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ABSTRACT

Factor Xla (FXIa) is a blood coagulation enzyme that is involved in the amplification of thrombin
generation. Mounting evidence suggests that direct inhibition of FXla can block pathologic
thrombus formation while preserving normal hemostasis. Preclinical studies using a variety of
approaches to reduce FXIa activity, including direct inhibitors of FXla, have demonstrated good
antithrombotic efficacy without increasing bleeding. Based on this potential, we targeted our
efforts at identifying potent inhibitors of FXla with a focus on discovering an acute antithrombotic
agent for use in a hospital setting. Herein we describe the discovery of a potent FXla clinical
candidate, 55 (FXla Ki = 0.7 nM), with excellent preclinical efficacy in thrombosis models and
aqueous solubility suitable for intravenous administration. BMS-962212 is a reversible, direct, and

highly selective small molecule inhibitor of FXla.
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INTRODUCTION

Cardiovascular (CV) disease continues to be the leading cause of death worldwide.'® Thrombus
formation in the arterial circulation can cause myocardial infarction or ischemic stroke. In the
venous circulation, blood clots can cause local pain and swelling. A venous blood clot can break
free and travel to the lungs causing a pulmonary embolism (PE) leading to sudden death. Together,
myocardial infarction, ischemic stroke, and venous thromboembolism (VTE) account for a large

portion of deaths due to cardiovascular disease.**®

Oral anticoagulant and antiplatelet medicines are highly effective for the long-term prevention of
thrombotic events.?*® However, in the acute phase, it is desirable to have an antithrombotic agent
which can treat the event and prevent an early recurrence when the risk is known to be the highest.
During this acute period, oral medicines are less suited because they require hours to achieve their
maximum plasma concentration and therefore their maximum antithrombotic effect. Further, a
long-acting oral antithrombotic is not preferred if the potential for an urgent surgical intervention
is foreseeable or if the risk of hemorrhage outweighs the benefits. For decades, heparin has been
the most widely used acute antithrombotic agent.® Heparin accelerates the antithrombin 111
mediated inhibition of multiple blood coagulation proteases. Although heparin has a rapid onset
of action and, relative to oral agents, a rapid offset of action, it has some properties which limit its
use and effectiveness. Heparin requires dose titration which is often accomplished using the
activated partial thromboplastin time (aPTT) targeted to achieve 1.5- to 2.5-times the normal
aPTT. Overdose of heparin can cause serious bleeding complications. Repeated heparin
administration in rare cases can cause heparin-induced thrombocytopenia (platelet consumption)

which increases the risk of bleeding and other complications.
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Factor Xla (FXIa) inhibition has emerged as a means to achieve anticoagulation without significant
effects on hemostasis.** Human FXI deficiency (hemophilia C) was first described as a mild to
moderate bleeding disorder.*® However, these subjects rarely suffer from spontaneous bleeding
episodes, and when bleeding does occur it most often is associated with trauma or surgery,
especially in tissues with high fibrinolytic activity. Further, epidemiologic studies show an
increased risk of thrombosis in subjects with elevated FXI levels and some protection from
thrombosis in subjects with reduced FXI levels.*>® Preclinically, inhibition of FXla as an effective
antithrombotic approach came from studies in rats® and rabbits®® with a FXla active site directed
irreversible inhibitor, and from studies in genetically modified FXI-deficient mice.5¢¢ At Bristol-
Myers Squibb we have developed a strategy to identify small molecule parenteral FXIla inhibitors
that have the potential to address the high unmet medical need in the acute care setting. This
strategy was strengthened with additional preclinical studies with other direct FXla inhibitors,®™"
antibodies which blocked FXI activation or FXla activity,’®¢ and antisense oligonucleotides
(ASO)®P which blocked FXI synthesis. Furthermore our hypothesis to target FXla inhibition was
supported by a phase Il clinical study with a FXI-directed ASO in subjects undergoing elective
knee arthroplasty which showed that reducing FXI levels was an effective means to reduce
thrombosis and also appeared to be safe with respect to bleeding.®¢ Based on our preclinical data
with small molecule FXIa inhibitors, and the recent clinical data with the ASO, the potential for
FXla inhibition to produce a superior antithrombotic profile with a low additional bleeding risk is

a very appealing strategy to address the unmet medical need in the acute care setting.

We previously reported on a FXla tool molecule 1 (FXIla Ki = 0.2 nM)® which was found to be
highly efficacious in a rabbit electrically-mediated carotid arterial thrombosis (ECAT) model, with

minimal increase in bleeding time at a dose that provided 80% inhibition of thrombosis.® Recently,
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we also reported on the discovery of a series of phenylalanine diamide FXla inhibitors (e.g.
compound 2) having a p-chlorophenyltetrazole P1 group and a p-aminobenzoic acid P2' moiety.®
Extensive SAR within this series culminated in the identification of an extended piperazine P1'
urea analog, 3 (FXla Ki = 2 nM), with excellent anticoagulant activity (aPTT IC15x = 0.50 uM)
and antithrombotic efficacy (ECso = 2.8 uM) in a rabbit ECAT thrombosis model.®" Compound 3
was a highly polar zwitterionic molecule with poor aqueous solubility and not suitable for further
evaluation. Herein, we describe our continuing efforts directed at identifying a first small molecule

parenteral FXla inhibitor which culminated in a Phase I clinical candidate.

Figure-1: Novel FXla inhibitors identified at Bristol-Myers Squibb

5 %“

/Z

6a ONH, 6d
Compound 1 Compound 2 Compound 3%
FXlaKi=0.2nM FXlaKi=1.0 M EXla Ki=2.0 nM
aPTT ECy5¢ = 0.5 UM aPTT ECy 5, = 4.2 UM aPTT ECy 5, = 0.5 UM

RESULTS AND DISCUSSION

Our initial attempts at improving solubility and in vitro anticoagulant activity within the
phenylalanine chemotype proved to be challenging. However, based on the FXla bound x-ray
structure for compound 2,%¢ we reasoned that the potential existed for discovering an alternative
scaffold, which would allow us to incorporate functionalities to provide adequate solubility
without compromising on the FXla potency. We began this effort by closely examining the FXla

bound x-ray structure for compound 2. Some of the key attributes for inhibitor 2 are (1) the
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chlorophenyltetrazole acrylamide P1 that enables the chlorine and the tetrazole moieties to occupy
the S1 pocket making key interactions with Tyr 228 at the bottom of the pocket and the disulfide
at the top of the S1 pocket, (2) the acrylamide linker that places the amide carbonyl such that it
directly interacts with enzyme residues in the oxyanion region, while the carboxamide NH (which
is attached to the P2' benzoic acid group) interacts with a conserved water, (3) the benzoic acid P2'
group that forms a strong interaction with Tyr 143 and His 40 and (4) the phenyl moiety of the

phenylalanine that is within contact distance of the disulfide bridge in the S1' region.

Figure-2: FXla bound x-ray structure of phenylalanine analog 2 (3.3 A, PDB 5E20)®"

P
Strategy 1

2 FXlaKi=1.0 nM
ﬂ aPTT ECy 5, = 4.2 UM

P,

| 4 FXlaKi=23nM
aPTT EC, 5, = 36 UM

The benzylic carbon bearing the P1' phenyl group and the acrylamide NH appeared to be in the
same plane. This observation prompted us to determine whether we could connect these two
atoms in the form of a proline. A careful look at the proline scaffold model for compound 4
showed that relative to compound 2, this connectivity would be a viable approach without

significantly altering the overall conformation and binding to FXla. Indeed, compound 4,
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showed modest FXla binding affinity (FXla Ki = 23 nM). Figure-3 shows an overlay of the FXla
bound x-ray structures for compound 2 and proline analog 4. While the orientation of the P1

groups are similar in the S1 pocket for 2 and 4, some subtle binding changes were seen

©CoO~NOUTA,WNPE

elsewhere which may account for the decrease in binding affinity. For example, the acrylamide
13 linker carbonyl oxygen atom interaction with oxyanion hole residue Gly 193 differs slightly

15 between 2 and 4 (~3.0 A for compound 4 and ~2.7 A for compound 2). The incorporation of the
18 proline scaffold in 4 positions the 3(R)-phenyl P1' group to be in close proximity to His 57,

20 eliciting an edge to face interaction and also appears to be slightly extended over the disulfide
bridge. In contrast, for compound 2, a slight twist of the phenylalanine P1' group is observed

25 relative to compound 4. In the S2' region, the benzoic acid P2' group in 4 appears to be slightly
27 extended relative to compound 2. Various substitutions were made on the proline linked P1'

phenyl ring, but none afforded potencies that were better than compound 4.

Figure-3: Overlay of x-ray structures of compound 2 (3.3 A; PDB 5E20) (blue) and 4 (2.9 A;

35 PDB 5QCK) ( ) in the active site of FXla.
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To address the potency issue, we embarked on another strategy (Figure-4). This strategy relied on

Cys 42
His 40

//51

-

a connectivity that involved the phenyl P1' group and the acrylamide nitrogen as shown in Figure-
4. This concept generated isomeric tetrahydroisoquinoline (THIQ) scaffolds (Figure-4; strategy 2
and 3, compounds 5 and 6). The computational and modeling experiments suggested that the THIQ

scaffold 6 would be best suited for this purpose and could make several key FXla

Figure-4: Evolution of the tetrahydroisoquinoline (THIQ) FXla scaffold.
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interactions previously seen with 2 and 4. To test this hypothesis, homochiral compounds 5 and 6
were prepared. We were delighted that compound 6 (FXla Ki = 11 nM) performed as predicted by
our computational study and was significantly more potent than 5 (FXla Ki = 1700 nM). Figure-5
shows an overlay of the FXla bound x-ray structure of 6 (2.11 A) with 2, from which it can be
seen that the location of the chiral center in 6 is shifted relative to compound 2. One plausible
explanation for this observation was that, in order to accommodate the rigid THIQ scaffold, a slight
shift in the orientation of 6 in the FXla active site was necessary. This change also resulted in the
benzoic acid P2' group in 6 being extended slightly into the S2' region. Importantly, the change
notwithstanding, the highly constrained THIQ scaffold maintained all the binding interactions seen
previously with compounds 2 and 4 in the FXla binding site, and additionally the scaffold formed

an edge to face interaction with His 57 and also appears to engage the Cys 42 - Cys 58 disulfide
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residues in the S1' region. Although the potency changes were not significant at this juncture, the

overall strategy of incorporating a novel THIQ scaffold proved invaluable for further optimization.

Figure-5: Overlay of FXla bound x-ray structures 2 (3.3 A; PDB 5E20) (blue) and 6 (2.11 A;

PDB 5QCL) (brown)
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The encouraging FXla data obtained for 6 prompted us to also evaluate a select set of 5 and 6-
membered heterobicyclic THIQ analogs (Table-1). The 5,6,7,8-tetrahydro-1,6-naphthyridine 7
(FXla Ki =56 nM) and 1,2,3,4-tetrahydro-2,7-naphthyridine 8 (FXla Ki = 160 nM) were weaker
relative to 6, but were within 3-fold of each other in terms of potency. From the 5,6-heterobicyclic
chemotype, the unsubstituted 4,5,6,7-tetrahydro-2H-pyrazolo[4,3-c]pyridine 9 (FXla Ki = 640

nM) was significantly less potent. Although the NH of 9 provided us with an opportunity for
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substitution at this position, we hypothesized that the shallow S1' pocket would not allow for bulky
substitutions. To test this hypothesis, we prepared the 2-methyl analog 10, which shows a modest
3-fold improvement in FXla binding affinity relative to 9; whereas the 2-phenyl (11) and 2-benzyl
(12) analogs were much weaker in line with our modeling predictions. The 2,3-dimethyl analog
13 (FXla Ki = 29 nM) showed comparable binding affinity to 6, although a loss in affinity was
seen for the regioisomeric analogs 14 (FXla Ki = 80 nM) and 15 (FXla Ki = 300 nM). This limited

SAR for alternative THIQ scaffolds appeared to favor compound 6 for further optimization studies.

Table-1: 5, and 6-Membered heterobicyclic THIQ replacements

R
N-N
H
\
l\f\N N N \O\C
N OOH
Racemic
|
Compound R aFXla Ki nM
| O
(chiral) < T 1
|\|| A
7 o 51
()
8 W N 160
N—NH
|
9 g 7 640
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K values were obtained from purified human enzyme at 25 °C and were averaged from multiple determinations (n=2), as described
in Ref. 6c.

We next focused on exploring alternative P2' groups (Table-2). It was interesting to note that the
meta-benzoic acid compound 16 was ~26-fold less active when compared to 6. We also explored
the methylcarbamate and indazole P2' groups previously identified in the phenylimidazole series
of compounds.® The carbamate P2' containing compounds 17 and 18 showed a significant loss in

FXla potency. A similar finding was also found for indazole compounds 19 and 20, suggesting the
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location of the carbamate and indazole P2' moieties in the S2' pocket are slightly altered resulting

in weaker interactions with the enzyme residues in this region.

©CoO~NOUTA,WNPE

Table-2: P2' THIQ structure activity relationships

N

—
ZT

N—
15 N

26 Compound X R aEXla KinM

29 6 H

: —Q
33 290
34 16 : OOH

37 @NHCOZMe

38 17 H 870
NHCO,Me

42 (O

43 18 H 890

46
47
48 19 H 2 N 57

N/
49 N

52 U
>3 20 H N 83
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E_QNHcozlvm
21 F 110
22 F EOCOOH 3.7

@K values were obtained from purified human enzyme at 25 °C and were averaged from multiple determinations (n=2), as described
in Ref. 6¢.

The proline compound 4 and the THIQ 6 show that the 4-chlorophenyltetrazole P1 group, which
was carefully optimized for the diamide 2, is effective in other chemotypes such as in the
phenylalanine series.®*®" Additionally in the phenylalanine series, we had observed that subtle
changes on the P1 phenyl group such as incorporation of a fluoro group adjacent to the 4-Cl moiety
impacted the FXla potency.®" The introduction of a 3-fluoro-4-chlorophenyltetrazole P1 in 21
(FXla Ki = 110 nM, Table-2) afforded an 8-fold improvement in FXla binding compared to 17
lacking the 3-fluoro substituent. A similar trend was also observed for 22 (FXla Ki = 3.7 nM)
relative to 6. To understand this improvement in potency, we obtained the FXla bound structure
for compound 21 and compared it with the bound conformation of 6 (Figure-6). Not too
surprisingly, the P1 4-chloro group in 21 engages the Tyr 228 residue, while the adjacent 3-fluoro
moiety appears to be in close contact with Thr 213 (3.0 A). This interaction could in part result in
the slight potency gain seen with the 3-fluoro-4-chlorophenyltetrazole P1 in 21. For the S2'
interactions, the carbamate P2' group in 21 appears to orient above the benzoic acid group in 6.
The slight shift in the orientation of the carbamate group potentially weakens the interactions with
the enzyme residues in the S2' region, even though a close contact of the carbamate carbonyl and

Tyr 143 (2.8 A), and a corresponding network water interaction with His 40 is observed.

Figure-6: An overlay of the FXla bound x-ray structures of compound 6 (2.1 A; PDB 5QCL)

(red) and 21 (2.2 A; PDB 5QCM) (purple).
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39 The orientation of the THIQ scaffold in the FXla enzyme S1' pocket provided us with a unique
41 opportunity to explore substitutions on this scaffold. Figure-6 shows the THIQ in 21 to be in close
43 proximity to the disulfide in the S1' region, such that substitution at either the 7 or 8 positions of
46 the THIQ ring would result in a steric clash. On the other hand, substitutions at either the 5 or 6
48 positions of the THIQ seemed feasible, though some steric clash with the S1' residues with
substitution at the 6 position of the THIQ could not be ruled out. Substitution at the 5-position of
53 the THIQ appeared to project into the S2 pocket of the FXIla active site. To test this hypothesis,
55 we prepared the select set of compounds listed in Table-3. From this initial set, the compounds

that showed promise were indeed the 5-substituted compounds, such as the dimethylamino
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compound 25 (FXla Ki = 6 nM), methoxycarbonyl compound 23 (FXla Ki = 17 nM) and cyano
compound 24 (FXla Ki = 39 nM). The FXla affinity of the dimethylamino compound 25 was the
most encouraging. Based on the availability of the THIQ scaffolds, we explored a relatively small
set of compounds with substitutions at positions 6, 7 and 8 on the THIQ ring. From this set it was
clear that a small substituent at the 6-position of the THIQ, such as the 6-methyl 27 was comparable
to compound 6 in terms of potency, but larger groups as in the 6-methylester analog 26 resulted in

a loss of FXla affinity.

