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Pyridine-based Factor XIa (FXIa) inhibitor (S)-2 was optimized by modifying the P2 prime, P1,
and scaffold regions. This work resulted in the discovery of the methyl N-phenyl carbamate P2
prime group which maintained FXIa activity, reduced the number of H-bond donors, and
improved the physicochemical properties compared to the amino indazole P2 prime moiety.
Compound (S)-17 was identified as a potent and selective FXla inhibitor that was orally
bioavailable. Replacement of the basic cyclohexyl methyl amine P1 in (§)-17 with the neutral p-
chlorophenyltetrazole P1 resulted in the discovery of (S)-24 which showed a significant
improvement in oral bioavailability compared to the previously reported imidazole (S)-23.
Additional improvements in FXIa binding affinity, while maintaining oral bioavailability, was
achieved by replacing the pyridine scaffold with either a regioisomeric pyridine or pyrimidine
ring system.
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1. Introduction

Factor Xla (FXIa), the activated form of the zymogen FXI, is
a trypsin-like serine protease and a key component in the intrinsic
pathway of the blood coagulation cascade. A growing body of
research indicates that FXIa plays a pivotal role in pathologic
thrombosis (blood clots) but only a minor role in hemostasis.'
Genetic,” preclinical,””'> and recently published clinical data®
support the hypothesis that FXI and FXla are targets for
anticoagulant therapy.

In contrast to the severe bleeding episodes observed in
individuals with either a Factor VIII deficiency (Hemophilia A)
or Factor IX deficiency (Hemophilia B), individuals with a FXI
deficiency (Hemophilia C) rarely experience abnormal or
spontaneous bleeding.” In fact, bleeding episodes which arise
following an injury or surgery are generally characterized as mild
or moderate for the majority of these FXI deficient individuals.
Moreover, analyses have shown that individuals with a severe
FXI deficiency have a lower risk for ischemic stroke and deep-
vein thrombosis (DVT).’ Similarly, individuals with elevated
levels of FXI experience a higher incidence of acute myocardial
infarction and DVT.* The phenotype observed in FXI deficient
individuals was recapitulated in FXI deficient mice. FXI
deficient mice show reduced thrombus formation in venous and
arterial thrombosis models without an increase in injury-related
bleeding compared to wild-type mice.’

Inhibition of the zymogen FXI with either neutralizing
antibodies or antisense oligonucleotides (ASO) was shown to be
effective in a number of animal thrombosis models, including
primates, with minimal effects on bleeding time.®” An antisense
oligonucleotide (ISIS 416858) which blocks the expression of
FXI is the most advanced in clinical trials.® In a phase I study in
total knee replacement, ISIS-416858 reduced the incidence of
deep vein thrombosis and showed fewer bleeding events as
compared to subcutaneously administered enoxaparin.

In addition to inhibiting FXI production, a number of research
groups have targeted FXIa with either active site or allosteric
inhibitors.”'® The active site irreversible FXIa inhibitors are
represented by P-lactam (BMS-262084), - o-ketothiazole
peptidomimetics, boronic acid peptidomimetics, and natural
product clavatadine A.>"* In 2013, Bristol-Myers Squibb (BMS)
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Figure 1. Imidazole and Pyridine-Based FXIa Inhibitors.

disclosed the first reversible FXIa inhibitor, based on a
tetrahydroquinoline  chemotype, which exhibited potent
antithrombotic efficacy in a rabbit thrombosis model with
minimal effects on cuticle bleeding." Recently BMS reported on
the discovery of imidazole (S)-1 (Figure 1), a picomolar FXIa
inhibitor with excellent activity in the in vitro clotting assay
(aPTT ECI_SX).16 Imidazole (S)-1, which contains a basic
cyclohexyl methyl amine P1 and amino indazole P2 prime, is a
potent, selective, and reversible FXIa inhibitor, but it is not orally
bioavailable. An intense effort was undertaken to address the
lack of oral bioavailability and we recently disclosed that a
modest improvement in oral bioavailability (%Fg., = 10) could be

achieved."” In an effort to discover structurally diverse FXIa
inhibitors, replacements for the imidazole scaffold were
investigated. It was found that the imidazole scaffold could be
replaced with a variety of 6-membered heterocyclic rings and this
work resulted in the discovery of pyridine (S)-2 (Figure 1), a
single-digit nanomolar FXIa inhibitor which exhibited excellent
potency in the in vitro clotting assay.'® The pyridine scaffold, as
well as some of the other 6-membered ring heterocycles, may
offer improved physicochemical properties compared to the
imidazole ring and help address bioavailability issues. Herein we
report on the optimization of the pyridine-based chemotype,
focusing on modifications to the P2 prime, P1, and scaffold
regions, which resulted in the discovery of compound (S)-24
which showed a significant improvement in-oral bioavailability
compared to the previously reported imidazole analogs.

2. Results and discussion

Pyridine (S)-2 is a single-digit nanomolar FXIa inhibitor which
exhibited good potency in the in vitro clotting assay (aPTT
EC;s.) but is not orally biocavailable. The lack of oral
bioavailability was attributed to the overall number of H-bond
donors present in the molecule, of which both the amino indazole
P2 prime and the ‘basic cyclohexyl methyl amine P1 moieties
were major contributors.  The strategy to improve oral
bioavailability for the pyridine series was two-fold; 1)
optimization of the amino indazole P2 prime moiety and 2)
replacement of the basic cyclohexyl methyl amine P1 with a
neutral p-chlorophenyltetrazole P1.
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Figure 2. 2A. The S2 prime pocket of FXIa from the X-ray crystal structure
of (5)-2 in FXlIa. Key H-bonding interactions (dotted lines) between the
amino indazole moiety and the FXIa residues His40, Tyr143, and Ile151 are
shown. The red spheres depict water molecules. 2B. Regioisomeric 6,5-
fused amino indazole.



2.1. Optimization of the Amino Indazole P2 Prime Moiety:
Bicyclic P2 Prime Groups.

The amino indazole P2 prime group is a key binding element
providing a 30-fold increase in FXIa activity in the pyridine
series.'"®  X-ray crystallography of pyridine (S)-2 in the FXIa
active site revealed that all three N-H bonds of the amino
indazole were engaged in hydrogen bonding interactions (Figure
2A). Specifically, one of the NH bonds from the C3-amino
group forms an H-bond with the backbone carbonyl of His40 (3.0
A) and the other NH forms an H-bond with the NH of His40 via
a network of water molecules. The indazole N(1)H serves as an
H-bond donor to Tyr143 (3.0 A) and the N(2) forms an H-bond
through a conserved water to Ile151 (3.1 A and 3.3 A). We
probed these hydrogen bonds to determine which interactions
were critical for FXIa activity and if any of the NH bond donors
could be removed while maintaining FXIa activity and improving
oral bioavailability of the pyridine series. The results of this
exploration are described in Table 1.

Table 1. Compounds Containing Bicyclic P2 Prime Groups
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*Ki values were obtained from purified human enzyme and were averaged
from multiple determinations (n=2), as described in Ref. 15b. *aPTT
(activated partial thromboplastin time) in vitro clotting assay was performed
in human plasma as described in Ref. 15b. °NT = Not tested.

In order to quickly survey the P2 prime region of FXlIa,
racemic derivatives were initially synthesized. When potent
inhibitors were identified, the corresponding chiral, nonracemic
derivatives were prepared prior to profiling. Both racemic (+)-2
and the active enantiomer (S)-2 are included in Table 1 for
comparison. Removal of the 3-amino group gave indazole (+)-3
(FXIa = 87 nM) which led to a 6.5-fold loss in FXIa activity. A
similar loss in FXla activity was observed when the 3-amino
moiety was replaced with a 3-hydroxy group which afforded the
3-hydroxy indazole analog (¥)-4 (FXIa = 97 nM). The loss in
FXIa activity in (¥)-4 could be attributed to the electrostatic
repulsion between the 3-hydroxy moiety and either His40 or the
water molecules.'’ Compounds (3)-3 and ()-4 demonstrated the
importance of maintaining an H-bond donor interaction with

His40. Based on the X-ray crystal structure, the indazole N(1)H
serves as an H-bond donor with Tyr143. Replacing the H-bond
donor in (+)-2 with an H-bond acceptor as found in 3-amino
benzisoxazole (£)-5 (FXIa = 9.2 nM), led to a modest
improvement in FXla activity. The corresponding chiral,
nonracemic derivative (S)-5% (FXla Ki = 3.8 nM) was 2-fold
more active than the indazole (S)-2 in FXIa binding but it was
equipotent in the in vitro clotting assay (aPTT EC, sy). Based on
the potency of 3-amino benzisoxazole (S)-5, it appears that an H-
bond acceptor for Tyr143 is preferred. Switching from the 6,5-
fused bicycle to a 6,6-fused bicycle, while maintaining the H-
bond donors for His40 on top and an H-bond acceptor for Tyr143
on the bottom, led to 4-aminoquinazoline (%)-6. The 4-
aminoquinazoline (FXIa Ki = 10 nM) maintained FXIa activity
but led to a loss in potency in the in vitro.clotting assay. The
importance of the H-bond acceptor for binding to Tyrl43 is
highlighted in 1-amino isoquinoline (%)-7. Removal of the
nitrogen led to a >10-fold loss in FXIa activity. Based on the
analogs described in Table 1, only the 3-amino benzisoxazole
derivative (S)-5 allowed for the removal of one H-bond donor
while maintaining both FXIa activity and potency in the in vitro
clotting assay.

Table 2. Compounds Containing Regioisomeric 6,5-Fused
Bicyclic P2 Prime Groups
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*Ki values were obtained from purified human enzyme and were averaged
from multiple determinations (n=2), as described in Ref. 15b. *aPTT
(activated partial thromboplastin time) in vitro clotting assay was performed
in human plasma as described in Ref. 15b. °NT = not tested.

2.2. Regioisomer Bicyclic P2 Prime Groups.

To confirm the optimal orientation of the P2 prime group, we
prepared the regioisomeric 6,5-fused heterocycles (Table 2). We
reasoned that if the 3-amino indazole in (S)-2 were flipped 180°,
the indazole N(1)H could form an H-bond to the carbonyl of
His40 and the 3-amino moiety could form an H-bond to Tyr143
(Figure 2B). However, in this orientation the 3-amino indazole
(3)-8 (FXIa Ki = 53 nM) was 4-fold less active than (£)-2. In
fact, the 3-amino group did not influence FXIa activity as
indazole (¥)-9 was equipotent to (£)-8. FXla activity was
improved by replacing the 3-amino moiety with a hydroxyl,
which gave 3-hydroxy indazole (+)-10. The chiral, nonracemic
derivative (S)-10 (FXIa Ki = 3.7 nM) was approximately 2-fold



more potent than amino indazole (S)-2. Since the 3-hydroxy
indazole can exist as the 3-oxo tautomer, it was unclear which
functionality, the 3-hydroxy or the 3-oxo, was important for FXIa
activity as each could serve as an H-bond acceptor for Tyr143."
In an attempt to answer this question, the 3-OMe indazole (+)-11
and the 3-oxo derivative (+)-12 were prepared. However, both
modifications led to a >10-fold loss in FXIa activity. With the
regioisomeric  6,5-fused heterocycles, only the 3-hydroxy
indazole derivative (S)-10 allowed for the removal of one H-bond
donor while maintaining FXIa activity and potency in the in vitro
clotting assay.

His 57
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Gly 218

Figure 3. X-ray crystal structure of (S)-10 in Factor Xla. PDB deposition
number is SEXL. The red spheres depict water molecules and the dotted lines
depict hydrogen bonds. EDO stands for ethylene diol.

