (200 mL) and
H,O (200 mL) were added. The organic layer was sépdirand the aqueous layer was
further washed with EtOAc (2 x 100 mL). The combirfeactions were evaporated under
reduced pressure to give the title compound (6,82¢%0) as a red oil : LCMS (System High
pH 2 min) [M+H]" 480; R 1.34 min, purity 69% NMR (600 MHz, (CR),S0)s = 7.56
(d, J=7.7 Hz, 1 H), 7.42 — 7.28 (m, 5 H), 7.27 — 7.81, { H), 5.14 — 5.03 (m, 2 H), 3.98 —
3.85(m, 1 H), 3.83 - 3.67 (m, 1 H), 3.67 — 3.63 ), 3.68 — 3.60 (m, 1 H), 3.53 — 3.39
(m, 1 H), 2.76 () = 6.4 Hz, 2 H), 2.53 — 2.35 (m, 2 H), 1.83 (quir; 6.2 Hz, 2 H), 1.45 (s,

9 H); °C NMR (151 MHz, (CR),S0) & = 153.7, 153.0, 151.4, 137.5, 136.7, 136.1, 128.4,
127.8, 127.5, 126.1, 122.7, 92.7 td.r = 173.6 Hz,), 87.4, 81.3 (dJc.r = 8 Hz), 80.2 (d,
2Jcr = 28 Hz), 66.1, 57.1 (fJcr = 26 Hz), 44.4, 44.1, 37.6 (llc.r = 24 Hz), 27.8, 25.9,
22.3;F NMR (376 MHz, CROD) & = (-138.0) — (-138.5) (m), (-139.0) — (-139.5) (m)

(mixture of rotamers, see R&D)
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Benzyl 3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-napritin-2-yl)ethyl)pyrrolidine-1-

carboxylate 215a-h (Enantiomers A and B)

tert-Butyl 7-((1-((benzyloxy)carbonyl)-3-fluoropyrrolia-3-yl)ethynyl)-3,4-dihydro-1,8-
naphthyridine-1(B)-carboxylate (2.7 g, 5.6 mmol) was dissolved in@4H(20 mL) and
added to a hydrogenation flask containing 5% Degj's®d/C (0.6 g). The reaction mixture
was stirred under an atmosphere of hydrogen (segblom a burette) for 18 h. The reaction
mixture was filtered through Celite™ and washedhvEtOAc (50 mL). The organic layer
was evaporated and the residue was dissolved in [ZDMnL) and TFA (1 mL, 13 mmol)
and left to stir for 72 h. A further TFA (1 mL, I8mol) was added and the reaction mixture
was stirred for 3 h. TFA (1 mL, 13 mmol) was addedhe reaction mixture and the reaction
mixture was stirred for 1 h. The reaction mixturasvweconcentrated, redissolved in MeCN (10
mL) and purified using an amino propyl SPE colurd@ ¢, MeOH 1 CV, MeCN 1 CV, load
compound, MeCN 3 CV, 2 M NHin MeOH 3CV). The appropriate fractions were
evaporated under reduced pressure. The mixturedigaslved in EtOH (5 mL) and the
enantiomers separated by using chiral HPLC (Inpactd.5 mL, 50% EtOH (containing 0.2%
isopropylamine): 50% hexane (containing 0.2% ispplamine), f = 50 mL/min, wavelength

320 nm; column 5 cm x 20 cm Chiralpak IA (self paak 45 min) to give two enantiomers.

Enantiomer A: Benzyl 3-fluoro-3-(2-(5,6,7,8-tetrang-1,8-naphthyridin-2-
ylethyl)pyrrolidine-1-carboxylate — Enantiomer A10 mg, 21%) : Analytical Chiral HPLC

(Analytical chiral HPLC (15% EtOH/heptane, f = 1rL/min, detecting at 215 nm; column
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4.6 mm id x 25 cm Chiralcel OD-H (self packed)) =R8.0 min; chiral purity >99%; LCMS
(System High pH 2 min) [M+H]384; R 1.18 min, purity 86%; IR (film) 3253, 2936, 1701,
1599, 1420, 1117 ¢ *H NMR (400 MHz, (CR3),S0)é = 7.44 — 7.27 (m, 6 H), 7.03 (=
7.0 Hz, 1 H), 6.35 — 6.20 (M, 2 H), 3.64 — 3.49 2ni}), 3.48 — 3.34 (m, 4 H), 3.27 — 3.17 (m,
2 H), 2.67 — 2.54 (m, 4 H), 2.23 — 1.87 (m, 2 Hy41—- 1.69 (m, 2 H) (the proton arising
from the amine was not observed due to exchan@\NMR (101 MHz, CROD) & = 156.5,
156.0, 139.5, 138.5, 129.5, 129.0, 128.5, 116.8,001102.5 (d Jc.r = 177 Hz), 68.0, 56.5
(d,2Jc.e = 27 Hz), 45.5, 42.5, 37.0 (Hc.r = 22 Hz), 36.5 (d?Jc.e = 23 Hz), 36.0, 31.5, 27.5,
22.0; F NMR (376 MHz, (CR),SO) & = (-154.0) — (-154.5) (m); HRMS calcd for

CooH27FN3O, 384.2082 found 384.2081.

Enantiomer B: benzyl 3-fluoro-3-(2-(5,6,7,8-tetrdhy-1,8-naphthyridin-2-
yhethyl)pyrrolidine-1-carboxylate — Enantiomer B40 mg, 22% yield) : Analytical Chiral
HPLC (Method (as enantiomer A)} R 10.0 min; chiral purity»99%. LCMS (System High
pH 2 min) [M+H] 384; R 1.17 min, purity 84%; IR (film) 3250, 2936, 1701599, 1420,
1117 cntt, *H NMR (400 MHz, (CR),S0)$ = 7.44 — 7.27 (m, 6 H), 7.03 (d,= 7.0 Hz, 1
H), 6.35 — 6.18 (m, 2 H), 3.59 — 3.56 (M, 2 H),B:53.34 (m, 4 H), 3.27 — 3.23 (m, 2 H),
2.67 —2.53 (m, 4 H), 2.21-1.88 (m, 2 H), 1.74.:69 (m, 2 H) (the proton arising from the
amine was not observed due to exchanf€):NMR (101 MHz, CROD) § = 156.5, 156.0,
139.5, 138.5, 129.5, 129.0, 128.5, 116.5, 112.9,51@1,1JC_F= 177 Hz), 68.0, 56.5 (d,]c_p