Table-3: Exploratory THIQ scaffold substitutions

5 7
N—N 8
N N
LY O
N OOH
Racemic
|
Compound R FXla @Ki nM
6 (chiral) H 11
23 5-CO:Me 17
24 5-CN 39
25 5-NMez 6
26 6-CO2Me 140
27 6-Me 27
28 7-CO2Me 230
29 7-CN 400
30 7-Me 28
31 8-CO:Me 2200

@K values were obtained from purified human enzyme at 25 °C and were averaged from multiple determinations (n=2), as described
in Ref. 6¢.

Other substitutions at either the 7 or 8 positions of the THIQ ring also showed a loss in FXla

affinity relative to compound 6. We were delighted with these results as it validated our hypothesis
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for substitution on the THIQ scaffold. Importantly, compound 25 opened up the possibility for an

extensive SAR at the previously unexplored S2 pocket of FXla via substitution at the 5-position

©CoO~NOUTA,WNPE

of the THIQ to probe for additional binding interactions.

11 Table-4: Effect of electron withdrawing groups at the 5-position of THIQ scaffold — S2 SAR
13 S2 SAR

30 Compound R aFXla Ki nM

a2 23 CO,;Me 17
4 32 COOH 74
35 33 CONMe; 25

@)
37 34 “'jﬂl)j\N/\/OMe 27
Me
¢}
41 35 %l\@ 17
o

36 N 18
i e
48 37 %NQ»\COZE‘ 12

O

54 K values were obtained from purified human enzyme at 25 °C and were averaged from multiple determinations (n=2), as described
55 in Ref. 6c.
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Figure-7: FXla bound x-ray structure of compound 38 (2.3 A; PDB 5QCN)

At first we explored the effectiveness of a select set of carboxamido groups (compounds 33-38)
at the 5-position of the scaffold (Table-4). In general, the FXla affinities were comparable to that
observed for compound 23; however, the carboxamide 38 (FXla Ki = 6 nM) was approximately
2-3 fold better. The 5-carboxylic acid 32 had ~4-fold less FXla affinity when compared to the
corresponding ester compound 23. An FXla bound x-ray structure for compound 38 (2.30 A)
was obtained (Figure-7). The S2 region of the FXla enzyme shows an array of water molecules.
The P2 carboxamide compound 38 appears to derive its potency by engaging these water
molecules. The carbonyl oxygen of the piperidinyl carboxylate interacts with the S2 enzyme

residues through a network of waters. While this is an intriguing find, it is also interesting to
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note that 38 and the dimethylamino analog 25 (FXla Ki = 6 nM, Table-3) display similar FXla

affinities.

©CoO~NOUTA,WNPE

Table-5: A selection of 5-amino substituted THIQ analogs.

19 Racemic

23 Compound R aFXlaKinM | aPTT IC 1.5x

25 uM
26 '\l"e

N

31 Me
32 39 ;\H)\O 21 26

NHCO:Me

36 40 23 >40

40 41 25 22

H H
N_ N
39 e \Jl/ N0,

NN
““ <Y 0
45 42 17 >40
48 O\'H

49 N

50 43 kg

> K\N/cozlvha
54 \)

N
55 44 w

<5 0.65

<5 11
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(@)
45 T‘j 5.8 39
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@K values were obtained from purified human enzyme at 25 °C and were averaged from multiple determinations (n=2), as described
in Ref. 6¢. aPTT (activated partial thromboplastin time) in vitro clotting assay was performed in human plasma as described in
reference 6c¢.

Encouraged by similar results for compounds containing either a carboxy or an amino P2
substituent as reflected by the FXIla potencies for compounds 25 and 38, we explored additional
5-substituted amino P2 containing compounds (Table-5). The less basic compounds such as the
acetamide and urea P2 compounds 39-42 showed a 3-4-fold loss in FXla binding affinity relative
to the dimethylamino compound 25, while the more polar 5-piperazine containing compound 43
(FXla Ki < 5 nM) was significantly better. Compound 43 also showed excellent anticoagulant
activity in the clotting assay (aPTT IC1sx = 0.65 uM). A similar finding was also observed with
the piperazine carbamate compound 44, although its clotting activity was much weaker. The effect
of basicity on FXla affinity and clotting activity is further accentuated by the observation that the
lactam P2 analog 45 (FXla Ki 5.8 nM, aPTT ICy1sx = 39 uM) displayed good FXla affinity, but
also showed weak anticoagulant activity. Compound 43 at this juncture, exhibited the
characteristics suitable for a parenteral agent in terms of potency but to advance into further studies
acceptable solubility was required. The solubility was measured (< 5 pg/ml) and determined to be
low for its amorphous form. The poor solubility trends were a characteristic feature for a number
of compounds in Table-5. The racemic THIQ P2 compounds as in Table-5 allowed us to rapidly
identify key functional groups and trends that could be further exploited with homochiral

compounds.

The THIQ analogs that were substituted at the 5-position allowed us to reach our FXla potency
and the in vitro anticoagulant criteria. Moreover, we used the information shown in Table-5 to

further our understanding of the SAR with the goal of achieving a highly potent compound with
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good aqueous solubility. To do this, we incorporated the highly optimized 3-fluoro-4-
chlorophenyltetrazole P1 group with homochiral THIQ scaffolds (Table-6). This resulted in the
identification of highly potent FXla compounds. Importantly, the THIQ scaffold allowed for the
incorporation of a diverse set of P2 groups that were well tolerated in the active site of FXla. For
example, compounds that contained morpholine (46), thiomorpholine (47), sulfonyl (48) and
piperidine (49) P2 groups had sub-nanomolar FXla affinity, with the morpholine analog (46) also
demonstrating good anticoagulant activity (aPTTisx = 0.9 uM). A similar finding was also
observed with the zwitterionic compounds, such as 4-dimethylamino piperidine compound 50
(FXla Ki =0.1 nM, aPTT1s¢« = 0.1 uM), piperazinone analogs 54 and 55 and compounds such as
spirolactam compound 51, lactam 52, and morpholinone 53. The lactam containing compounds
52,53 and 55 all showed acceptable solubility at pH 6.4. Among these, compound 55 had the most
balanced profile in terms of FXla affinity, anticoagulant activity and amorphous aqueous solubility
(pH 6.4 Sol = 0.88 mg/mL). Compound 55 represented a milestone compound for the parenteral
program and had all the physical chemical properties we sought for advancing the compound into

development.

A model of compound 55 (Figure-8) in the FXIla active site shows the P2 N-methylpiperazinone
group making a liphophilic interaction with Tyr 94 and Tyr 58B. Additionally, the benzoic acid
P2' and the chlorophenyltetrazole P1 groups make the requisite interactions at the S1 and S2'

regions as previously described for similar compounds.
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Table-6: The SAR 5-substituted heterocyclic P2 homochiral THIQ analogs.

Journal of Medicinal Chemistry
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N—N
N\
N
F Homochiral
|
Compound R aFXla aPTT ICso Solubility
KinM 1.5x @pH 6.5
uM mg/ml
40 PN 0.38 091 :
s
47 N 0.49 2.5 :
S0,
48 LN 20 29 :
49 [\O 2.2 24 -
%
Me
Nove
50 O 0.008 0.11 NT
Y
51 N 0.07 0.45 0.094
%
@)
52 a:'\'/\j 14 0.84 0.92
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53 N 2.0 0.55 0.37
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T

Y\N

10 54 N_ 1.4 0.3 0.027

o~

14 55 N 0.71 0.3 0.88
15 '1{
17 @K values were obtained from purified human enzyme at 25 °C and were averaged from multiple determinations (n=2), as described

18 in Ref. 6¢. aPTT (activated partial thromboplastin time) in vitro clotting assay was performed in human plasma as described in
reference 6¢. NT = Not tested. All solubilities are from amorphous compounds.

Figure-8: A docked model of compound 55 in FXla

Tyr 94
— Tyr 58B S1’ \ Leu 41

Cys 58 ¢
Cys 42

" A : His 40

| lle 151

Trp 215
-

50 PHARMACOKINETIC PROFILE FOR THIQ FXla INHIBITORS

53 The compounds that were chosen for evaluation in rat PK studies (cassette dosing format, Table-
7) satisfied the criteria we had established, i.e., potent FXla binding, good anticoagulant activity

58 as measured in the aPTT assay and adequate aqueous solubility. From this study we were seeking
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compounds with short half-life (< 1 h) to instill a rapid onset and offset of pharmacology.
Compound 50 showed low clearance values and also had a short half-life. Compounds 51-53 and
55, had moderate clearance values and likewise demonstrated short half-lives in the desirable
range. Compound 55 best met the pre-determined criteria of low to moderate clearance and a
pharmacokinetic half-life of less than 1 h, and thus emerged as a potential leading candidate. The
pharmacokinetic profile of 55 was subsequently evaluated in rats, dogs and cynomologus monkeys
(Table-8). The clearance in rats and cynos was higher (~2-fold) than that observed with dogs. The
volume of distribution was the lowest in rat and moderate in dogs and cynos. The mean residence

time and half-life were less than 1 h in all three species.

Table-7: Intravenous (1V) cassette dosing pharmacokinetics (PK) in rats

Compd. Microsome CL Vss AUCrotal tie
T12min ml/min/kg L/kg nMeh h
(h/r)
50 90, 70 4.0 0.24 4796 1.18
51 53, 67 10 0.22 2156 0.74
52 31,75 23 0.18 624 0.35
53 40, 9.7 16 0.68 248 1.39
54 >120, 45 64 0.81 183 0.25
55 >120, 59 16 0.75 309 0.88

intravenous dosing solution 70%PEG400; 20%H20; 10%EtOH. CL = clearance, Vss = steady-state volume of
distribution, AUC = area under the curve, t1/2 = half life

Table-8: Multi species pharmacokinetic data for compound 55.
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Animal Dose CL Vss AUCitotal tie
Species mg/kg ml/min/kg L/kg nMeh h
Rat 0.5 31 0.32 441 0.22
Rabbit 0.5 43 0.71 270 0.6
Dog 4.75 15 1.02 7757 1.05
Cyno 2.03 31 1.16 1590 0.78

CL = clearance, Vss = steady-state volume of distribution, AUC = area under the curve, t1/2 = half life

IN VIVO EFFICACY IN THE RABBIT ARTERIOVENOUS SHUNT MODEL

Compound 55 was next advanced into the rabbit arteriovenous shunt (AV-shunt) thrombosis
model*? for efficacy determination. When evaluated in this model, compound 55 (rabbit FXla Ki
= 3 nM; rabbit activated plasma kallikrein Ki 1,100 nM) demonstrated a dose-response
relationship with respect to inhibiting thrombus formation (Figure-9). At the highest dose
evaluated (0.23 + 1.55 mg/kg/h 1V), the compound showed an 83 % inhibition of thrombus
formation and increased aPTT up to 1.8-fold over baseline, with no prothrombin time (PT)
changes noted. Changes in aPTT but not PT are consistent with the mechanism of inhibiting
FXla. Compound 55 was evaluated in a rabbit cuticle bleeding model,**" at twice the dose used
in the AV-shunt model (0.46 mg/kg+3.1 mg/kg/h) and did not increase the bleeding time as
compared to vehicle. The combination of aspirin (4 mg/kg/h 1V) and 55 (0.46 mg/kg+3.1

mg/kg/h) resulted in bleeding times that were not greater than for aspirin treatment alone.??

Figure-9. Antithrombotic and clotting effects (aPTT and PT) of Compound 55 in the rabbit AV-

Shunt model. Data are means + SEM (n = 3 per group).
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ADDITIONAL PROFILE FOR COMPOUND 55

The protease selectivity profile for compound 55 is shown in Table-11. The compound is a
highly potent FXla inhibitor (FXla Ki = 0.7 nM) with an excellent protease selectivity profile.
The aqueous solubility for compound 55 was measured in buffer systems that would be clinically
acceptable, and its long term solution stability was also evaluated. The crystalline form of 55

Table-11. The human serine protease selectivity profile for 55.

Human Enzyme Ki 55
(nM)?

Factor Xla 0.71
Factor V1laP >13,000
Factor 1Xa >27,000
Factor Xa" >9,000
Factor Xlla >3,000
Plasma kallikrein 310
Tissue kallikrein-1 >10,000
Thrombin® >13,000
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Trypsin® >6,200
Activated Protein C >21,000
Plasmin >25,000

TPA >6,200
Urokinase >15,000
Chymotrypsin 11,000

2K; values in nM were obtained using human purified enzymes at 37 °C. °K; values in nM were obtained using human purified enzymes at 25 °C.

(hemi-hydrate) showed good aqueous solubility (Table-9), and it had good stability for over 90
days and at varying temperatures (Table-10). The measured pKa values for 55 were 4.7 and 4.1
for the N-Me-piperazine and carboxylic acid groups, respectively. The free fraction for 55 in
human, rat, dog and cynomolgus monkey serum was 33.2 %, 44.8 %, 67.5 % and 51.8 %,
respectively. The compound also showed no CYP activity (ICso values > 40 uM) and was stable
in human, rat and dog liver microsomes (T2 = 108, 59, 120 min, respectively). Compound 55 was

AMES negative.

Table-9: Pharmaceutical properties for compound 55

pKa Acid (a) Base (b) 4.1 (a); 4.7 (b)
HPLC Log D 1.40
pH Solubility (mg/mL)
6.7 0.26
- 7.4 1.5
Aqueous Solubility 8.0 1
8.3 >25
8.5 >100

Table-10: Buffer-pH-temperature solution stability for 55 after 90 days

Buffers pH 25°C 37°C 50 °C
0.1 M Phosphate 6.5 99.9 % 99.8 % 95.4 %
0.1 M Phosphate 7.4 100 % 99.0 % 94.6 %
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0.1 M Tris 8.0 99 % 99.7 % 94 %

CHEMISTRY

Compounds 4-6 were prepared in a three step sequence from commercially available materials
57a-c (Scheme-1). Standard amide couplings of 57a-c with BOP reagent and Hunig’s base,
followed by removal of the N-Boc protecting group and coupling with (E)-3-(5-chloro-2-(1H-
tetrazol-1-yl)phenylacrylic acid 58 afforded compounds 4-6 in good overall yields. The highly
elaborated THIQ scaffolds shown in Table-2 were accessed from commercially available starting
materials which allowed rapid preparation of the final products via a three component Ugi
reaction.'%*® For example, compound 38 (Scheme-2) was prepared from commercially available
2-(tert-butoxycarbonyl)-1,2,3,4-tetrahydroisoquinoline-5-carboxylic acid. Coupling of this
intermediate with (S)-ethyl-piperidine-3-carboxylate afforded compound 59 in good yield. To
perform the Ugi reaction it was necessary to access the imine 60. This was accomplished in a three
step sequence by first removal of the Boc protecting group followed by neutralization and
oxidation with excess activated MnO> in dichloromethane to provide 60 in 74% overall yield.