An X-ray structure of 3-hydroxy indazole (S)-10 bound to
FXIa (2.3 A resolution, R-work was 0.194 and R-free was 0.238,
Figure 3) was obtained. The binding mode was similar to that
described previously for the pyridine (S)-2, with the exception of
the P2 prime region.'"® Compound (S)-10 occupies the S1, SI
prime, and the S2 prime binding pockets and participates in a
large number of hydrogen bonding interactions. The cyclohexyl
methyl amine P1 occupies the S1<pocket where the primary
amine is within bonding distance to either a conserved water
molecule (2.7 A), Asp189 (2.9 A), Alal90 (3.0 A), or Gly218
(3.0 A). The NH of the carboxamide forms an H-bond to Ser214
via a network of conserved water molecules. The carbonyl of the
amide interacts with the oxyanion hole which consists of the
backbone NH’s of Ser195 (3.6 A), Asp194 and Gly193 (3.3 A).
The inhibitor’s benzyl moiety occupies the S1 prime pocket with
an edge-on hydrophobic interaction between the phenyl ring and
the disulfide bridge Cys58-Cys42. The pyridine nitrogen forms
an H-bond to a conserved water molecule (2.9 A). The 3-hydroxy
indazole occupies the S2 prime pocket and engages in a number
of H-bonds. The hydroxy group forms an H-bond with Tyr143
(2.6 A), the indazole N(1)H forms an H-bond to the backbone
carbonyl of His40 (2.9 A), and the indazole N(2) forms an H-
bond to the Ilel51 via ethylene diol (EDO) and a water
molecule.”

2.3. Monocyclic P2 Prime Groups.

The 3-hydroxy indazole (S)-10 was one of the most potent P2
prime groups discovered in this series. In order to maintain the
interactions with His40 and Tyr143, we envisioned that an
anthranilic acid moiety could mimic the 3-hydroxy indazole.””
Indeed, anthranilic acid (+)-13 (FXIa = 5.3 nM) was found to be
equipotent to hydroxy indazole (S)-10 leading to further

exploration of monocyclic P2 prime groups (Table 3). Removal
of either the amino group in compound (+)-14 or the carboxylic
acid group in compound (*)-15 led to aloss in FXIa activity.

Table 3. Compounds Containing Monocyclic P2 Prime
Groups
i R
SEEs
HzN\\\-‘ H N.~
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*Ki values were obtained from purified human enzyme and were averaged
from multiple determinations (n=2), as described in Ref. 15b. *aPTT
(activated partial thromboplastin time) in vitro clotting assay was performed
in human plasma as described in Ref. 15b. °NT = not tested.

Between these two compounds, the p-amino group was more
important for FXIa binding demonstrating the importance of H-
bond donation to His40. In order to improve the H-bond
donating ability of the aniline, amino pyridine (+)-16 and methyl
N-phenyl carbamate (+)-17 were prepared. Amino pyridine (£)-
16 provided a 2-fold increase in FXIa binding. Conversion of the
p-amino group in (£)-15 to methyl carbamate (+)-17 (FXIa = 12
nM) provided a 4 to 5-fold improvement in FXIa activity. The
corresponding chiral, nonracemic derivative (5)-17 (FXla Ki =
6.3 nM) was found to be a single-digit nanomolar FXIa inhibitor
and showed good activity in the in vitro clotting assay. Analog
(8)-17 showed similar FXIa inhibition as amino indazole (S)-2
and was approximately 2-fold less active than either 3-amino
benzisoxazole (S)-5 or 3-hydroxy indazole (S5)-10. Importantly,
the methyl N-phenyl carbamate P2 prime moiety allowed for
removal of two NH bond donors while maintaining FXIa activity
when compared to amino indazole (S)-2.

An X-ray structure of methyl N-phenyl carbamate (S)-17
bound to FXIa (2.1 A resolution, R-work was 0.194 and R-free
was 0.226, Figure 4A) was obtained. The overall binding mode
is similar to that described for 3-hydroxy indazole (S)-10, with
the exception of the P2 prime region. As a result, only P2 prime
interactions will be described here. The methyl N-phenyl
carbamate of (S)-17 occupies the S2 prime pocket with the NH of
the carbamate forming an H-bond with the carbonyl of His40
(2.8 A). The carbonyl of the carbamate forms an H-bond through
a conserved water to Ile151 (2.7 A). Figure 4B shows an overlay
of the X-ray structures of amino indazole (S)-2 and methyl N-



phenyl carbamate (S)-17 in the S2 prime pocket of FXIa. The
methyl N-phenyl carbamate (S)-17 maintains two of the key H-
bonding interactions seen with the amino indazole (§)-2.

Gly 218

44

“ lle 151
o Tyr 143

4B

Figure 4. 4A. X-ray crystal structure of (§)-17 in Factor Xla. PDB
deposition number is SEXM. 4B. Overlay of X-ray crystal structures of (S5)-
17 (magenta) and (S5)-2 (cyan) in the S2 prime pocket of Factor Xla. The red
spheres depict water molecules and the dotted lines depict hydrogen bonds.

2.4. Scaffold Optimization.

The methyl N-phenyl carbamate (S5)-17 exhibited good potency
in the in vitro clotting assay but it remains 5-fold less potent than
amino indazole (S)-2. The reason (§5)-17 was less active in the
clotting assay was postulated to be due to higher protein
binding.” To address the need for additional potency in the
clotting assay we sought to lower the protein binding by
replacing the pyridine scaffold with other 6-membered rings.'®
The methyl N-phenyl carbamate P2 prime group was combined
with phenyl, regioisomeric pyridines, pyrimidine, and pyridinone
scaffolds (Table 4). The phenyl derivative (S)-18 was 2 to 3-fold
less active than pyridine (S)-17 and showed a 5-fold loss in the
clotting assay. The regioisomeric pyridines, (5)-19 and (S)-20,
and the pyrimidine ($)-21 were essentially equipotent to (S)-17 in
the FXIa binding assay and they showed a 2 to 3-fold
improvement in potency in the clotting assay. The pyridinone
(S)-22 (FXIa Ki = 2.4 nM; aPTT EC, 5, = 0.4 uM) was the only
scaffold which showed improvements in both FXIa affinity (2.5-
fold) and potency in the clotting assay (6.5-fold) compared to

pyridine ($)-17.** Importantly, a variety of 6-membered ring
scaffolds, specifically regioisomeric pyridines, pyrimidine, and
pyridinone, were identified which improved the potency in the
clotting assay.

Table 4. Compounds Containing Phenyl, Regioisomeric
Pyridines, Pyrimidine, and Pyridinone Scaffolds With Basic

Pl1.
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*Ki values were-obtained from purified human enzyme and were averaged
from multiple determinations (n=2), as described in Ref. 15b. *aPTT
(activated partial thromboplastin time) in vitro clotting assay was performed
in'human plasma as described in Ref. 15b.

2.5. Replacement of the Basic Cyclohexyl Methyl Amine P1.

Recently we reported that when the basic cyclohexyl methyl
amine P1 was replaced with a neutral p-chlorophenyltetrazole P1,
as exemplified in imidazole (5)-23, a modest improvement in oral
bioavailability was achieved (Table 5 and Table 6)."7 As a result,
the basic P1 in (S5)-17 was replaced with the neutral p-
chlorophenyltetrazole P1 to give (S)-24. This modification
resulted in only a 3-fold loss in FXIa activity (FXIa Ki =23 nM)

Table 5. Compounds Containing Imidazole, Regioisomeric
Pyridines, Pyrimidine, and Pyridinone Scaffolds With Neutral

P1.
NN
N o QNHCOZMe
NUNTX
H
cl
FXla Ki*  aPTT" ECsx
Entry X (nM) (uM)
H
N £ 3
(5)-23 \g\q T 67 8.6
’\@/*
(5)-24 N 23 >40
BN *
(9)-25 N 11 26
T
(5)-26 N_N 6.7 21
= £ 3
(8)-27 HN_ ] 24 2.8
o

*Ki values were obtained from purified human enzyme and were averaged
from multiple determinations (n=2), as described in Ref. 15b. *aPTT
(activated partial thromboplastin time) in vitro clotting assay was performed
in human plasma as described in Ref. 15b.



however, a more significant loss (>15-fold) in potency in the
clotting assay was observed. The basic P1 was also replaced
with a p-chlorophenyltetrazole in the regioisomeric pyridine,
pyrimidine, and pyridinone analogs. As shown in Table 5, the
regioisomeric pyridine (S)-25, pyrimidine (S5)-26, and pyridinone
(8)-27 improved both FXIa binding activity and potency in the
clotting assay compared to pyridine (S)-24. However, these
compounds were less potent in the clotting assay than the
corresponding analogs in Table 4 when the P1 moiety was the
basic cyclohexyl methyl amine. The loss of potency in the
clotting assay was a common feature on going from the basic
cyclohexyl methyl amine P1 to the neutral p-
chlorophenyltetrazole P1 and it was postulated that the loss was
due to an increase in protein binding.”
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3 \ lle 151
® 102
) ¥s Tyr 143
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Figure 5. X-ray crystal structure of (S)-24 in Factor Xla. PDB deposition
number is SEXN. The red spheres depict water molecules and the dotted
lines depict hydrogen bonds.

An X-ray structure of (S5)-24 bound to FXIa (1.49 A'resolution,
R-work was 0.170 and R-free was 0.196, Figure 5) was obtained.
The overall binding mode is similar to that described for (S5)-17,
with the exception of the Pl region. As a result, only the
chlorophenyltetrazole P1 interactions will be described here. The
chlorophenyl portion fills the S1 pocket with the chlorine atom
forming a m-Cl (3.7 A) interaction with Tyr228. The tetrazole
portion extends out of the S1 2pocket and interacts with the
Cys219-Cys191 disulfide bridge.” In addition, the tetrazole N4
nitrogen forms an H-bond; via a series of water molecules, to
Gly218.

2.6. Pharmacokinetic Profiles.

Several .compounds were evaluated in dog, using cassette
dosing, in order to determine the pharmacokinetic (PK) profiles
(Table 6).” Amino indazole (S)-2 was found to be a high
clearance. compound and showed no oral exposure. However,
replacing the P2 prime of amino indazole (S)-2 with a methyl N-
phenyl carbamate, ($)-17, improved oral exposure in dog (%F =
63), "albeit with both high clearance and high volume of
distribution. Similarly, pyrimidine analog (S)-21 was shown to
be orally bioavailable in dog (%F = 66) but was also a high
clearance and high volume of distribution compound. Pyridinone
(8)-22 exhibited both a lower clearance and lower volume of
distribution relative to either (S)-17 or (S)-21 but it was not orally
bioavailable. Even though the PK profiles for ($)-17 and (S)-21
were less than ideal with the high clearance and high volume of
distribution, it was encouraging to see oral exposure with analogs
containing the basic cyclohexyl methyl amine P1. Coupled with
the fact that a modest improvement in oral bioavailability was

achieved with imidazole (S)-23, by replacing the basic
cyclohexyl methyl amine P1 with a neutral p-
chlorophenyltetrazole P1, we next evaluated pyridine (S)-24,
regioisomeric pyridine (S)-25, pyrimidine (S5)-26, and pyridinone
(8)-27 which possessed the neutral p-chlorophenyltetrazole P1.
Pyridine (S)-24 exhibited a low clearance, a long half-life, a high
volume of distribution, and was orally bioavailable in dog [%F =
34 (cassette); 53 (discrete)]. In comparing ($)-24 to ($)-17,
replacing the basic P1 with a neutral P1 led to improvements in
both clearance and half-life while maintaining oral exposure. In
comparing pyridine (S)-24 to imidazole (S5)-23, the pyridine
scaffold showed a lower clearance and longer half-life which
resulted in a significant improvement in <oral exposure.
Regioisomeric pyridine (S)-25 and pyrimidine (S)-26 had a
similar PK profile to (S)-24, with low clearance, long half-life,
and oral bioavailability (%F = 28-34).- The low clearance and
long half-life of (§5)-24, (S)-25, and (§)-26 could be due to higher
protein binding which would be expected based on the potency in
the clotting assay (aPTT EC, s). Replacing the basic P1 with the
neutral P1 did not provide a general solution for improving the
PK profile, as pyridinone ()-27 showed high clearance, a short
half-live, and a significant loss in oral exposure.