= 27 Hz), 45.5, 42.5, 37.0 (8)cr = 22 Hz), 36.5 (d%Jc.r = 23 Hz), 36.0, 31.5, 27.5, 22.0;
% NMR (376 MHz, (CR),S0)$ = (-154.0) — (154.5) (m); HRMS calcd fonsE>7FNsO>

384.2082 found 384.2081.
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tert-Butyl 7-(2-(1-((benzyloxy)carbonyl)pyrrolidin-3-)dthyl)-3,4-dihydro-1,8-
naphthyridine-1(B)-carboxylate 232
X

| 0

N~ N N,/<
o/go ©
X ke
Compound363was isolated during the purification of compolsid.
LCMS (System High pH 2 min) [M+H]465; R 0.94 min, purity >99%'H NMR (400
MHz, CD;0OD) § = 7.47 (dJ = 7.5 Hz, 1 H), 7.41 — 7.22 (m, 5 H), 6.98Jc 7.5 Hz, 1 H),
5.13 (s, 2 H), 3.85 — 3.69 (m, 2 H), 3.68 — 3.432mh), 3.07 — 2.92 (m, 1 H), 2.81 — 2.76

(m, 4 H), 2.32 = 2.15 (m, 1 H), 2.14 — 1.99 (m,)2 H98 — 1.85 (m, 2 H), 1.90 — 1.74 (m, 2

H), 1.70 — 1.55 (m, 1 H), 1.52 (s, 9 H).

7-(2-(3-Fluoropyrrolidin-3-yl)ethyl)-1,2,3,4-tetrgtiro-1,8-naphthyridine2339 (Enantiomer

A)
=z
N~ N |
H F NH
Benzyl 3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-napjritin-2-yl)ethyl)pyrrolidine-1-

carboxylate — Enantiomer A (410 mg, 1.1 mmol) wigsalved in EtOH (10 mL) and added
to a hydrogenation flask containing 5% Degussa™CH#l14 mg). The reaction mixture was
stirred under an atmosphere of hydrogen (supplieoh fa burette) for 18 h. The reaction

mixture was filtered through Celite™, washed wittOB (30 mL) and evaporated under
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reduced pressure to give the title compound 7-{2u@opyrrolidin-3-yl)ethyl)-1,2,3,4-
tetrahydro-1,8-naphthyridine (198 mg, 74%) as dn: diCMS (System High pH 2 min)
[M+H]* 250; R 0.76 min, purity 97%; IR (film) 3253, 2928, 2841587, 1460, 1321 cf

'H NMR (400 MHz, (CR),S0)8 = 7.03 (dJ = 7.5 Hz, 1 H), 6.29 (d] = 7.5 Hz, 1 H), 6.23
(br s, 1 H), 3.02 — 2.84 (m, 2 H), 2.84 — 2.45 8h{), 2.13 — 1.81 (m, 4 H), 1.81 — 1.59 (m, 2
H) (one of the exchangeable protons was not obdetive to exchange}’C NMR (101
MHz, CDs0OD) 6 = 156.5, 155.5, 137.0, 114.0, 110.5, 104.511 F£=175.0 Hz), 57.0, 56.5
(d,%Jc.r = 25.5 Hz), 45.0, 41.0, 37.5 (@c.r=24.0 Hz), 36.5 (Jc.r= 24.0 Hz), 32.0 (fJc.

r= 3.0 Hz), 26.0!°F NMR (376 MHz, CROD) & = (-143.5) — (-144.0) (m); HRMS calcd

for Ci4H21FN3 250.1714 found 250.1718.

7-(2-(3-Fluoropyrrolidin-3-yl)ethyl)-1,2,3,4-tetrgtiro-1,8-naphthyridine 233b)

(Enantiomer B)

/

F~\_-NH

Using the method above, the title compound was gvegp from benzyl 3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pylidine-1-carboxylate — Enantiomer B
(440 mg, 1.147 mmol) to give the title compound(28g, 80%) as an oil. Purity 87%

spectroscopic data as enantiomer A.
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(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-

yhbut-2-enoate4349 (Enantiomer A)

m@ o
N \N F N\/\)Lo/
H

(E)-Methyl 4-bromobut-2-enoate (0.085 mL, 0.72 mnwds added dropwise during 30 min
to a solution of 7-(2-(3-fluoropyrrolidin-3-yl)ethyl,2,3,4-tetrahydro-1,8-naphthyridine —
Enantiomer A (198 mg, 0.794 mmol) and DIPEA (0.44l6 2.38 mmol) in DCM (20 mL) at
0 °C. The solution was stirred for 1 h at 0 °C #meh warmed to ambient temperature for 2
h. (E)-Methyl 4-bromobut-2-enoate (0.1 mL, 0.9 mmol) vealsled dropwise and the reaction
mixture was stirred at ambient temperature for J'tme reaction mixture was partitioned
between HO (20 mL) and DCM (20 mL). The organic layer wasstwed with HO (2 x 50
mL) then evaporated under reduced pressure to thwditle compound (267 mg, 97%) :
LCMS (System High pH 2 min) [M+H]348; R 1.01 min, purity 90%. IR (film) 3407, 2948,
2843, 2663, 1721, 1662, 1597, 1435, 1276'cti NMR (400 MHz, CROD) 6 =7.11 (dJ

= 7.5 Hz, 1 H), 6.93 (dt) = 16.0, 6.5 Hz, 1 H), 6.37 (d,= 7.5 Hz, 1 H), 6.02 (df] = 16.0,
1.5 Hz, 1 H), 3.72 (s, 3 H), 3.19 — 2.83 (m, 3 )5 — 2.44 (m, 7 H), 2.19 — 1.93 (m, 5 H),

1.93 - 1.77 (m, 3 H) (the proton arising from tiha@rge was not observed due to exchange).
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(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-

yhbut-2-enoate 434b) (Enantiomer B)

m@ o
N \N F N\/\)Lo/
H

Using the method above, the title compound wasgregpfrom 7-(2-(3-fluoropyrrolidin-3-
yhethyl)-1,2,3,4-tetrahydro-1,8-naphthyridine —aatiomer B (230 mg, 0.922 mmol) to give

the title compound (318 mg, 79%), as a yellow gpuarity 98%.