Scheme-1: Method for the preparation of compounds 4-6.2
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1. POClg, pyridine OF BOP or T3P,

o éBZ DIEA
(quant.,98%, quant.)
10 S7a 57b 2. TFA, DCM or H21 Pd/C, morpholine

i (quant.,75%, 77%)
12 3.58a, DIEA or 58, T3P, DIEA

13 (quant., 91%, quant.)
14 4. TFA/ DCM (2906, 21%, 14%)
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25 Isonitrile intermediate 61 was prepared in two steps by heating tert-butyl-4-aminobenzoate in neat
ethyl formate. The ensuing formamide intermediate was subsequently dehydrated to the isonitrile
30 61 by treatment with POCls in THF containing TEA. The highly complex compounds were then
32 assembled by the use of the three component Ugi reaction by combining intermediates 58, 60 and
61 in EtOH. Treatment with TFA afforded compound 38 in low yield. The preparation of
37 compound 55 required the availability of the imine intermediate 76. This was easily obtained from
39 commercially available 5-bromoisoquinoline. Ullmann coupling of this material with N-
methylpiperazinone in the presence of catalytic amount of Cul, 1,10-phenanthroline and K>CO3 at
44 130 °C in DMSO afforded the coupled intermediate 74 (31% yield). This was easily converted to
46 the requisite imine intermediate 76 by hydrogenation with PtO, catalyst, followed by oxidation

49 with excess MnO; in good overall yields. Ugi coupling of 76 with chlorophenyltetrazole

52 Scheme-2: The synthesis of compounds 38 and 55.2
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aReagents and conditions: (a) T3P, DIEA, EtOAc, 74%); () TFA, NaHCO, MnO, DCM 74% 3 steps; (c) Ethylformate
reflux, >80% () POCl, TEA, THF 78% 2 steps; () Ugi RXn. EtOH, 63°C, TFA 6% 2 steps; (f) Cul, DMSO, 1,10
phenanthrollne’ K2C03, 130 Cl 31%, (g) PtOZ’ H2‘ EtOH, quant’ (h) MnOZ' DCM, 89%.

intermediate 58b and isonitrile intermediate 61 in ethanol afforded 55 as a racemate in 33% vyield.
Removal of the t-butyl ester with TFA, followed by chiral SFC separation, afforded the homochiral
compound 55 in 27% yield. The Ugi methodology provided us with a unique opportunity to rapidly
access multiple THIQ FXla compounds. Homochiral compounds were separated by chiral SFC
methods of the racemic Ugi coupled products and then deprotected with TFA to afford the desired

analogs. Various imine intermediates that were employed in the Ugi methodology were easily
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accessed using the methods outlined in Scheme-3. Commercially available tert-butyl 5-amino-3,4-
dihydroisoquinoline-2(1H)-carboxylate 62 was readily converted to the dimethylamino compound

63, the carbamate 64 or the urea intermediates 65a,b. Buchwald-Hartwig C-N bond-forming

©CoO~NOUTA,WNPE

reactions afforded intermediates 67-71 from commercially available bromides 66 and 69, and
13 Ullmann coupling provided access to intermediates 72-74 from 69. Quinoline intermediates were
15 hydrogenated to the corresponding THIQ intermediates and subsequently oxidized with MnO; to
18 the respective imines 75-77 which were used as is in the Ugi coupling step to afford the elaborated

20 racemic FXla THIQ compounds as shown in Scheme-2..

23 Scheme-3: Schematic for the preparation of 5-amino substituted isoquinoline intermediates?

26 R

2 C@
28 NBoc NBoc NBoc
30 66 [ j 67, R = Thiomorpoline
31 @@ \ d 68, R = dioxothiomorpholine
\ o
R
N

X= s, SO,
o

NH MeO it
36 @3\180‘: NBoc N 7

\N/

38 65a R = CH,CH,CO,Me 69 © 70, R = gpirolactam
N 71, R = N(Me)2-pip.
H

39 65b R = Cyclopenty! N
H
o

41 o~ RN
K/N

42 Br L

2 v D E
44 | N7 Morpholinone OF N7 N?
46 75 76, R = Me

45 Boc or N-Mepiperizinones
69 73, R = Boc 77, R = Boc

47 74,R = Me

S0 "Reagents and conditions: (a) NaH, Mel, THF, 74%; (5) TFA, DCM; () MnO,, DCM, 55% 2 steps; (d) MeCO,CI, NaOH,
DCM, 95%; (e) isocyanate, Hunig's base, DCM, 65a 95%, 65b 90%; (f) NaOtBu BINAP, Pdy(dba)s, tol., 130 C, 67 98%, 68
83%, 70 80%, 71 89%; (g) KoCO3, 1,10-phenanthroline, Cul, DMSO, 130 “C 24h, 72 82%, 73 80%, 74 31%; (h) PtO,,EtOH,
54 [H] 55psi; (i) MnO,, DCM, 75 83%, 76 28%, 77 65%.

57 SINGLE CRYSTAL X-RAY STRUCTURE FOR COMPOUND 55
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A single crystal x-ray structure of compound 55 was obtained to confirm the absolute
stereochemistry at the THIQ chiral center to be (S). This is similar to the energetically more
favorable bound conformation seen for a number of our THIQ analogs. The overall x-ray structure

for 55 is similar to its FXla model structure shown in Figure-8b.

Figure-11: Single crystal x-ray for compound 55.

Crystal data. (CCDC 1568523), C32H28CIFN805-0.5H20, MW = 668.08, orthorhombic 12,2:2;, a = 13.6547(3) A, b = 18.7590(3) A, ¢ =
24.7370(5) A, V = 6336.3(2) A3, T = 296(2) K, Cu-Ka, 19192 reflections, 3372 unique (Ri = 0.0364). R1 = 0.0295, wR2 = 0.0790 (for 3372
observed reflections with | > 2o(1) and 430 parameters).

CONCLUSION

To identify a parenteral FXla agent, we optimized FXla affinity, in vitro anticoagulant activity,
and aqueous solubility and targeted a pharmacokinetic profile suitable for acute antithrombotic
therapy. The phenylalanine scaffold was used as a starting point to achieve these goals. Towards
this end, proline and tetrahydroisoquinoline THIQ analogs 4 and 6 were prepared, both of which
showed modest FXla activity. The FXla bound x-ray structure for the THIQ analog 6 showed that
it bound to the active site in a similar manner to that observed for the phenylalanine compound 2.
The THIQ scaffold maintains the disulfide S2' interaction and also appears to form an edge-to-

face interaction with His 57. Additional potency was achieved via substitution at the 5-position of
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the THIQ, whereas substitution at the 6-8 THIQ positions was not tolerated due to the close
proximity to the enzyme residues at the S2. Both electron withdrawing and donating groups were
tolerated at the 5-position of the THIQ. The carboxamide P2 group appears to engage the water
network in the S2 pocket. Various nitrogen based P2 analogs also demonstrated potent FXla
inhibitory activity and good clotting activity. Zwitterionic compounds had the best profile in terms
of potency and in vitro anticoagulant activity as assessed by the in vitro aPTT assay. However,
these analogs had low aqueous solubility at near physiological pH. The lactam P2 containing
compounds had good FXla potency, however solubility at pH 6.5 was modest preventing
advancement. The potent and selective N-methylpiperazinone compound 55 demonstrated an
acceptable solubility profile. Overall, compound 55 met the criteria suitable for advancement as a
parenteral agent, including potent FXla binding affinity, good anticoagulant activity both in vitro
and in vivo, aqueous solubility, a pharmacokinetic profile with short half-life, and no off-target
activity, and was advanced into development. As has recently been reported, BMS-962212 has

completed Phase 1 clinical trials (NCT03197779).1%b

EXPERIMENTAL SECTION

Experimental compounds: All reactions were carried out using commercial grade reagents and
solvents. NMR chemical shifts (8) are reported in parts per million (ppm) relative to internal TMS.
Normal phase chromatography was carried out on ISCO CombiFlash® systems using prepacked
silica cartridges and eluted with gradients of the specified solvents. Preparative reverse phase high
pressure liquid chromatography (HPLC) was carried out on C18 HPLC columns using
methanol/water gradients containing 0.1 % trifluoroacetic acid unless otherwise stated.
Deprotection with TFA followed by re-purification using standard reverse phase conditions

afforded the desired homochiral compounds. Homochiral compounds were separated from racemic
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t-butyl ester analogs using chiral SFC method on a Chiralpak AD-H column, 250 x 30 mm, 5um,
using 60% of ethanol and isopropanol mixture (1:1), 40 % CO> with 0.1 % diethylamine modifier
at a flow rate of 90 ml/min, at 150 bar BP, 35 °C. The desired (S) homochiral compounds were
obtained as the second eluting enantiomer via this methodology. Purity of all final compounds was
determined by analytical HPLC using the following conditions: SunFire C18 column (3.5 um C18,
3.0 x 150 mm); Gradient elution (0.5 mL / min) from 10-100% Solvent B for 12 min and then
100% Solvent B for 3 min. Solvent A is (95% water, 5 % acetonitrile, 0.05 % TFA) and Solvent
B is (5% water, 95% acetonitrile, 0.05% TFA); monitoring UV absorbance at 220 and 254 nm.
Using this methodology the final compounds were >95% pure with HPLC retention times (tr)
recorded. Final compounds that contained basic functionalities were typically isolated as

trifluoroacetic acid salts following HPLC purifications.

4-((2S,3R)-1-((E)-3-(5-Chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-3-phenylpyrrolidine-2-

carboximidamido)benzoic acid (4). Step 1.  (2S,3R)-1-(tert-butoxycarbonyl)-3-
phenylpyrrolidine-2-carboxylic acid (0.15 g, 0.50 mmol) was dissolved in DCM (5 mL). To this
solution was added tert-butyl 4-aminobenzoate (0.10 g, 0.50 mmol), followed by pyridine (1 mL).
The reaction mixture was cooled to 0 °C, and to the solution was added POCI3 (0.050 mL). The
reaction was stirred cold for 1 h and quenched with aqueous 1N HCI. The solution was extracted
with EtOAc (2 x 25 mL), dried (MgSOa), filtered and evaporated to an oily mass. Purification via
an ISCO® column (4g) using hexane/EtOAc as eluents afforded 4-((2S,3R)-1-(tert-
butoxycarbonyl)-3-phenylpyrrolidine-2-carboxamido)benzoic acid (0.24 g, quant.). *H NMR
(CDCls) & 7.79 (bs, 1H), 7.25-7.12 (m, 5H), 3.60-3.49 (m, 1H), 1.53 (s, 2H), 1.18-1.15(m, 4H).

LCMS m/z: 467.5 [M+H].*
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Step 2. The product obtained from Step 1 was dissolved in DCM (5 mL) and cooled to 0 °C. To
this solution was added TFA (0.5 mL), and the reaction was warmed to rt for 2 h. After this time,
the solution was concentrated to a give a pinkish solid mass which was redissolved in DMF (10
mL), and to this solution was added tetrazole intermediate 58b (0.22 g, 0.64 mmol) followed by
TEA (1.0 mL). The reaction mixture was stirred at rt overnight. The reaction was then quenched
with water (50 mL) and acidified with 1IN HCI. The solution was extracted with EtOAc (2 x 25
mL), dried (MgSOa), filtered and concentrated. The crude material was purified by reverse phase
HPLC. The pure fractions were collected and lyophilized to afford compound 4 (0.10 g, 29%) as
a white solid. 'H NMR (DMSO-d6) & 9.74(s, 1H), 8.35(s, 1H), 7.30(m, 2H), 7.22-7.57(m, 5H),
7.35-7.18(m, 5H), 6.85(d, 2H), 4.50(d, 1H), 3.98(m, 2H), 3.85m, 2H), 2.40(m,1H). LCMS m/z;

543.5 [M+H].* HPLC purity > 95%, HPLC tr = 5.59 min.

(S,E)-4-(2-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-tetrahydroisoquinoline-
3-carboxamido)benzoic acid (5). Step 1. To (S)-2-((benzyloxy)carbonyl)-1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid, (57b) (0.16 g, 0.52 mmol) in pyridine (2 mL), was
added tert-butyl-4-aminobenzoate (0.10 g, 0.52 mmol), and the reaction mixture was then cooled
to 0 °C. POCls3 (0.050 mL, 0.52 mmol) was carefully added dropwise to the cold solution. After
1 h, the reaction was partitioned between water (15 mL) and EtOAc (40 mL). The organic layer
was washed with aqueous 0.1N HCI (10 mL) andbrine (10 mL), and dried over MgSQa.
Purification by silica gel chromatography (DCM/MeOH) afforded (S)-benzyl 3-(4-(tert-
butoxycarbonyl)phenylcarbamoyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (0.25 g, 98 %) as
a white solid. *H NMR (400 MHz, CDCls) & 7.96 (d, J=8.59 Hz, 1 H), 7.80 (d, J=8.59 Hz, 2 H),
7.45-7.20 (m, 10 H), 5.25 (s, 2 H), 4.75- 4.65 (m, 2 H), 4.45 (m, 1 H), 3.69 (m, 1 H), 3.34 (m, 1

H), 1.60 (s, 9 H), LCMS (ESI) m/z: 487.4 [M+H].*
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Step 2. (S)-Benzyl 3-(4-(tert-butoxycarbonyl)phenylcarbamoyl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (0.25 g, 0.50 mmol) was hydrogenated at 50 psi for 1 h in EtOH (25 mL) over 10%

Pd/C (35 mg). After this time, the reaction mixture was filtered through Celite® and concentrated

to give (S)-tert-butyl 4-(1,2,3,4-tetrahydroisoquinoline-3-carboxamido)benzoate (0.13 g, 75%) as
a pale grey solid. *H NMR (400 MHz, CDCls3) § 9.55 (s, 1 H), 7.96 (d, J=8.59 Hz, 2 H), 7.67 (d,
J=8.59 Hz, 2 H), 7.16 - 7.24 (m, 3 H), 7.06 - 7.13 (m, 1 H), 4.00 - 4.12 (m, 2 H), 3.69 (dd,
J=10.48, 5.43 Hz, 1 H), 3.34 (dd, J=16.29, 5.43 Hz, 1 H), 2.92 (dd, J=16.42, 10.36 Hz, 1 H),
1.69 - 1.75 (m, 1 H), 1.60 (s, 9 H). LCMS (ESI) m/z; 353.4 [M+H].*

Step 3. (S)-tert-Butyl 4-(1,2,3,4-tetrahydroisoquinoline-3-carboxamido)benzoate (0.10 g,
0.28 mmol) was dissolved in DMF (2 mL), and to this solution was added 58a (99 mg, 0.28
mmol), followed by the addition of DIEA (0.15 mL, 0.85 mmol). The reaction was stirred at rt
for 1 h, quenched with water (10 mL) and extracted with EtOAc (3 x 20 mL). The combined
organic layers were washed with water (10 mL) andbrine (10 mL), and dried over MgSQOa. The
crude material was purified by silica gel column chromatography to afford (S,E)-tert-butyl 4-(2-
(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-tetrahydroisoquinoline-3-
carboxamido)benzoate (0.15 g, 91 %) as a yellow solid. *H NMR (400 MHz, DMSO-d6) § 10.37
(s, 1H), 9.88 (s, 1H), 8.49 (d, J=2.2 Hz, 1H), 7.93 - 7.79 (m, 3H), 7.79 - 7.72 (m, 2H), 7.66 (t,
J=4.4 Hz, 1H), 7.65 - 7.60 (m, 2H), 7.31 - 7.13 (m, 3H), 6.97 (d, J=15.2 Hz, 1H), 5.14 (d, J=15.4
Hz, 1H), 5.02 (t, J=5.9 Hz, 1H), 4.88 (d, J=15.4 Hz, 1H), 3.34 - 3.23 (m, 1H), 3.22 - 3.09 (m,
1H), 1.54 (s, 9H). LCMS (ESI) m/z; 585.2 [M+H].*
Step 4. (S,E)-tert-Butyl 4-(2-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-
tetrahydroisoquinoline-3-carboxamido)benzoate (0.15 g, 0.25 mmol) was dissolved in DCM (5

mL), and to this solution was added TFA (2 mL). After 3 h, the reaction was concentrated and
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purified by reverse phase HPLC, and the collected pure fraction lyophilized to afford 5 (32 mg,
21 %) as a pale yellow solid. *H NMR (400 MHz, CD3s0D) § 9.55 (s, 1 H), 8.28 (d, J=2.02 Hz, 1

H), 7.94 (d, J = 8.59 Hz, 2 H), 7.65 - 7.74 (m, 1 H), 7.55 - 7.63 (m, 3 H), 7.44 (d, J=15.41 Hz, 1

©CoO~NOUTA,WNPE

H), 7.36 (d, J=4.55 Hz, 1 H), 7.22 - 7.29 (m, 3 H), 7.20 (d, J=15.41 Hz, 1 H), 4.96 - 5.08 (m, 2
13 H), 4.88 - 4.91 (m, 1 H), 3.23 - 3.37 (m, 2 H). LCMS (ESI) m/z: 529.0 [M+H].* HPLC purity >
15 95%. HPLC tr = 8.5 min.