Table 6. Pharmacokinetic Profile For Selected Compounds.

Cr* tin Vdss F AUC Dose
Entry (mL/h/kg) (b L/kg) (%) (nM*h) iv/po (mpk)
$)-2 50 1.2 3.4 0 0 0.27/0.43
(8)-17 54 2.7 10 63 194 0.28/0.62
($)-21 27 3.2 5.4 66 195 0.20/0.29
(5)-22 17 1.1 0.8 <1 10 0.40/0.80
(5)-23 21 2.4 3.4 10 30 0.20/0.20
(5)-24 6.1 8.0 3.9 34 267 0.25/0.20
(53" (1,878)°
(5)-25 5.6 3.7 1.6 34 280 0.19/0.19
(5)-26 7.3 6.8 4.0 28 230 0.20/0.20
(5)-27 30 1.5 1.6 0 0 0.20/0.20

*Compounds were dosed in dog in an N-in-1 format. Vehicle for both iv and
po: 70% water; 10% ethanol; 10% dimethylacetamide: 10% polypropylene
glycol. "Compound dosed in dog in a discrete format. PO dose: 1 mpk. PO
vehicle: 70% PEG400; 20%TPGS; 10% ethanol.

2.7. Serine Protease Selectivity.

The serine protease selectivity profiles for the amino indazole
(8)-2, hydroxy indazole (S)-10, and the methyl N-phenyl
carbamate (S)-17 containing the basic cyclohexyl methyl amine
P1 are listed in Table 7. Compound (S5)-24, possessing methyl N-
phenyl carbamate P2 prime and p-chlorophenyltetrazole P1, was
also included. Compounds (S)-2 and ($)-17, possessing a basic
P1 group, showed >1,000-fold selectivity against many of the
relevant serine proteases, except for plasma kallikrein (< 7-fold)
and trypsin (<16-fold). Interestingly, the hydroxy indazole (S)-
10 showed improved selectivity for both plasma kallikrein (>140-
fold) and trypsin (>250-fold).”’ Replacing the cyclohexyl methyl
amine P1 in (5)-17 with the p-chlorophenyltetrazole P1 in (S)-24
also led to an improvement in selectivity for both plasma
kallikrein (80-fold) and trypsin (>270-fold).”



Scheme 1. Synthesis of 4-chloropyridine 1¢/(S)-1¢ and boronate 1g.*
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"Reagents and conditions: (a) hydroxylamine hydrochloride, MeOH; (b), Zn, TFA, 0 °C, 74-98% over two steps; (c) Boc-tranexamic acid, EDC, HOBt, Hunig’s
base, DMF, rt, 66%; (d) chiral prep HPLC; (e) TMSBr, propionitrile, microwave 150°C, 64%; (f) Boc-tranexamic acid, BOP reagent, Et;N, DMF, 1t, 84%; (g)
Pd(dppf)Cl,-CH,Cl,, bis(pinacolato)diboron, KOAc, dioxane, 80 °C, 4h, 60%.

Scheme 2. Synthesis of compounds with bicyclic P2 prime groups from 4-chloropyridine 1c¢ or (S)-1c.*
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"Reagents and conditions: (a) Aryl boronic acid/ester, Pd,(dba);, tBusPHBF,, Cs,COs;, dioxane, 90 °C; or Pd(dppf)Cl,-CH,Cl,, K3sPO4, DMSO, 90 °C; (b) 30-
50% TFA (v/v), CH,Cl,, rt, 11<73% over two steps; (c¢) hydrazine monohydrate, nBuOH, microwave, 160 °C, 16-71%; (d) acetohydroxamic acid, KOtBu, DMF,
43%:; (e) formamidine acetate, DMA, 120 °C, 11%; (f) NaOH, MeOH, rt, 75%.

Scheme 3. Synthesis of compounds with bicyclic P2 prime groups from boronate 1g."
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"Reagents and conditions: (a) Aryl bromide, Pd,(dba)s, tBusPHBF,, Cs,COs, dioxane, 90 °C; (b) 30% TFA (v/v), CH,Cly, rt, 29-34% over two steps; (c)
Pd(OAc),, BINAP, Cs,COs, benzophenone imine, DMSO, 85 °C; (d) 30% TFA (v/v), CH,Cl,, rt; (e) 4M HCl in dioxane, water, 9% over three step



Table 7. Human Serine Protease Selectivity Profile for ($)-2,
(5)-10, (5)-17, and (S)-24.

Human Enzyme Ki (S)-2 (S)-10 ($)-17 (5)-24
(nM)*

Factor Xla 7.2 3.7 6.3 23
Factor VIIa >10,890 >15,180 >12,170  >13,390
Factor IXa >34,860 >34,860 >34,860 NT
Factor Xa >9,000 >9,000 >9,000 1,128
Thrombin >12,610 >12,610 >12,610  >13,340
Trypsin 64 999 101 >6218
Plasma Kallikrein 24 550 42 1,850
Activated Protein C >21,400 >30,220 >30,220  >30,220
Plasmin >22,100 >22,100 >22,100 12,540
TPA >21,900 >21,900 >21,900 10,500
Urokinase >14,060 >14,060 >14,060  >29,730
Chymotrypsin >20,780 >20,780 >20,780 29,540

*All K| values in nM were obtained using human purified enzymes.

2.8. Chemistry

The synthesis of 4-chloropyridine 1c, (S)-1¢, and boronate 1g,
key intermediates needed for the exploration of the S2 prime
pocket, are described in Scheme 1. Condensation of ketone la
with hydroxylamine hydrochloride generated the oxime and
subsequent reduction with zinc dust and TFA, according to the
procedure of Negi, provided amine 1b.” Amide coupling .of
amine 1b with Boc-tranexamic acid gave 1c. The enantiomers of
1c were separated by chiral preparatory HPLC to give (S)-1c.%
Efforts to convert 4-chloropyridine 1c¢ to boronate 1g were not
successful, so 4-bromopyridine derivative 1f was prepared.
Using a modification of the procedure described by Schlosser,
ketone 1a was treated with trimethylsilyl bromide in propionitrile
at elevated temperature in a microwave to give the 4-
bromopyridine 1d.*’ Compound 1d was then converted to 1f
according to the sequence described for 1c. Miyaura borylation
on 1f afforded boronate 1g. With the key intermediates in hand,
exploration of the S2 prime pocket was initiated.

The synthesis of analogues 2, 4-6, and 8-11 are described in
Scheme 2. Suzuki-Miyaura.coupling of 1c or (S)-1c with a
variety of aryl boronic acids or esters, followed by Boc-
deprotection with TFA in DCM gave compounds 2b-2d, 2f, and
2h. Heating 2b and 2d with hydrazine monohydrate in n-butanol
at 160°C in a microwave provided amino indazole derivatives 2
and 8. Similarly, heating 2¢ and 2f with hydrazine monohydrate
in n-butanol at elevated temperatures afforded hydroxy indazole
derivatives 4 and 10. Amino benzisoxazole 5 was prepared by
reacting 2b with the potassium salt of N-hydroxyacetamide
according to the procedure described by Palermo.”” Heating 2a
with formamidine acetate in DMAC at 120°C afforded, after
Boc-deprotection, 4-aminoquinazoline 6. Indazole 9 was
prepared in a two-step sequence by heating 2e with hydrazine
monohydrate at elevated temperatures following Boc-
deprotection. Hydrolysis of the ethyl carbamate on 2h with
NaOH at room temperature yielded 3-OMe indazole 11.

Analogues 3, 7, and 12 were prepared according to Scheme 3.
Suzuki-Miyaura coupling of boronate 1g with appropriately
substituted arylbromides, 3a-3c, provided 3d-3f. Compounds 3d
and 3f were deprotected with TFA in DCM to give 3 and 12,
respectively. Compound 3e was converted to 1-amino
isoquinoline 7 in a three step sequence, specifically Buchwald-

Hartwig amination of 3e with benzophenone imine, Boc-
deprotection and then hydrolysis of the imine.

The synthesis of the monocyclic P2 prime analogues 13-17 are
described in Scheme 4. Suzuki-Miyaura coupling of 1c or (S)-1c¢
with a variety of aryl- and heteroarylboronic acids gave
compounds 4a, 4c-4e, and (S5)-4f. Methyl ester 4a was
hydrolyzed to the anthranilic acid 4b with NaOH in MeOH at 60
°C and then deprotection with TFA in DCM provided 13.
Compounds 4c, 4d, 4e, and (S5)-4f were deprotected with TFA in
DCM to give 4g, 15, 4h, and (S)-17, respectively. Saponification
of methyl ester 4g yielded carboxylic acid 14. Nucleophilic
aromatic substitution of fluoro pyridine 4h with ammonium
hydroxide at 140°C in a microwave gave amino pyridine 16.

Scheme 5 describes the syntheses of the phenyl and
regioisomeric pyridine scaffolds. Condensation of 3-
bromobenzaldehdye  with lithium = bis(trimethylsilyl)amide
generates the N-trimethylsilylaldimine, followed by the addition
of benzyl magnesium bromide according to the procedure of
Hart, gave after aqueous workup, the: primary amine 5a.*> The
enantiomers were separated by chiral preparatory HPLC which
provided (5)-52.°° Amide coupling of amine (S)-5a with Boc-
tranexamic acid, followed by Suzuki-Miyaura coupling with 4-
(methoxycarbonylamino)phenylboronic ~ acid and  Boc-
deprotection afforded . (S)-18. Analogs containing the
regioisomeric pyridine scaffolds were prepared via a different
sequence. Negishi coupling of acid chlorides Sc¢ and 5g with
benzyl zinc chloride in the presence of Pd(PPhs;), afforded
ketones 5d and Sh. The ketones 5d and Sh were converted to
their corresponding amides (S)-5f and (S)-5j according to the
sequence previously described in Scheme 1. Suzuki-Miyaura
coupling of amides (S)-5f and (5)-5j with 4-
(methoxycarbonylamino)phenylboronic acid, followed by Boc-
deprotection, afforded (S)-19 and (S)-20.

Scheme 6 describes the synthesis of the pyrimidine scaffold.
Condensation of the P-ketoester 6a, prepared according to a
modified procedure of Maibaum, with formamidine acetate in the
presence of NaOMe gave pyrimidinone 6b.***>  Heating
pyrimidinone 6b and POCI; leads to the formation of the chloro
pyrimidine as well as the deprotection of the Boc group. The
amine was reprotected with Boc-anhydride to yield 6¢. Suzuki-
Miyaura coupling with 4-(methoxycarbonylamino)phenylboronic
acid and Boc-deprotection afforded amine 6d. The enantiomers
were separated by chiral preparatory HPLC which provided (S)-
6d. Amide coupling with Boc-tranexamic acid and then Boc-
deprotection gave (S)-21.

Scheme 7 describes the synthesis of (S)-24 to (5)-26 analogs
which contain the neutral p-chlorophenyltetrazole P1. Suzuki-
Miyaura coupling of (5)-7a with 4-
(methoxycarbonylamino)phenylboronic acid followed by Boc-
deprotection afforded amine (S)-7b. Amide coupling of amine
(S)-7b with the activated cinnamic ester 7d yielded (S)-24. The
regioisomeric pyridine scaffold was prepared via a different
method than previously described in Scheme 5. Condensation of
aldehyde 7e, with (R)-2-methylpropane-2-sulfinamide in the
presence of Ti(OEt), gave the corresponding sulfinimine which
was reacted with benzylmagnesium chloride to give
diastereomeric sulfinamides (R,S)-7f and (R,S)-7f, which are
separable by normal phase chromatography.’® Suzuki-Miyaura
coupling of (R,S)-7f with 4-
(methoxycarbonylamino)phenylboronic acid and removal of the
chiral auxiliary afforded amine (S)-7g. Amide coupling of amine
(8)-7g with cinnamic acid 7c provided (S)-25. The pyrimidine
analog (5)-26 was prepared by coupling amine (S)-6d with the
activated cinnamic ester 7d.