Methyl 3-(3-(3,5-dimethyl-H-pyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoat@36a—h (Diastereomers A and B)

et
N,N
N
\ @)
N/ N
N F o~

(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-
yl)but-2-enoate — Enantiomer A (145 mg, 0.334 mm&th(COD)CI} (10 mg, 0.02 mmol),
(3-(3,5-dimethyl-H-pyrazol-1-yl)phenyl)boronic acid (271 mg, 1.25 mMm&OHxq) (0.18
mL of a 3.8 M solution, 0.67 mmol), anB){BINAP (31 mg, 0.05 mmol) were dissolved in
1,4-dioxane (2 mL). The reaction mixture was heatea microwave oven (1 h, 95 °C, high
power). The reaction mixture was filtered throughite™, washed with EtOAc (20 mL) and

was evaporated under reduced pressure. The crudevgs redissolved in DMSO : MeOH
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(3 mL) and purified using reverse phase chromapgra(C18, 30 g, 5 — 95% MeCN
(containing 0.1% ammonia) in 10 mM ammonium bicadte, 15 CV). The appropriate
fractions were combined and evaporated to giver(iedhyl 3-(3-(3,5-dimethyl-Hi-pyrazol-1-
yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-in@phthyridin-2-yl)ethyl)pyrrolidin-1-
yl)butanoate (120 mg, 69%) as a gum. AnalyticataitiPLC (30%EtOH (containing 0.2%
isopropylamine)/heptane, f = 1.0 mL/min, detectatg?15 nm; column 4.6 mm id x 25 cm
Chiralcel OD-H (self packed)) chiral purity 95%.é mixture was dissolved in EtOH (2 mL)
and heptane (1 mL) and the enantiomers separatesibyg chiral HPLC (Injection; 1 mL,
30% EtOH (containing 0.2% isopropylamine): 70% Hexa (containing 0.2%
isopropylamine), f = 30 mL/min, detecting at 216m; column 3 cm x 25 cm Chiralpak OD-

H (self packed), 45 min) to give two diastereomers.

Diastereomer A: Methyl 3-(3-(3,5-dimethyHipyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pglidin-1-yl)butanoate — Diastereomer A
(9 mg, 5%) : Analytical chiral HPLC (30%EtOH (comtiamg 0.2% isopropylamine)/Heptane,
f = 1.0 mL/min, detecting at 215 nm; column 4.6 nanx 25 cm Chiralcel OD-H (self
packed)) R= 7.0 min; chiral purity>99%; LCMS (System High pH 2 min) [M+H520; R
1.25 min, purity >99% NMR (400 MHz, CROD) 6 = 7.48 — 7.37 (m, 1 H), 7.36 — 7.23
(m, 3 H), 7.10 (dJ = 7.5 Hz, 1 H), 6.35 (dl = 7.5 Hz, 1 H), 6.04 (s, 1 H), 3.56 (s, 3 H), 3.40
—3.33(m, 3H),2.94-2.71 (m, 4 H), 2.71 — @98 H), 2.24 (s, 3 H), 2.23 (s, 3 H), 2.09 —
1.89 (m, 4 H), 1.89 — 1.80 (m, 2 H) (the protorsiawg from the amine was not observed due

to exchange).

Diastereomer B: methyl 3-(3-(3,5-dimethyHdpyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pylidin-1-yl)butanoate — Diastereomer B

(88 mg, 51%) : Analytical chiral HPLC (method (agafereomer A)) R= 8.5 min; chiral
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purity >99%: LCMS (System High pH 2 min) [M+H]520; R 1.25 min, purity >99%H
NMR (400 MHz, CQOD) & = 7.48 — 7.37 (m, 1 H), 7.36 — 7.22 (m, 3 H), AdQ = 7.5 Hz,

1 H), 6.35 (dJ = 7.5 Hz, 1 H), 6.05 (s, 1 H), 3.58 — 3.51 (m, 33139 — 3.33 (m, 3 H), 2.92
—2.72(m, 4 H), 2.72 — 2.43 (m, 8 H), 2.24 (s,)3H23 (s, 3 H), 2.10 — 1.89 (M, 4 H), 1.89 —
1.80 (m, 2 H) (the proton arising from the amineswmt observed due to exchang€l
NMR (376 MHz, CRQOD) & = (-141.5) — (-142.0) (m); HRMS calcd forsdBzgFNsO,

520.3082 found 520.3066.

Methyl 3-(3-(3,5-dimethyl-H-pyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoat@36c—g (Diastereomers C and D)

Using the method above, the title compound wasgregpfrom E)-methyl 4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pyliidin-1-yl)but-2-enoate — Enantiomer B

(145 mg, 0.334 mmol) gave two isomers

Diastereomer C:. Methyl 3-(3-(3,5-dimethyHipyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl) pylidin-1-yl)butanoate — Diastereomer C
(9 mg, 5 %) : Analytical chiral HPLC (Method (asdstereomer A)) R= 5.0 min; chiral
purity >99%: LCMS (System High pH 2 min) [M+H}520; R 1.26 min, purity 97%:>H

NMR (400 MHz, CROD) § = 7.52 — 7.39 (m, 1 H), 7.39 — 7.24 (m, 3 H), 7(d3) = 7.5 Hz,
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1 H), 6.38 (dJ= 7.5 Hz, 1 H), 6.07 (s, 1 H), 3.58 (s, 3 H), 343.36 (m, 3 H), 2.95 - 2.50
(m, 12 H), 2.27 (s, 3 H), 2.26 (s, 3 H), 2.10 -11(&, 6 H) (the protons arising from the

amine were not observed due to exchange).

Diastereomer D: methyl 3-(3-(3,5-dimethyHdpyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl)pglidin-1-yl)butanoate — Diastereomer D
(88 mg, 50 %) : Analytical chiral HPLC (Method (Bsastereomer A)) R= 7.2 min; chiral
purity >99%: LCMS (System High pH 2 min) [M+H}520; R 1.26 min, purity 97%:>H
NMR (400 MHz, CROD) § = 7.49 — 7.42 (m, 1 H), 7.35 — 7.25 (m, 3 H), Ad2 = 7.5 Hz,

1 H), 6.37 (dJ = 7.5 Hz, 1 H), 6.07 (s, 1 H), 3.58 (s, 3 H), 3-48.35 (m, 3 H), 2.96 — 2.74
(m, 4 H), 2.74 — 2.53 (m, 8 H), 2.27 (s, 3 H), 2(863 H), 2.13 — 1.91 (m, 4 H), 1.91 — 1.83
(m, 2 H) (the protons arising from the amine weoe abserved due to exchang&lc NMR
(101 MHz, CRROD) 6 = 174.0, 158.0, 157.0, 150.0, 145.5, 141.5, 14188,5, 130.5, 128.5,
125.5, 124.5, 115.5, 112.0, 107.5, 105.5, 103.5% &i’,lJc_F= 164 Hz), 65.0 (d?\]c_p= 25
Hz), 62.5, 54.5, 51.5, 42.5, 39.5 {d¢.r = 25 Hz), 38.0 (d%Jc.r = 24 Hz), 33.0 (d3Jc.r= 4