18 (S,E)-4-(2-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenylacryloyl)-1,2,3,4-tetrahydroisoquinoline-
20 1-carboxamido)benzoic acid (6). Step 1. To (S)-2-(((9H-fluoren-9-yl)methoxy)carbonyl)-
22 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (57¢) (0.36 g, 0.89 mmol) in EtOAc (2 mL), was
25 added tert-butyl 4-aminobenzoate (0.19 g, 0.99 mmol), and the reaction mixture was cooled in an
27 ice bath. To the cooled solution was added DIEA (0.47 mL, 2.7 mmol) and T3P (50 % in EtOAc,
0.50 mL, 1.8 mmol). After 1 h, the reaction was partitioned with water (15 mL) and ethyl acetate
32 (40 mL). The organic layer was washed with aqueous 0.1N HCI (10 mL) andbrine (10 mL), dried
34 (MgSOa), filtered and concentrated to afford (S)-(9H-fluoren-9-yl)methyl 1-(4-(tert-
butoxycarbonyl)phenylcarbamoyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (0.64 g) as a white
39 solid. *H NMR (400 MHz,CDCls) 6 9.08 (br s, 1H), 7.93 - 7.86 (m, 3H), 7.84 - 7.77 (m, 1H), 7.67
41 - 7.59 (m, 2H), 7.56 - 7.50 (M, 1H), 7.46 - 7.37 (m, 2H), 7.37 - 7.21 (m, 7H), 5.77 (br s, 1H), 4.59
a1 (br s, 2H), 4.33 (br t, J=6.7 Hz, 1H), 3.82 (br d, J=4.2 Hz, 2H), 3.24 - 3.02 (m, 1H), 2.95 - 2.66

46 (m, 1H), 1.61 (s, 9H). LCMS (ESI) m/z: 575.4 [M+H].*

49 Step 2. (S)-(9H-Fluoren-9-yl)methyl-1-(4-(tert-butoxycarbonyl)phenylcarbamoyl)-3,4-
dihydroisoquinoline-2(1H)-carboxylate (0.64 g, 1.1 mmol) was dissolved in DMF (4 mL), and
54 morpholine (0.30 mL) was added to this solution. After 30 min., the reaction was partitioned with

56 water (10 mL) and ethyl acetate (20 mL). The organic layer was washed with water (10 mL) and
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brine (10 mL), dried (MgSQa,), filtered and concentrated to afford (S)-tert-butyl 4-(1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)benzoate (0.30 g, 77%) as a white foam. A sample of (S)-
tert-butyl 4-(1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoate was purified by reverse
phase HPLC. 'H NMR (400 MHz, CD30D) § 7.98 - 7.81 (m, 2H), 7.76 - 7.60 (m, 2H), 7.35 (d,
J=7.3 Hz, 1H), 7.32 - 7.19 (m, 3H), 5.17 (s, 1H), 3.75 (dt, J=12.5, 5.7 Hz, 1H), 3.43 (ddd, J=12.5,
8.7, 5.6 Hz, 1H), 3.17 - 3.08 (m, 1H), 3.08 - 2.91 (m, 1H), 1.49 (s, 9H). LCMS (ESI) m/z: 353.5

[M+H].*

Step 3. Compound 58a (0.21 g, 0.85 mmol) and (S)-tert-butyl 4-(1,2,3,4-tetrahydroisoquinoline-
1-carboxamido)benzoate (0.30 g, 0.85 mmol) were dissolved in DMF (5 mL) and cooled in ice
bath. To this mixture was added DIEA (0.45 mL, 2.5 mmol) and T3P (50 % in EtOAc, 0.48 mL,
1.7 mmol). After 1 h, the reaction was quenched with water (50 mL), extracted with EtOAc (2 x
50 mL), dried with MgSQa, filtered and concentrated to afford crude (S,E)-tert-butyl 4-(2-(3-(5-
chloro-2-(1H-tetrazol-1-yl)phenylacryloyl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)-

benzoate as a yellow oil that was carried onto the next step. LCMS (ESI) m/z: 585.3 [M+H].”

Step 6. The crude (S,E)-tert-butyl 4-(2-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)benzoate was dissolved in DCM (15 mL), and to this
solution was added TFA (2 mL). The reaction mixture was stirred at rt for 1 h. The reaction was
concentrated, and the residue purified by reverse phase HPLC and lyophilized to afford 6 (62 mg,
14 %) as a white solid. H NMR (400 MHz, DMS0-d6) 5 10.72 (1 H, s), 9.79 - 9.84 (1 H, m), 8.38
(1L H, d, J=2.02 Hz), 7.76 - 7.85 (2 H, m), 7.57 - 7.72 (5 H, m), 7.52 - 7.56 (1 H, m), 7.49 (1 H, d),
7.15-7.26 (3H, m), 6.89 (1 H, d, J=15.16 Hz), 5.74 (L H, 5), 4.24 - 4.32 (1 H, m), 3.81 (1 H, ddd,
J=12.44, 8.40, 4.17 Hz), 3.04 - 3.19 (1 H, m), 2.85 (1 H, td). LCMS (ESI) m/z: 529.2 [M+H].*

HPLC purity > 95%. HPLC: tr = 10.4 min.
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(E)-4-(6-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-5,6,7,8-tetrahydro-1,6-

naphthyridine-5-carboxamido)benzoic acid (7). Step 1. 3-Bromo-5,6,7,8-tetrahydro-1,6-
naphthyridine (0.50 g, 2.3 mmol) in EtOH (30 mL) was hydrogenated at 55 psi for 3.5 h with 10%
Pd/C (40 mg). The reaction mixture was filtered through Celite® and concentrated to afford (0.31g,
100%) of 5,6,7,8-tetrahydro-1,6-naphthyridine as a yellow solid. *H NMR (400 MHz, DMSO-d6)
$9.09 (1 H, br.s.), 8.48 (1 H, d, J=3.3 Hz), 7.67 (1L H, d, J=7.6 Hz), 7.31 (1 H, dd, J=7.7, 4.7 Hz),

4.34 (2 H, s), 3.52 (2 H, t, J=6.3 Hz), 3.10 (2 H, t, J=6.3 Hz). LCMS (ESI) m/z: 135.0 [M+H].*

Step 2. To 5,6,7,8-tetrahydro-1,6-naphthyridine (0.31 g, 2.3 mmol) in a mixture of DCM (50 mL)/
DMSO (0.5 mL) was added MnO- (3.7 g, 42 mmol), and the reaction was stirred for 24 h at rt.
The reaction mixture was filtered through Celite® and concentrated to afford 7,8-dihydro-1,6-
naphthyridine (0.31g, quant.) as a yellow solid which was used directly in the next step. *H NMR
(400 MHz, DMSO-d6) 5 8.51 (1 H, dd, J=4.9, 1.6 Hz), 8.38 (1 H, t, J=2.3 Hz), 7.79 (1 H, dd,
J=7.6, 1.8 Hz), 7.37 (1 H, dd, J=7.5, 4.9 Hz), 3.78 - 3.91 (2 H, m), 2.79 - 2.89 (2 H, m). LCMS

(ESI) m/z: 133.0 [M+H].*

Step 3. In a small vial 7,8-dihydro-1,6-naphthyridine (50 mg, 0.38 mmol), 61 (77 mg, 0.38 mmol)
and 58 (95 mg, 0.38 mmol) were combined in MeOH (6 mL). The sealed reaction mixture was
heated to 55 °C for 72 h. The reaction was cooled and concentrated, and the residue was partitioned
with sat'd NaHCO3z (10 mL) and EtOAc (30 mL). The organic layer was washed with brine (10
mL) and dried (MgSOa). After filtration and concentration, the crude product was treated with
50% TFA/DCM (5 mL) for 1 h, then concentrated, and the residue was purified by reverse phase
HPLC and lyophilized to afford 7 (32 mg, 13 %) as a tan solid. *H NMR (400 MHz, CDs0D)
8 9.52 (1 H,s),8.72 (1L H, d, J=5.6 Hz), 8.54 (1 H, d, J=8.1 Hz), 8.19 (1 H, s), 7.93 (2 H, d, J=8.3

Hz), 7.85-7.92 (L H, m), 7.62 - 7.69 (3 H, m), 7.54 - 7.59 (1 H, m), 7.42 (L H, d, J=15.2 Hz), 7.22
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-7.28 (L H, m), 6.29 (1 H, s), 4.46 (1 H, dd, J=8.7, 4.9 Hz), 4.11 - 4.29 (1 H, m), 3.44 (2 H, br. s.).

LCMS (ESI) m/z: 530.2 [M+H].* HPLC purity > 95%. HPLC: tr = 4.70 min.

(E)-4-(2-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-tetrahydro-2,7-
naphthyridine-1tetrahydroisoquinoline-3-carboxamido)benzoic acid (8). The title compound
was prepared as described for compound 7. *H NMR (400 MHz, CD30D) § 9.53 (1 H, s), 8.79 (1
H, s), 8.55 (1 H, br.s.), 8.21 (1 H, d, J=1.8 Hz), 7.97 (2 H, d, J=8.6 Hz), 7.52 - 7.72 (4 H, d,
J=15.6 Hz), 7.32 - 7.42 (L H, m), 7.20 - 7.31 (1 H, d, J=15.4 Hz), 6.19 (1 H, s), 4.16 (L H, br. s.),
2.56 - 2.98 (4 H, m). LCMS (ESI) m/z: 529.9 [M+H].* HPLC purity > 95%. HPLC: tg = 4.71
min.

(E)-4-(5-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-4,5,6,7-tetrahydro-1H-
pyrazolo(4,3-c)pyridine-4-carboxamido)benzoic acid (9). The title compound was prepared as
described for compound 7. *H NMR (400 MHz, DMSO-d6) § 12.48 - 12.85 (1 H, m), 10.68 (1
H,s), 9.87 (L H, s), 8.49 (1 H, d, J=2.0 Hz), 7.86 - 7.97 (2 H, m), 7.65 - 7.81 (5 H, m), 7.63 (1 H,
d, J=3.3 Hz), 6.95 (1 H, d, J=15.2 Hz), 5.89 (1 H, s), 4.53 - 4.68 (1 H, m), 3.76 - 3.94 (1 H, m),
2.92-3.14 (1 H, m), 2.77 - 2.87 (2 H, m). LCMS (ESI) m/z: 519.1 [M+H].* HPLC purity > 95%.
HPLC: tr = 5.62 min.
(E)-4-(5-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-2-methyl-4,5,6,7-tetrahydro-2H-
pyrazolo(4,3-c)pyridine-4-carboxamido)benzoic acid (10). Step 1. To a solution of tert-butyl
4-oxopiperidine-1-carboxylate (2 g, 10 mmol) in ethanol (2 mL), was added methylhydrazine
sulfate (2.2 g, 15 mmol) and potassium carbonate (2.5 g, 18 mmol). The reaction mixture was
heated to reflux for 12 h, then cooled and concentrated to dryness to afford crude tert-butyl 4-(2-

methylhydrazono) piperidine-1-carboxylate (2.3 g, quant.), which was carried onto the next step.
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IH NMR (400 MHz, CDs0OD) & 3.48 - 3.57 (4 H, m), 3.3 (3 H, s), 2.38 (4 H, t, J=8.0 Hz), 1.46 (9
H, s).

Step 2. tert-Butyl 4-(2-methylhydrazono) piperidine-1-carboxylate (0.50 g, 2.2 mmol) was stirred
in a solution of DMF-DMA (2.5 mL) and DMF (2.5 mL) and heated to 90 °C for 12 h. The
reaction was concentrated to dryness and purified by column chromatography to afford tert-butyl
2-methyl-6,7-dihydro-2H-pyrazolo(4,3-c)pyridine-5(4H)-carboxylate (0.40 g, 77%) as a pale
yellow oil. LCMS (ESI) m/z: 238.2 [M+H]."

Step 3. To a cold (0 °C) solution of tert-butyl 2-methyl-6,7-dihydro-2H-pyrazolo(4,3-c)pyridine-
5(4H)-carboxylate (0.23 g, 0.97 mmol) in dioxane (5 mL) was added 4 M HCI in dioxane (2
mL). After stirring for 18 h the reaction was concentrated. The crude material was dissolved in
water (25 mL), and the organic layer was extracted with EtOAc (4 x 20 mL), dried over Na>SQg,
filtered and concentrated to afford 2-methyl-4, 5, 6, 7-tetrahydro-2H-pyrazolo(4,3-c)pyridine
(120 mg, 91%) as a pale yellow solid. *H NMR (300 MHz, CDCl3) § 7.04 (1 H, s), 3.86 (5 H, d,
J=9.0 Hz), 3.13 (2 H, t, J=6.0 Hz), 2.73 (2 H, t, J=6.0 Hz).

Step 4. 2-Methyl-4, 5, 6, 7-tetrahydro-2H-pyrazolo(4,3-c)pyridine (107 mg, 0.78 mmol) was
oxidized as described for 7 to afford 2-methyl-6,7-dihydro-2H-pyrazolo(4,3-c)pyridine (80 mg,
76%). *H NMR (300 MHz, CDCl3) & 8.30 (1 H, s), 7.36 (1 H, s), 3.89 (3 H, s), 3.85 (2 H, d,
J=6.0 Hz), 2.77 (2 H, t, J=9.0 Hz).

Step 5. The multicomponent Ugi reaction as described for 7 using 2-methyl-6,7-dihydro-2H-
pyrazolo(4,3-c)pyridine afforded 10. *H NMR (400 MHz, DMSO-d6) § 12.77 (1 H, bs), 10.71 (1
H,s), 9.88 (L H,s), 8.49 (L H,s), 7.89 (2 H, d, J=8.0 Hz), 7.65 - 7.77 (6 H, m), 6.92 (L H, d, J =

15.2 Hz), 5.84 (L H, s), 5.76 (3 H, s), 4.50 — 4.61 (2 H, m), 3.78 (4 H, 5), 2.75 (2 H, 5), 1.99 -
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2.01 (1 H, m), 1.50 (2 H, d, J = 7.2 Hz). LCMS (ESI) m/z: 533.0 [M+H].* HPLC purity > 95%.
HPLC: tr = 8.66 min.
(E)-4-(5-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-2-phenyl-4,5,6,7-tetrahydro-2H-
pyrazolo(4,3-c)pyridine-4-carboxamido)benzoic acid (11). Step 1. To tert-butyl 4-
oxopiperidine-1-carboxylate (10 g, 0.050 mmol) in DMF (50 mL) was added DMF-DMA (50
mL). The reaction was heated to reflux, and after 4 h, the solvents were removed. The residue
was gquenched with water, extracted with EtOAc (2 x 50 mL), dried over Na>SOg, filtered and
concentrated to afford (E)-tert-butyl 3-((dimethylamino)methylene)-4-oxopiperidine-1-
carboxylate (11 g, 86%). LCMS (ESI) m/z: 255 [M+H]."

Step 2. To (E)-tert-butyl 3-((dimethylamino)methylene)-4-oxopiperidine-1-carboxylate (1.0 g,
4.9 mmol) in EtOH (20 mL) was added phenyl hydrazine (0.60 g, 5.8 mmol), and the reaction
was heated to 80 °C for 6 h. The reaction mixture was concentrated and quenched with water,
extracted with ethyl acetate (2 x 50 mL), washed with saturated NaHCO3 solution (50 mL),
water (50 mL), and brine (50 mL), dried over Na>SQg, filtered and concentrated. The product
was purified by silica gel column chromatography to afford tert-butyl 2-phenyl-6,7-dihydro 2H-
pyrazolo(4,3-c)pyridine-5(4H)-carboxylate (0.4 g, 27%). LCMS (ESI) m/z: 300[M+H].*

Step 3. To a cold (0 °C) solution of tert-butyl 2-phenyl-6,7-dihydro-2H-pyrazolo(4,3-c)pyridine-
5(4H)-carboxylate (0.60 g, 0.20 mmol) in DCM (10 mL) was added HCI in dioxane (6 mL), and
the reaction mixture was stirred for 5 h at rt. The reaction was concentrated and quenched with
water, basified (1 N NaOH), and extracted with ethyl acetate (2 x 25 mL). The combined
organics were washed with water (25 mL) and brine (25 mL), dried over Na>SOs, and
concentrated to afford 2-phenyl-4, 5, 6, 7-tetrahydro-2H-pyrazolo(4,3-c)pyridine (0.4 g, 100%).