The synthesis of the pyridinone derivatives (S5)-22 and (S)-27
is described in Scheme 8. Horner-Wadsworth-Emmons



Scheme 4. Synthesis of compounds with monocyclic P2 prime groups from 4-chloropyridine 1c¢ or (S)-1¢.”
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"Reagents and conditions: (a) Aryl- or heteroarylboronic acid, Pd,(dba);, tBu;PHBE;, Cs,COs;, dioxane, 90 °C, 78-88%; (b) NaOH, MeOH, 60 °C; (c) 30% TFA
(v/v), CH,Cly, 1t, 6-87% over two steps; (d) ammonium hydroxide, 140 °C, microwave, 41%.

Scheme 5. Synthesis of compounds containing phenyl (S5)-18 and regioisomeric pyridine ($)-19 and (S)-20 scaffolds."
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47-84%, for 5j chiral prep HPLC; (c) Pd(Phs;P)s, BnZnCl, THF, -30 °C to 0 °C, 45-64%; (d) hydroxylamine hydrochloride, MeOH; (e), Zn, TFA, 0 °C, 35-50%
over two steps, for Se chiral prep HPLC; (f) 4-(methoxycarbonylamino)phenylboronic acid, Pd(PhsP)s, DME, water, 60 °C; (g) 30% TFA (v/v), CH,Cly, 1t, 34-
71% over two steps; (h) 4-(methoxycarbonylamino)phenylboronic acid, Pd(dppf)Cl,-CH,Cl,, K3PO4, DMSO, 90 °C; (i) 4-(methoxycarbonylamino)phenyl
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reaction of B-ketophosphonate (S)-8a” and 4-nitrobenzaldehyde
gave the corresponding o,f3-unsaturated ketone which was
condensed with 1-(ethoxycarbonylmethyl)-pyridinium chloride in
the presence of ammonium acetate in EtOH at elevated
temperature to give scalemic pyridinone 8b.** The nitro group
was reduced to the aniline and then reacted with methyl
chloroformate to give, following mild hydrolysis with sodium
hydroxide, carbamate 8c. After removing the Boc group, the
scalemic amine was purified by chiral preparatory hplc to give
(5)-8d. Amine (S)-8d was coupled with Boc-tranexamic acid and
then deprotection of the Boc-group gave (S)-22. Amine (S5)-8d
was coupled with cinnamic acid 7¢ which provided (S)-27.

3. Conclusions

Pyridine-based FXIa inhibitor (S)-2 was optimized by
modifying the P2 prime, P1 and scaffold regions. Exploration of
the P2 prime region identified 3-amino benzisoxazole, 3-hydroxy
indazole, anthranilic acid, and methyl N-phenyl carbamate groups
as potent replacements for 3-amino indazole. The methyl N-
phenyl carbamate, found in (S5)-17, became the preferred P2
prime moiety since it not only maintained FXIa activity but
improved oral exposure in dog even with the basic cyclohexyl
methyl amine P1. Moreover, replacing the basic cyclohexyl
methyl amine P1 with neutral p-chlorophenyltetrazole P1
resulted in the discovery of (S)-24, which showed a significant
improvement in oral bioavailability in dog compared to the
previously reported imidazole analog (S)-23.  Additional
improvements in FXla binding affinity, while maintaining oral
bioavailability, was achieved with regioisomeric pyridine (S)-25
and pyrimidine (S5)-26. Further efforts to improve both FXIa
potency and pharmacokinetics will be reported in due course.

4. Experimental section

4.1 Chemistry

All reactions were run under and atmosphere of dry nitrogen or
argon unless otherwise noted. Solvents and reagents were
obtained from commercial vendors in the appropriate grade and
used without further purification unless “otherwise indicated.
Proton, carbon, and fluorine magnetic resonance (1H, 13C, and “°F
NMR) spectra were recorded either on a Bruker Avance 400,
JEOL Eclipse 400, or a JEOL Eclipse 500 spectrometer.
Chemical shifts are given in parts per million (ppm) relative to
either the reference solvent of the sample in which they were run
or tetramethylsilane (TMS).. HPLC analyses of all final
compounds were performed using the following conditions:
Zorbax SB C18 4.6mm x 75 mm column with a binary solvent
system where solvent A = 10% methanol, 90% water, 0.2%
phosphoric acid, and solvent B = 90% methanol, 10% water,
0.2% phosphoric acid, flow rate = 2.5 mL/min, linear gradient
time = 8 min, start %B =0, final %B = 100, detection 220 nm.
All final compounds had an HPLC purity of > 95% unless
specifically mentioned. =~ High resolution mass spectra were
measured on an Agilent TOF 6210 LC/MS system with
electrospray ionization (ESI). LCMS analyses were recorded on
a Shimadzu LC-10AT equipped with a SIL-10A injector, a SPD-
10AV detector normally operating at 220 nm, and interfaced with
a Micromass ZMD mass spectrometer. LCMS analyses used the
following conditions: Phenomenex Luna 5 um C18 4.6 mm x 50
mm column with a binary solvent system where solvent A = 10%
methanol, 90% water, 0.1% trifluoroacetic acid, and solvent B =
90% methanol, 10% water, 0.1% trifluoroacetic acid, flow rate =
4 mL/min, linear gradient time = 4min, start %B =0, final %B =
100. Elemental analyses were performed by Robertson Microlit
Laboratories, Inc., Ledgewood, NJ 07852 and were within 0.4%
of the theoretical values. Flash chromatography was performed

using EM Science silica gel 60 (230-400 mesh).  Preparative
reverse-phase HPLC purifications were performed using the
following conditions: a binary solvent system where solvent A =
10% methanol, 90% water, 0.1% trifluoroacetic acid, and solvent
B = 90% methanol, 10% water, 0.1% trifluoroacetic acid,
detector 220 nm. The enantiomers were separated by chiral
preparatory HPLC and the conditions indicated in the
corresponding experimental procedure. Optical rotations were
performed on a Jasco P-1010 polarimeter.

4.1.1. 1-(4-Chloropyridin-2-yl)-2-phenylethan-1-one (1a).

To a cooled (-40 °C) solution of methyl 4-chloro-
pyridine-2-carboxylate (14.5g, 84.5 mmol) in THF (192 mL) was
added rapidly via cannula a cooled (-40 °C), pale brown solution
of 0.6 M benzylmagnesium chloride in THF (142 mL, 84.5
mmol). The resulting, clear orange solution was stirred at -40 °C.
After 1 h the reaction was quenched ‘with glacial acetic acid (5.4
mL, 93 mmol) and the reaction was warmed to rt. The reaction
was partitioned between EtOAc and sat. NaHCO; and the layers
were separated. The aqueous layer was extracted with EtOAc
(3x). The organic layers were combined and washed with brine,
dried over Na,SQ,, filtered, and concentrated to give a red-brown
liquid weighing 21:6 g. Column chromatography on silica gel
(1.5:1 DCM:Hex) gave 10.1 g (52% yield) of 1a as an orange
liquid. LCMS: 232.1 (M+H)" and 234.0 (M+2+H)". 'H NMR
(500 MHz, CDCl3) &: 8.63 (d, J = 5.5 Hz, 1H), 8.03 (d, J = 2.2
Hz, 1H); 7.46 (dd, J = 5.0, 2.2 Hz, 1H), 7.34-7.28 (m, 4H), 7.27-
7.22 (m, 1H), 4.52 (s, 2H). "°C NMR (125 MHz, CDCL) &
197.9, 154.2, 149.8, 145.5, 134.2, 129.9, 128.5, 127.2, 126.8,
122.8,44.1.

4.1.2. 1-(4-Chloropyridin-2-yl)-2-phenylethan-1-amine (1b).

Compound 1b was prepared following a modified procedure of
Negi.”” To a clear, yellow solution of 1a (3.96 g, 17.1 mmol) in
MeOH (34 mL) was added hydroxylamine hydrochloride (3.56 g,
51.3 mmol). The resulting suspension was stirred at rt. After 14
h the reaction was concentrated to give a yellow solid. The solid
was dissolved in EtOAc and washed with sat. NaHCQ;. The
layers were separated and the aqueous layer was extracted with
EtOAc. The organic layers were combined and washed with
brine, dried over Na,SQy, filtered, and concentrated to give 4.13
g of the corresponding oxime as a pink solid. LCMS: 247.1
(M+H)" and 249.1 (M+2+H)".

To a cooled (5 °C), clear, yellow solution of oxime (4.13 g) in
TFA (39.5 mL) was added in portions zinc dust (11.18 g, 171
mmol) so as to keep the temperature below 25 °C. After 1.5 h,
the reaction was filtered through a cotton plug, rinsing with TFA
(50 mL). The filtrate was poured slowly into a cold (0 °C),
vigorously stirred suspension of 2 M NaOH (700 mL) and DCM
(500 mL). The layers were separated and the aqueous layer was
extracted with DCM. The combined organic layers were washed
with brine, dried over MgSO,, filtered and concentrated to give
3.64 g as a clear, orange-brown liquid. Column chromatography
on silica gel (5% MeOH in DCM with 0.5% ammonium
hydroxide) gave 2.93 g (74% yield over two steps) of 1b as a
clear, yellow oil. LCMS: 233.1 (M+H)* and 235.1 (M+2+H)".
'H NMR (500 MHz, CDCLy) &: 8.47 (d, J = 5.0 Hz, 1H), 7.31-
7.25 (m, 3H), 7.23-7.20 (m, 1H), 7.17-7.14 (m, 3H), 4.21 (dd, J =
8.8, 5.5 Hz, 1H), 3.15 (dd, J = 13.8, 5.0 Hz, 1H), 2.82 (dd, J =
13.8, 8.8 Hz, 1H), 1.60 (bs, 2H). >C NMR (125 MHz, CDCl;) &:
165.9, 150.1, 144.5, 138.4, 129.3, 128.5, 126.6, 122.4, 121.6,
58.5, 45.1.



Scheme 6. Synthesis of pyrimidine (S)-21 scaffold.”
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"Reagents and conditions: (a) formamidine acetate, NaOMe, MeOH, 58%; (b) POCl;, 50°C; (c) Boc,O, EN, DCM, 28% over two steps; (d) 4-
(methoxycarbonylamino)phenylboronic acid, Pd(dppf)Cl,-CH,Cl,, K3PO4, DMSO, 85 °C; (e) 30% TFA (v/v), CH,Cly, 1t, 37-46% over two steps; (f) chiral prep
HPLC; (g) Boc-tranexamic acid, EDC, HOBt, Hunig’s base, DMF.

Scheme 7. Synthesis of compounds (S)-24 to (S)-26 containing the neutral p-chlorophenyl tetrazole P1."
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“Reagents and conditions: (a) 4-(methoxycarbonylamino)phenylboronic acid, Pdy(dba)s, tBusPHBF,, Cs,CO;, dioxane, 90 °C, 86-99%; (b) 15-30% TFA (v/v),
CH,Cl,, rt, 87%; (c) 7¢, EDC, HOBt, Et;N, DMF, 64-71%; (d) 7d, Hunig’s base, DMF, 58-75%; (e) (R)-2-methylpropane-2-sulfinamide, Ti(OEt),, DCM, 59-
90%; (f) 1.0 M benzylmagnesium chloride or bromide in Et,0, DCM; for 7f: 71% yield as a 1.4:1 mixture of diastereromers which were separated by column

chromatography (g) 4M HCl in dioxane, MeOH, 44-81%.