Hz), 27.5, 22.5, 13.0, 11.BRMS calcd for GoH3sFNsO,, 520.3082 found 520.3066.
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3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic at(2379 (Diastereomer A)

OH

Methyl 3-(3-(3,5-dimethyl-H-pyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tahydro-1,8-
naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoate Biastereomer B (88 mg, 0.17 mmol) was
dissolved in MeOH (1 mL). LiOHg (0.5 mL of a 1 M solution, 0.5 mmol) was addedite
reaction mixture. The reaction mixture was stirfed 18 h at ambient temperature. Kl
(0.3 mL of a 2 M solution, 0.6 mmol) was addedte teaction mixture, then it was loaded
onto a pre-conditioned SCX column (10 g, MeOH 1 GXCN 1 CV, load compound,
MeOH 2 CV, 2 M NH in MeOH 2 CV). The ammonical fractions were conginand
evaporated. The residue was purified using revphsse chromatography (C18, 5 — 95%
MeCN (containing 0.1% ammonia) in 10 mM ammoniuncabbonate, 15 CV). The
appropriate fractions were collected and evaporeteggve the title compound (72 mg, 84%)
as a gum : Analytical Chiral HPLC (Method (50% EtOktontaining 0.2%
isopropylamine)/heptane, f = 1.0 mL/min, detectatd?215 nm; column 4.6 mm id x 25 cm
Chiralcel OD-H (self packed)):R 5.3 min; chiral purity >99%; LCMS (System Highl |2
min) [M+H]* 506; R 0.82 min, purity 99%*H NMR (400 MHz, CRQOD) & = 7.51 — 7.44
(m, 1 H), 7.39 —7.34 (m, 2 H), 7.33 — 7.29 (nH)1. 7.26 (d,J = 7.5 Hz, 1 H), 6.45 (d] =
7.0 Hz, 1 H), 6.09 — 6.05 (m, 1 H), 3.56 — 3.46 {nk]), 3.42 — 3.38 (M, 2 H), 3.34 — 3.32 (m,
1 H), 3.31 — 3.13 (m, 3 H), 3.12 — 3.04 (M, 2 HPB- 2.96 (M, 1 H), 2.87 — 2.78 (m, 1 H),

2.77 — 2.68 (M, 4 H), 2.64 — 2.56 (M, 1 H), 2.283(81), 2.26 (s, 3 H), 2.21 — 2.00 (M, 4 H),
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1.92 — 1.84 (m, 2 H) (the proton arising from tleeboxylic acid was not observed due to
exchange)*C NMR (101 MHz, CROD) & = 178.5, 154.5, 153.0, 148.5, 144.5, 140.0,
139.5, 138.5, 129.0, 126.5, 124.0, 123.0, 116.0,0,1106.5, 102.0 (d,]c_pz 179 Hz), 62.0,
62.0 (d,%Jc.r= 25 Hz), 52.5, 43.5, 40.5, 40.0, 37.04@h.r= 24 Hz), 35.5 (dJc.r= 24 Hz),
30.0 (d,Jc.r= 4 Hz), 25.5, 20.0, 11.5, 11.0; HRMS calcd fosH3:FNsO,, 506.2926 found

506.2907.

3-(3-(3,5-Dimethyl-H-pyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tahydro-1,8-

naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic at — 237b) (Diastereomer B)

OH

Methyl 3-(3-(3,5-dimethyl-H-pyrazol-1-yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tahydro-1,8-
naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoate Biastereomer D (77 mg, 0.148 mmol)
was dissolved in MeOH (1 mL). LiQk, (0.5 mL of a 1 M solution, 0.5 mmol) was added to
the reaction mixture. The reaction mixture wagetirfor 18 h at ambient temperature. The
sample was concentrated under reduced pressurda3g3-(3,5-dimethyl-H-pyrazol-1-
yl)phenyl)-4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-in@phthyridin-2-yl)ethyl)pyrrolidin-1-
yl)butanoic acid, Lithium salt (62 mg, 82%) NMR (400 MHz, (CD}),SO)é = 7.49 — 7.42
(m, 1 H), 7.39 — 7.34 (m, 2 H), 7.32 — 7.24 (m, 1 H20 (d,J = 7.5 Hz, 1 H), 6.41 (d] =

7.5 Hz, 1 H), 6.06 (s, 1 H), 3.52 — 3.42 (m, 1 8188 (dd,J = 6.5, 5.0 Hz, 2 H), 3.35 — 3.31
(m, 1 H), 3.31 — 2.92 (m, 6 H), 2.82 (dbi= 15.5, 8.0 Hz, 1 H), 2.75 — 2.62 (m, 3 H), 2.57
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(dd,J = 15.5, 8.0 Hz, 1 H), 2.27 (s, 3 H), 2.25 (s, 323 — 1.97 (m, 4 H), 1.93 — 1.81 (m,
2 H) (the protons arising from the amine and thdaaylic acid were not observed due to
exchange)/Li NMR (156 MHz, ((CD}),SO)& = 0.86 QUANTAS shows 1 : 1 (compound :
Li). HClq) (0.3 mL of a 2 M solution, 0.6 mmol) was addedite reaction mixture, then it
was loaded onto a pre-conditioned SCX column (181gOH 1 CV, MeCN 1 CV, load
compound, MeOH 2 CV, 2 M NHin MeOH 2 CV). The ammonical fractions were
combined and evaporated. The residue was purif@dgureverse phase chromatography
(C18, 12 g, 5 — 95% MeCN (containing 0.1% ammoma)0 mM ammonium bicarbonate,
15 CV). The appropriate fractions were collected amaporated to give the title compound
(51 mg, 68 % yield) as a gum : Analytical Chiral l{P(Method (as isomer 1)){R 7.6 min;
chiral purity = 98%:'*H NMR (400 MHz, (CR),SO)$ = 7.43 — 7.37 (m, 1 H), 7.37 — 7.33
(m, 1 H), 7.33 —7.25 (m, 2 H), 7.03 @tk 7.5 Hz, 1 H), 6.28 (d] = 7.5 Hz, 1 H), 6.25 (br. s,
1 H), 6.07 (s, 1 H), 3.31 — 3.21 (m, 4 H), 2.90.652(m, 5 H), 2.65 — 2.58 (m, 3 H), 2.58 —
2.53 (M, 2 H), 2.51 — 2.45 (m, 1 H), 2.28 (s, 3 M)19 (s, 3 H), 2.04 — 1.81 (m, 4 H), 1.80 —
1.70 (m, 2 H) (the proton arising from the carbaxyacid was not observed due to
exchange)**F NMR (376 MHz, CROD) § = (-142.5) — (-143.0) (m):Li NMR (156 MHz,
((CD)3),SO) 6 = No peaks detected QUANTAS no Li present; HRMScaafor