LCMS (ESI) m/z: 200 [M+H].*
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Step 4. To a cold (0 °C) solution of 2-phenyl-4, 5, 6, 7-tetrahydro-2H-pyrazolo(4,3-c)pyridine
(0.20 g, 1.0 mmol) in EtOH (2 mL) were added sodium acetate (0.16 g, 2.0 mmol) and iodine
(0.50 g, 2.0 mmol). After 2 h at rt, the reaction mixture was quenched with water (25 mL)
andthen extracted with dichloromethane (2 x 25 mL). The collected organics were concentrated
to afford 2-phenyl-6,7-dihydro-2H-pyrazolo(4,3-c)pyridine (0.15 g, 76%). LCMS (ESI) m/z: 198
[M+H].*

Step 5. The multicomponent Ugi reaction as described in 7 using 2-phenyl-6,7-dihydro-2H-
pyrazolo(4,3-c)pyridine afforded 11. *H NMR (400 MHz, DMSO-d6) § 12.7 (1 H, bs), 10.74 (1
H, s), 9.89 (1 H, s), 8.43 - 8.60 (2 H, m), 7.94 - 7.69 (9 H, m), 7.48 (2 H, t, J=7.6 Hz), 6.98 - 6.95
(2H, m), 6.01 (L H, s), 4.70 (1 H, d, J=14.8 Hz), 3.80 - 3.60 (1 H, m), 2.80 - 2.90 (2 H, m).
LCMS (ESI) m/z: 595.2 [M+H].* HPLC purity > 95%. HPLC: tr = 9.92 min.
(S,E)-3-(2-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenylacryloyl)-1,2,3,4-tetrahydroisoquinoline-
1-carboxamido)benzoic acid (16). Compound 16 was prepared in a similar manner as described
for 6 starting with tert-butyl 3-aminobenzoate. *H NMR (400 MHz, CD30OD) § 9.55 (1 H, s),
8.18-8.23 (2H, m), 7.74-7.82 (2 H, m), 7.66 - 7.71 (1 H, m), 7.53 - 7.62 (2 H, m), 7.38 - 7.45
(2H, m),7.33-7.37 (L H, m), 7.27 - 7.33 (4 H, m), 7.17 - 7.25 (1 H, m), 5.84 (1 H, s), 4.33 (1L H,
dt, J=12.06, 5.34 Hz), 3.82 - 3.89 (1 H, m), 2.92 - 3.03 (1 H, m). LCMS (ESI) m/z: 529.3
[M+H]." HPLC purity > 95%. HPLC: tr = 10.44 min.

(S,E)-Methyl 4-(2-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)phenylcarbamate (17). Step 1. To intermediate 57¢
(0.25 g, 0.62 mmol) and 4-nitroaniline (95 mg, 0.69 mmol) in EtOAc (5 mL) was added T3P
(50% in EtOAC, 0.26 mL, 0.93 mmol) and DIEA (0.32 mL, 1.8 mmol). After 24 h, the reaction

was concentrated and purified by silica gel column chromatography to afford (S)-(9H-fluoren-9-
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yhmethyl 1-(4-nitrophenylcarbamoyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (55 mg, 17%)
as a bright yellow solid. LCMS (ESI) m/z: 520.4 [M+H]."

Step 2. (S)-(9H-fluoren-9-yl)methyl 1-(4-nitrophenylcarbamoyl)-3,4-dihydroisoquinoline -2(1H)-
carboxylate (55 mg, 0.11 mmol) was stirred in a solution of acetone (8 mL) and water (3 mL).
To this mixture was added zinc (0.20 g, 3.1 mmol), followed by ammonium chloride (0.33 g, 6.2
mmol). After 24 h, the reaction mixture was filtered and concentrated. The resulting concentrated
solution was extracted with EtOAc (3 x 20 mL) and washed with brine (20 mL). The combined
organic layers were dried over MgSQyg, filtered and concentrated to afford (S)-(9H-fluoren-9-
yhmethyl 1-(4-aminophenylcarbamoyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (51 mg)
which was carried onto the next step. LCMS (ESI) m/z: 490.3 [M+H]."

Step 3. To a mixture of DCM (3 mL) and pyridine (1 mL) was added (S)-(9H-fluoren-9-
yhmethyl 1-(4-aminophenylcarbamoyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (51 mg, 0.11
mmol) and methyl chloroformate (0.048 mL, 0.62 mmol), and the reaction mixture was stirred
for 30 min. The reaction was quenched with 1 N HCI, and the aqueous layer was extracted with
DCM (3 x 20 mL), washed with brine (10 mL), dried (MgSQs.), filtered and concentrated to
afford (S)-(9H-fluoren-9-yl)methyl 1-(4-(methoxycarbonylamino) phenylcarbamoyl)-3,4-
dihydroiso-quinoline-2(1H)-carboxylate (57 mg) as a tan solid which was carried onto the next
step. LCMS (ESI) m/z: 548.3 [M+H].*

Step 4. To (S)-(9H-fluoren-9-yl)methyl 1-(4-(methoxycarbonylamino)phenylcarbamoyl)-3,4-
dihydroiso-quinoline-2(1H)-carboxylate (57 mg, 0.11 mmol) in DMF (1 mL) was added
morpholine (0.30 mL). After 2 h, the reaction was partitioned with water (15 mL) and EtOAc (30

mL). The organic layer was washed with brine (10 mL), dried (MgSO4) and concentrated to
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afford (S)-methyl 4-(1,2,3,4-tetrahydroisoquinoline-1-carboxamido)phenylcarbamate (34 mg)
which was used in next step without purification. LCMS (ESI) m/z: 326.4 [M+H]."

Step 5. Prepared 17 (5.0 mg, 19 %) in a similar manner as described for 6. *H NMR (400 MHz,

©CoO~NOUTA,WNPE

DMSO-ds) 5 10.38 (1 H, 5), 9.87 (1 H, 5), 9.54 (1 H, 5), 8.44 (1 H, d, J=2.27 Hz), 7.69 - 7.83 (2
13 H, m), 7.55- 7.63 (1 H, m), 7.42 - 7.52 (2 H, m), 7.32 - 7.38 (2 H, m), 7.18 - 7.31 (4 H, m), 6.95
15 (1 H, d, J=15.41 Hz), 5.79 (L H, s), 4.25 - 4.35 (L H, m), 3.93 (1 H, 5), 3.63 (3 H, 5), 3.12 - 3.22
18 (1 H, m), 2.85 - 2.97 (1 H, m). LCMS (ESI) m/z: 558 [M+H].* HPLC purity > 95%. HPLC: tr =
20 8.08 min.

22 (S,E)-Methyl 4-(2-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-

25 tetrahydroisoquinoline-1-carboxamido)benzylcarbamate (18). Compound 18 (3.1 mg, 6.1%)
27 was prepared in a similar manner as 17 and 6. *H NMR (400 MHz, DMSO-ds) & 10.45 (1 H, s),
29 9.87 (L H,s), 8.44 (L H, d, J=2.02 Hz), 7.68 - 7.82 (2 H, m), 7.45 - 7.66 (4 H, m), 7.21 - 7.32 (2
32 H, m), 7.15 (1 H, d, J=8.34 Hz), 6.95 (1 H, d, J=15.41 Hz), 5.81 (1 H, 5), 4.26 - 4.38 (1 H, m),
34 4.10 (2 H, d, J=6.06 Hz), 3.87 - 3.98 (1 H, m), 3.53 (3 H, s), 3.17 (1 H, d, J=18.95 Hz), 2.93 (1
H, br.s.), 2.67 (1 H, d, J=1.77 Hz). LCMS (ESI) m/z: 572.0 [M+H].* HPLC purity > 95%.

39 HPLC: tr=8.22 min.

41 (S,E)-2-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-N-(1H-indazol-6-yl)-1,2,3,4-

a4 tetrahydroisoquinoline-1-carboxamide (19). Compound 19 was prepared in a similar manner
46 as 6 using 1H-indazol-6-amine. *H NMR (400 MHz, CD30D) § 9.53 (1 H, s), 8.17 (1 H, d,

48 J=2.27 Hz), 8.01 (1 H, d, J=2.27 Hz), 7.62 - 7.73 (2 H, m), 7.56 (2 H, d, J=8.59 Hz), 7.36 (1 H,
51 d, J=15.4 Hz), 7.26 - 7.31 (4 H, m), 7.21 (1 H, d, J=15.4 Hz), 7.13 (1 H, dd, J=8.72, 1.64 Hz),

53 5.89 (1 H, s), 4.29 - 4.36 (1 H, m), 3.87 (1 H, ddd, J=12.44, 8.65, 4.17 Hz), 3.29 - 3.35 (1 H, m),
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2.92 - 3.02 (1 H, m). LCMS (ESI) m/z: 525.4 [M+H]* HPLC purity > 95%. HPLC: tr = 7.78
min.
(S,E)-N-(3-Amino-1H-indazol-6-yl)-2-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-
1,2,3,4-tetrahydroisoquinoline-1-carboxamide (20). Step 1. 4-Amino-2-fluorobenzonitrile
(0.10 g, 0.75 mmol) was combined with (S)-2-(((9H-fluoren-9-yl)methoxy)carbonyl)-1,2,3,4-
tetrahydroisoquinoline-1-carboxylic acid (0.30 g, 0.75 mmol) in DCM (5 mL), and the mixture
was cooled in a water ice/acetone bath. Pyridine (0.30 mL, 3.8 mmol) was added, and then
POCIs (0.070 mL, 0.75 mmol) was carefully added dropwise. After 45 min, the reaction was
partitioned with 1 N HCI (15 mL) and EtOAc (40 mL). The organic layer was washed with
aqueous 0.1N HCI (10 mL) and brine (10 mL), dried (over MgSQs.), filtered and concentrated.
The resulting crude material was purified by silica gel column chromatography to afford (S)-
(9H-fluoren-9-yl)methyl 1-(4-cyano-3-fluorophenylcarbamoyl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (0.38 g, 98%) as a white foam.*H NMR (400 MHz, CDCl3) § 9.34 (1L H, br. s.), 7.77
(2 H, br.s.), 7.57 (3H, d, J=7.58 Hz), 7.36 - 7.48 (3H, m), 7.13 - 7.35 (7 H, m), 5.69 (1 H, br.
s.),4.60 (2H,d, J=7.07 Hz),4.31 (1 H, br.s.), 3.74 (2H, br.s.), 3.03 (L H, br. s.), 2.88 (1 H, br.

s.). LCMS (ESI) m/z: 518.1 [M+H]."

Step 2. To (S)-(9H-fluoren-9-yl)methyl 1-(4-cyano-3-fluorophenylcarbamoyl)-3,4-
dihydroisoquinoline-2(1H)-carboxylate (0.13 g, 0.25 mmol) in EtOH (10 mL) was added
hydrazine hydrate (0.060 mL, 2.0 mmol), and the reaction was heated at 160 °C for 11 min. in a
microwave apparatus. The solvents were removed, and the resulting crude (S)-N-(3-amino-1H-
indazol-6-yl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamide was used in next step. LCMS (ESI)

m/z: 308.3 [M+H].*
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Step 3. Compound 20 (24 mg, 14%) was prepared in a similar manner described for 6 using (S)-
N-(3-amino-1H-indazol-6-yl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamide. *H NMR (400

MHz, CDs0D) & 9.53 (L H, s), 8.19 (1 H, d, J=2.27 Hz), 7.94 (1 H, s), 7.84 (1 H, d, J=9.09 Hz),
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7.67 (L H, d, J=2.27 Hz), 7.55 - 7.62 (1 H, m), 7.52 (1 H, d, J=5.56 Hz), 7.38 (1 H, d, J=15.41
13 Hz), 7.25 - 7.33 (3H, m), 7.12 - 7.24 (2 H, m), 5.82 (1L H, s), 4.33 (1 H, ddd, J=12.13, 5.31, 5.05
15 Hz), 3.73 - 3.89 (1 H, m), 3.32 - 3.41 (1 H, m), 2.97 (1 H, dt, J=15.60, 4.58 Hz). LCMS (ESI)
18 m/z: 540.0 [M+H]." HPLC purity > 95%. HPLC: tr = 5.81 min.

20 (S,E)-Methyl 4-(2-(3-(3-chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)phenylcarbamate (21). Compound 21 (11 mg, 39%)
25 was prepared in a similar manner as 17. *H NMR (400 MHz, DMSO-ds) § 10.35 - 10.41 (1 H,
27 m), 9.87 (1 H, s), 9.53 - 9.58 (1 H, m), 7.90 - 8.00 (1 H, m), 7.64 - 7.70 (L H, m), 7.57 - 7.62 (1
29 H, m), 7.41 - 7.50 (2 H, m), 7.32 - 7.38 (2 H, m), 7.25 (4 H, d, J=3.03 Hz), 7.03 - 7.15 (1 H, m),
32 6.91-6.99 (1 H, m), 5.77 - 5.82 (1 H, m), 4.08 - 4.17 (1 H, m), 3.67 - 3.73 (1 H, m), 3.64 (3 H,
34 s), 3.11 - 3.19 (1 H, m), 2.83 - 2.90 (1 H, m). LCMS (ESI) m/z: 576 [M+H].* HPLC purity >
95%. HPLC: tr = 8.7 min.

39 (S,E)-4-(2-(3-(3-chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-1,2,3,4-

41 tetrahydroisoquinoline-1-carboxamido)benzoic acid (22). Compound 22 (10 mg, 33%) was
a4 prepared in a similar manner as 6.'H NMR (400 MHz, CDs0OD) § 9.56 (1 H, s), 7.97 (2 H, d,

46 J=8.84 Hz), 7.78 - 7.85 (L H, m), 7.64 - 7.70 (2 H, m), 7.47 - 7.56 (2 H, m), 7.29 (4 H, d, J=2.53
48 Hz), 7.04 - 7.19 (2 H, m), 5.84 (1 H, s), 4.18 (1 H, ddd, J=12.00, 5.31, 5.18 Hz), 3.64 - 3.74 (1 H,
51 m), 2.95 (1 H, dt, J=15.35, 4.83 Hz). LCMS (ESI) m/z: 547.3 [M+H].* HPLC purity > 95%.

53 HPLC: tr = 6.76 min.
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(E)-4-(2-(3-(5-chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(methoxycarbonyl)-1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)benzoic acid (23). Compound 23 (4.4 mg, 15 %) was
prepared from methyl 1,2,3,4-tetrahydroisoquinoline-5-carboxylate in a similar manner as
described for 7. *H NMR (400 MHz, CD30D) § 9.54 (1 H, s), 8.21 (1 H, d, J=2.27 Hz), 7.96 (2
H, d, J=8.59 Hz), 7.89 (1 H, d, J=7.83 Hz), 7.68 - 7.77 (1L H, m), 7.60 - 7.68 (3 H, m), 7.55 - 7.60
(1H, m),7.33-7.45 (2 H, m), 7.17 - 7.29 (1L H, d, J=15.4 Hz), 5.91 (1 H, s), 4.31 (1 H, ddd,
J=12.38, 5.43, 5.18 Hz), 3.93 (3 H, s), 3.81 (1 H, ddd, J=12.63, 8.97, 4.17 Hz), 3.56 - 3.68 (1 H,
m), 3.44 - 3.57 (1 H, m). LCMS (ESI) m/z: 586.9[M+H]."* HPLC purity > 95%. HPLC: tr = 8.52
min.