Scheme 8. Synthesis of compounds (S)-22 and (S)-27 containing the pyridinone scaffold.”
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“Reagents and conditions: (a) 4-nitrobenzaldehyde, K,COs, EtOH, 1t; (b) 1-(ethoxycarbonylmethyl)-pyridinium chloride, NHsOAc, EtOH, 80 °C, 65% over two
steps; (c) zinc dust, NH4C1, MeOH, 1t to 60 °C; d) methyl chloroformate, pyridine, CH,Cl,; e) NaOH, MeOH, 0 °C; f) 50% TFA (v/v), CH,Cl,, 1t, 35% over
four steps, then chiral prep HPLC; g) Boc-tranexamic acid, BOP reagent, Et;N, DMF, 1t; h) 50% TFA (v/v), CH,Cl,, 1t, 70% over two steps; i) 7¢, EDC, HOBt,

Hunig’s base, DMF, 62%



4.1.3. 2-Methyl-2-propanyl| (¢trans-4-{[(1S)-1-(4-chloro-2-
pyridinyl)-2-phenylethyl Jcarbamoyl}cyclohexyl)methyl]-
carbamate [(1¢) and (S)-1c].

To a cooled (0 °C), clear, yellow solution of 1b (2.93 g, 12.6
mmol) in DMF (42 mL) was added sequentially Boc-tranexamic
acid (3.56 g, 13.8 mmol), HOBt (2.55 g, 18.8 mmol), and EDC
(3.62 g, 18.8 mmol). After 15 min. at 0 °C, the reaction was
warmed to rt.  After 4 h, the reaction was poured into vigorously
stirred, cold (0 °C) water (200 mL) to give a white suspension.
Buchner funnel filtration gave a white solid which was washed
with water. The white solid was dissolved in dichloromethane
and washed with water, 0.5 M HCI, sat. NaHCO;, brine, dried
over MgSO,, filtered and concentrated to give a white solid
weighing 11 g. Column chromatography on silica gel (3:1
DCM:EtOAc) gave 3.91 g (66% yield) of 1c as a white solid.
The enantiomers were separated via chiral preparatory HPLC
[Daicel Chiralcel OD column; 30% IPA/Hex; 50 ml/min; 254
nm] which gave (R)-1c (>99%ee) as enantiomer A and (S)-1c
(>99%ee) as enantiomer B. HRMS m/z calc’d. for C,H3sN;05Cl
(M+H)*: 472.2367. Found 472.2357. 'H NMR (500 MHz,
CDCl;) & 8.41 (d, J = 5.4 Hz, 1H), 7.23-7.16 (m, 4H), 6.93-
6.92 (m, 2H), 6.89 (d, J = 1.3 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H),
5.22 (dd, J = 13.8, 7.7 Hz, 1H), 4.58 (bs, 1H), 3.16 (dd, J = 12.8,
6.0 Hz, 1H), 3.03 (dd, J = 13.4, 7.4 Hz, 1H), 2.97-2.95 (m, 2H),
2.07-2.02 (m, 1H), 1.89-1.79 (m, 4H), 1.50-1.37 (m, 12H), 0.97-
0.88 (m,2H). '"*C NMR (125 MHz, CDCl;) & 175.0, 160.9,
156.1, 149.9, 144.3, 136.8, 129.4, 128.3, 126.7, 122.9, 122.8,
79.1, 54.7, 46.6, 45.4, 42.2, 37.7, 29.8, 29.7, 29.1, 28.8, 28.4.
Anal. calc’d for (Cy,cH34N;05Cl): C, 66.15; H, 7.26; N, 8.90; Cl,
7.51. Found C, 65.97; H, 7.29; N, 8.66; Cl, 7.54. [o]p> = -1.79
(c = 1.1; CHCly).

4.1.4. General Procedures for the Suzuki-Miyaura coupling.

Method A:

To a flame-dried thick-walled vial was added the heteroaryl
halide or aryl halide (1.0 eq), Pdx(dba); (0.05 eq), tri-tert-
butylphosphonium tetrafluoroborate (0.12 eq), cesium carbonate
(2.0 eq) and the boronic acid or ester (1.3 eq). The vial was
sealed with a septum and then the vessel was purged with argon
for several minutes. Next, dioxane (0:2 M, degassed by bubbling
either nitrogen or argon) was added. Under a blanket of argon,
the septum was replaced with a Teflon-coated screw cap. The
reaction was stirred at rt for 1h and then the reaction was
warmed to 90 °C for 12 to 24 h as determined by HPLC analysis
of the reaction mixture. -The crude product was either used
without further purification or it was purified by either column
chromatography < on _silica gel or by reverse phase
chromatography.

Method B:

To a flame-dried flask was placed heteroaryl halide or aryl
halide - (1.0 eq.), boronic acid or ester (2.5 eq),
Pd(dppf)Cl,-CH,CI, (0.10 eq) and K;PO, (2.5 eq). The flask was
equipped with a reflux condenser and the reaction vessel was
purged with argon for several minutes. Next, degassed DMSO
(0.15 M) was added and the resulting suspension was heated to
90 °C. After 15 h, the reaction was cooled to rt, diluted with
DCM, washed with water, 2.0 M Na,CO;, brine, dried over
MgSO,, filtered and concentrated. The crude product was either
used without further purification or it was purified by either
column chromatography on silica gel or by reverse phase
chromatography.

4.1.5. General Procedure for Boc-Deprotection.

The compound was dissolved in a solution of 25-50% TFA in
DCM (v:v) to give a clear solution. After 1 h, the reaction was
concentrated to give a residue. The residue was dissolved in
DCM and concentrated. This was repeated twice to give a
residue which was either carried onto the next step without
purification or it was purified by reverse phase chromatography.

4.1.6. trans-4-(Aminomethyl)-N-{(15)-1-[4-(4-cyano-3-
fluorophenyl)-2-pyridinyl]-2-phenylethyl }cyclohexanecarbox-
amide, bis-trifluoroacetic acid salt [(S)-2b].

Compound (S)-1c was converted to (S)-2a using Suzuki-
Miyaura coupling method B with (4-cyano-3-
fluorophenyl)boronic acid to give (S)-2a. Boc-deprotection gave
0.234 g (54% yield over two steps) of (S)-2b as a white solid.
HRMS nv/z calc’d for C,gH3N,OF (M4H)": 457.2404. Found
457.2420. '"H NMR (500 MHz, CD;0D) &: 8.70 (d, J = 5.0 Hz,
1H), 7.93-7.90 (m, 1H), 7.77 (dd, J = 5.5, 1.6 Hz, 1H), 7.74 (dd,
J =104, 1.6 Hz, 1H), 7.71-7.68 (m, 2H), 7.25-7.23 (m, 2H),
7.20-7.17 (m, 3H), 5.33 (dd, J = 8.8, 7.2 Hz, 1H), 3.24 (dd, J =
13.5, 6.9 Hz, 1H), 3.16 (dd, J = 13.5, 8.5 Hz, 1H), 2.76 (d, J =
7.2 Hz, 2H), 2.28-2.23 (m, 1H), 1.85-1.72 (m, 4H), 1.58-1.54 (m,
1H), 1.41-1.34 (m, 2H), 1.08-1.00 (m, 2H). "°F NMR (470 MHz,
CD;0D) &: -77.27, -108.45.

4.1.7. tert-Butyl N-[1-(6-0x0-1,6-dihydropyrimidin-4-yl)-2
-phenylethyl]Jcarbamate (6b).

To a solution of 0.5 M sodium methoxide in methanol (58.4
mL, 29.2 mmol) was added formamidine acetate (1.52 g, 14.6
mmol) to give a clear, colorless solution. Ethyl 4-{[(tert-
butoxy)carbonyl Jamino }-3-oxo-5-phenylpentanoate (6a)** (3.5 g,
10.4 mmol) in MeOH (20.9 mL) was added. The resulting clear
colorless solution was stirred at rt. After 8 h, the clear, yellow
solution was quenched with acetic acid (1.67 mL, 29.2 mmol)
and the reaction was concentrated to give a solid. The solid was
partitioned between water and CHCl; (750 mL). The layers were
separated and the aqueous layer was extracted with CHCl; (250
mL). The organic layers were combined and washed with sat.
NaHCOs, brine, dried over MgSO,, filtered, and concentrated to
give an off-white solid weighing 3.45 g. Recrystallization from
EtOAc gave a white solid weighing 1.49 g. The filtrate was
concentrated and then purified by column chromatography on
silica gel (gradient elution 0-8% MeOH/CHCl;) which gave
0.463 g. Combination of 1.49 g and 0.463 g gave 1.95 g (58%
yield) of 6b, as an off-white solid. LCMS: m/z 316.2 M+H)".
'"H NMR (400MHz, DMSO-d¢) 8: (rotamers) 12.47 (br. s., 1H),
8.18 (s, 1H), 7.37 (d, J = 8.8 Hz, 1H), 7.31 - 7.16 (m, 5H), 6.17
(s, 1H), 4.49 - 440 (m, 1H), 3.08 (dd, J = 13.8, 4.2 Hz, 1H), 2.72
(dd, J = 13.6, 10.5 Hz, 1H), 1.29 (s, 8H), 1.16 (br. s., 1H). C
NMR (100 MHz, DMSO-ds) & 168.5, 161.9, 155.5, 150.2,
138.9, 129.5, 128.6, 126.6, 110.8, 78.5, 57.1, 39.4 overlaps with
DMSO-dg, 28.6.

4.1.8. tert-Butyl N-[1-(6-chloropyrimidin-4-yl)-2-phenyl-
ethyl]carbamate (6c¢).

An orange suspension of 6b (4.0 g, 12.68 mmol) in
phosphorus oxychloride (59.1mL, 634 mmol) was warmed to 50
°C to give a dark red solution. After 2 h, the reaction was cooled
to rt and concentrated to give an orange-brown residue. The
residue was dissolved in CH,Cl, and then concentrated (2x). The
residue was dissolved in CH,Cl, and then poured into cold (0 °C)
sat. NaHCO;. The layers were separated and the aqueous layer
was extracted with CH,Cl, (1x). The organic layers were
combined and washed with brine, dried over MgSO,, filtered and
concentrated to give 2.75 g of 1-(6-chloropyrimidin-4-yl)-2-



phenylethan-1-amine as a red foam. LCMS: 234.0 (M+H)*; 236
M+2+H)".

To a dark red solution of 1-(6-chloropyrimidin-4-yl)-2-
phenylethan-1-amine (2.73 g, 11.7 mmol) in CH,Cl, (38.9 mL)
was added Boc,O (2.68 g, 12.3 mmol) and triethylamine (3.26
mL, 23.4 mmol). The reaction was stirred at rt for 1 h. Then, the
reaction was partitioned between CH,Cl,/sat. NaHCO; and the
layers were separated. The aqueous layer was extracted with
CH,Cl, (1x). The organic layers were combined and washed
with brine, dried over Na,SO,, filtered, and concentrated to give
an orange-brown oil. Purification by column chromatography on
silica gel (gradient elution 0-20% EtOAc/Hex) provided 1.17 g
(28% yield over two steps) of 6c¢ as a pale, yellow solid. HRMS
m/z calc’d for C7H,CIN;O, (M+H)": 334.1322. Found
334.1325. 'H NMR (400 MHz, CDCl3) &: 8.95 (s, 1H), 7.30-
7.18 (m, 3H), 7.05-6.96 (m, 3H), 5.41-5.37 (m, 1H), 4.99-4.92
(m, 1H), 3.17 (dd, J = 13.6, 6.6 Hz, 1H), 3.08 (dd, J = 13.6, 7.3
Hz, 1H), 1.41 (bs, 9H). "’C NMR (100 MHz, CDCl;) &: 170.6,
161.4, 158.7, 155.0, 136.1, 129.2, 128.6, 127.0, 119.6, 80.1, 56.2,
41.5, 28.3.

4.1.9. Methyl N-(4-{6-[(1S)-1-amino-2-phenylethyl]-
pyrimidin-4-yl}phenyl)carbamate, bis-trifluoroacetic acid salt
[(S)-6d].

