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ABSTRACT: P2Y1, antagonists are widely used as antiplatelet agents for the
prevention and treatment of arterial thrombosis. Based on the scaffold of a known P2Y 1,
antagonist AZD1283, a series of novel bicyclic pyridine derivatives were designed and
synthesized. The cyclization of the ester substituent on the pyridine ring to the ortho

methyl group led to lactone analogs of AZD1283 that showed significantly enhanced
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metabolic stability in subsequent structure-pharmacokinetic relationship studies. The
metabolic stability was further enhanced by adding a 4-methyl substituent to the
piperidinyl moiety. Compound 58I displayed potent inhibition of platelet aggregation
in vitro as well as antithrombotic efficacy in a rat ferric chloride model. Moreover, 58I
showed a safety profile that was superior to what was observed for clopidogrel in a rat
tail-bleeding model. These results support the further evaluation of compound 58l as a
promising drug candidate.
INTRODUCTION

Thromboembolic disorders, such as acute myocardial infarction and stroke, are still
the most common causes of mortality and morbidity in the developed world.! Platelet
activation plays a critical role in thrombotic complications.? ® The activation process
involves the production of several platelet activation agonists, including thrombin,
thromboxane A, and adenosine diphosphate (ADP).2 ADP is a key factor in platelet
activation and aggregation,* and its mechanism involves the binding and activation of
two G-protein coupled receptors (GPCRs), P2Y: and P2Y12.° P2Y; is ubiquitously
expressed and plays a role in initial activation, while the P2Y 1, receptor is primarily
expressed in platelets and plays a central role in the amplification of platelet activation,
aggregation and stable thrombus formation. The P2Y 1> receptor has been validated as
an important drug target for the development of antithrombotic drugs.®

The therapeutic success of P2Y 1, receptor irreversible antagonist clopidogrel (1,
Figure 1) in preventing atherothrombotic events in patients that have experienced acute

coronary syndrome (ACS),’ confirmed that P2Y 1. antagonism is a powerful therapeutic
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strategy in the management and prevention of arterial thrombosis.® ° However,
clopidogrel is a thienopyridine prodrug that requires metabolic conversion by the
cytochrome P450 system'® to generate the active metabolite that irreversibly binds to
the P2Y 12 receptor,!* resulting in a slow onset and offset of its pharmacological action.
Therefore, clopidogrel displayed obvious drawbacks, including delayed onset of
action,*? significant response variability,*® and insufficient antiplatelet activity in some
patients.!* These drawbacks led to the development of more potent and reliable
reversible P2Y1. receptor antagonists, such as ticagrelor (2)*® and cangrelor'® (3).
However, both of these drugs have their own contraindications and numerous issues
that must be considered in clinical practice. For example, several adverse clinical effects,
such as dyspnea, ventricular pauses and hyperuricemia were observed with ticagrelor,
which could likely be attributed to the inhibition of equilibrative nucleoside transporter

1 by ATP analogs.}” And cangrelor must be administered by intravenous injection.®
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Figure 1. Structures of clopidogrel (1), ticagrelor (2), cangrelor (3) and AZD1283 (4).

Existing evidence suggests that reversible binding could not only lead to a rapid
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recovery of platelet function but also increase the separation between the antithrombotic
effect and bleeding risk.'® ° This hypothesis has inspired extensive efforts toward the
discovery of novel, reversible and orally available P2Y 1, receptor antagonists with
improved safety profiles.?® 2! Among these antagonists, AZD1283%2 (4, Figure 1), an
oral, reversible P2Y1, receptor antagonist reported by AstraZeneca, showed potent
antithrombotic efficacy and reduced bleeding effects in animal models and was
advanced into human clinical trials. However, the development of this compound was
terminated prior to phase Il studies due to poor absorption and low metabolic stability
of the ester.”® Moreover, AZD1283 inhibited three CYP450-metabolizing enzymes,
CYP2C9, CYP3A4 and CYP2C19.%2

The X-ray crystal structure of AZD1283 bound to the human P2Y 1, receptor showed
that a hydrogen bond between the ester carbonyl and Asnl59 is crucial to its high
affinity.* 2> Knowing that the ester group is susceptible to metabolic degradation, we
envisioned that cyclization of this ester group to the ortho methyl would generate novel
analogs of AZD1283 that retain its P2Y1 activity while having much improved
metabolic stability (Figure 2). Herein, we describe the structure-activity and structure-
pharmacokinetic relationships of these bicyclic pyridine compounds and the
identification of compound 58I as a potential drug candidate for the development of

novel antithrombotic agents.
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Figure 2. Design of novel, fused bicyclic pyridine antiplatelet agents.
RESULTS AND DISCUSSION
CHEMISTRY

The syntheses of five-membered lactone compounds 21a—g and 22a—e are shown in
Scheme 1. For the synthesis of the right-hand amine moieties, carboxylic acids 5a—d
were used as starting materials, and they were activated with TBTU as a coupling
reagent and then treated with sulfonamides 6 and 9 to produce acyl sulfonamides 7a—
d?? and 10a—c; Subsequent Boc deprotection provided amines 8a—d and 1la—c. To
construct the left-hand fused pyridines, substituted acetoacetates 12a and 12b were used
as starting materials, and they were treated with benzyl alcohol and then debenzylated
to introduce the hydroxyl group (14a—b). The hydroxyl groups were subsequently
protected as silyl ethers to afford 15a—b, which were then subjected to an Aldol
condensation to give intermediates 16a-b. Cyclization of 16a-b with cyanoacetamide
gave pyridones 17a-b. Cleavage of the silyl ether protecting groups and hydrolysis of
the esters gave intermediates 19a—b, which were refluxed with POCIs to give lactone-
fused pyridines 20a—b. Compounds 20a—b were coupled with amines 8a—d and 11a-c
to afford target compounds 21a—g and 22a—e.

Scheme 1. Synthesis of Compounds 21a—g and 22a—e?
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#Reagents and conditions: (a) TBTU, triethylamine (TEA), THF, LiCl, rt, 18 h, 26-90%;
(b) HCOOH, rt, 20 h, 80-96%:; (c) BnOH, NaH, THF, 0 T to rt, 91-92%; (d) H», Pd/C,
EtOH, rt, 86-98%; (e) TBSCI, imidazole, DMAP, THF, rt, 49-70%; (f) DMF/DMA,

80 T, 72-83%; (g) 2-Cyanoacetamide, NaOEt, EtOH, rt, 81-81%; (h) TBAF, THF, rt,
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85-91%; (i) NaOH, MeOH, rt, 86-96%; (j) POCls, 100 T, 56-58%;(k) TEA, EtOH,

reflux, overnight, 69-85% for 21a—g, 57-82% for 22a—

oNOYTULT D WN =

9 Six-membered lactone compounds 33a—c and 34a—b were prepared using a similar
12 method, as shown in Scheme 2. Ethyl 5-hydroxy-3-oxopentanoate (26) was prepared
and used in place of 14a and 14b in Scheme 1 for the construction of pyridine-fused
17 six-membered lactone 32. Intermediate 32 were treated with amines 8a, 8c, 8d, 13a and

20 13c to provide compounds 33a—c and 34a—b in good yields.

23 Scheme 2. Synthesis of Compounds 33a—c and 34a—b?
2> 6 0 e o o o o
26 Mo/\ + oo P s MK/\ ~p /\O)WOHL»/\OWOTBS
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51 2Reagents and conditions: (a) NaH, n-BuLi, THF, rt, 43%; (b) H., Pd/C, EtOH, rt, 98%;
>3 (c) TBSCI, imidazole, DMAP, THF, rt, 81%; (d) DMF/DMA, 80 <C, 96%); (e) 2-
56 cyanoacetamide, NaOEt, EtOH, rt, 81%; (f) TBAF, THF, rt, 98%; (g) NaOH, MeOH,

59 rt, 94%; (h) POClIz, 100 <C, 35%; (i) TEA, EtOH, reflux, overnight, 73—-78% for 33a—
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c, 79-82% for 34a-b

The synthesis of cyclic ketone compounds 40a-c is depicted in Scheme 3.
Commercially available dimedone 35 was first converted to enaminone 36 and then to
pyridone 37 via a two-step Hantzsch-type reaction.?® The o position of ketone 37 was
substituted with a F to give 38a and a Cl to give 38b. These pyridones (37, 38a and
38b) were converted to the corresponding 2-chloropyridines (39a—c) in good yields
under Vilsmeier conditions using SOCI,/DMF. The coupling of 39a—c with amine 8a

provided compounds 40a—c.