(E)-4-(2-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(piperazin-1-yl)-1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)benzoic acid (43). Step 1. To 5-(piperazin-1-
yhisoquinoline hydrochloride (1.4 g, 5.6 mmol) in dioxane (6 mL), was added NaOH (12 mL, 12
mmol), and the solution was cooled in ice bath. To this solution was added Boc2O (1.3 mL, 5.6
mmol), and the reaction was gradually warmed to rt overnight. After 24 h, the reaction was
concentrated, and the residue was partitioned with water (30 mL) and EtOAc (100 mL). The
organic layer was washed with brine (15 mL), dried (MgSQ.), filtered and concentrated to afford
73 (1.8 g, quant.) as a yellow oil. LCMS(ESI) m/z: 314.1 [M+H]." The crude product was taken
up in EtOH (40 mL), PtO, was added, and the mixture placed under a H, atmosphere at 55 psi for
48 h. Filtration through Celite® and concentration afforded tert-butyl 4-(1,2,3,4-
tetrahydroisoquinolin-5-yl)piperazine-1-carboxylate (1.7 g, 94%) as an off-white foam. *H NMR
(400 MHz, DMSO-ds) 5 9.40 (1L H, br. s.), 7.20 - 7.34 (1 H, m), 7.02 - 7.13 (L H, m), 6.91 - 7.01
(1H, m),4.24 (2 H,s),3.48 (2 H, br.s.), 3.28-3.35 (4 H, m), 2.96 (2 H, t, J=5.94 Hz), 2.77 (4

H, t, J=4.80 Hz), 1.43 (9 H, 5). LCMS (ESI) m/z: 318.1 [M+H].*
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Step 2. tert-Butyl 4-(3,4-dihydroisoquinolin-5-yl)piperazine-1-carboxylate (77) (0.77 g, 98%), a
dark foam, was prepared from tert-butyl 4-(1,2,3,4-tetrahydroisoquinolin-5-yl)piperazine-1-

carboxylate by MnO; oxidation as described for 7. *H NMR (400 MHz, CDCls) & 8.34 (s, 1H),
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7.42 -7.21 (m, 1H), 7.10 (dd, J=8.1, 1.0 Hz, 1H), 7.03 (d, J=7.6 Hz, 1H), 3.83 - 3.66 (M, 2H),

13 3.58 (br s, 4H), 2.84 (br t, J=4.9 Hz, 4H), 2.75 - 2.47 (m, 2H), 1.49 (s, 9H). LCMS (ESI) m/z:

15 316.2 [M+H].*

18 Step 3. Compound 43 (18 mg, 7.5%) was prepared from 77 via the multicomponent Ugi coupling
20 reaction as described for 7. *H NMR (400 MHz, DMSO-dg) & 12.64 (1 H, br. s.), 10.68 (1 H, s),
22 9.79 (1 H,s), 8.60 (2 H, br.s.), 8.32 (1 H, d, J=2.02 Hz), 7.75- 7.89 (2 H, m), 7.63 - 7.71 (2 H,
25 m), 7.60 (1 H, d, J=8.84 Hz), 7.43 (1 H, d, J=15.41 Hz), 7.32 (1 H, d, J=7.58 Hz), 7.20 (1 H, t,
27 J=7.83 Hz), 6.97 (1 H, d, J=8.08 Hz), 6.91 (1 H, d, J=15.41 Hz), 5.72 (1 H, s), 4.23 (1 H, d,

29 J=5.56 Hz), 3.60 - 3.70 (1 H, m), 3.21 (4 H, br. s.), 2.85 - 3.11 (6 H, m). LCMS (ESI) m/z: 613.1
32 [M+H]." HPLC purity > 95%. HPLC: tr = 5.54 min.

34 (E)-4-(2-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenylacryloyl)-5-(4-

37 (methoxycarbonyl)piperazin-1-yl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic
39 acid (44). To 43 (6.9 mg, 9.5 umol) in DCM (1 mL) was added DIEA(4.9 uL, 0.03 mmol) and
41 methyl chloroformate (2.2 pL, 0.030 mmol). After 2 h, the reaction was concentrated, and the

a4 residue was dissolved in THF/water (2:1, 3 mL), and 1 M LiOH (0.5 mL) was added. The

46 reaction was stirred for 15 min, acidified with TFA, and concentrated. The crude material was
purified by reverse phase HPLC, and the collected purified fraction were lyophilized to afford 44
51 (3.8 mg, 45%) as a white solid. tH NMR (400 MHz, CDs0D) § 9.54 (1 H, s), 8.19 (1 H, d,

53 J=2.27 Hz), 7.96 (2 H, d, J=8.59 Hz), 7.61 - 7.71 (3 H, m), 7.57 - 7.60 (1 H, m), 7.25 - 7.36 (3 H,

55 m), 7.16 - 7.23 (1 H, d, J=15.4 Hz), 7.07 (L H, dd, J=7.20, 1.64 Hz), 5.78 (L H, s), 4.33 (1 H,
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ddd, J=12.00, 4.80, 4.67 Hz), 3.74 (3 H, s), 3.59 - 3.72 (5 H, m), 3.22 (2 H, t, J=5.68 Hz), 2.94 -
3.01 (2 H, m), 2.89 (2 H, br. s.). LCMS (ESI) m/z: 671.1 [M+H].* HPLC purity > 95%. HPLC:
tr = 8.49 min.
(E)-4-(2-(3-(5-Chloro-2-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(2-oxopiperidin-1-yl)-1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)benzoic acid (45). Step 1.1-(1,2,3,4-
Tetrahydroisoquinolin-5-yl)piperidin-2-one (0.38 g, 1.6 mmol) was oxidized with MnO> as
described previously for 7 to afford 1-(3,4-dihydroisoquinolin-5-yl)piperidin-2-one (0.36 g,
98%) as a dark oil. 'H NMR (400 MHz, CDCl3) & 8.30 - 8.40 (1 H, m), 7.30 - 7.41 (1 H, m), 7.20
-7.30 (2 H, m),3.77-3.91 (1 H, m), 3.57 - 3.75 (2 H, m), 3.36 - 3.50 (1 H, m), 2.37 - 2.74 (4 H,
m), 1.85 - 2.08 (4 H, m). LCMS (ESI) m/z: 229.0 [M+H]."

Step 2. Compound 45 (13 mg, 12%) was prepared using 1-(3,4-dihydroisoquinolin-5-
yl)piperidin-2-one via the multicomponent Ugi coupling reaction as described for 7. *H NMR
(400 MHz, CD30D) § 9.54 (1 H, s), 8.17 (1 H, t, J=2.78 Hz), 7.90 - 8.03 (2 H, m), 7.61 - 7.73 (3
H, m), 7.56 - 7.60 (1 H, m), 7.52 (1 H, d, J=7.83 Hz), 7.29 - 7.44 (2 H, m), 7.14 - 7.27 (2 H, m),
5.87 -5.94 (1 H, m), 4.19 - 4.32 (1 H, m), 3.82 - 3.98 (1 H, m), 3.63 - 3.73 (1 H, m), 3.45 - 3.54
(LH, m), 2.98 -3.11 (1 H, m), 2.76 - 2.89 (1 H, m), 2.50 - 2.62 (2 H, m), 2.02 (4 H, br. s.).
LCMS (ESI) m/z: 626.0 [M+H]." HPLC purity > 95%. HPLC: tr = 7.46 min.
(S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-morpholino-1,2,3,4-
tetrahydroisoquinoline-1-carboxamido)benzoic acid (46). Step 1. A mixture of compound 69
(1.9 g, 9.4 mol), morpholine (0.82 mL, 9.4 mmol), and NaOtBu (1.3 g, 13 mmol) in toluene (10
mL) was degassed with Ar. To the reaction mixture was added BINAP (0.18 g, 0.28 mmol) and
Pd2(dba)s (86 mg, 0.09 mmol). The reaction mixture was heated to 130 °C in a microwave for 20

min. The reaction mixture was diluted with water (50 mL) and washed with (3 x 75 mL) of ethyl
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acetate. The combined organic layer was washed with brine (50 mL), dried (MgSOQas), filtered
and concentrated. The crude product was oxidized with MnO> as previously described for 7.
Purification by silica gel chromatography afforded 4-(3,4-dihydroisoquinolin-5-yl)morpholine (2
g, 100%). 'H NMR (400 MHz, CDCls) § 9.23 (s, 1H), 8.53 (d, J=6.1 Hz, 1H), 7.93 (d, J=6.1 Hz,
1H), 7.68 (d, J=8.3 Hz, 1H), 7.58 - 7.36 (m, 1H), 7.31 - 7.12 (m, 1H), 4.19 - 3.86 (M, 4H), 3.24 -
2.89 (m, 4H). LCMS (ESI) m/z: 215.1 [M+H]."

Step 2. tert-Butyl (S,E)-4-(2-(3-(3-chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-
morpholino-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoate(1.2 g, 60%) was prepared
by using 4-(3,4-dihydroisoquinolin-5-yl)morpholine and 58c in the multicomponent Ugi
coupling reaction as described for 7. *tH NMR (400 MHz, CDsOD) & 9.56 (1 H, s), 7.88 (2 H, d,
J=8.59 Hz), 7.79 (1 H, d, J=7.83 Hz), 7.55 - 7.67 (2 H, m), 7.41 - 7.53 (1 H, m), 7.22 - 7.36 (2 H,
m), 6.94 - 7.17 (3 H, m), 5.75 (L H, s), 4.09 - 4.21 (1 H, m), 3.79 - 3.95 (4 H, m), 3.42 - 3.55 (1
H, m), 3.11 - 3.23 (2 H, m), 2.94 - 3.08 (2 H, m), 2.74 - 2.93 (2 H, m), 1.59 (9 H, s). LCMS (ESI)
m/z: 688.3 [M+H]." Chiral SFC separation of a sample (0.28 g) of the racemic mixture using
Chiralpak AD-H, 250 X 21 mm, 5um, using 55/45 CO>/1:1 EtOH-IPA-0.1% DEA at 60 mL/min,
100 bar BP, 35 °C to afforded the desired enantiomer (89 mg, 95% ee) as white solid.

Step 3. To tert-butyl (S,E)-4-(2-(3-(3-chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-
morpholino-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoate (89 mg, 0.13 mmol) was
added 30% TFA/DCM (6 mL). After 3 h, the reaction mixture was concentrated, and the residue
was purified by reverse phase HPLC. and the product lyophilized to afford 46 (83 mg, 86%) as a
white solid. *H NMR (400 MHz, CDs0D) § 9.44 (1 H, s), 7.84 (2 H, d, J=8.84 Hz), 7.69 (1 H, t,
J=8.08 Hz), 7.53 (2 H, d, J=8.84 Hz), 7.38 (1 H, dd, J=8.72, 1.64 Hz), 7.10 - 7.26 (2 H, m), 6.89

-7.07 (3H, m), 5.64 (1L H, s), 3.98 - 4.09 (1 H, m), 3.69 - 3.89 (4 H, m), 3.33 - 3.46 (1 H, m),
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3.00 - 3.10 (2 H, m), 2.85 - 2.94 (2 H, m), 2.76 (2 H, d, J=3.54 Hz). LCMS (ESI) m/z: 632.3
[M+H]." HPLC purity > 95%. HPLC: tr = 8.44 min.
(S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-thiomorpholino-
1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid, TFA (47) Step 1. Compound 67
(1.8 g, 98%), a yellow solid, was prepared as described for 46 using 66 (1.7 g, 5.4 mmol) and
thiomorpholine (0.84 g, 8.1 mmol). *H NMR (400 MHz, CDCl3) § 7.10 - 7.24 (1 H, m), 6.78 -
7.00 (2 H, m), 4.51 - 4.67 (2H, m), 3.53-3.71 (2H, m), 3.09 - 3.25 (4 H, m), 2.71 - 2.91 (6 H,
m), 1.48 - 1.58 (9 H, m). LCMS (ESI) m/z: 335.2 [M+H].*

Step 2. To 67 (0.99 g, 2.9 mmol) was added 30% TFA/DCM (6 mL), and the reaction mixture
was stirred at rt for 2 h. The reaction was quenched with 1 N NaOH (10 mL) and extracted with
DCM (3 x 30 mL). The combined organic layers were washed with brine (15 mL), dried
(MgSO0sa), filtered and concentrated to afford 4-(1,2,3,4-tetrahydroisoquinolin-5-
yl)thiomorpholine (0.62g, 89%). *H NMR (400 MHz, CDCl3) § 7.27 - 7.22 (m, 1H), 7.03 (d,
J=7.8 Hz, 1H), 6.87 (d, J=7.8 Hz, 1H), 4.32 (s, 2H), 3.41 (br t, J=6.1 Hz, 2H), 3.22 - 3.11 (m,
5H), 3.10 - 3.02 (M, 2H), 2.81 (br d, J=3.0 Hz, 4H). LCMS (ESI) m/z: 235.1 [M+H].*

Step 3. 4-(3,4-Dihydroisoquinolin-5-yl)thiomorpholine (77 mg, 53%), was prepared by oxidation
of 4-(1,2,3,4-tetrahydroisoquinolin-5-yl)thiomorpholine with MnO; as described for 7. 'TH NMR
(400 MHz, CDCls) & 8.34 (br s, 1H), 7.29 (br s, 2H), 7.14 (br s, 1H), 7.05 (br s, 1H), 3.73 (br s,
2H), 3.16 (br s, 5H), 2.82 (br s, 4H). LCMS (ESI) m/z: 233.1 [M+H].”

Step 4. Racemic 47 (65 mg, 24%) was prepared from 4-(3,4-dihydroisoquinolin-5-
yl)thiomorpholine and 58c via the multicomponent Ugi coupling reaction as described for 7. The
racemic product (65 mg) was purified via chiral SFC as previously described for 46 to afford 47

(14 mg, 19%, > 90% ee) as a white solid. *H NMR (400 MHz, CD30D) & 9.53 (1 H, s), 7.94 (2
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H, d, J=8.84 Hz), 7.79 (1 H, d, J=7.83 Hz), 7.59 - 7.73 (2 H, m), 7.48 (1 H, dd, J=8.84, 1.52 Hz),
7.20-7.36 (2 H, m), 6.97 - 7.19 (3 H, m), 5.75 (L H, s), 4.06 - 4.21 (1 H, m), 3.43 - 3.59 (3 H,

m), 3.00 - 3.25 (4 H, m), 2.73 - 2.96 (4 H, m). LCMS (ESI) m/z: 704.4 [M+H].* HPLC purity >
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95%. HPLC: tr = 10.61 min.

13 (S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(1,1-

15 dioxidothiomorpholino)-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid (48).
18 Step 1. Compound 68 (0.45 g, 83 %), a tan solid, was obtained from thiomorpholine 1,1-dioxide
20 (0.30 g, 2.2 mmol) as described for 47. *H NMR (400 MHz, CDCls) & 7.21 (1 H, t, J=7.83 Hz),
22 6.92 - 7.03 (2 H, m), 4.60 (2 H, s), 3.65 (2 H, t, J=5.56 Hz), 3.40 - 3.51 (4 H, m), 3.16 - 3.30 (4
o5 H, m), 2.84 (2 H, t, J=5.68 Hz), 1.48 - 1.55 (9 H, m ). LCMS (ESI) m/z: 367.2 [M+H].*

27 Step 2. Compound 48 (6 mg, 19%, 99.4% ee) was prepared in a similar manner as described for
47 substituting tert-butyl 5-(1,1-dioxidothiomorpholino)-3,4-dihydroisoquinoline-2(1H)-

32 carboxylate for tert-butyl 5-thiomorpholino-3,4-dihydroisoquinoline-2(1H)-carboxylate and

34 chirally purified via chiral SFC as described for 46. *H NMR (400 MHz, CD3s0D) § 9.44 (1 H,
s), 7.84 (2 H, d, J=8.59 Hz), 7.65 - 7.76 (1 H, m), 7.53 (2 H, d, J=8.84 Hz), 7.38 (1 H, d, J=8.59
39 Hz), 7.14 - 7.28 (2 H, m), 6.99 - 7.11 (2 H, m), 6.88 - 6.98 (1 H, m), 5.69 (1 H, s), 3.98 - 4.11 (1
41 H, m), 3.41-3.55 (2 H, m), 3.28 - 3.42 (7 H, m), 3.00 - 3.17 (2 H, m). LCMS (ESI) m/z: 680.4
a4 [M+H]." HPLC purity > 95%. HPLC: tr = 7.80 min.