CogH37FNsO,, 506.2926 found 506.2907.
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Methyl  4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-rbyridin-2-yl)ethyl)pyrrolidin-1-yl)-3-

(3-morpholinophenyl)butanoatg35a—h (Diastereomers A and B)

0]
@
W%
H N F N O/

(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-
yh)but-2-enoate — Enantiomer A (145 mg, 0.334 mm&th(COD)CI}L (10 mg, 0.02 mmol),
(3-morpholinophenyl)boronic acid (259 mg, 1.25 myranhd KOHa,q) (0.22 mL of a 3.8 M
solution, 0.84 mmol) were dissolved in 1,4-dioxd&aenL) and the solution was heated in a
microwave oven (100 min, 95 °C, high power). Thact®en mixture was filtered through
Celite™, washed with EtOAc (10 mL) and evaporaiHte reaction mixture was suspended
in MeOH (300puL) and purified by reverse phase chromatography8(GD g, 5 — 95%
MeCN (containing 0.1% ammonia) in 10 mM ammoniuntabbonate, 20 CV). The
appropriate fractions were combined and evaportadedive (+)-methyl 4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl) pylidin-1-yl)-3-(3-morpholinophenyl)
butanoate (99 mg, 58%) as a gum : The mixture wesoled in EtOH (2 mL) and heptane
(2 mL) and the enantiomers separated by usingldHiPAC (Injection; 1 mL, eluting with
30% EtOH (containing 0.2% isopropylamine): 70% hexa (containing 0.2%
isopropylamine), f = 30 mL/min, detecting at 216m; column 3 cm x 25 cm Chiralpak OD-

H (self packed), 45 min) to give two diastereomers.

Diastereomer A : methyl 4-(3-fluoro-3-(2-(5,6,78rahydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer A (17 mg, 10%) :
Analytical chiral HPLC (30% EtOH (containing 0.2%opropylamine)/heptane, f = 1.0
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mL/min, detecting at 215 nm; column 4.6 mm id xc2® Chiralcel OD-H (self packed)xR

8.0 min; chiral purity >99%; LCMS (System High pHn@n) [M+H]" 511; R 1.21 min,
purity 99%;'H NMR (400 MHz, CROD) 6 = 7.17 (tJ = 7.5 Hz, 1 H), 7.13 (dl= 7.5 Hz, 1
H), 6.88 — 6.84 (m, 1 H), 6.76 (d= 7.5 Hz, 1 H), 6.38 (d] = 7.5 Hz, 1 H), 3.87 — 3.81 (m,
4 H), 3.58 (s, 3 H), 3.42 — 3.36 (m, 2 H), 3.17.203(m, 4 H), 2.90 — 2.49 (m, 12 H), 2.11 —
1.84 (m, 6 H), 1.38 — 1.28 (m, 2 H) (the protorsiaig from the amine was not observed due

to exchange).

Diastereomer B: methyl 4-(3-fluoro-3-(2-(5,6,7,8ddydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer B (77 mg, 45 %) :
Analytical chiral HPLC (Method (as Diastereomer A&))= 17.2 min; chiral purity >99%;
LCMS (System High pH 2 min) [M+H]511; R 1.21 min purity = 86%*H NMR (400
MHz, CD;OD) § = 7.18 (tJ = 7.5 Hz, 1 H), 7.13 — 7.07 (m, 1 H), 6.89 — &7 2 H), 6.74
(d,J=7.5Hz, 1 H), 6.36 (dl = 7.5 Hz, 1 H), 3.87 — 3.75 (m, 4 H), 3.57 (s, 33140 — 3.34
(m, 2 H), 3.28 — 3.20 (M, 1 H), 3.16 — 3.07 (M, ¥ 91 — 2.74 (m, 4 H), 2.74 — 2.44 (m, 9
H), 2.07 — 1.91 (m, 3 H), 1.91 — 1.80 (m, 2 H) (gveton arising from the amine was not
observed due to exchangéjC NMR (101 MHz, CROD) 6 = 174.5, 158.5, 157.5, 153.0,
145.0, 138.5, 130.5, 120.5, 116.5, 115.5, 115.0,011105.5 (d,lJC_F= 177 Hz), 68.0, 65.5
(d, 2Jc.r = 25 Hz), 63.5, 54.5, 52.0, 43.0, 42.5, 40.5, 38,3Jc.r = 25 Hz), 38.0 (d*Jc.r =
24 Hz), 32.5 (d%Jc.r = 4 Hz), 28.0, 27.5, 22.8%F NMR (376 MHz, CROD) § = (-141.0) —

(-141.5) (m); HRMS calcd for £gH40FN4Os, 511.3084 found 511.3066.
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Methyl  4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-rbyridin-2-yl)ethyl)pyrrolidin-1-yl)-3-

(3-morpholinophenyl)butanoatg35c—g (Diastereomers C and D)

0]
@
W%
H N F N O/

(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-
yhbut-2-enoate — Diastereomer B (145 mg, 0.334 tjhn&®h(COD)CIL (10 mg, 0.02
mmol), (3-morpholinophenyl)boronic acid (259 m@9 mmol) and KOk (0.22 mL of a
3.8 M solution, 0.84 mmol) were dissolved in 1,4@ne (2 mL) and the solution was
heated in a microwave oven (100 min, 95 °C, higlhggh The reaction mixture was filtered
through Celite™, washed with EtOAc (10 mL) and ewaped. The reaction mixture was
suspended in MeOH (3QQ.) and purified by reverse phase chromatography3(@o g, 5 —
95% MeCN (containing 0.1% ammonia) in 10 mM ammanibicarbonate, 20 CV). The
appropriate fractions were combined and evaportatgive methyl 4-(3-fluoro-3-(2-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)ethyl)pyrrolidinad)-3-(3-morpholinophenyl)  butanoate
(120 mg, 70%) as a gum. The mixture was dissolndet©H (2 mL) and heptane (1 mL) and
the enantiomers separated by using chiral HPLG¢tign; 1 mL, eluting with 30% EtOH
(containing 0.2% isopropylamine): 70% hexane (coimg 0.2% isopropylamine), f = 30
mL/min, detecting at 215.4 nm; column 3 cm x 25 Ciiralpak OD-H (self packed), 45

min) to give two isomers.