Scheme 3. Synthesis of Compounds 40a—c?
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2Reagents and reaction conditions: (a) DMF/DMA, reflux, 99%; (b) malononitrile,
NH4OAc, CH3CN, reflux, 53%; (c) Selectfluor, H.SO4, MeOH, 70% for 38b, NCS,
MeCN, PTSA, Ar, 80 <C, 65% for 38c; (d) SOCl,, DMF, DCM, 51-62%; (e) DIPEA,

EtOH, reflux, 18 h, 61-78%

The preparations of compounds 45a—b are outlined in Scheme 4. Ethyl 4-chloro-3-
oxobutanoate (41) was used as the starting material, and it was converted to pyridine

42 via a Hantzsch-type reaction. Subsequent chlorination of 42 gave 43, which was
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treated with amine 8a to afford intermediate 44. 44 was reacted with ammonia and

methylamine to afford compounds 45a and 45b, respectively.

Scheme 4. Synthesis of Compounds 45a—b?
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®Reagents and reaction conditions: (a) Ac20, triethoxymethane, 120 <C, 62%; (b) 2-
cyanoacetamide, NaOEt, EtOH, rt, 12 h, 62% for two steps; (c) Oxalyl chloride, DMF,
70 <C, 54%; (d) TEA, EtOH, reflux, 84%; (e) amine, MeOH, rt, 76% for 45a,
methylamine, MeOH, rt, 69% for 45b

Compounds 5la—c were synthesized according to Scheme 5. Bis(2,4-
dimethoxybenzyl)amine 46 was treated with benzylsulfonyl chloride to afford
sulfonamide 47. The o position of the sulfone was deprotonated with NaHMDS and
then treated with N-fluorobenzenesulfonimide, methyl iodide?’ or 1,3,2-dioxathiolan-
2,2-oxide?’ to give derivatives 48a—c, respectively. Subsequent deprotection with TFA
gave intermediates 49a—c. For the left-hand fragment, chloropyridine 20a was coupled
to piperidine carboxylic acid to give intermediate 50, which was then coupled to

sulfonamides 49a—c to produce compounds 51a—c in good yields.
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Scheme 5. Synthesis of Compounds 51a—c?
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®Reagents and conditions: (a) Benzylsulfonyl chloride, DMAP, THF, rt, 60%; (b)
NaHMDS, THF, -78 <C, Ar, N-fluorobenzenesulfonimide for 48a, CHal for 48b, 1,3,2-
dioxathiolan-2,2-oxide (DTD) for 48c, 66-78%; (c) TFA, DCM, rt, 70-82%; (d)
DIPEA, EtOH, reflux, 70%; (e) EDCI, HOBt, DIPEA, 58-73%

Compounds 58a—m were synthesized using an alternative route, as illustrated in
Scheme 6. Derivatives of 55a—i were prepared using various benzyl chlorides (52a—i)
as starting materials. Intermediates 53a—i were readily prepared by refluxing the benzyl
chlorides with thiourea in ethanol, and these compounds were then subjected to
NCS/HCI oxidative chlorination conditions to generate benzylsulfonyl chlorides 54a—
i.28 The following four steps in the synthesis of target compounds 58a—m were similar
to those depicted in Scheme 1.

Scheme 6. Synthesis of Compounds 58a—m?
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#Reagents and conditions: (a) EtOH, reflux, 2 h; (b) NCS, HCI, MeCN, rt; (c) NH4OH,
THF, rt, 25-68%; (d) TBTU, TEA, LiCl, rt, 48-84%:; () HCOOH, rt, 74-91%; (f)
DIPEA, EtOH, reflux, 12 h, 41-74%

Compounds 61 and 62a—d were synthesized according to Scheme 7. Compound 20a
was treated with 4-fluoropiperidine-4-carboxylic acid to give acid 59, which was
converted to acid chloride 60 and then coupled to various sulfonamides to afford
compounds 61 and 62a—d.

Scheme 7. Synthesis of Compounds 61 and 62a—d?®
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In Vitro Platelet Aggregation. All compounds were evaluated for their ability to
inhibit ADP-induced human platelet-rich plasma (PRP) aggregation.?®! The platelet-
rich plasma was prepared following a standard protocol, and the aggregation was
measured by a double-channel aggregometer for platelet aggregation (see the
Experimental Section for details).

As an initial exploration, five- or six-membered lactones were designed to replace
the ethyl ester of compound AZD1283 because the lactone group could maintain the
hydrogen bond with the receptor but also potentially improve the metabolic stability of
the compound. As shown in Table 1, this hypothesis was confirmed with five-
membered lactone compound 21a, which exhibited slightly enhanced activity
compared to AZD1283, but six-membered lactone analog 33a showed no activity in the
PRP aggregation assay. Additionally, when a methyl group was introduced to the o
position of the five-membered lactone, a loss of activity was observed (21e versus 21a).

We then converted the lactone to a cyclic ketone or a lactam, both of which are lactone

ACS Paragon Plus Environment

Cl
NS
°s
/7
1

Page 12 of 66

o OO0

6




Page 13 of 66 Journal of Medicinal Chemistry

1
2

3

4 bioisosteres, as in compounds 40a—c and 45a—b. Compared to the six-membered
5

6 . . . . N -

2 lactone, the simple six-membered cyclic ketone showed improved inhibitory activity
8

?o (40a versus 33a). Again, the introduction of a substituents decreased the activity to
11

12 varying degrees (40b—c versus 40a). Neither of the two lactam analogs 45a—b inhibited
13

1‘5‘ platelet aggregation. These results indicate a very strict SAR at this moiety.

16

17 Table 1. In Vitro Antiplatelet Aggregation Potency of Various A-Ring Derivatives
18

19 CN
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47 4ADP-induced platelet aggregation ([ADP] =10 uM, n = 2), human platelet-rich plasma
50 (hPRP).

52 Based on the encouraging results of compound 2la, a comprehensive SAR
55 investigation was implemented around the B-ring and the aryl tail (R) (Table 2).
Changing the piperidine to either an azetidine or a pyrrolidine led to a loss of potency

60 (21c—d versus 21a), so the piperidine ring was kept and substituents were introduced to

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

its 4 position, as this may block the metabolically labile o position of the carbonyl and
therefore improve compound stability. As demonstrated by compound 21b, the
introduction of a methyl group led to a 2-fold decrease in potency compared to
unsubstituted compound 21a, while introducing a fluorine significantly increased the
inhibitory activity (ICso = 1.21 uM for 62a versus 2.35 uM for 21a). Another potential
site for metabolic degradation is the benzyl position of the sulfonamide, so this position
was structurally modified, and fluoride, cyclopropyl®?> or methyl groups were
introduced at this position. However, we noticed that di-fluoro compound 51a was
chemically unstable upon storage under ambient conditions. Methyl- and cyclopropyl-
substituted compounds 51b, 51c and 62b exhibited 2- to 4-fold decreased potencies
compared to compound 24a. These findings showed that substituents at the benzyl
position did not improve the inhibitory activity. Replacement of the benzyl substituent
with a 5-Cl-thienyl moiety, which is a structural motif present in elinogrel,3! slightly
decreased the in vitro activity (22a vs 24a). Interestingly, keeping this 5-Cl-thienyl
moiety and adding a methyl substituent at the 4 position of the piperidinyl group
increased the potency by a factor of 3 (22b vs 24a), while fluoro-substituted compound
61 showed reduced potency. The structure-activity relationship was not consistent with
that observed in the above benzyl series. Based on these results, the a-substituted five-
membered lactone or six-membered lactone scaffolds were reevaluated. Unfortunately,
neither changes in the B-ring nor the aryl tail group improved the inhibitory activities
(21f—g, 22d-e, 33b—c and 34-b) (1Cs0>300 uM).