46 (S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl) acryloyl)-5-(piperidin-1-yl)-
1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid (49). Compound 49 (38 mg,

51 20%) was prepared via the multicomponent Ugi coupling reaction as described for 47

53 substituting piperidine for morpholine. *H NMR (400 MHz, CD30D) § 9.44 (1 H, s), 7.84 (2 H,

55 d, J=8.59 Hz), 7.64 - 7.72 (1L H, m), 7.52 (2 H, dd, J=8.72, 1.39 Hz), 7.38 (2 H, dd, J=8.84, 1.52
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Hz), 7.27 (2 H, d, J=7.07 Hz), 6.99 - 7.11 (1 H, m), 6.80 - 6.94 (1 H, m), 5.72 (1L H, 5), 4.72 -
4.80 (2 H, m), 4.03-4.17 (1 H, m), 3.44 (1 H, t, J=11.12 Hz), 3.05 - 3.30 (5 H, m), 1.76 - 1.93 (3
H, m), 1.61 (2 H, br. s.). LCMS (ESI) m/z: 630.3[M+H]." HPLC purity > 95%. HPLC: tr= 7.46
min.

(S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenylacryloyl)-5-(4-
(dimethylamino)piperidin-1-yl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid
(50). Step 1. Compound 71 (1.2 g, 89 %) was prepared from N,N-dimethylpiperidin-4-amine
(0.74 g, 5.8 mmol), as previously described for compound 47. *H NMR (400 MHz, CDCl3) &
9.23 (d, J=0.8 Hz, 1H), 8.54 (d, J=5.8 Hz, 1H), 7.91 (d, J=6.1 Hz, 1H), 7.65 (d, J=8.1 Hz, 1H),
7.52 (t, J=7.8 Hz, 1H), 7.31 - 7.11 (m, 1H), 3.58 - 3.34 (m, 2H), 2.80 (td, J=11.9, 2.0 Hz, 2H),
2.47 - 2.30 (m, 7H), 2.18 - 2.00 (m, 2H), 1.93 - 1.77 (m, 2H). LCMS (ESI) m/z: 282.1 [M+H].*
Step 2. Compound 71 (1.2 g, 4.3 mmol) was reduced as described in 41 to afford (1.1 g, 100 %)
of N,N-dimethyl-1-(1,2,3,4-tetrahydroisoquinolin-5-yl)piperidin-4-amine as a dark oil. 'H NMR
(400 MHz, CDCl3) § 7.11 - 6.94 (m, 1H), 6.81 (d, J=7.6 Hz, 1H), 6.67 (d, J=7.6 Hz, 1H), 3.97 (s,
2H), 3.17 - 2.98 (M, 4H), 2.69 (t, J=5.7 Hz, 2H), 2.60 - 2.49 (m, 2H), 2.27 (s, 6H), 1.94 - 1.79
(m, 3H), 1.75 (br s, 1H), 1.63 - 1.48 (m, 2H). LCMS (ESI) m/z: 260.2 [M+H].*

Step 3. 1-(3,4-Dihydroisoquinolin-5-yl)-N,N-dimethylpiperidin-4-amine (1.2 g, 95%),a dark oil,
was prepared by MnO; oxidation as described for 7. *H NMR (400 MHz, CDCls) § 8.35 (t, J=2.0
Hz, 1H), 7.20 - 7.11 (m, 1H), 7.02 (d, J=7.1 Hz, 1H), 6.90 (br t, J=8.8 Hz, 1H), 3.92 - 3.69 (m,
1H), 3.24 - 3.06 (m, 2H), 2.98 - 2.84 (m, 1H), 2.76 - 2.62 (m, 4H), 2.54 - 2.34 (m, 7H), 2.09 -
1.95 (m, 2H), 1.78 - 1.63 (m, 2H). LCMS (ESI) m/z: 258.2 [M+H].*

Step 4. Compound 50 (26.5 mg, 37.1 %, 99 % ee) was prepared as previously described for

compound 47 and purified via chiral SFC as previously described for compound 46. *H NMR
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(400 MHz, CDs0OD) § 9.57 (L H, s), 7.96 (2 H, d, J=8.59 Hz), 7.81 (1 H, t, J=8.08 Hz), 7.65 (2
H, d, J=8.59 Hz), 7.50 (1 H, dd, J=8.59, 1.26 Hz), 7.28 (2 H, g, J=7.75 Hz), 7.17 (L H, d,

J=15.92 Hz), 7.09 (1 H, dd, J=7.33, 1.52 Hz), 6.96 (1 H, d, J=15.92 Hz), 5.77 (L H, s), 4.12 (1 H,

©CoO~NOUTA,WNPE

d, J=11.87 Hz), 3.48 (1 H, ddd, J=11.75, 9.22, 4.55 Hz), 3.29 - 3.39 (3 H, m), 3.11 - 3.24 (2 H,
13 m), 2.97 (6 H, s), 2.89 - 2.96 (1 H, m), 2.61 - 2.75 (1 H, m), 2.13 - 2.28 (2 H, m), 1.90 - 2.07 (2
15 H, m). LCMS (ESI) m/z: 673.5 [M+H].* HPLC purity > 95%. HPLC: tg = 5.37 min.

18 (S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl) acryloyl)-5-(2-methyl-1-oxo-
20 2,8-diazaspiro[4.5]decan-8-yl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid
22 (51). Step 1. Compound 70 (0.87 g, 78 %) was prepared as described for 71. *H NMR (400 MHz,
5 CDCl3) § 9.17 (s, 1H), 8.49 (d, J=6.1 Hz, 1H), 7.91 (d, J=5.8 Hz, 1H), 7.59 (d, J=8.1 Hz, 1H),
27 7.46 (t, J=7.8 Hz, 1H), 7.20 (dd, J=7.5, 0.9 Hz, 1H), 3.48 - 3.27 (M, 4H), 2.96 - 2.78 (m, 4H),

29 2.40 - 2.19 (m, 2H), 2.07 - 1.89 (m, 2H), 1.57 (br d, J=13.1 Hz, 2H). LCMS (ESI) m/z: 296.5

32 [M+H].*

34 Step 2. Compound 51 (50 mg, 68 %, 99.2 % ee) was prepared from 70 via the multicomponent
Ugi coupling reaction and purified via chiral SFC as previously described for compound 46. *H
39 NMR (400 MHz, CDz0D)  9.55 (1 H, s), 7.94 (2 H, d, J=8.59 Hz), 7.79 (1 H, t, J=8.08 Hz),

41 7.63 (2 H, d, J=8.59 Hz), 7.43 - 7.54 (2 H, m), 7.30 - 7.43 (2 H, m), 7.12 - 7.22 (1 H, d,

44 J=15.9Hz), 7.01 - 7.12 (1 H, d, J=15.9Hz), 5.83 (L H, 5), 4.11 - 4.27 (1 H, m), 3.53 - 3.60 (1 H,
46 m), 3.46 (3 H, t, J=6.95 Hz), 3.29 - 3.39 (2 H, m), 3.17 - 3.30 (2 H, m), 3.08 (L H, br. s.), 2.90 (3
H,s), 2.01 - 2.38 (4 H, m), 1.67 - 1.89 (2 H, m). LCMS (ESI) m/z: 713.5 [M+H]." HPLC purity
51 > 95%. HPLC: tr = 6.97 min.

53 (S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(2-oxopiperidin-1-

56 yD-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid (52). Compound 52 (32 mg,
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46 %, >95 % ee) was prepared via the multicomponent Ugi coupling reaction as described for
46. 'H NMR (400 MHz, CD30D) 8 9.53 (1L H, s), 7.89 - 8.02 (2 H, m), 7.78 (1 H, td, J=8.08,
3.03Hz),7.61-7.71 (2 H, m), 7.44 - 7.59 (2 H, m), 7.33 - 7.41 (1 H, m), 7.19 - 7.26 (1 H, m),
7.00 - 7.19 (2 H, m), 5.89 (1 H, d, J=2.53 Hz), 4.07 - 4.18 (1 H, m), 3.63 - 3.82 (2 H, m), 3.51 (1
H, m), 2.97 - 3.13 (L H, m), 2.72 - 2.86 (1 H, m), 2.50 - 2.66 (2 H, m), 2.03 (4 H, m). LCMS
(ESI) m/z: 644.1 [M+H]." HPLC purity > 95%. HPLC: tr = 7.62 min.
(S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(3-oxomorpholino)-
1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid (53). Step 1. To 69 (0.36 g, 1.7
mmol) and morpholin-3-one (0.18 g, 1.7 mmol) was added DMSO (4 mL), 1,10-phenanthroline
(31 mg, 0.17 mmol) and K>CO3 (0.59 g, 4.3 mmol). The reaction mixture was degassed with N>
for 0.5 h, then Cul (66 mg, 0.35 mmol) was added, and the reaction mixture was heated at 130
°C. After 24 h, the reaction was quenched with dilute NHsOH (20 mL) and extracted with ethyl
acetate (3 x 40 mL). The combined organic layers were washed with brine (15 mL), dried
(MgSOsg), filtered and concentrated. Purification of the crude material by silica gel
chromatography using DCM/MeOH as eluents afforded 72 ( 0.33 g, 82%) as a white solid. *H
NMR (400 MHz, CDCls) 8 9.32 (1 H, s), 8.52 - 8.73 (L H, m), 7.89 - 8.07 (2 H, m), 7.54 - 7.73
(2H, m), 4.33 - 4.58 (2 H, m), 4.02 - 4.22 (2 H, m), 3.81 - 3.90 (1 H, m), 3.66 - 3.81 (1 H, m).
LCMS (ESI) m/z: 229.1 [M+H].*

Step 2. Compound 72 was oxidized with MnO: as described for 7 to afford 75 (287 mg, 83 %).
IH NMR (400 MHz, CDCls) & 8.28 (s, 1H), 7.52 (d, J=8.0 Hz, 1H), 7.29 (dd, J=8.0, 7.9 Hz, 1H),
7.08 (d, J=7.9 Hz, 1H), 4.36-4.29 (m, 2H), 4.16 (ddd, J=4.5, 3.2, -13.2 Hz, 1H), 4.16 (ddd,

J=12.2, 4.5, -13.2 Hz, 1H), 3.87 (dt, J=16.1, 7.5 Hz, 1H), 3.79 (ddd, J=4.5, 3.2, -12.1 Hz, 1H),
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3.79 (dt, J=16.1, 7.5 Hz, 1H), 3.63 (ddd, J=12.2, 4.5, -12.1 Hz, 1H), 2.94 (dt, J=16.0, 7.5 Hz,
1H), 2.85 (dt, J=16.0, 7.5 Hz, 1H). LCMS (ESI) m/z: 231.1 [M+H].*

Step 3. The desired enantiomer tert-Buty! (S,E)-4-(2-(3-(3-chloro-2-fluoro-6-(1H-tetrazol-1-
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yhphenylacryloyl)-5-(3-oxomorpholino)-1,2,3,4-tetrahydroisoquinoline-1-

13 carboxamido)benzoate (227 mg, 30 %, >95 % ee) was prepared via the multicomponent Ugi

15 coupling reaction and separated as the second eluting enantiomer via chiral SFC separation, as
18 previously described for compound 46. *H NMR (400 MHz, CDs0OD) 6 9.53 (1 H, s), 7.88 - 8.08
20 (2H, m), 7.79 (1 H, d, J=7.58 Hz), 7.58 - 7.71 (2 H, m), 7.51 - 7.61 (1 H, m), 7.47 - 7.51 (1 H,
22 m), 7.38 (1 H, d, J=7.58 Hz), 7.25 - 7.35 (1 H, m), 6.98 - 7.21 (2 H, m), 5.89 - 5.91 (1 H, m),

5 4.22 - 4.44 (2 H, m), 4.01-4.17 (2H, m), 3.73 - 3.85 (1 H, m), 3.55 - 3.66 (1 H, m), 3.13 (2 H,
27 dt, J=3.28, 1.64 Hz), 2.71 - 2.92 (2 H, m), 1.57 (s, 9H). LCMS (ESI) m/z: 702.1 [M+H].*

Step 4. Compound 53 (41 mg, 75 %) was prepared by deprotection of tert-Butyl (S,E)-4-(2-(3-(3-
32 chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(3-oxomorpholino)-1,2,3,4-

34 tetrahydroisoquinoline-1-carboxamido)benzoate from step 3 using TFA (1 mL) in DCM (2 mL).
The crude product was purified via reverse phase HPLC and lyophilized to afford a white solid.
39 IH NMR (400 MHz, CDsOD) & 9.53 (1 H, s), 7.88 - 8.08 (2 H, m), 7.79 (1 H, d, J=7.58 Hz),

41 7.58-7.71 (2H, m), 7.51 - 7.61 (L H, m), 7.47 - 7.51 (1 H, m), 7.38 (1 H, d, J=7.58 Hz), 7.25 -
44 7.35(1H, m), 6.98-7.21 (2H, m), 5.89 - 5.91 (1 H, m), 4.22 - 4.44 (2 H, m), 4.01 - 4.17 (2 H,
46 m), 3.73 - 3.85 (1 H, m), 3.55 - 3.66 (1 H, m), 3.13 (2 H, dt, J=3.28, 1.64 Hz), 2.71 - 2.92 (2 H,
48 m). LCMS (ESI) m/z: 646.0 [M+H]." HPLC purity > 95%. HPLC: tr= 7.15 min.

51 (S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(2-oxopiperazin-1-
53 yD-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid (54). Step 1. Compound 77

(0.97 g, 65 %) was prepared as described previously for 75. *H NMR (400 MHz, CDCls) & 8.39
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(t, J=2.1 Hz, 1H), 7.54 - 7.37 (m, 1H), 7.30-7.26 (m , 2H), 3.82 - 3.70 (m, 3H), 3.66 (t, J=5.3 Hz,
2H), 3.58 - 3.47 (m, 1H), 3.41 (td, J=5.3, 2.8 Hz, 2H), 2.77 - 2.61 (m, 1H), 2.56 - 2.38 (m, 1H),
1.50 (s, 9H). LCMS (ESI) m/z: 330.1 [M+H].*

Step 2. Compound 54 (83 mg, 29 %, 97.2 % ee), a white solid, was prepared in a similar manner
as 53, and purified by chiral SFC as previously described for 46. *H NMR (400 MHz, CD30D) §
9.45 (1 H,s),7.79-7.97 (2H, m), 7.64 - 7.75 (L H, m), 7.46 - 7.64 (3 H, m), 7.30 - 7.44 (2 H,
m), 7.15 - 7.27 (1 H, m), 6.99 - 7.15 (1 H, m), 6.75 - 6.88 (1 H, m), 5.82 (1 H, d, J=3.28 Hz),
3.83-4.11 (4 H, m), 3.52 - 3.74 (4 H, m), 2.93 - 3.05 (1 H, m), 2.72 (1 H, br. s.). LCMS (ESI)
m/z: 645.3-647.3 [M+H]." HPLC purity > 95%. HPLC: tr = 4.87 min.
(S,E)-4-(2-(3-(3-Chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(4-methyl-2-
oxopiperazin-1-yl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoic acid (55). Step 1.
4-Methylpiperazin-2-one (1.0 g, 9.0 mmol) was subjected to the Ullmann reaction described in
the preparation for 53 to afford 74 (0.59 g, 31 %) as a pale yellow solid. *H NMR (400 MHz,
CDCls) 6 9.34 (s, 1H), 8.59 (d, J=5.8 Hz, 1H), 8.01 (d, J=7.8 Hz, 1H), 7.73 - 7.67 (m, 1H), 7.66 -
7.61 (m, 1H), 7.57 (d, J=6.1 Hz, 1H), 3.87 - 3.75 (m, 1H), 3.73 - 3.63 (M, 1H), 3.43 (d, J=1.8 Hz,
2H), 2.98 - 2.87 (m, 2H), 2.50 (s, 3H). LCMS (ESI) m/z: 242.1 [M+H].*