Diastereomer C: Methyl 4-(3-fluoro-3-(2-(5,6,7,8reydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer C (15 mg, 9%) :
Analytical chiral HPLC (30%EtOH (containing 0.2%opopylamine)/heptane, f = 1.0
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mL/min, detecting at 215 nm; column 4.6 mm id xc2% Chiralcel OD-H (self packed)xR
8.0 min; chiral purity >99%; LCMS (System High pHn2in) [M+H]" 511; R 1.21 min
purity = 86%;*H NMR (400 MHz, CROD) & = 7.17 (tJ = 7.5 Hz, 1 H), 7.10 (dl = 7.5 Hz,
1 H), 6.82 (dJ = 2.0 Hz, 1 H), 6.79 (d] = 2.0 Hz, 1 H), 6.73 (d] = 7.5 Hz, 1 H), 6.35 (d]
=7.5Hz, 1 H), 3.85—3.77 (m, 4 H), 3.55 (s, 3889 — 3.33 (M, 2 H), 3.28 — 3.19 (M, 1 H),
3.14 — 3.08 (M, 4 H), 2.87 — 2.70 (m, 5 H), 2.68 & 6.5 Hz, 2 H), 2.65 — 2.44 (m, 6 H),
2.07 —1.89 (m, 3 H), 1.88 — 1.81 (m, 2 H) (thetpnoarising from the amine was not

observed due to exchange).

Diastereomer D: Methyl 4-(3-fluoro-3-(2-(5,6,7,8rydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer D (88 mg, 58%) :
Analytical chiral HPLC (Method (same as Diasterepi@® R = 17.2 min; LCMS (System
High pH 2 min) [M+H] 511; R 1.21 min, purity >99%'H NMR (600 MHz, CQOD) § =
7.18 (t,J= 7.8 Hz, 1 H), 7.13 (d] = 7.3 Hz, 1 H), 6.83 (d] = 2.0 Hz, 1 H), 6.80 (d] = 1.8
Hz, 1 H), 6.74 (dJ = 7.7 Hz, 1 H), 6.36 (d] = 7.3 Hz, 1 H), 3.86 — 3.77 (m, 4 H), 3.56 (s, 3
H), 3.40 — 3.33 (m, 2 H), 3.28 — 3.19 (m, 1 H),3-13.09 (M, 4 H), 2.94 — 2.72 (m, 5 H),
2.69 (t,J = 6.3 Hz, 2 H), 2.64 — 2.47 (m, 6 H), 2.11 — (81 3 H), 1.91 — 1.78 (m, 2 H) (the
proton arising from the amine was not observed wuexchange)**C NMR (101 MHz,
CDs0OD) 6 = 174.5, 158.0, 157.0, 153.0, 144.5, 138.5, 13028.5, 116.5, 115.5, 115.0,
112.0, 102.5 (d%\]c_p = 177 Hz), 68.0, 65.5 (cf,JC_F = 25 Hz), 63.5, 54.5, 52.0, 50.5, 43.5,
42.5, 40.5, 39.5 (fJcr = 25 Hz), 37.5 (d%Jcr = 25 Hz), 32.5, 27.5, 22.8°F NMR (376

MHz, CD:OD) § = (-140.5) — (-141.0) (m).
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4-(3-Fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-naphthym@-yl)ethyl)pyrrolidin-1-yl)-3-(3-

morpholinophenyl)butanoic aci@11g (Diastereomer A)

N F N OH
Methyl  4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-rdpyridin-2-yl)ethyl)pyrrolidin-1-yl)-3-
(3-morpholinophenyl)butanoate — Diastereomer B {7, 0.15 mmol) was dissolved in
MeOH (1 mL). LiOHaq) (0.452 mL of a 1 M solution, 0.452 mmol) was adttethe reaction
mixture. The reaction mixture was stirred for 18trambient temperature. Hggl (0.226 mL
of 2 M solution, 0.452 mmol) was added to the tieacmixture, then it was loaded onto a
pre-conditioned SCX column (10 g, MeOH 1 CV, MeCNCY, load compound, MeOH 2
CV, 2 M NH; in MeOH 2 CV). The ammonical fractions were conda and evaporated.
The residue was purified using reverse phase chogrephy (C18, 5 — 95% MeCN
(containing 0.1% ammonia) in 10 mM ammonium bicadte, 15 CV). The appropriate
fractions were collected and evaporated to givetitttecompound (61 mg, 81%) as a gum :
Analytical chiral HPLC (50%EtOH (containing 0.2%opsopylamine)/heptane, f = 1.0
mL/min, detecting at 215 nm; column 4.6 mm id xc2% Chiralcel OD-H (self packed)xR
7.0 min; chiral purity>99%; [o] p = + 17 € = 0.53, EtOH)LCMS (System High pH 2 min)
[M+H]* 497; R 0.76 min, purity 98%*H NMR (400 MHz, CROD) § = 7.22 — 7.14 (m, 2
H), 6.86 — 6.84 (m, 1 H), 6.81 (ddi= 8.0, 2.0 Hz, 1 H), 6.74 (d,= 7.5 Hz, 1 H), 6.40 (d]
=7.5Hz, 1 H), 3.84 — 3.73 (m, 4 H), 3.40 — 3.82 8 H), 3.27 — 3.18 (m, 2 H), 3.18 — 3.06
(m, 6 H), 3.02 — 2.91 (m, 1 H), 2.78 (ddy.r = 16.0 Hz,J = 9.0, 1 H), 2.72 — 2.63 (M, 5 H),

2.55 (dd,?Ju.r = 16.0 Hz,d = 3.5, 1 H), 2.27 — 1.98 (m, 4 H), 1.91 — 1.78 (mHR(the
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protons arising from the amine and carboxylic agée not observed due to exchandég;
NMR (151 MHz, (CR),SO) s = 174.0, 157.0, 156.5, 152.0, 145.0, 137.0, 12818.5,
115.0, 113.5, 113.0, 110.5, 104.0 tﬂc-p = 175.0 Hz), 66.5, 64.5, 62.0, 53.5, 49.5, 41.5,
41.0, 38.0 (d?Jcr= 23.0 Hz), 37.0, 36.5 (dJcr= 23.0 Hz), 31.5 (dJcr= 3.5 Hz), 26.5,
21.5°F NMR (376 MHz, (CRQ),SO) & = (-138.0) — (-138.5) (m); HRMS calcd for

CogH3sFN4O3, 497.2906 found 497.2922.