Table 2. In Vitro Antiplatelet Aggregation Potency of Various A-Ring, B-Ring and
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compd  A-ring B-ring? R ICs0® (uM)
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¢
A
21b O»V( 4-methylpip < ) 6.68
¢
G
62a o& 4-fluoro-pip Y\© 1.21
¢
o 5 F F
5la o& 4-pip \2§© n.d.c
¢
G
51b O»V( 4-pip \9\@ 4.16
¢
A
51c o& 4-pip \XQ 4.10
¢
A
62b o& 4-fluoro-pip ‘H\© 9.95
¢
o
5
22a O»V( 4-pip e 4.47
¢
q kY S
22b O»V( 4-methyl-pip o 1.64
¢
q kY S
61 O»V( 4-fluoro-pip o 37.06
¢
o
2c  J 3-aze Sy 193.12
¢

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

>300

Y
21f o | 3-aze
7,

(e}
Y
219 o 3-pyr >300
7,
S
22d %I 4-pip e >300
¥
S
22e oﬁ 3-aze Sy >300
¥
(o]

\

o& 3-aze “{\© >300
(@]

33¢ o& 3-pyr “{\©

(@]

0

|

(@]

S 3

33b
>300

34a 4-pip e >300

34b oif“- 3-aze \S e >300
N

83-aze=3-azetidinyl, 3-pyr=3-pyrrolyl, 4-pip=4-piperidinyl, 4-fluoro-pip=4- fluoro-

piperidinyl, 4-methyl-pip=4-methyl-piperidinyl. PADP-induced platelet aggregation
([ADP] =10 M, n = 2), human platelet-rich plasma (hPRP). °n.d. = not determined.
Based on the reported cocrystal structure of AZD1283 bound to P2Y12, the phenyl
tail of AZD1283 occupies a hydrophobic pocket formed by the side chains of F252,
R256, Y259, L276 and K2807.2* % The reported SAR of the aromatic substituents at
this position also showed that lipophilic substituents are favored on this phenyl ring.®
Therefore, various small lipophilic substituents were introduced onto the phenyl group
to improve the binding affinity of the compound. As shown in Table 3, the para-fluoro

(58a) and para-chloro (58h) analogs displayed inhibitory activities comparable to that
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of compound 24a. However, shifting the fluoro substituent from the para- (58a) to the
ortho- (58b) or meta- (58c) positions significantly reduced the activity. In addition, di-
fluoro (58d) or di-chloro substitution (58i) also decreased the potency to varying
degrees. Small alkyl groups, such as methyl (58g), provided comparable activity, but a
trifluoromethyl (58e) or cyano (58f) substituent led to a 2- to 4-fold decrease in activity.

Table 3. In Vitro Antiplatelet Aggregation Potency of Various Phenyl Derivatives

X
o |
N‘S/\R
o d 0
compd R ICs0® (M)  compd R 1Cs0® (uM)

sga  +{ ) 350 58f  F{_)-on 890
58b @ 23.72 58 () 4.28

58¢ §_® 70.49 58 +{ )o 442

Cl

F
58d @F 5.20 58 @ 3051
Cl
s8¢  +{ )-c 1590

4ADP-induced platelet aggregation ([ADP] =10 uM, n = 2), human platelet-rich plasma

(hPRP).

From the above SAR studies, the A-ring, B-ring and aryl tail groups were each
optimized individually. Finally, we combined these fragments for the last round of
modifications. As shown in Table 4, compounds 58| and 58m exhibited excellent
activities in the hPRP assay, and they were both over 10-fold more potent than their

corresponding 4-fluoro-substituted piperidinyl counterparts (62c and 62d). However,
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the 4-F/CHzs-substituted piperidinyl derivatives (58j—k and 62c—d) did not display more
potent antiplatelet activities than their unsubstituted piperidine counterparts.

Table 4. In Vitro Antiplatelet Aggregation Potency of B-Ring and Aryl Group (R)

Derivatives.
(o]
N CN
o | _
0 00O
compd R! R? ICs0? (uM)
F
58j $—CH, ‘{\@L 8.76
F
58k §—CH, Y\@L 35.44
F
58| §—CH, %{\©\ 2.94
58m §—CH, Y\Q 3.01
Cl
62c i—F ”(\©\ 32.76

62d S—F Y\@L 37.22
Cl

4ADP-induced platelet aggregation (JADP] = 10 uM, n = 2), human platelet-rich plasma

(hPRP).

On the basis of their in vitro parameters, a selection of compounds 21a, 22a, 22b and
581 were progressed for evaluation of metabolic stabilities in a liver microsome assay,
and the data are listed in Table 5. The liver microsomal stability®* 3> of AZD1283 in rat
liver microsomes was very poor (T2 = 6.08 min) but was better in dog microsomes

(T12 = 207 min) and human microsomes (T12 = 65.0 min). The four new compounds
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1
2
3
4 were much more stable in rat microsomes (T2 = 76.0 — 152 min) and were comparable
5
6 . :
7 (81.3 and 79.1 min for 21a and 22a) or much more stable (203.9 and 208.3 min for 22b
8
?o and 58l) in human microsomes. Compound 22b showed more stable in dog microsomes
11
12 than AZD1283. Compound 58I showed the best stability in both rat and human liver
13
1‘5‘ microsomes with the lowest clearance values and longest half-life among these
16
17 compounds. This further proved that replacing the ethyl ester of AZD1283 with the
18
19 . e : : -
20 five-membered lactone could significantly improve the metabolic stability.
21
;g Table 5. Microsomal Stability of Selected Compounds?
24
25 _ T2 Clint®
26 compd species MF%¢
27 (min) (mL/min/g protein)
28
29 rat 6.08 345 11.0
30
AZD
31
32 1283 dog 201 11.2 66.0
33 human 65.0 32.3 38.0
34
35 rat 145 14.5 75.0
36
37 21a dog 116 18.2 54.0
38
39 human 81.3 25.8 43.0
40
41 rat 152 13.8 76.0
42
43 22a dog 171 12.3 64.0
44
45 human 79.1 26.6 42.0
46
47 rat 76.0 27.6 61.7
48
49 22b dog 200.3 10.5 67.2
o human 203.9 10.3 65.6
o rat 89.1 10.6 65.3
o 58l dog 97.5 116.3 60.0
p human 208.3 10.1 66.0
58
59 20.33 mg/mL microsomal protein, NADP*-regenerating system, [inhibitor], 0.1 pM;
60
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incubation at 37 <C; samples taken at 0, 7, 17, 30, and 60 min; determination of parent
compound by MS. PTyp: elimination half-life. °Clin: intrinsic body clearance.
dCalculated of metabolic bioavailability.

Pharmacokinetic Analysis. Based on their excellent in vitro activities in the hPRP
assay, compounds 21a, 22a, 22b, 58I, 58m and 62a were selected for evaluation of their
PK properties in Sprague—Dawley (SD) rats along, and AZD1283 was evaluated for
comparison. All compounds were administered orally at a dose of 5 mg/kg. As
summarized in Tables 6, AZD1283 showed poor PK properties, such as an extremely
low plasma concentration (Cmax = 25.9 11 ng/mL) and overall drug exposure (AUCo-
= 34 +3.34 ng H/mL). To our delight, all our new five-membered lactone compounds
displayed much better PK properties, with AUCs 8- (62a) to 121-fold (58l) higher than
that of AZD1283. Among these compounds, the overall PK profile of 58l in rats was
the most desirable, as it showed the highest maximal plasma concentration (Cmax = 1661
+642 ng/mL), highest plasma exposure (AUCo—. = 4120 £2127 ng ©/mL), and longest
elimination half-life (Ti2 = 2.91 £ 1.09). 5-Chloro-thienyl analogs 22a and 22b
displayed less favorable overall PK properties compared with that of 58I, including
moderate Cmax values and lower plasma exposures. Notably, 22b showed higher plasma
exposure than 22a, which supports the hypothesis that the introduction of a methyl
group at the 4 position of the piperidine ring could improve the PK properties of the
compound. However, the introduction of a fluoro substituent at the same position
(compound 62a) led to decreased plasma exposure and an overall worse PK profile

compared to that of compound 21a, which indicated that although it enhances in vitro
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potency, fluoro substitution negatively impacted the PK properties. Although generally
considered a metabolically liable group, a methyl substituent at the para-position of the
benzene tail not only improved the in vitro antiplatelet activity of 58I but also led to
much better pharmacokinetic properties compared to those of chloro-substituted
derivative 58m (an interesting example of the “magic methyl” effect). The IV PK of
58l in rats also was outstanding, with relatively low clearance (CL = 10.2 #0.9
mL/min/kg), higher plasma exposure (AUCo-. = 8187 £673 ng h/mL), and good oral
bioavailability (F = 51%) at a dose of 5 mg/kg, which displayed much better than that
of AzZD1283 (data not shown). Taken together, compound 58l has excellent
pharmacokinetic parameters in rats.