Compound 6¢ was converted to 6d according to the Suzuki-
Miyaura  coupling  method B with  4-(methoxy-
carbonylamino)phenylboronic ~ acid, followed by Boc-
deprotection which gave 0.143 g (46% yield over two steps) of
6d as a white solid. The enantiomers were separated by chiral
prep HPLC [Chiralpak AS 5 x 50 cm; isocratic elution 30%
MeOH/EtOH(1:1):Heptane; 50 mL/min.; 220 nm] which gave
(R)-6d, enantiomer A (>97% ee), and (S)-6d, enantiomer B
(>98% ee). HRMS m/z calc’d for CyH, N,O, (M+H)':
349.1665. Found 349.1663. 'H NMR (500 MHz, CD,OD) §:
9.07 (s, 1 H), 7.99 (d, J = 8.8 Hz, 2 H), 7.66 (s, 1 H), 7.58 (d, J =
8.8 Hz, 2 H), 7.21 - 7.28 (m, 2 H), 7.15-7.20 (m, 1 H), 7.11 (d, J
=7.2Hz 2H),4.21 (t, J=7.2Hz, 1 H), 3.76 (s, 3 H), 3.11 (dd, J
=13.2,7.2 Hz, 1 H), 3.04 (dd, J = 13.8, 7.7 Hz; 1 H). For (S)-6d:
[alp™* = +1.05 (c = 1.0, MeOH). For (R)-6d: [at],"** =-0.93 (c
= 1.1, MeOH).

4.1.10. tert-Butyl N-[(15)-1-(4-chloropyridin-2-yl)-2-phenyl-
ethyl]carbamate [(S)-7a].

To a cooled (0 °C) solution of 1b (15 g, 0.064 mol) in CH,Cl,
(150 mL) was added DMAP (0.78 g, 0.0064 mol) followed by
the portion wise addition of Boc,O (16.9 g, 0.0775 mol). The
reaction mixture was-allowed to warm to rt and stir overnight.
The reaction mixture was concentrated. Column chromatography
on silica gel (EtOAc/Hex) gave 9.0 g (43 % yield) of 7a as a
white solid. The enantiomers were separated by chiral prep. SFC
[Chiralcel OD-H column: 3 x 25 cm, Sum; Pressure 100 bars;
Temperature 35 °C; Mobile phase: 88:12 CO,:MeOH; Flow rate:
1200 mL/min; UV detection: 220 nm] which gave (S)-7a,
enantiomer A (>99% ee) and (R)-7a, enantiomer B (>98% ee).
HRMS m/z calc’d for C3H,,CIN,O, (M+H)": 333.1364. Found
333.1366. LCMS: 333.0 (M+H)" and 335.0 (M+2+H)*. 'H
NMR (400 MHz, CDCl;) &: 8.46 (d, J = 5.5 Hz, 1H), 7.26 - 7.15
(m, 4H), 7.04 - 6.89 (m, 3H), 5.63 - 5.53 (m, 1H), 5.00 - 4.91 (m,
1H), 3.22 - 3.12 (m, 1H), 3.08 (dd, J = 13.2, 7.7 Hz, 1H), 1.42
(bs, 9H). “C NMR (125 MHz, CDCly) & 161.52, 155.09,
150.02, 144.11, 136.96, 129.37, 128.28, 126.56, 122.58, 122.52,
79.51, 56.58, 42.42, 28.31. [l =-5.73 (c = 1.0; CHCL,).

4.1.11. Methyl N-(4-{2-[(1S)-1-amino-2-phenylethyl]pyridin-
4-yl}phenyl)carbamate [(S)-7b].

To a flame-dried RBF was added (S)-7a (1.0 g, 3.0 mmol), 4-
(methoxycarbonylamino) phenylboronic acid (0.879 g, 4.51
mmol), Cs,CO;3 (1.47 g, 4.51 mmol), Pd,dba; (0.138 g, 0.15
mmol), and tri-zert-butylphosphine tetrafluoroborate (0.105 g,
0.361 mmol). The flask was purged with argon for several
minutes and then degassed 1,4-dioxane (15 mL) was added. The
reaction mixture was stirred at rt for 1 h and then warmed to 90
°C. After 4 h the reaction was stopped and cooled to rt. The
resulting gray/black suspension was filtered through a 0.45
micron glass membrane filter to give an orange filtrate. The
filtrate was concentrated to give a yellow foam.. Column
chromatography on silica gel (gradient elution 0-50%
EtOAc:Hex) gave, after lyophilization, 1.16 g (86% yield) of
tert-butyl N-[(15)-1- (4-{4-[(methoxycarbonyl)amino]phenyl }-
pyridin-2-yl)-2-phenylethyl]carbamate, as a white solid. HRMS
m/z calc’d for CyHyN3;O, (M + H)*:  448.2240. Found
448.2231. 'H NMR (500 MHz, CDCls)8: 8.56 (d, J = 4.9 Hz,
1H), 7.50 - 7.29 (m, 5H), 7.25 --7.14 (m, 3H), 7.05 - 6.97 (m,
3H), 6.92 (br. s., 1H), 5.88 (d,J = 7.7 Hz, 1H), 5.05 - 4.96 (m,
1H), 3.79 (s, 3H), 3.28 (dd, J = 13.2, 5.5 Hz, 1H), 3.02 (dd, J =
13.2, 82 Hz, 1H), 1.48 <1.33 (m, 9H). “C NMR (100 MHz,
CDCls) & 159.8, 155.3, 153.8, 149.5, 147.7, 138.9, 137.6, 132.7,
129.5, 128.2, 127.6, 126.4,119.8, 118.8, 79.3, 57.0, 52.4, 43.0,
28.4. [o]p™* = -47.43 (¢ =1.30, MeOH).

A clear, yellow -solution of tert-butyl N-[(1S5)-1-(4-{4-
[(methoxycarbonyl)amino]-phenyl } pyridin-2-yl)-2-phenylethyl]-
carbamate (0:850 g, 1.90 mmol) in 15% TFA/DCM (38.0 mL)
was stirred at rt. After 1.5 h, the reaction was concentrated to
give aclear, yellow residue. The residue was dissolved in DCM
and concentrated. This was repeated three times to give a yellow
residue. The residue was dissolved in DCM and then washed
with sat. NaHCO,, brine, dried over MgSO,, filtered and
concentrated to give a white foam. Column chromatography on
silica gel (gradient elution 0-10% MeOH/DCM) gave 0.575 g
(87% yield) of (S)-7b as a white foam. LCMS: 348.4 (M+H)".
'H NMR (400 MHz, CD;0D) &: 8.50 (d, J = 5.5 Hz, 1H), 7.61 -
7.53 (m, 4H), 7.51 (dd, J = 5.5, 1.6 Hz, 1H), 7.44 (d, J = 1.6 Hz,
1H), 7.25 - 7.19 (m, 2H), 7.19 - 7.13 (m, 1H), 7.11 - 7.06 (m,
2H), 4.24 (t, J=7.1 Hz, 1H), 3.75 (s, 3H), 3.10 (dd, /= 13.2, 7.1
Hz, 1H), 3.02 (dd, J = 13.2, 7.1 Hz, 1H). "“C NMR (125 MHz,
CD;OD) & 164.8, 156.4, 150.3, 141.8, 139.7, 133.3, 130.6,
129.6, 128.7, 127.6, 121.0, 120.4, 120.1, 59.8, 52.8, 46.1.
[alp™7 = +12.63 (c =1.21, MeOH).

4.1.12. (2E)-3-[5-Chloro-2-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-
prop-2-enoic acid (7c).

To a cooled (0 °C) suspension of NaH (0.262 g, 6.56 mmol) in
THF (273 mL) was added drop wise methyl
2-(dimethoxyphosphoryl)acetate (1.15 mL, 7.10 mmol). The
resulting thick, white suspension was diluted with additional
THF (15 mL) to facilitate mixing, and then the reaction was
allowed to warm to rt. After 45 min, a slightly cloudy blue
solution of 5-chloro-2-(1H-1,2, 3,4-tetrazol-l-yl)benzaldehyde39
(1.14 g, 5.46 mmol) in THF (8 mL) was added. The yellow-
green suspension was stirred vigorously. After 30 min, the
reaction was poured into cold sat. NH4Cl and extracted with
EtOAc. The organic layers were combined and washed with
brine, dried over Na,SO,, filtered and concentrated to give a
green-blue solid (1.76 g). The solid was dissolved in EtOAc and
filtered through a plug of silica gel and eluted with EtOAc. The
filtrate was concentrated to give a greenish solid (1.36 g).
Recrystallization from EtOAc gave an off-white solid (0.476 g).
Additional product was obtained by concentrating the filtrate,
adding methanol, sonicating, and collecting the resulting solid by
filtration. A total of 0.829 g (57% yield) of methyl
(2E)-3-[5-chloro-2-(1H-1,2,3,4-tetrazol- 1-yl)phenyl Jprop-2-



enoate was obtained. LCMS: 265.1 (M+H)"; 287.2 (M+Na)".
'H NMR (500 MHz, CDCl;) &: 8.80 (s, 1H), 7.78 (d, J = 2.2 Hz,
1H), 7.58 (dd, J = 8.8, 2.2 Hz, 1H), 7.42 (d, J = 8.2 Hz, 1H), 7.25
(d, J =16.0 Hz, 1H), 6.45 (d, J = 16.0 Hz, 1H), 3.78 (s, 3H).

To a white suspension of methyl (2E)-3-[5-chloro-2-
(1H-1,2,3,4-tetrazol-1-yl)phenyl Jprop-2-enoate  (0.140 g, 0.53
mmol) in MeOH (3.0 mL) was added 1.0 M NaOH (1.59 ml,
1.59 mmol). The resulting suspension was stirred vigorously at rt
for 2.5 h. The yellow suspension was neutralized with 1.0 N HCl1
(1.60 mL), and concentrated to give a beige solid. The solid was
partitioned between 1.0 N HCI and EtOAc, and then the layers
were separated. The organic layer was washed with brine, dried
over Na,SO,, filtered and concentrated to give 0.137 ig (100%
yield) of 7¢ as a white solid. LCMS: 251.1 M+H)". 'H NMR
(500 MHz, DMSO-dg) 8: 12.72 (s, 1H), 9.87 (s, 1H), 8.24 (d, J =

2.2 Hz, 1H), 7.77 (dd, J = 8.8, 2.2 Hz, 1H), 7.73 (d, J = 8.2 Hz,
1H), 6.98 (d, J = 16.0 Hz, 1H), 6.70 (d, J = 16.0 Hz, 1H).

4.1.13. 2,5-Dioxopyrrolidin-1-yl (2E)-3-[5-chloro-2-(1H-
1,2,3,4-tetrazol-1-yl)phenyl]prop- 2-enoate (7d).

To a solution of 7¢ (5.00 g, 19.95 mmol) in THF (100 mL) and
DMF (10 mL) was added 1-hydroxypyrrolidine-2,5-dione (2.53
g, 21.94 mmol) and DIC (3.42 mL, 21.94 mmol). The reaction
was stirred overnight. The white precipitate that formed was
collected by filtration, washed with methanol and water, and then
dried under vacuum to give 7.0 g (100% yield) of 7d as a white
solid. LCMS: 348.0 (M+H)". 'H NMR (400 MHz, acetone-ds)
5: 2.80 (s, 4H), 6.94 (d, J = 15.82 Hz, 1H), 7.45 (d, J = 15.82 Hz,
1H), 7.69-7.76 (m, J = 8.85, 2.2 Hz, 2H), 8.23 (d, J = 2.2 Hz,
1H), 9.52 (s, 1 H).

4.1.14. (R)-N-[(1S5)-1-(2-Bromopyridin-4-yl)-2-phenylethyl]-
2-methylpropane-2-sulfinamide [(R,S)-7f].