4-(3-Fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-naphthym@-yl)ethyl)pyrrolidin-1-yl)-3-(3-

morpholinophenyl)butanoic aci@11b) (Diastereomer B)

N N
N F OH

Using the method above, the title compound was gvegp from methyl 4-(3-fluoro-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethyl) pylidin-1-yl)-3-(3-
morpholinophenyl)butanoate — Diastereomer D (88 0n7 mmol) gave the title compound
(75 mg, 88%) as a gum : Analytical Chiral HPLC (kied as Diastereomer A)):;R 12.0
min; chiral purity = 98%; LCMS (System High pH 2mhi[M+H]" 497; R 0.76 min, purity
99%:;'H NMR (600 MHz, (CR),S0)é = 12.63 — 11.80 (m, 1 H), 7.13 {t= 7.9 Hz, 1 H),
7.03 (d,J= 7.3 Hz, 1 H), 6.82 (s, 1 H), 6.75 (db= 8.3, 2.0 Hz, 1 H), 6.69 (d,= 7.3 Hz, 1
H), 6.28 (d,J = 7.3 Hz, 1 H), 6.26 (br. s, 1 H), 3.77 — 3.66 @hH), 3.25 — 3.22 (m, 2 H),
3.16 — 3.11 (m, 1 H), 3.10 — 3.05 (M, 4 H), 2.92.32 (m, 12 H), 2.06 — 1.87 (m, 4 H), 1.75
(quin,J = 5.9 Hz, 2 H)*C NMR (101 MHz, CROD) 5 = 180.0, 156.5, 155.5, 153.5, 145.5,
139.5, 130.5, 119.5, 116.5, 116.0, 115.5, 111.5,51@1,1JC_F= 178 Hz), 68.0, 64.0 (d,]c_p
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= 26 Hz), 63.5, 54.5, 50.5, 45.0, 42.0, 41.5, 3@,5Jc.r = 24 Hz), 36.5 (dXc.r = 24 Hz),
31.5 (d,%Jcr = 4 Hz), 27.5, 22.0'*F NMR (376 MHz, CROD) 6 = (-143.5) — (-144.0) (m);

HRMS calcd for GgH3gFN4Os, 497.2906 found 497.2922.

4-(3-Fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-naphthym@-yl)ethyl)pyrrolidin-1-yl)-3-(3-

morpholinophenyl)butanoic aci@119 (Diastereomer C)

o)
@
W%
N© N FoNAN OH

(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-
yh)but-2-enoate (110 mg, 0.25 mmol) and (3-morptmphenyl)boronic acid (157 mg, 0.760
mmol) were dissolved in 1,4-dioxane (2 mL) unde¢ragien. [Rh(COD)CH (13.4 mg, 0.027
mmol) and R)-BINAP (38.2 mg, 0.061 mmol) were dissolved in -ljdxane (1 mL)and
nitrogen was bubbled through for 2 minutes. Thikkdad solution was added to the main
reaction flask. KOklg (0.2 mL of a 3.8 M solution, 0.760 mmol) was add#wen the
reaction mixture was heated to 50 °C for 2 h. [RDOQCI], (13.4 mg, 0.027 mmol) was
added to the reaction mixture and was heated t&C9fbr 1.5 h. LiOHaq (1 mL of a 1 M
solution, 1 mmol) was added to the reaction mixtamd the reaction mixture was stirred for
15 h. The reaction mixture was filtered throughiteelwashed with EtOH (10 mL) and
evaporated. The reaction mixture was suspendede®i(1 mL) and purified by reverse
phase chromatography (C18, 13 g, 5 — 50% MeCN &ing 0.1% ammonia) in 10 mM

ammonium bicarbonate, 30 CV), the appropriate ifvast were combined and evaporated.
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The enantiomers were separated by chiral HPLCdtigje; 0.5 mL, eluting with 50% EtOH :
50% heptane, f = 15 mL/min, detecting at 215.4 oobgmn 3 cm x 25 cm Chiralpak OD-H

(self packed), 45 min) to give two isomers.

Diastereomer B: Methyl 4-(3-fluoro-3-(2-(5,6,7,8raydro-1,8-naphthyridin-2-

yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer B (5 mg, 4%)
Analytical chiral HPLC (50%EtOH / heptane, f = Irfl/min, detecting at 215 nm; column
4.6 mm id x 25 cm Chiralcel AS-H (self packed))®R13.0 min, chiral purity >99%; See

compound211h

Diastereomer C: Methyl 4-(3-fluoro-3-(2-(5,6,7,8reydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer C (6 mg, 5%)
Analytical chiral HPLC (50%EtOH / heptane, f = Irfl./min, detecting at 215 nm; column

4.6 mm id x 25 cm Chiralcel AS-H (self packed)) R26.5 min, chiral purity >99%;

analytical data consistent with compouwidlb.

4-(3-Fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-naphthym@-yl)ethyl)pyrrolidin-1-yl)-3-(3-

morpholinophenyl)butanoic aci@11d) (Diastereomer D)

0™
LN
~
| q
N~ N F N
H OH
(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-
yh)but-2-enoate (110 mg, 0.25 mmol) and (3-morphaphenyl)boronic acid (157 mg, 0.760

mmol) were dissolved in 1,4-dioxane (2 mL) underagien. [Rh(COD)CH (13.4 mg, 0.027
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mmol) and R)-BINAP (38.2 mg, 0.061 mmol) were dissolved in-tljdxane (1 mL) and
nitrogen was bubbled through for 2 minutes. Thikdad solution was added to the main
reaction flask. KOkg) (0.2 mL of a 3.8 M solution, 0.8 mmol) was addéxn the reaction
mixture was heated to 50 °C for 2 h. [Rh(COD)@1]3.4 mg, 0.027 mmol) was added to the
reaction mixture and was heated to 90 °C for 1.Ri@Hq (1 mL of a 1 M solution, 1
mmol) was added to the reaction mixture and theti@a mixture was stirred for 12 h. The
reaction mixture was cooled to -20 °C for 63 h. Teaction mixture was warmed to room
temperature then was filtered through celite, wdshi¢gh EtOH (10 mL) and evaporated. The
reaction mixture was acidified with Hgdy (0.5 mL of a 2 M solution). The crude mixture
was loaded onto an SCX (1 g, MeOH 1 CV, MeCN 1 ©¥d compound, MeOH 2 CV, 2 M
NH3/MeOH 2 CV). The ammonical fractions were evapatateThe crude mixture was
suspended in MeOH (1 mL) and was purified by revyg@fsase chromatography (C18, 30 g, 5
— 70% MeCN (containing 0.1% ammonia) in 10 mM ammonbicarbonate, 10 CV). The
appropriate fractions were combined and evaporakbd. enantiomers were separated by
chiral HPLC (Injection; 1.5 mL, eluting with 50% &H : 50% heptane, f = 15 mL/min,
detecting at 215.4 nm; column 3 cm x 25 cm Chitalps (self packed), 45 min) to give two

diastereomers.