Table 6. PK Properties of Selected Compounds in Male Rats after Oral

Administration?

compd  dose Cmax Tz Tmax AUCo-» MRT
(mg/kg)  (ng/mL) (h) (h) (ng h/mL) (h)

AZD 5 25.9 =11 1.68 +0.37 0.25 34.0 +£3.34 2.67 =0.77
21a 5 271 +89 1.70 +=0.85 0.25 384 £170 1.91 =041
22a 5 225 +144 2.40 =0.27 0.25 417 £217 2.31 +0.55
22b 5 479 +67 1.26 +0.45 0.25 1057 £632 1.98 +0.70
58l 5 1661 +642  2.91 +1.09 0.25 4120 +2127  3.64 +0.18
58m 5 877 £798 1.90 +1.29 0.25 1352 £754 2.58 +1.56
62a 5 149 +85 2.52 +3.0 0.25 291 +137 3.83 +4.38

8Sprague—Dawley rats (male). All values are represented as the mean =+ SD.

Abbreviations: Cmax, peak plasma concentration of a drug after administration; Tmax,
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time to reach Cmax; T1/2, elimination half-life; AUC, area under the concentration—time
curve; MRT, mean residence time; AZD, AZD1283.

CYP450 Inhibition Assay. Another drawback of AZD-1283 is its high CYP450
inhibition, especially for the CYP2C19 subtype.?? Therefore, we tested compounds 21a,
22a, 22b, and 58I along with AZD1283 for their abilities to inhibit five major CYP450
enzymes, and the results are summarized in Table 7. Indeed, as reported previously,
AZD1283 showed strong inhibition of CYP2C19 (ICso = 0.399 M) and moderate
inhibition of CYP2C9 and CYP3A4. The inhibitory activities of the four new
compounds toward CYP2C19 and CYP2C9 were dramatically lower, and 5-chloro-
thienyl substituted compounds 22a and 22b exhibited no CYP3A4 inhibition.
Compounds 21a and 58I moderately inhibited CYP3A4 and were slightly more potent
than AZD1283. However, in conjunction with its very weak inhibition of the other main
subtypes, the overall profile of 581 is comparable to that of AZD1283 in terms of drug-
drug interaction potential. Additionally, by comparing the results of compounds 21a
and 58l with 22a and 22b, it could be speculated that the benzyl group is associated
with CYP3A4 inhibition, which suggested the benzyl tail as a possible site for further
modifications.

Table 7. CYP450 Inhibition of Selected Compounds.

ICso (uM)?
compd
CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4(M)® CYP3A4(T)C
AZD >25 6.62 0.399 >25 4.28 3.64
21a >25 >25 >25 >25 8.01 3.53
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22a 50 50 28.5 50 50 50
22b 50 50 7.75 50 50 50
58l 50 25 50 50 1.64 111

2 Cxo refers to the concentration of compound that causes 50% inhibition of the enzyme
activity. "Midazolam was used as the substrate. ‘Testosterone was used as the substrate.
AZD, AZD1283.

hERG K* Channel Inhibition. To further evaluate the safely profiles of these
compounds, we evaluated compounds 21a, 22a, 22b, and 58I in a human ether-a-go-
go-related gene (hERG) assay, and none of the compounds inhibited hERG at
concentrations as high as 40 M. This excludes the QT interval prolongation-related
cardiac toxicity of these compounds.

Solubility Assay. Good solubility is the key to druggability. Therefore, we tested
compound 58I and along with AZD1283 for their solubility in three different matrices
(Table 8). To our delight, compound 58I displayed significantly better solubility, with
maximal soluble concentration 6 to 18-fold higher than that of AZD1283.

Table 8. Solubility of AZD1283 and 58I in Different Matrices.

maximal soluble concentration (JuM)

compd
intestinal juice gastric juice water
AZD1283 15.6146.40 0.5140.20 2.99+1.80
58I 90.90+2.69 4.002.53 54.2+15.31

In Vivo Antithrombotic Efficacy. Based on its in vitro potency in the hPRP assay

and its excellent overall pharmacokinetic properties, the in vivo antithrombotic efficacy
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of compounds 21a, 22a, 22b, and 581 were tested, and AZD1283 was evaluated for
comparison. The ferric chloride model in Wistar rats was used to determine the efficacy
of those antiplatelet agents. All tested compounds were administered orally at a dose of
10 mg/kg (Figure 3). Among these new five-membered lactone compounds, 21a, 22b,
and 58l resulted in a significant antithrombotic effect, whereas administration of
AZD1283 caused no significant difference relative to the control group. Compound 58I
showed the best antithrombotic effect among these compounds, which was in
accordance with its in vivo PK properties and the liver microsomal stability. To further
determine the antithrombotic effect of compound 58I, we tested it together with
clopidogrel (the most commonly used P2Y1. antagonist) in the same experimental
model (Figure 4). Compound 58I decreased thrombus weight in dose-dependent

manner with an EDso of 27 mg/kg, compared to that of 7 mg/kg for clopidogrel.

Fecls-induced Arterial Thrombosis

—~~ 8-

g’ vehicle
< . AZD1283
g, * 21a
0 \ = m 22a
%) 22b
a 58|

£ 2-

o

e

o ' r

Dose (10 mg/kg p.o.)

Figure 3. Dose-effects of AZD1283, 21a, 22a, 22b, and 58l on thrombus weight after
FeCls-induced arterial injury in anesthetized Wistar rats at 1.5 h postdosing following

oral administration at 10 mg/kg. Data are reported as the mean =SEM (n = 10). ("p <
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*%

0.05, " p<0.01).

Bleeding Risk Assessment. Achieving efficient levels of platelet inhibition with
P2Y 1, antagonists causes a concomitant increase in the risk of bleeding events.
Therefore, we evaluated the effects of 581 on both bleeding time and bleeding weight
in rats after oral administration. The effects of 581 were studied 1.5 h postdosing in a
tail transection model. The effects of compound 58| were compared to those of
clopidogrel under the same conditions. The EDioo (ED10o: 2-fold prolongation of
bleeding time of the control group) was used as the measure of bleeding time, and blood
loss was defined as the amount of blood oozing out of the rat tail after placing a
standardized surgical wound. As shown in Figure 5, 58I and clopidogrel prolonged the
bleeding time in a dose-dependent manner, but the calculated ED1oo value of 581 was
7.58 mg/kg, while that of clopidogrel was 2.36 mg/kg. In terms of bleeding weight, in
the absence of any antithrombotic treatment (vehicle group), the surgical blood loss was
quantified at 0.22 g of blood (Table 8). At different doses of clopidogrel (2.5—20 mg/kg),
the surgical blood loss weight increased from 0.44 to 1.99 g of blood. At the tested
doses of compound 58I (2.5—40 mg/kg), the surgical blood loss weight increased from
0.24 to only 0.66 g.

Recent studies have suggested the application of a “therapeutic window” for the use
of clopidogrel to prevent bleeding and thrombotic complications.®® 3" For the new
generation of P2Y1, antagonists, such as prasugrel and ticagrelor, the concept of a

therapeutic window is becoming more important because of their high potency and the

associated increase in bleeding risk. In our studies in rats (Table 9), we observed that
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at a dose of 40 mg/kg, compound 58l inhibited thrombosis at a rate of 56%, which is
equal to that of clopidogrel at 10 mg/kg (57% inhibition of thrombosis), and these rates
are comparable to the high average rate of inhibition achieved with a daily dose of 75
mg of clopidogrel.®® At these therapeutically equivalent doses, compound 58I showed
significantly lower bleeding weight and time compared to clopidogrel (Table 9),
indicating it has a wider therapeutic window than clopidogrel and may therefore have
more potential for use across a broader spectrum of ACS patients with fewer

contraindications.