To a solution of 2-bromopyridine-4-carbaldehyde (7e, 1 g,
5.38 mmol) and Ti(OEt), (5.64 mL, 26.9 mmol) in CH,Cl, (10.75
mL) was added (R)-2-methylpropane-2-sulfinamide (0.717 g,
5.91 mmol). The reaction was stirred overnight at rt. The
reaction mixture was poured into a rapidly stirred mixture of
brine. The resulting suspension was filtered through a plug of
Celite® and the filter cake was washed with CH,Cl, to give a
biphasic filtrate. The layers were separated. The organic layer
was washed with brine, dried over MgSO,, filtered and
concentrated. Column chromatography on silica gel (gradient
elution 0-30% EtOAc/Hex) gave 0.92 g (59% yield) of
(R)-N-[(1E)-(2-bromopyridin-4-yl)methylidene]-2-methylpropan
e-2-sulfinamide as a yellow 0il. LCMS: 288.9 (M+H)* and 290.9
(M+2+H)". '"H NMR (400 MHz, CDCl,) &: 8.56 - 8.52 (m, 2H),
7.89 (s, 1H), 7.64/(dd, J=4.9, 1.6 Hz, 1H), 1.29 (s, 9H).

To a cooled (-78 °C) solution of
(R)-N-[(1E)-(2-bromopyridin-4-yl)methylidene]-2-methyl-
propane-2-sulfinamide (0.686 g, 2.37 mmol) in 1:1 Et,0:CH,Cl,
(20 mL) was added 1.0 M benzylmagnesium bromide in THF
(2.61 mL; 2.61 mmol). The reaction was allowed to slowly warm
to rt and the reaction was stirred overnight. The reaction was
cooled to 0 °C and additional 1.0 M benzylmagnesium bromide
in THF (0.52 mL) was added. After 2 h, the reaction was
quenched with sat. NH,CI and diluted with EtOAc. The layers
were separated. The organic layer was washed with brine, dried
over MgSQ,, filtered and concentrated. Column chromatography
on silica gel (gradient elution 0-50% EtOAc/Hex) gave 0.370 g
(41% yield) of (R,S)-7f as a brown oil and 0.273 g (30% yield) of
(R,R)-7f as an off-white solid. LCMS: 380.9 (M+H)* and 382.9
(M+2+H)". '"H NMR (400 MHz, CDCLy) §: 8.30 (d, J = 4.9 Hz,
1H), 7.40 (s, 1H), 7.33 - 7.23 (m, 3H), 7.12 (dd, J = 4.9, 1.6 Hz,
1H), 7.09 - 7.05 (m, 2H), 4.66 - 4.60 (m, 1H), 3.58 (d, J =2.2 Hz,

1H), 3.12 (dd, J = 13.7, 6.6 Hz, 1H), 3.00 (dd, J = 13.7, 8.2 Hz,
1H), 1.17 (s, 9H).

4.1.15. Methyl N-(4-{4-[(15)-1-amino-2-phenylethyl]pyridin-
2-yl}phenyl)carbamate, 2HCI [(S)-7g].

To a flame-dried RBF was added (R,S)-7f (0.060 g, 0.157
mmol), 4-(methoxy-carbonylamino)phenylboronic acid (0.046 g,
0.236 mmol), Cs,CO; (0.077 g, 0.236 mmol), Pd,dba; (0.0072 g,
0.0079 mmol), and tri-tert-butylphosphine tetrafluoroborate
(0.0055 g, 0.019 mmol). The flask was purged with argon for
several minutes and then degassed 1,4-dioxane (2 mL) was
added. The reaction mixture was stirred at rt for 1 h and then
warmed to 90 °C. After 16 h the reaction was stopped and
cooled to rt. The suspension was filtered and the filtrate was
concentrated. Column chromatography on silica gel (gradient
elution 0-50% EtOAc:Hex) gave, 0.040 g (56% yield) of methyl
N-(4-{4-[(15)-1-{[(R)-2-methylpropane-2-sulfinyl ]amino }-2-phe
nylethylJpyridin-2-yl} phenyl)carbamate, ~as a brown solid.
LCMS: 452.1 (M+H)*. 'H NMR (400 MHz, CDCl,) &: 8.60 (d,
J=4.9 Hz, 1H), 7.92 - 7.87 (m, 2H), 7.55 (s, 1H), 7.50 (d, J=8.8
Hz, 2H), 7.33 - 7.22 (m,3H), 7.13 - 7.08 (m, 3H), 6.89 (s, 1H),
4.74 - 4.68 (m, 1H), 3.79 (s, 3H), 3.61 (d, J/=2.2 Hz, 1H), 3.14
(dd, J=13.7, 6.0 Hz; 1H), 3.05 (dd, J=13.7, 8.2 Hz, 1H), 1.18 (s,
9H).

To a solution. of methyl N-(4-{4-[(1S5)-1-{[(R)-2-methyl-
propane-2-sulfinyl Jamino }-2-phenylethyl]pyridin-2-
yl }phenyl)carbamate (0.040 g, 0.089 mmol) in MeOH (1 mL)
was added 4M HCI in dioxane (1 mL). The reaction mixture was
stirred at rt. After 30 min, the reaction was concentrated to near
dryness. Diethyl ether was added to give a yellow suspension.
The solid was collected by filtration. The solid was rinsed with
diethyl ether and dried to give 0.029 g (78% yield) of (S)-7g as a
yellow solid. LCMS: 348.1 (M+H)". 'H NMR (400 MHz,
CD;OD) &: 8.78 (d, J = 6.0 Hz, 1H), 8.34 (d, J = 1.1 Hz, 1H),
7.93 -7.86 (m, 3H), 7.77 (d, J = 8.8 Hz, 2H), 7.36 - 7.23 (m, 5H),
5.02 (t, J = 7.7 Hz, 1H), 3.78 (s, 3H), 3.50 (dd, J = 13.7, 6.6 Hz,
1H), 3.37 - 3.32 (m, 1H) partial overlap with CD;0D.

4.1.16. trans-N-{(1S)-1-[4-(3- Amino-1H-indazol-6-yl)-2-
pyridinyl]-2-phenylethyl }-4-(aminomethyl)cyclohexane-
carboxamide, bis-trifluoroacetic acid salt [(S)-2].

A suspension of (S)-2b (0.095 g, 0.138 mmol) in n-butanol
(3.0 mL) and hydrazine monohydrate (1.0 mL) was microwaved
at 150 °C for 10 min. The resulting clear, bright yellow solution
was concentrated. Purification by reverse phase chromatography
gave 0.069 g (71% yield) of (S)-2, as a yellow solid. Analytical
HPLC Purity, 100%. HRMS m/z calc’d for C,gH33N,O (M+H)":
469.2716. Found 469.2705. 'H NMR (500 MHz, CD;0OD) §&:
8.69 (d, J = 5.5 Hz, 1H), 8.02 (d, J = 8.2 Hz, 1H), 7.92 (dd, J =
5.8, 1.9 Hz, 1H), 7.85 (bs, 1H), 7.75 (bs, 1H), 7.49 (dd, J = 8.5,
1.4 Hz, 1H), 7.28-7.25 (m, 2H), 7.22-7.19 (m, 3H), 5.35 (t, J =
7.7 Hz, 1H), 3.25 (d, J = 8.2 Hz, 2H), 2.77 (d, J = 6.6 Hz, 2H),
2.30-2.25 (m, 1H), 1.86-1.74 (m, 4H), 1.59-1.54 (m, 1H), 1.43-
1.33 (m, 2H), 1.10-1.01 (m, 2H). “C NMR (100 MHz, CD;0D)
5: 178.6, 162.3 (q, J = 34.9 Hz), 160.3, 155.8, 148.7, 145.8,
144.2, 139.9, 137.9, 130.4, 129.7, 128.2, 123.84, 123.75, 123.4,
121.2, 117.8 (q, J = 289.6 Hz), 115.1, 111.6, 56.2, 46.2, 45.3,
41.6, 36.8, 30.3, 30.2, 29.8, 29.4. [at]p”? = +5.52 (c = 0.80;
MeOH).

4.1.17. trans-4-(Aminomethyl)-N-{(15)-1-[4-(3-hydroxy-1H-
indazol-5-yl)-2-pyridinyl]-2-phenylethyl}cyclohexane-
carboxamide, bis-trifluoroacetic acid salt [(S)-10].

Compound (S)-1c was converted to (S)-2f using Suzuki-
Miyaura coupling method B with 5-(dihydroxyboranyl)-2-
fluorobenzoic acid followed by Boc-deprotection. Compound



(S)-2f was converted to (S)-10 (0.150 g, 72% yield over three
steps, yellow solid) according to the procedure described in (§)-2,
with the exception that the reaction was microwaved at 160 °C
for 1 h. Analytical HPLC Purity, 100%. HRMS m/z calc’d for
CosHpNsO, (M + H)*: 470.2556. Found 470.2544. 'H NMR
(500 MHz, CD;0D) &: 8.58 (d, J = 5.5 Hz, 1H), 8.27 (s, 1H),
8.08 - 8.04 (m, 2H), 7.92 (d, J = 8.8 Hz, 1H), 7.48 (d, J/ = 8.8 Hz,
1H), 7.31 - 7.25 (m, 2H), 7.25 - 7.19 (m, 3H), 5.34 (t, J = 8.0 Hz,
1H), 3.31 - 3.25 (m, 2H) overlap with CD;0D, 2.77 (d, J = 7.1
Hz, 2H), 2.34 - 2.24 (m, 1H), 1.90 - 1.80 (m, 3H), 1.80 - 1.72 (m,
1H), 1.63 - 1.51 (m, 1H), 1.45 - 1.31 (m, 2H), 1.13 - 0.99 (m,
2H). "C NMR (125 MHz, CD,OD) & 179.0, 160.7, 159.2,
158.4, 146.1, 142.4, 137.3, 130.5, 129.9, 129.7, 128.5, 127.2,
124.0, 123.2, 122.6, 115.7, 113.4, 55.4, 46.3, 45.3, 41.2, 36.8,
30.4, 30.3, 29.8, 29.4. [at]p**®=+1.79 (c = 1.41, MeOH).

4.1.18. Methyl (4-{2-[(15)-1-({[trans-4-(aminomethyl)-
cyclohexyl]Ocarbonyl}amino)-2-phenylethyl]-4-pyridinyl}-
phenyl)carbamate, bis-trifluoroacetic acid salt [(S)-17].
Compound (S)-1c was converted to (S)-4f using Suzuki-
Miyaura coupling method A with 4-(methoxy-carbonylamino)-
phenylboronic acid. Compound (S)-4f was converted to (S)-17
according to the Boc-deprotection procedure which gave 0.125 g
(87% yield over two steps) of (S)-17 as a white solid. Analytical
HPLC Purity, 100%. HRMS m/z calc’d for CyH;sN4O3
487.2709 (M+H)":  Found 487.2706. 'H NMR (500 MHz,
CD;0D) & 8.57 (d, J = 6.0 Hz, 1H), 8.02 (d, J = 1.6 Hz, 1H),
7.98 (dd, J = 6.0, 1.6 Hz, 1H), 7.82 - 7.77 (m, 2H), 7.69 - 7.64
(m, 2H), 7.29 - 7.24 (m, 2H), 7.24 - 7.19 (m, 3H), 5.35 (t, / = 8.0
Hz, 1H), 3.77 (s, 3H), 3.26 (d, J = 8.2 Hz, 2H), 2.77 (d, J = 7.1
Hz, 2H), 2.35 - 2.25 (m, 1H), 1.91 - 1.80 (m, 3H), 1.79 - 1.71 (m,
1H), 1.63 - 1.51 (m, 1H), 1.44 - 1.31 (m, 2H), 1.13 - 0.99 (m,
2H). “C NMR (125 MHz, CD;OD) & 178.5, 159.8, 156.1,
155.5 (bs), 145.0 (bs), 143.7, 137.9, 130.5, 130.4, 129.6, 129.5,
128.0, 122.2, 121.4, 120.0, 56.0, 52.7, 46.1, 45.3, 41.5, 36.7,
30.3,30.2, 29.7, 29.4. [0]p**= -4.98 (c = 1.02, MeOH).