Diastereomer A: Methyl 4-(3-fluoro-3-(2-(5,6,7,8r@hydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer A (32 mg, 25%)
Analytical chiral HPLC (50%EtOH / heptane, f = Irfl/min, detecting at 215 nm; column
4.6 mm id x 25 cm Chiralcel AS-H (self packed))R7.5 min, chiral purity >99%; See
compound2lla

Diastereomer D: Methyl 4-(3-fluoro-3-(2-(5,6,7,8rydro-1,8-naphthyridin-2-

yhethyl)pyrrolidin-1-yl)-3-(3-morpholinophenyl)bahoate — Diastereomer D (6 mg, 5%)
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Analytical chiral HPLC (50%EtOH / heptane, f = Irfl/min, detecting at 215 nm; column
4.6 mm id x 25 cm Chiralcel AS-H (self packed)) R 12.0 min, chiral purity >99%;

analytical data consistent with compouwtidla

4-(3-Fluoro-3-(2-(5,6,7,8-tetrahydro-1,8-naphthym@-yl)ethyl)pyrrolidin-1-yl)-3-(3-(2-

methoxyethoxy)phenyl)butanoic aci2i3a-b (Diastereomers A and B)

OH

(E)-Methyl 4-(3-fluoro-3-(2-(5,6,7,8-tetrahydro-1,&phthyridin-2-yl)ethyl)pyrrolidin-1-
yhbut-2-enoate (626 mg, 1.80 mmol), (3-(2-methdkgey)phenyl)boronic acid (1.06 g,
5.41 mmol) and KOW (1.42 mL of a 3.8 M solution, 5.41 mmol) were dised in 1,4-
dioxane (3 mL) and the solution was degassed. [RE\CI], (44 mg, 0.09 mmol)andRj-
BINAP (135 mg, 0.216 mmol) were dissolved in 1,dx@ine (1.5 mL), nitrogen was bubbled
through for 2 min then the dark red solution wasleatito the main reaction flask. The
mixture was heated to 90 °C for 12 h. The solutM@s cooled and purified using an SCX
column (20 g) (MeOH 1 CV, MeCN 2 CV, load compouBdISO 10 CV, MeCN 8 CV, (2
M NH3) in MeOH 2 CV). The ammonical fractions were condal and evaporated. This
crude mixture was dissolved in THF (3 mL). LiQ& (6.24 mL of a 1 M solution, 6.24
mmol) was added and the solution was stirred atiemhitemperature for 24 h. Hg) (3.75
mL of a 2 M solution, 7.5 mmol) was added and tbkiteon was loaded onto an SCX
column (20 g) (MeOH 1 CV, MeCN 1 CV, load compouMECN 5 CV, HO 2 CV, (2 M
NHj3) in MeOH 2 CV). The ammonical fractions were congal and evaporated. The mixture
was dissolved in EtOH (1.5 mL) and the enantiomsgparated by using chiral HPLC

(Injection; 1.5 mL, eluting with 40% EtOH : 60% hape, f = 30 mL / min, detecting at

|[Page |363



Property of GSK - Confidential - Do not copy

215.4 nm; column 3 cm x 25 cm Chiralpak OJ-H (g®tked), 25 min) to give two
diastereomers.

Diastereomer A: (2-(5,6,7,8-Tetrahydro-1,8-naphthigr2-yl)ethyl)pyrrolidin-1-yl)-3-(3-(2-
methoxyethoxy)phenyl)butanoic acid — Diastereome@dB6 mg, 75 %) : Analytical chiral
HPLC (40% EtOH / 60 %heptane, f = 1.0 mL/min, detecat 215 nm; column 4.6 mm id x
25 cm Chiralcel OJ-H (self packed)) R9.5min, chiral purity > 99%pfp = + 52 € = 0.72,
EtOH); *H NMR (600MHz, CDC}) § = 8.45 (br s, 1 H), 7.21 (#,= 7.7 Hz, 1 H), 7.16 (d] =
7.2 Hz, 1 H), 6.86 — 6.73 (m, 3 H), 6.31 {ds 7.2 Hz, 1 H), 4.12 () = 4.4 Hz, 2 H), 4.08
(brs, 1 H), 3.80 — 3.72 (m, 2 H), 3.73 — 3.68 {nH), 3.47 (br s, 2 H), 3.46 (d= 1.1 Hz, 2
H), 3.42 (br tJ = 5.1 Hz, 2 H), 3.00 — 2.85 (M, 2 H), 2.82 — 2.@5 L H), 2.70 — 2.66 (m, 1
H), 2.73 — 2.55 (m, 4 H), 2.49 (4= 9.1 Hz, 1 H), 2.45 (dd] = 11.9, 3.7 Hz, 1 H), 2.23 —
1.97 (m, 4 H), 1.95 — 1.80 (m, 3 HYF NMR (376 MHz, CROD) & = (-146.0) — (-146.5)

(m) HRMS calcd for @H37/FN3O,4, 486.2763 found 486.2769.

Diastereomer B: (2-(5,6,7,8-Tetrahydro-1,8-naphthgt2-yl)ethyl)pyrrolidin-1-yl)-3-(3-(2-
methoxyethoxy)phenyl)butanoic acid — Diastereome(5B mg, 9 %) : Analytical chiral
(same as diastereomer A)+R14.0 min, chiral purity > 99%p] o = - 28 € = 0.5, EtOH);'H
NMR (600 MHz, CDC}) 6 = 8.26 — 7.97 (m, 1 H), 7.18 (t= 7.8 Hz, 1 H), 7.14 (d] = 7.2
Hz, 1 H), 6.87 — 6.79 (m, 2 H), 6.76 (dtk 8.2, 1.9 Hz, 1 H), 6.29 (d,= 7.2 Hz, 1 H), 4.09
(ddJ = 5.4, 4.1 Hz, 2 H), 3.77 — 3.70 (m, 3 H), 3.4434), 3.42 — 3.38 (m, 2 H), 3.38 —
3.30 (m, 1 H), 3.18 — 3.06 (m, 1 H), 3.00 (dc 8.2, 3.4 Hz, 1 H), 2.94 (dd,= 12.3, 10.1
Hz, 1 H), 2.91 — 2.83 (m, 1 H), 2.80 — 2.63 (M, 7 2160 (dd,J = 14.9, 5.4 Hz, 1 H), 2.21 —
1.93 (m, 4 H), 1.92 — 1.84 (m, 1 H) (the protorsiag from the carboxylic acid was not
observed due to exchangEF NMR (376 MHz, CDGJ) = (-141.5) — (-142.5) (m); HRMS

calcd for G7H37/FN3O4, 486.2763 found 486.2766.
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