Thrombus weight (mg)
Thrombus weight (mg)

Control2.5 5 10 20 40 Control 2.5 5 10 20
581(mg/kg) Clopidogrel(mg/kg)

Figure 4. Dose-effects of clopidogrel and 58I on thrombus weight after FeClz-induced
arterial injury in anesthetized Wistar rats at 1.5 h postdosing following oral
administration. 581 (2.5-80 mg/kg), clopidogrel (2.5—20 mg/kg). Data are reported as

*kk

the mean =SEM (n = 10). ("p < 0.05, ™ p < 0.01, ™ p < 0.001).
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Time (min)
Time (min)

14 0-
control 2.5 5 10 20 40 control __2.5 5 10 20
15 58|(mg/kg) Clopidogrel(mg/kg)

Figure 5. Dose-effects of 581 and clopidogrel on tail bleeding time at 1.5 h postdosing
21 following oral administration in rats. Data are reported as the mean +=SEM (n = 10) ('p
<0.05, “p<0.01, ™ p<0.001).

26 Table 8. Effects of 581 and Clopidogrel on Blood Loss in Rats

29 compd dose (mg/kg) bleeding weight (g)

32 Vehicle - 0.22 +0.06
35 58l 25 0.24 +0.06
37 5 0.31 +0.07
40 10 0.39 +0.08
43 20 0.43 +0.10
45 40 0.66 +0.11
48 clopidogrel 2.5 0.44 +£0.11
>0 5 0.70 +0.16
53 10 1.20 +0.24

s 20 1.99 +0.17

58 Dose-effects of 581 and clopidogrel on tail blood loss at 1.5 h postdosing following oral
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administration in rats. Data are reported as the mean =SEM (n = 10).

Table 9. Effects of 58] and Clopidogrel on Bleeding Risk after Oral Administration

in Rats.
compd dose inhibitio_n of bleeding weight bleedipg time
(mg/kg)  thrombosis (%) (g)? (min)
58| 40 56 0.66 £0.11""  33.09 £7.88™"
clopidogrel 10 57 1.20 +0.24™ 40.50 +11.817"

aData are reported as the mean =SEM (n = 10) (""p < 0.001).
CONCLUSION

In summary, to improve the metabolic stability of the reversible P2Y 1, antagonist
AZD1283, a series of bicyclic pyridine analogs were designed and synthesized. Among
these lactone, lactam and cyclic ketone derivatives, a pyridine-fused lactone was the
most effective replacement for the open ester substituent of AZD1283. Further
structural optimization focusing on the B-ring and aryl tail led to the discovery of
several novel analogs, such as 21a, 22a, 22b and 58I, with high in vitro inhibitory
activities in the platelet aggregation assay. Importantly, the pharmacokinetic properties
of these compounds were much better than those of AZD1283 in rats, and they showed
significantly enhanced metabolic stabilities in rat and human microsomes. Furthermore,
among these new five-membered lactone compounds, 21a, 22b, and 58l resulted in a
significant antithrombotic effect in vivo, whereas administration of AZD1283 caused
no significant difference relative to the control group. The best PK properties and

antithrombotic effect in vivo were observed with compound 58I, which was further
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tested in an in vivo model of FeClz-induced carotid artery thrombosis injury to evaluate
its antithrombotic efficacy as well as in a rat tail-bleeding model to assess its bleeding
risk. Compound 58I displayed potent and dose-dependent inhibition of platelet
aggregation in vivo and resulted in decreased bleeding time and weight compared to
clopidogrel.

Blood platelets are highly activated within the first one or two weeks in patients after
experiencing ACS, and highly active platelet agents (clopidogrel or ticagrelor) may
only be required for the initial treatment of ACS patients, which should potentially be
switched a maintenance therapy using antiplatelet agents with lower activities but
superior safety profiles.®® Our results demonstrate that compound 58I could be ideal for
such maintenance treatment based on its reduced bleeding risk and wider therapeutic
window. Further preclinical evaluation of compound 58I is currently underway.
EXPERIMENTAL SECTION

Chemistry. All solvents and chemicals were used as purchased without further
purification. Room temperature refers to 20—25 °C. Intermediates not described below
were purchased from commercial vendors and were used as supplied unless stated
otherwise. All reactions were monitored using thin-layer chromatography (TLC) on
silica gel F-254 TLC plates. Column chromatography was carried out using silica gel
(200—300 mesh). *H and *C NMR spectra were recorded on a Bruker 400, a Bruker
500 or a Bruker 600 NMR spectrometer using solvent residual as an internal standard.
Chemical shifts (o) are reported in parts per million (ppm), and coupling constants (J)

are reported in Hertz (Hz). EI-MS spectra were obtained on a Finnigan MAT95
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spectrometer, and ESI-MS spectra were obtained on a Krats MS 80 mass spectrometer.
All final compounds were purified to >96% purity as determined by analytical HPLC
(PLATISIL ODS 250 mm x4.6 mm, particle size 5 um) with acetonitrile/buffer (0.1%
CF3COOH and 0.1% NH4OH in water, pH 3.5) as the mobile phase. Detailed synthetic
procedures and spectral characterization data for all intermediates can be found in the
Supporting Information.
N-(Benzylsulfonyl)-1-(3-cyano-5-oxo-5,7-dihydrofuro[3,4-b]pyridin-2-

yl)piperidine-4-carboxamide (21a). A suspension of 20a (30 mg, 0.16 mmol), 8a (53
mg, 0.19 mmol) and TEA (47 mg, 0.46 mmol) in EtOH (10 mL) was stirred at 72 <C
for 18 h. The reaction mixture was cooled to rt and a mixture of EtOAc (50 mL) and
water (15 mL) was added. The organic phase was washed with water (3 <15 mL) and
brine (10 mL), dried (Na2SO4) and concentrated to afford a crude product. The crude
product was purified by chromatography on silica gel with dichloromethane/methanol
(30 : 1) to afford 21a as a white solid (58 mg, 85%). *H NMR (600 MHz, DMSO-dg) 6
11.62 (s, 1H), 8.57 (s, 1H), 7.40 (d, J = 6.5 Hz, 3H), 7.29 (d, J = 6.9 Hz, 2H), 5.26 (s,
2H), 4.70 (s, 2H), 4.51 (d, J = 13.5 Hz, 2H), 3.23 (t, J = 12.3 Hz, 2H), 2.61 (dd, J =
13.2,9.2 Hz, 1H), 1.87 (d, J = 11.4 Hz, 2H), 1.67 (dt, J = 14.9, 7.7 Hz, 2H). 3C NMR
(126 MHz, DMSO-ds) 0 174.10, 170.74, 167.66, 161.48, 143.28, 130.70, 129.62,
129.06, 128.64, 128.58, 117.39, 108.34, 93.08, 69.90, 57.44, 46.94, 41.24, 40.66, 27.44.
MS(ESI) m/z: 441.1 [M + H]*. HRMS (ESI) m/z calcd for Co1H21N4OsS ([M + H]*)
441.1227, found: 441.1237.

N-(Benzylsulfonyl)-1-(3-cyano-5-0xo-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-4-
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methylpiperidine-4-carboxamide (21b). Compound 21b (92 mg, 78%) was prepared
from 20a (100 mg, 0.52 mmol) and 8b (135 mg, 0.50 mmaol) in the same manner as
described for 21a.*H NMR (500 MHz, DMSO-dg) 6 11.35 (s, 1H), 8.55 (s, 1H), 7.40—
7.37 (m, 3H), 7.34-7.31 (m, 2H), 5.26-5.25 (s, 2H), 4.76 (s, 2H), 4.07-4.02 (m, 2H),
3.58-3.52 (m, 2H), 2.16-2.10 (m, 2H), 2.02-1.97 (m, 1H), 1.59-1.53 (m, 2H), 1.18 (s,
3H). 3C NMR (126 MHz, DMSO-ds) 6 176.41, 170.71, 167.67, 161.37, 143.26, 130.72,
129.62, 128.66, 128.51, 117.45, 108.14, 92.90, 69.87, 57.86, 44.72, 42.19, 33.16, 23.14.
MS (ESI) m/z: 453.2 [M — H]". HRMS (ESI) m/z calcd for C22H21N4OsS ([M — H]")
453.1238, found: 453.12309.
N-(Benzylsulfonyl)-1-(3-cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-
2yl)azetidine-3-carboxamide (21c). Compound 21c (75 mg, 70%) was prepared from
20a (50 mg, 0.26 mmol) and 8c (72 mg, 0.28 mmol ) in the same manner as described
for 21a. *H NMR (500 MHz, DMSO-ds) J 11.84 (s, 1H), 8.50 (s, 1H), 7.41-7.33 (m,
5H), 5.26 (s, 2H), 4.75 (s, 2H), 4.51-4.38 (m, 4H), 3.59 (ddd, J = 14.5, 8.9, 5.7 Hz, 1H).
13C NMR (126 MHz, DMSO-dg) 6 171.52, 171.29, 167.92, 160.19, 141.83, 130.73,
128.99, 128.72, 128.60, 116.58, 107.41, 90.11, 69.80, 57.66, 33.96, 28.96. MS (ESI)
m/z: 413.2 [M + H]*. HRMS (ESI) m/z calcd for Ci9 H17N4OsS ([M + H]*) 413.0914,
found 413.0922.
N-(Benzylsulfonyl)-1-(3-cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-