4.1.19. Methyl (4-{6-[(15)-1-({[trans-4-(aminomethyl)-
cyclohexyl]carbonyl}amino)-2-phenylethyl]-4-pyrimidinyl }-
phenyl)carbamate, bis-trifluoroacetic acid salt [(S)-21].

Compound (S)-6d was converted to (S)-21 according to the
procedure (S)-1c, followed by Boc-deprotection which gave
0.034 g (37% yield over two steps) of (S)-21 as a pale, yellow
solid. Analytical HPLC Purity, 99.7%. HRMS m/z calc’d for
CysHyuNsO; (M+H)*: 4882662, Found 488.2668. 'H NMR
(400MHz, CD;0D) &:<9.55 (s; 1H), 9.09 (d, J = 1.1 Hz, 1H),
8.42 (d, J = 8.2 Hz,-1H), 8.01 (d, J = 8.8 Hz, 2H), 7.68 (s, 1H),
7.60 (d, J = 8.8 Hz, 2H),7.28 - 7.16 (m, 5H), 5.29 - 5.21 (m, 1H),
3.76 (s, 3H), 3.26 (dd, J = 13.7, 6.0 Hz, 1H), 3.08 (dd, J = 13.7,
8.8 Hz, 1H),2.77 (d, J = 7.1 Hz, 2H), 2.31 - 2.21 (m, 1H), 1.89 -
1.80 (m, 3H), 1.75 - 1.67 (m, 1H), 1.63 - 1.49 (m, 1H), 1.48 -
1.30 (m, 2H), 1.12 - 0.99 (m, 2H). "“C NMR (125 MHz,
CD;OD) 6: 178.3, 171.2, 165.4, 159.7, 156.3, 143.7, 138.9,
131.8,130.5, 129.6, 129.3, 127.9, 119.7, 115.3, 57.1, 52.8, 46.3,
45.6,41.7, 36.9, 30.5, 30.4, 29.9, 29.6. [atlp™**=-17.8 (c = 0.87,
MeOH).

4.1.20. Methyl N-(4-{2-[(1S)-1-[(2E)-3-[5-chloro-2-(1H-
1,2,3,4-tetrazol- 1-yl)phenyl |prop- 2-enamido]-2-phenylethyl]-
pyridin-4-yl}phenyl)carbamate, trifluoroacetic acid [(S)-24].
To a flask containing (S5)-7b (0.100 g, 0.29 mmol) and
2,5-dioxopyrrolidin-1-yl (2E)-3-[5-chloro-2-(1H-1,2,3,4-tetrazol-
1-yl)phenyl]prop-2-enoate (7d, 0.100 g, 0.29 mmol) was added
DMF (1.9 mL) and Hunig's base (0.151 mL, 0.86 mmol). The
resulting clear, yellow solution was stirred at rt for 1 h. The
reaction was diluted with MeOH (1 mL) to give a 70%

DMF/MeOH  mixture. Purification by reverse phase
chromatography gave, after concentration and lyophilization,
0.141 g (71% yield) of (S)-24 as a flufty, white solid. Analytical
HPLC Purity, 99.4%. HRMS m/z calc’d for C;H»,CIN;0; (M +
H)": 580.1858. Found 580.1876. LCMS m/z 580.3 (M+H)* and
582 (M+2+H)*. "H NMR (500 MHz, DMSO-dg) & 9.97 (s, 1H),
9.84 (s, 1H), 8.86 (d, J = 8.2 Hz, 1H), 8.63 (d, J = 5.5 Hz, 1H),
7.97 (d, J =2.2 Hz, 1H), 7.82 - 7.76 (m, 4H), 7.75 (dd, J = 8.8,
2.2 Hz, 1H), 7.71 (d, J = 8.8 Hz, 1H), 7.64 (d, J = 8.8 Hz, 2H),
7.28 - 7.23 (m, 2H), 7.22 - 7.15 (m, 3H), 6.86 (d, J = 15.4 Hz,
1H), 6.81 (d, J = 15.4 Hz, 1H), 5.34 - 5.28 (m, 1H), 3.70 (s, 3H),
3.20 (dd, J = 13.7, 6.0 Hz, 1H), 3.12 (dd, J = 13.7, 8.8 Hz, 1H).
C NMR (125 MHz, DMSO-dg) &: 163.7, 159.4, 153.9, 150.4
(bs), 146.2 (bs), 145.2, 141.5, 137.5, 135.8, 132.9, 130.95,
130.92, 130.2, 129.4, 129.2, 129.0, 128.2, 128.0, 127.4, 127.0,
126.5, 120.1, 119.1, 1184, 54.8, 51.8,404. [a],*=9.82 (c
=1.16, DMSO). Anal. calcd for C3;HyCIN;O; - 0.94 H,O - 0.92
C,HF;0,: C, 56.20; H, 4.14; N, 13.97; F, 7.47; Cl, 5.05. Found:
C, 56.50; H, 4.25; N, 13.78; F, 7.63; Cl, 4.96.

4.1.21. Methyl N-(4-{4-[(15)-1-[(2E)-3-[5-chloro-2-(1H-
1,2,3,4-tetrazol-1-yl)phenyl|prop-2-enamido]-2-phenylethyl]-
pyridin-2-yl}phenyl)carbamate, trifluoroacetic acid salt [(S)-
25].

To a solution of (5)-7g (0.029 g, 0.069 mmol) in DMF (1 mL)
was added (2E)-3-[5-chloro-2-(1H-1,2,3,4-tetrazol-1-yl)phenyl]-
prop-2-enoic acid (7¢, 0.017 g, 0.069 mmol), EDC (0.026 g, 0.14
mmol), HOBt (0.021 g, 0.14 mmol) and TEA (0.048 mL, 0.34
mmol). The reaction mixture was stirred at rt. After 18 h, the
reaction was diluted with MeOH (3 mL). Purification by reverse
phase  chromatography gave, after concentration and
lyophilization, 0.036 g (75 % yield) of (S)-25 as an off-white
solid. Analytical HPLC Purity, 99.5%. LCMS: 580.0 (M+H)".
'H NMR (400 MHz, CD;0D) & 9.75 (s, 1H), 9.48 (s, 1H), 9.09 -
9.05 (m, 1H), 8.62 (d, J = 6.6 Hz, 1H), 8.02 (s, 1H), 7.97 (d, J =
2.2 Hz, 1H), 7.80 - 7.71 (m, SH), 7.66 (dd, J = 8.8, 2.2 Hz, 1H),
7.56 (d, J = 8.2 Hz, 1H), 7.32 - 7.21 (m, 5H), 7.07 (d, J = 154
Hz, 1H), 6.73 (d, J = 15.9 Hz, 1H), 5.44 - 5.37 (m, 1H), 3.78 (s,
3H), 3.30 - 3.24 (m, 1H) partial overlap with CD;0D, 3.19 (dd, J
=13.7, 7.1 Hz, 1H).

4.1.22. Methyl N-(4-{6-[(15)-1-[(2E)-3-[5-chloro-2-(1H-
1,2,3,4-tetrazol-1-yl)phenyl|prop- 2-enamido]-2-phenylethyl]-
pyrimidin-4-yl}phenyl)carbamate, trifluoroacetic acid salt
[(S)-26].

To a suspension of (S)-6d (0.035 g, 0.076 mmol) and
2,5-dioxopyrrolidin-1-yl (2E)-3-[5-chloro-2-(1H-1,2,3,4-tetrazol-
1-yl)phenyl]prop-2-enoate (7d, 0.026 g, 0.076 mmol) in DMF
(0.757 mL) was added Hunig's base (0.066 mL, 0.378 mmol).
The resulting clear, slightly yellow solution was stirred at rt.
After 3 h, the reaction was partitioned between EtOAc/water and
the layers were separated. The aqueous layer was extracted with
EtOAc (1x). The organic layers were combined and washed with
sat. NaHCQs, brine, dried over Na,SO,, filtered and concentrated
to give a greenish solid.  Purification by reverse phase
chromatography gave, after concentration and lyophilization,
0.0281 g (64 % yield) of (S)-26 as a pale, yellow solid.
Analytical HPLC Purity, 99.5%. LCMS: 581.1 (M+H)*. 'H
NMR (400 MHz, DMSO-ds) 6: 10.02 (s, 1H), 9.85 (s, 1H), 9.14
(s, 1H), 8.84 (d, J = 8.3 Hz, 1H), 8.11 (d, J = 8.8 Hz, 2H), 7.98
(d, J =2.2 Hz, 1H), 7.91 (s, 1H), 7.75 (dd, J = 8.3, 1.8 Hz, 1H),
7.71 (d, J = 8.8 Hz, 1H), 7.63 (d, J = 8.8 Hz, 2H), 7.29 - 7.15 (m,
5H), 6.87 (d, J = 15.8 Hz, 1H), 6.81 (d, J = 15.8 Hz, 1H), 5.26 -
5.17 (m, 1H), 3.69 (s, 3H), 3.18 (dd, J = 13.6, 5.7 Hz, 1H), 3.05
(dd, J=13.6,9.2 Hz, 1H).



4.2 X-Ray Crystallography

X-ray crystal structure data collection and structure
refinement (see Supplemental Information Tabulated
Parameters). Protein for Factor XIa crystals in complex with
inhibitors ($)-10 and (S)-17 was prepared as previously
described.'® Data for these crystals were collected in the
laboratory.  Raw data were processed with the program
HKL2000.® The atomic coordinates of human Factor XIa (PDB
ID 4NAS8) were used as a search model for rigid body only
refinement in AmoRe.*"™ Original refinement for compounds
was carried out with CNX (Accelrys) and inhibitor restraint
dictionaries were built with QUANTA (Accelrys), which was
also used for modeling. Later the structures were re-refined
using BUSTER/TNT" (GlobalPhasing, Ltd.), MakeTNT
(GlobalPhasing, Ltd., Cambridge, UK) for inhibitor restraint
dictionaries, and COOT* for modeling. Protein for Factor XIa in
complex with inhibitor (S)-24 was purchased from Proteros
biostructures GmbH (Martinsried, Germany). Data were
collected at the Advanced Photon Source (APS) beamline 17-ID
and processed with XDS'**” and AIMLESS™ through the use of
autoPROC (GlobalPhasing, Ltd., Cambridge, UK). The atomic
coordinates of human Factor XlIa derived from PDB ID 3SOR
were used as search model for rigid body only refinement in
AmoRe.""™ The structure was refined with BUSTER/TNT"
(GlobalPhasing, Ltd.), GRADE (GlobalPhasing, Ltd.,
Cambridge, UK) for inhibitor restraint dictionaries, and COOT*
for modeling. The PDB deposition numbers for compounds (S)-
10, (S)-17, and (S5)-24 complexed to FXIa are SEXL, SEXM, and
SEXN, respectively.

4.3 Enzyme and Coagulation Assays

The affinity of compounds for various enzymes was
determined using purified enzymes and synthetic peptide
substrates from commercial sources. The ICsy values were
obtained over 4—11 inhibitor concentrations assayed in duplicate
at a fixed substrate concentration with a standard error of <20%.
Ki values were calculated using the relationship Ki equals ICs,
divided by (1+S/Km), assuming competitive inhibition, where S
is the concentration of substrate, and Km is the
Michaelis—Menten constant for the substrate.

The aPTT (activated partial thromboplastin time) in vitro
clotting assay was performed in an automated coagulation
analyzer using pooled normal human plasma and reagents from
commercial sources. The reported EC,s, values are the FXla
inhibitor plasma concentrations which produce a 50% increase in
the clotting time relative to the clotting time in the absence of the
inhibitor.

Please see reference 15b for a complete description of the in
vitro enzyme and plasma coagulation assays.
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