Step 2. Compound 74 (0.4 g, 1.66 mmol) was reduced by catalytic hydrogenation as previously
described to afford 4-methyl-1-(1,2,3,4-tetrahydroisoquinolin-5-yl)piperazin-2-one (0.4 g,
quant). *H NMR (400 MHz, CDCls) § 7.25 - 7.15 (m, 1H), 7.03 (d, J=7.6 Hz, 2H), 4.13 - 3.99
(m, 2H), 3.67 (ddd, J=11.7, 7.1, 4.4 Hz, 1H), 3.55 - 3.43 (m, 1H), 3.38 - 3.23 (m, 2H), 3.23 -
3.06 (M, 2H), 2.89 - 2.73 (m, 2H), 2.73 - 2.64 (m, 1H), 2.63 (s, 1H), 2.61 - 2.50 (M, 1H), 2.43 (s,

3H). LCMS (ESI) m/z: 246.1 [M+H].*
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Step 3. Compound 76 was prepared by MnO- oxidation of 4-methyl-1-(1,2,3,4-
tetrahydroisoquinolin-5-yl)piperazin-2-one, as previously described for 7. *H NMR (400 MHz,
CDCl3) § 8.29 (t, J=2.1 Hz, 1H), 7.39 - 7.25 (m, 1H), 7.24 - 7.16 (m, 2H), 3.83 - 3.73 (m, 1H),
3.67 - 3.54 (m, 2H), 3.50 - 3.37 (m, 1H), 3.22 (s, 2H), 2.80 - 2.67 (M, 2H), 2.64 - 2.53 (m, 1H),
2.50 - 2.40 (m, 1H), 2.35 (s, 3H). LCMS (ESI) m/z: 244.1 [M+H].*

Step 4. (E)-tert-Butyl 4-(2-(3-(3-chloro-2-fluoro-6-(1H-tetrazol-1-yl)phenyl)acryloyl)-5-(4-
methyl-2-oxopiperazin-1-yl)-1,2,3,4-tetrahydroisoquinoline-1-carboxamido)benzoate (0.34 g,
33%) was prepared via the multicomponent Ugi coupling reaction using 76 as described for 7. *H
NMR (400 MHz, CD30D) § 9.44 (1 H, s), 7.74 - 7.84 (2 H, m), 7.62 - 7.73 (L H, m), 7.43 - 7.58
(3H,m), 7.37 (1 H, dd, J=8.72, 1.64 Hz), 7.31 (L H, td, J = 7.83, 2.78 Hz), 7.19 (1 H, t, J =
6.82 Hz), 6.98 - 7.11 (1 H, m), 6.79 - 6.94 (1 H, m), 5.80 (1 H, s), 3.94 - 4.20 (3 H, m), 3.84 -
3.95 (1 H, m), 3.62 - 3.80 (3 H, m), 3.53 - 3.64 (1 H, m), 2.99 (3 H, s), 2.92 - 2.96 (1 H, m), 2.61
-2.77 (L H, m), 1.47 (9 H, d, J = 2.02 Hz). LCMS (ESI) m/z: 715.3 [M+H].*

Step 4. Compound 55 (104 mg, 27.7 %, 99.6 % ee) was prepared as described previously for
compound 53. The single chiral enantiomer was isolated as the second eluting peak using chiral
SFC conditions, as described for 46, followed by deprotection in 30% TFA/DCM (25 mL) for 2
h and purification by HPLC. 'H NMR (500MHz, DMSO-d6 & ppm 10.76 - 10.23 (m, 1H), 9.73
(s, 1H), 7.87 (d, J = 8.5 Hz, 2H),7.87 - 7.83 (m, 1H), 7.68 (d, J = 8.8 Hz, 2H), 7.68 - 7.62 (m,
1H), 7.58 (dd, J = 8.7, 1.0 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.24 (d, J = 7.2 Hz, 1H), 6.99 (br. s.,
2H), 5.98 (br. s., 1H), 4.07 - 3.99 (m, 1H), 3.98 -3.85 (m, 3H), 3.77 (br. s., 1H), 3.69 (br. s., 1H),
3.60 (t, J = 5.6 Hz, 1H), 2.87 (s, 3H), 3.10 - 2.59 (m, 2H). 3C NMR (126MHz, DMSO-d6) &
169.19, 166.65, 164.67, 161.38, 155.54 (d, J=253.2 Hz),145.04, 142.58, 139.36, 133.39, 131.99,

131.00, 130.15, 128.40, 128.16 - 127.68, 127.39, 127.29- 126.93, 126.41, 126.00, 123.95, 123.29
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(d, J=19.7 Hz), 122.17 (d, J=16.2 Hz), 119.09, 60.14 -56.97, 54.57, 49.40, 46.32, 42.02, 41.84 -
41.59, 23.97. F NMR (471MHz, DMSO0-d6) § 109.71, 112.35 (m, 1F).LCMS (ESI) m/z: 659.3
[M+H].". HPLC Purity = 99.3% based on HPLC/UV area % at 220 with retention time of 12.31
min (column: Xbridge Phenyl 150mm (L) x 4.6mm (ID), 3.5 um). The ee for 55 was > 99.7%
(Column: Chiralpak AD-H, 250 X 4.6 mm ID, 5um, mobile phase 55/45, CO2/ethanol/2-
propanol -0.1 v/v% DEA). High resolution mass spectrum observed 659.19250, calcd.
659.19280

ENZYME AFFINITY ASSAYS

Factors 1Xa, Xa, Xla, and activated protein C (aPC) were purchased from Haematologic
Technologies. Factor Xlla, plasmin and recombinant single chain tissue-type plasminogen
activator (tPA) were purchased from American Diagnostica. a-Thrombin and plasma kallikrein
were purchased from Enzyme Research Laboratories. Urokinase was purchased from Abbott
Laboratories. Trypsin and chymotrypsin were purchased from Sigma Aldrich. Tissue kallikrein-1
was obtained from Dr. Julie Chao, Medical University of South Carolina. Recombinant factor Vlla
was purchased from Novo Nordisk. Recombinant soluble tissue factor residues 1-219 was

produced at Bristol Myers Squibb.

Final concentrations of enzymes in the assays are given in parentheses. Factor Xla (0.05 nM),
factor Xlla (4 nM), plasma kallikrein (0.2 nM), chymotrypsin (2 nM), tPA (4.3 nM), plasmin (3
nM) and urokinase (3.9 nM) assays were conducted in 50 mM HEPES pH 7.4, 145 mM sodium
chloride, 5 mM potassium chloride, and 0.1 % PEG 8000. Factor Xa (1 nM), thrombin (0.2 nM),
tissue kallikrein-1 (0.05 nM), trypsin (0.42 nM), and aPC (1.25 nM) assays were conducted in 100
mM sodium phosphate pH 7.4, 200 mM sodium chloride, and 0.5 % PEG 8000. Factor Vlla (10

nM) assays were conducted in 50 mM HEPES pH 7.4, 150 mM sodium chloride, 5 mM calcium
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chloride, and 0.1% PEG 8000 and soluble tissue factor (40 nM). Factor IXa (30 nM) assays were
conducted in 50 mM TRIS pH 7.4, 100 mM sodium chloride, 5 mM calcium chloride, 0.5 % PEG
8000 and 2 % DMSO and 100 nM hirudin (Berlex Laboratories). Activated rabbit plasma
kallikrein was generated following a procedure described for human plasma kallikrein [see J Lab
Clin Med. 1987 May;109(5):601-7]. Plasma was acidified with an equal volume of 1/6 N HCI.
After 15 minutes, 0.1 M sodium phosphate pH 7.6, 0.15 M NaCl, and 0.001 M EDTA buffer, and
1/6 N NaOH, each in an equal volume to the original plasma volume was added to neutralize the
acidified plasma. This procedure is reported to inactivate the endogenous plasma inhibitors of
plasma kallikrein. Plasma prekallikrein was activated by adding 1/10 volume Actin® FSL aPTT
reagent (Siemens) to acidified-neutralized plasma in a siliconized glass tube incubated for 5
minutes at 37 °C. The peptide substrates were (final substrate concentrations shown in parentheses:
pyro-Glu-Pro-Arg-pNA(para-nitroaniline), (Diapharma) for factor Xla (250 to 1,500 uM),
thrombin (283 uM), and aPC (500 uM); N-benzoyl-lle-Glu-(OH, OMe)-Gly-Arg-pNA
(Diapharma) for factor Xa (350 uM) and trypsin (153 uM); Methylsulfonyl-D-cyclohexylglycyl-
Gly-Arg-AMC(7-amino-4-methylcoumarin) (Pentapharm) for factor IXa (400 uM); H-(D)-lle-
Pro-Arg-pNA (Diapharma) for factor Vlla (1,000 uM); H-(D) -CHT-Gly-Arg-pNA (American
Diagnostica) for factor Xlla (150 uM); H-D-Pro-Phe-Arg-pNA (Diapharma) for plasma kallikrein
(300 uM); H-D-Val-Leu-Arg-AFC for tissue kallikrein-1 (90 uM); MeO-Suc-Arg-Pro-Tyr-pNA
(Diapharma) for chymotrypsin (150 uM); H-(D)-Val-Leu-Lys-pNA (Diapharma) for plasmin (480
uM); Methylsulfonyl-D-cyclohexylalanyl-Gly-Arg-pNA (American Diagnostica) for tPA (300

uM); pyro-Glu Gly-Arg-pNA (Diapharma) for urokinase (75 uM).

All assays were conducted at 37 °C, except where noted, in 96-well microtiter plate

spectrophotometers or spectrofluorometers (Molecular Devices) with simultaneous measurement
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of enzyme activities in control and inhibitor containing solutions. Compounds were dissolved and
diluted in DMSO and analyzed at a final concentration of 1 % DMSO except where noted. Assays
were initiated by adding enzyme to buffered solutions containing substrate in the presence or
absence of inhibitor. Hydrolysis of the substrate resulted in the release of pNA (para - nitroaniline),
which was monitored spectrophotometrically by measuring the increase in absorbance at 405 nm,
or the release of AMC(7-amino-4-methylcoumarin), which was monitored spectrofluorometrically
by measuring the increase in emission at 460 nm with excitation at 380 nm, or the release of
AFC(7-amino-4-trifluoromethylcoumarin), which was monitored spectrofluorometrically by
measuring the increase in emission at 505 nm with excitation at 400 nm. The rate of absorbance
or fluorescence change is proportional to enzyme activity. A decrease in the rate of absorbance or
fluorescence change in the presence of inhibitor is indicative of enzyme inhibition. Assays were
conducted under conditions of excess substrate (up to 4 times Km) and inhibitor over enzyme. The
Michaelis constant, Km, for substrate hydrolysis by each protease was determined by fitting data
from independent measurements at several substrate concentrations to the Michaelis-Menten
equation: v = (Vmax*[S]) / (Km + [S]) where v is the observed velocity of the reaction; Vmax is
the maximal velocity; [S] is the concentration of substrate; Km is the Michaelis constant for the

substrate.

ICs0 values were determined by allowing the protease to react with the substrate in the presence of
the inhibitor. Reactions were allowed to go for periods of 10 - 120 minutes (depending on the
protease) and the velocities (rate of absorbance or fluorescence change versus time) were
measured. The following relationships were used to calculate ICso values: vs/vo = A + ((B-A) / (1
+ (IC50/1)n)) and where vo is the velocity of the control in the absence of inhibitor; vs is the

velocity in the presence of inhibitor; I is the concentration of inhibitor; A is the minimum activity
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remaining (usually locked at zero); B is the maximum activity remaining (usually locked at 1.0);
n is the Hill coefficient, a measure of the number and cooperativity of potential inhibitor binding
sites; IC50 is the concentration of inhibitor that produces 50% inhibition. When negligible enzyme
inhibition was observed at the highest inhibitor concentration tested the value assigned as a lower
limit for 1Csp is the value that would be obtained with either 25 % or 50 % inhibition at the highest
inhibitor concentration. In all other cases ICso values represent the average of duplicate
determinations obtained over 8 to 11 concentrations. The intraassay and interassay variabilities are
5 % and 20 %, respectively. Competitive inhibition was assumed for all proteases. IC50 values

were converted to Ki values by the relationship: Ki = 1C50 / (1 + [S]/Km).
COAGULATION ASSAYS

Coagulation assays were performed in a temperature-controlled automated coagulation device
(Sysmex CA - 6000 or CA - 1500, Dade-Behring) according to the reagent manufacturer's
instructions. Blood was obtained from healthy volunteers by venipuncture and anticoagulated with
one-tenth volume 0.11 M buffered sodium citrate (Vacutainer, Becton Dickinson). Plasma was
obtained after centrifugation at 2,000 g for 10 minutes and kept on ice prior to use. An initial stock
solution of the inhibitor at 10 mM was prepared in DMSO. Subsequent dilutions were done in
plasma. Clotting time was determined on control plasma, and plasma containing up to 7 different
concentrations of inhibitor. Determinations were performed in duplicate and expressed as a mean
ratio of treated vs. baseline control. The concentrations required to produce a 50% increase in the
clotting time relative to the clotting time in the absence of the inhibitor (EC1sx) were calculated by
linear interpolation (Microsoft Excel, Redmond, WA, USA) and are expressed as total plasma
concentrations, not final assay concentrations after addition of clotting assay reagents. The aPTT

reagents (Alexin or Actin® FSL) were from commercial sources. The aPTT reagent Actin® FSL,
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which was used after the aPTT reagent Alexin was discontinued by the vendor, was used for

compounds 15, 17, 21, and 23.
IN VIVO EFFICAY
Rabbit AV-shunt thrombosis and cuticle bleeding models

For a full description of the models see Wong et al.}'® Male New Zealand White rabbits (2 — 4
kg) were obtained from Covance (Denver, PA). Experiments were conducted in accordance with
the regulations of the Animal Care and Use Committee of the Bristol-Myers Squibb Company.
Briefly, male New Zealand White rabbits were anesthetized with ketamine (50 mg/kg IM) and
xylazine (10 mg/kg IM), and their femoral artery, jugular vein and femoral vein were catheterized.
These anesthetics were supplemented as needed. Thrombosis was induced by an arteriovenous
(AV)-shunt device containing a silk thread. Blood flowed from the femoral artery via the AV-
shunt into the opposite femoral vein for 40 min. The shunt was then disconnected and the silk

thread covered with thrombus was weighed.

After obtaining a control AV-shunt thrombus weight, 55 was given by a bolus injection
supplemented with a continuous IV infusion 30 min prior to the placement of the AV-shunt
thrombosis. The thrombosis was induced by the AV-shunt using the same method as described

above. The IV infusion of 55was continued throughout the experiment.

Doses of 55studied were (mg/kg + mg/kg/h 1) 0.023 + 0.155 and 0.23 + 1.55. The vehicle was
10% N,N-dimethylacetamide:25% PEG300:65% of 5% dextrose. The bolus was 1 ml/kg and the

infusion rate was 2 mi/kg/h.

The rabbit cuticle bleeding time model, described by Wong et al.!'®, was used in this study.

Bleeding time was defined as the time after cuticle transection when bleeding ceased. 55at 0.46

ACS Paragon Plus Environment

Page 64 of 73



Page 65 of 73 Journal of Medicinal Chemistry

mg/kg+3.1 mg/kg/h IV, ASA at 4 mg/kg/h 1V, the combination of ASA (4 mg/kg/h) and 55 (0.46
mg/kg+3.1 mg/kg/h) or vehicle (as described above) was administered IV as described above 30

to 60 min prior to cuticle transection. Bleeding time was measured before and after treatment in

©CoO~NOUTA,WNPE

opposite hind-limbs, and was expressed as a ratio of treated over the control value.

14 ASSOCIATED CONTENT

17 The supporting information is available free of charge on the ACS Publication website at DOI:
20 Molecular formular strings (CSV)

23 Experimental data tHNMR, LCMS, HPLC purity, chiral separation techniques and methods

25 used, including descriptions for key intermediates 58-61, and for compounds 12-15, 25-42. Also
included CADD experimental section and Factor Xla/crystal structures data collections and

30 structure refinement, solubility and solution stability experiments and single crystal x-ray

32 information for 55.
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