yl)pyrrolidine-3-carboxamide (21d). Compound 21d (90 mg, 71%) was prepared
from 20a (58 mg, 0.30 mmol) and 8d (80 mg, 0.30 mmol) in the same manner as

described for 21a.'H NMR (400 MHz, DMSO-ds) 5 11.89 (s, 1H), 8.53 (s, 1H), 7.40—
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7.35 (m, 3H), 7.30 (dd, J = 6.3, 3.0 Hz, 2H), 5.26 (s, 2H), 4.71 (s, 2H), 3.98-3.80 (m,
4H), 3.22-3.13 (m, 1H), 2.27-2.06 (m, 2H). 3C NMR (126 MHz, DMSO-ds) & 172.50,
171.16, 167.91, 157.83, 143.04, 130.62, 129.14, 128.62, 128.57, 128.52, 117.96, 106.89,
90.90, 69.83, 57.53, 51.16, 48.70, 28.13. MS (ESI) m/z: 425.1 [M — H]". HRMS (ESI)
m/z calcd for C20H17N4OsS ([M — H]") 425.0929, found: 425.0925.
N-(Benzylsulfonyl)-1-(3-cyano-5-oxo-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-4-
methylpiperidine-4-carboxamide (21e). Compound 21e (92 mg, 78%) was prepared
from 20b (100 mg, 0.52 mmol) and 8a (135 mg, 0.50 mmol) in the same manner as
described for 21a.'H NMR (400 MHz, DMSO-ds) J 11.64 (s, 1H), 8.56 (s, 1H), 7.44—
7.36 (m, 3H), 7.33-7.26 (m, 2H), 5.51 (g, J = 6.8 Hz, 1H), 4.70 (s, 2H), 4.58-4.48 (m,
2H), 3.23 (t, J = 12.7 Hz, 2H), 2.68-2.57 (m, 1H), 1.92-1.82 (m, 2H), 1.76-1.60 (m,
2H). *C NMR (126 MHz, DMSO-ds) § 174.11, 173.27, 166.72, 161.51, 143.46, 130.70,
129.07, 128.63, 128.56, 117.37, 107.95, 93.13, 77.39, 57.44, 46.89, 41.26, 27.43, 18.10.
MS (ESI) m/z: 453.2 [M — H]~. HRMS (ESI) m/z calcd for CooH21N4OsS ([M — H])
453.1238, found: 453.1236.
N-(Benzylsulfonyl)-1-(3-cyano-7-methyl-5-oxo-5,7-dihydrofuro[3,4-b]pyridin-

2-yl)azetidine-3-carboxamide (21f). Compound 21f (123 mg, 76%) was prepared
from 20b (80 mg, 0.38 mmol) and 8c (98 mg, 0.38 mmol) in the same manner as
described for 21a. *H NMR (400 MHz, DMSO-ds) 6 11.86 (s, 1H), 8.50 (s, 1H), 7.41—
7.32 (m, 5H), 5.50 (g, J = 6.8 Hz, 1H), 4.76 (s, 2H), 4.62-4.28 (m, 4H), 3.64-3.53 (m,
1H), 1.51 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, DMSO-dg) § 174.09, 171.28, 166.98,

160.26, 142.00, 130.74, 129.00, 128.70, 128.59, 116.56, 107.04, 90.25, 77.25, 57.67,
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33.95, 18.22. MS(ESI) m/z: 425.1 [M — H]". HRMS (ESI) m/z calcd for C2oHi17N4OsS
(IM — HJ") 425.0925, found: 425.0927.
N-(Benzylsulfonyl)-1-(3-cyano-7-methyl-5-oxo-5,7-dihydrofuro[3,4-b]pyridin-
2-yl)pyrrolidine-3-carboxamide (21g). Compound 21g (91 mg, 69%) was prepared
from 20b (62 mg, 0.30 mmol) and 8d (80 mg, 0.30 mmol) in the same manner as
described for 21a. *H NMR (400 MHz, DMSO-dg) § 11.89 (s, 1H), 8.51 (d, J = 1.8 Hz,
1H), 7.42-7.33 (m, 3H), 7.33-7.26 (m, 2H), 5.50 (qd, J = 6.8, 2.6 Hz, 1H), 4.72 (s, 2H),
4.00-3.79 (m, 4H), 3.22-3.12 (m, 1H), 2.27-2.06 (m, 2H), 1.52 (dd, J = 6.8, 2.4 Hz,
3H). 13C NMR(126 MHz, DMSO-dg) 6 173.72, 172.44, 166.97, 157.87, 157.81, 143.23,
130.63, 129.13, 128.62, 128.56, 117.95, 106.52, 91.03, 90.99, 77.28, 57.52, 51.13,
48.70, 18.25, 18.22.MS (ESI) m/z: 439.1 [M — H]". HRMS (ESI) m/z calcd for
C21H19N40sS ([M — H]") 439.1082, found: 439.1080.
N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-5-oxo-5,7-dihydrofuro|[3,4-

b]pyridin-2-yl)piperidine-4-carboxamide (22a). Compound 22a (75 mg, 67%) was
prepared from 20a (50 mg, 0.24 mmol) and 11a (89 mg, 0.29 mmol) in the same manner
as described for 21a. *H NMR (400 MHz, DMSO-ds) § 12.58 (s, 1H), 8.57 (s, 1H), 7.68
(d, J = 4.1 Hz, 1H), 7.29 (d, J = 4.1 Hz, 1H), 5.26 (s, 2H), 4.47 (d, J = 13.6 Hz, 2H),
3.25 (t, J = 11.4 Hz, 2H), 2.68 (s, 1H), 1.90 (d, J = 9.1 Hz, 2H), 1.59 (dd, J = 20.9, 11.6
Hz, 2H). 3C NMR (126 MHz, DMSO-ds) § 173.35, 170.71, 167.65, 161.51, 143.22,
137.77, 136.60, 133.88, 127.72, 117.34, 108.35, 93.14, 69.88, 46.91, 41.24, 27.23. MS
(ESI) m/z: 465.1 [M — H]". HRMS (ESI) m/z calcd for C1gH14CIN4OsS; [M — H]

465.0100, found: 465.0110.
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N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-5-oxo-5,7-dihydrofuro|3,4-
b]pyridin-2-yl)-4-methylpiperidine-4-carboxamide (22b). Compound 22b (83 mg,
68%) was prepared from 20a (100 mg, 0.48 mmol) and 11b (154 mg, 0.48 mmol) in
the same manner as described for 21a. *H NMR (500 MHz, DMSO-dg) 6 12.31 (s, 1H),
8.53 (s, 1H), 7.68 (d, J = 3.9 Hz, 1H), 7.27 (d, J = 4.1 Hz, 1H), 5.24 (s, 2H), 4.04 (dd,
J=9.8, 5.6 Hz, 2H), 3.52-3.46 (m, 2H), 2.13-2.08 (m, 2H), 1.60-1.53 (m, 2H), 1.20
(s, 3H). 3C NMR (126 MHz, DMSO-dg) 6 175.83, 170.69, 167.65, 161.34, 143.22,
133.85, 129.62, 127.63, 117.41, 108.16, 92.93, 69.86, 44.74, 42.22, 33.14, 23.04.MS
(ESI) m/z: 479.1 [M — H]". HRMS (ESI) m/z calcd for C19H16CIN4OsS2 ([M — H])
479.0252, found: 479.0246.

N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-5-o0xo-5,7-dihydrofuro|[3,4-
b]pyridin-2-yl)azetidine-3-carboxamide (22c). Compound 22c (56 mg, 62%) was
prepared from 20a (40 mg, 0.21 mmol) and 11c (70 mg, 0.25 mmol) in the same manner
as described for 21a. *H NMR (500 MHz, DMSO-ds) & 8.47 (s, 1H), 7.70 (d, J = 4.1
Hz, 1H), 7.29 (d, J = 4.1 Hz, 1H), 5.22 (s, 2H), 4.56-4.44 (m, 2H), 4.39-4.28 (m, 2H),
3.64 (ddd, J=11.3, 9.0, 5.8 Hz, 1H). **C NMR (126 MHz, DMSO-ds) 6 171.46, 170.81,
167.90, 160.22, 141.77, 137.74, 136.65, 133.98, 127.75, 116.55, 107.40, 90.15, 69.77,
34.10. MS (ESI) m/z:436.9 [M — H] . HRMS (ESI) m/z calcd for C16H11N4OsCIS; ([M
— H]") 436.9776, found: 436.9783.

N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-7-methyl-5-0x0-5,7-
dihydrofuro[3,4-b]pyridin-2-yl)piperidine-4-carboxamide (22d). Compound 22d

(140 mg, 62%) was prepared from 20b (100 mg, 0.48 mmol) and 11a (148 mg, 0.48
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mmol) in the same manner as described for 21a. *H NMR (400 MHz, DMSO-ds) ¢
12.58 (s, 1H), 8.54 (s, 1H), 7.68 (d, J = 4.1 Hz, 1H), 7.29 (d, J = 4.1 Hz, 1H), 5.49 (q,
J = 6.8 Hz, 1H), 4.54-4.44 (m, 2H), 3.28-3.19 (m, 2H), 2.71-2.63 (m, 1H), 1.91 (dd, J
=13.1, 2.8 Hz, 2H), 1.64-1.53 (m, 2H), 1.50 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz,
DMSO-de) 6 173.73, 167.21, 162.02, 143.91, 138.23, 137.12, 134.41, 128.23, 117.83,
108.45, 93.66, 77.88, 47.33,41.74, 27.71, 18.58. MS (ESI) m/z: 479.0 [M — H]". HRMS
(ESI) m/z calcd for C19H16CIN4OsS, ([M — H]Y) 479.0256, found: 479.0259.
N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-7-methyl-5-0xo0-5,7-
dihydrofuro[3,4-b]pyridin-2-yl)azetidine-3-carboxamide (22e). Compound 22¢ (82
mg, 65%) was prepared from 20b (60 mg, 0.28 mmol) and 11c (81 mg, 0.32 mmol) in
the same manner as described for 21a. *H NMR (400 MHz, DMSO-ds) 6 8.45 (s, 1H),
7.54 (d, J = 4.0 Hz, 1H), 7.18 (d, J = 4.0 Hz, 1H), 5.47 (g, J = 6.7 Hz, 1H), 4.64-4.18
(m, 4H), 3.56-3.46 (m, 1H), 1.48 (d, J = 6.8 Hz, 3H). 3C NMR (126 MHz, DMSO-ds)
o 17411, 167.00, 160.22, 141.96, 126.99, 116.60, 106.79, 90.08, 77.22, 45.76,
34.87,18.21. MS(ESI) m/z:451.0 (M — H]). HRMS (ESI) m/z calcd for
C17H12CIN4OsS2[M — H] ~ 450.9943, found: 450.9945.
N-(Benzylsulfonyl)-1-(3-cyano-5-o0xo-7,8-dihydro-5H-pyrano[4,3-b]pyridin-2-

yl)piperidine-4-carboxamide (33a). Compound 33a (30 mg, 74%) was prepared from
32 (78 mg, 0.37 mmol) and 8a (29 mg, 0.11 mmol) in the same manner as described for
21a.'H NMR (500 MHz, DMSO-ds) 5 11.61 (s, 1H), 8.35 (s, 1H), 7.44-7.37 (m, 3H),
7.32-7.27 (m, 2H), 4.70 (s, 2H), 4.58-4.53 (m, 2H), 4.52 (t, J = 6.1 Hz, 2H), 3.20 (dd,

J=18.5, 6.7 Hz, 2H), 3.04 (t, J = 6.1 Hz, 2H), 2.61 (ddd, J = 11.1, 9.4, 3.7 Hz, 1H),
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1.86 (dd, J = 12.8, 2.5 Hz, 2H), 1.71-1.61 (m, 2H). *C NMR (126 MHz, DMSO-ds) &
174.11, 163.08, 162.95, 159.05, 146.39, 130.70, 129.06, 128.64, 128.57, 117.36, 110.54,
90.93, 65.73, 57.44, 46.40, 41.35, 30.61, 27.47. MS (ESI) m/z: 453.2 [M — H]". HRMS
(ESI) m/z caled for lon Formula C23H23N404S ([M — H]") 453.1238, found: 453.1243.
N-(Benzylsulfonyl)-1-(3-cyano-5-o0xo0-7,8-dihydro-5H-pyrano[4,3-b]pyridin-2-
yl)azetidine-3-carboxamide (33b). Compound 33b (123 mg, 76%) was prepared from
32 (50 mg, 0.24 mmol) and 8b (67 mg, 0.26 mmol) in the same manner as described
for 21a. 'H NMR (400 MHz, DMSO-ds) J 11.85 (s, 1H), 8.33 (s, 1H), 7.42-7.37 (m,
3H), 7.36-7.31 (m, 2H), 4.75 (s, 2H), 4.50 (t, J = 6.0 Hz, 2H), 4.48-4.28 (m, 4H), 3.62—
3.52 (m, 1H), 3.03 (t, J = 6.0 Hz, 2H). 3C NMR (126 MHz, DMSO-ds) § 171.37, 163.90,
163.14, 158.44, 144.91, 130.72, 129.01, 128.71, 128.59, 116.45, 109.91, 88.50, 65.59,
57.66, 33.99, 30.54. MS (ESI) m/z: 425.1 [M — H]~. HRMS (ESI) m/z calcd for
C20H17N40sS ([M — H]") 425.0925, found: 425.0927.
N-(Benzylsulfonyl)-1-(3-cyano-5-0xo-7,8-dihydro-5H-pyrano[4,3-b]pyridin-2-

yl)pyrrolidine-3-carboxamide (33c). Compound 33c (118 mg, 73%) was prepared
from 32 (78 mg, 0.37 mmol) and 8c (100 mg, 0.73 mmol) in the same manner as
described for 21a. *H NMR (400 MHz, DMSO-ds) 6 11.87 (s, 1H), 8.32 (s, 1H), 7.42—
7.35 (m, 3H), 7.30 (dd, J = 6.5, 2.8 Hz, 2H), 4.73 (s, 2H), 4.51 (t, J = 6.0 Hz, 2H), 3.98—
3.78 (M, 4H), 3.03 (t, J = 6.0 Hz, 2H), 2.25-2.05 (m, 2H), 2.03-1.95 (m, 1H). 3C NMR
(126 MHz, DMSO-ds) 0 172.91, 163.92, 163.67, 156.41, 146.62, 131.13, 129.51,
129.17, 129.09, 118.37, 109.85, 89.67, 66.15, 58.03, 51.32, 48.77, 31.15.MS (ESI) m/z:

439.1 [M — H]". HRMS (ESI) m/z calcd for lon Formula C21H19N4OsS ([M — H]")
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439.1082, found: 439.1086.
N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-5-oxo-7,8-dihydro-5H-
pyrano[4,3-b]pyridin-2-yl)piperidine-4-carboxamide (34a). Compound 37a (91 mg,
79%) was prepared from 32 (50 mg, 0.24 mmol) and 11a (89 mg, 0.29 mmol) in the
same manner as described for 21a. 'H NMR (400 MHz, DMSO-ds) 6 12.57 (s, 1H),
8.34 (s, 1H), 7.67 (d, J = 4.1 Hz, 1H), 7.29 (d, J = 4.1 Hz, 1H), 4.54-4.48 (m, 4H),
3.24-3.15 (m, 2H), 3.02 (t, J = 6.1 Hz, 2H), 2.66 (tt, J = 11.4, 4.0 Hz, 1H), 1.89 (dd, J
= 13.2, 2.6 Hz, 2H), 1.61-1.49 (m, 2H). °C NMR (126 MHz, DMSO-ds) & 173.36,
163.05, 162.93, 159.06, 146.35, 133.87, 127.72, 117.32, 110.54, 90.97, 65.71, 46.35,
41.35, 30.58, 27.26.MS (ESI) m/z: 479.0 [M — H]". HRMS (ESI) m/z calcd for
C19H16CIN4OsS; ([M — H] ") 479.0258, found: 479.0256.
N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-5-oxo-7,8-dihydro-5H-
pyrano[4,3-b]pyridin-2-yl)azetidine-3-carboxamide (34b). Compound 34b (140 mg,
82%) was prepared from 32 (80 mg, 0.38 mmol) and 11c (108 mg, 0.38 mmol) in the
same manner as described for 21a.*H NMR (400 MHz, DMSO-dg) ¢ 8.28 (s, 1H), 7.59
(d, J = 4.0 Hz, 1H), 7.22 (d, J = 4.1 Hz, 1H), 4.47 (t, J = 6.0 Hz, 2H), 4.45-4.22 (m,
4H), 3.10 (td, J = 11.9, 7.1 Hz, 1H), 2.99 (t, J = 6.0 Hz, 2H). 3C NMR (126 MHz,
DMSO-ds) 6 172.21, 163.87, 163.13, 158.43, 144.86, 139.86, 135.19, 132.51, 127.24,
116.47, 109.74, 88.39, 65.56, 45.74, 34.64, 30.52. MS (ESI) m/z: 451.0 [M — H]".
HRMS (ESI) m/z calcd for C17H12CIN4OsS, ([M — H] ") 450.9943, found: 450.9948.
N-(Benzylsulfonyl)-1-(3-cyano-5-0x0-5,6,7,8-tetrahydroquinolin-2-

yl)piperidine-4-carboxamide (40a). A suspension of 39a (30 mg, 0.15 mmol), 8a (49

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

mg 0.17 mmol), and DIPEA (19 mg, 0.44 mmol) in EtOH (10 mL) was stirred at 72 <C
for 18 h. The reaction mixture was cooled to rt and poured into a mixture of EtOAc (50
mL) and water (15 mL). The organics were washed with water (3 <15 mL) and brine
(20 mL), dried (Na2SOs4), and concentrated to afford the crude material. The crude was
purified by chromatography on silica gel with dichloromethane/methanol (30:1) to
afford 40a as a white solid (60 mg, 74%) . *H NMR (600 MHz, DMSO-ds) ¢ 11.61 (s,
1H), 8.25 (s, 1H), 7.42-7.37 (m, 3H), 7.29 (dd, J = 7.4, 1.8 Hz, 2H), 4.69 (s, 2H), 4.54
(d, J = 13.4 Hz, 2H), 3.19-3.13 (m, 2H), 2.90 (t, J = 6.1 Hz, 2H), 2.62-2.58 (m, 1H),
2.57-2.52 (m, 2H), 2.04-2.00 (m, 2H), 1.85 (dd, J = 13.0, 2.6 Hz, 2H), 1.64 (ddd, J =
15.5, 12.7, 3.8 Hz, 2H). 3C NMR (126 MHz, DMSO-ds) § 194.26, 174.18, 167.33,
158.64, 143.75, 130.70, 129.09, 128.63, 128.56, 118.86, 117.68, 90.64, 57.44, 46.36,
41.45, 37.40, 32.46, 27.48, 20.88. MS (ESI) m/z: 451.2 [M — H]". HRMS (ESI) m/z

calcd for C23H23N404S ([M — H]") 451.1445, found 451.1446.

N-(Benzylsulfonyl)-1-(3-cyano-6-fluoro-5-o0xo-5,6,7,8-tetrahydroquinolin-2-
yl)piperidine-4-carboxamide (40b). Compound 40b (51 mg, 61.4%) was prepared
from 39b (40 mg, 0.18 mmol) and 8a (60 mg, 0.27 mmol) in the same manner as
described for 40a. *H NMR (500 MHz, DMSO-dg) § 11.60 (s, 1H), 8.31 (s, 1H), 7.42—
7.35 (m, 3H), 7.32-7.25 (m, 2H), 5.32 (dd, J = 12.4, 5.3 Hz, 1H), 4.68 (s, 2H), 4.59—
4.50 (m, 2H), 3.18 (t, J = 12.5 Hz, 2H), 3.14-3.08 (m, 1H), 2.95 (ddd, J = 17.7, 7.9, 4.1
Hz, 1H), 2.63-2.55 (m, 1H), 2.27-2.15 (m, 2H), 2.02-1.94 (m, 1H), 1.85 (dd, J = 13.0,
2.4 Hz, 2H), 1.63 (ddd, J = 15.2, 13.1, 3.8 Hz, 2H). 3C NMR (126 MHz, DMSO-ds) J

189.64, 189.51, 174.11, 166.00, 158.58, 144.58, 130.70, 129.07, 128.64, 128.57, 117.46,
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117.16, 90.91, 89.44, 57.45, 46.36, 46.32, 41.36, 30.21, 30.12, 27.49. MS (ESI) m/z:
469.1[M — H]". HRMS (ESI) m/z calcd for C23H22FN4O4S [M — H]™ 469.1351, found
469.1355.
N-(Benzylsulfonyl)-1-(6-chloro-3-cyano-5-0x0-5,6,7,8-tetrahydroquinolin-2-

yl)piperidine-4-carboxamide (40c). Compound 40c (61 mg, 62%) was prepared from
39b (50 mg, 0.21 mmol) and 8a (65 mg, 0.23 mmol) in the same manner as described
for 40a. 'H NMR (500 MHz, DMSO-ds) & 11.62 (s, 1H), 8.35 (s, 1H), 7.43-7.37 (m,
3H), 7.31-7.27 (m, 2H), 4.97 (dd, J = 8.7, 4.1 Hz, 1H), 4.69 (s, 2H), 4.61-4.55 (m, 2H),
3.24-3.16 (m, 2H), 3.03 (t, J = 6.1 Hz, 2H), 2.65-2.60 (m, 1H), 2.37-2.29 (m, 1H),
1.99 (dt, J = 12.6, 7.1 Hz, 1H), 1.86 (dd, J = 12.9, 2.7 Hz, 2H), 1.65 (qd, J = 12.5, 3.7
Hz, 2H). *C NMR (126 MHz, DMSO-ds) 6 187.34, 174.15, 166.00, 158.49, 145.18,
130.72, 128.66, 128.59, 117.45, 116.65, 91.11, 59.60, 57.43, 46.37, 46.31, 41.39, 30.27,
29.97, 27.52. MS(ESI) m/z; 48525 [M — H]. HRMS (ESI) m/z calcd for

CasH22CIN4O4S ([M — H]") 485.1056, found: 485.1054.

N-(Benzylsulfonyl)-1-(3-cyano-5-0x0-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-2-
yl)piperidine-4-carboxamide (45a). To a solution of 44 (44 mg, 0.09 mmol) in EtOH
(10 mL) was add ammonium hydroxide (0.3 mL) dropwise at 0 <C. The resulting
solution was stirred for 5 h at room temperature then evaporated. The residue was
purified by silica gel chromatography with dichloromethane/methanol (20:1) to yield
45a (29 mg, 75.7%) as a white solid. *H NMR (400 MHz, DMSO-dg) ¢ 11.63 (s, 1H),
8.56 (s, 1H), 8.30 (s, 1H), 7.40 (dd, J = 4.9, 2.2 Hz, 3H), 7.29 (dd, J = 7.2, 2.2 Hz, 2H),

4.68 (s, 2H), 4.38 (d, J = 13.6 Hz, 2H), 4.33 (s, 2H), 3.13 (t, J = 11.6 Hz, 2H), 2.55 (dd,
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J=19.1, 7.6 Hz, 1H), 1.84 (d, J = 10.4 Hz, 2H), 1.68 (dd, J = 21.2, 11.8 Hz, 2H). 1*C
NMR (126 MHz, DMSO-ds) 6 168.75, 167.63, 162.10, 140.56, 131.17, 128.96, 128.91,
118.34, 116.93, 93.26, 57.87, 47.82, 47.32, 42.30, 28.10. MS (ESI) m/z: 438.2 [M — HJ".

HRMS (ESI) m/z calcd for C2:H20Ns04S ([M — H]") 438.1241, found: 438.1247.

N-(Benzylsulfonyl)-1-(3-cyano-6-methyl-5-o0x0-6,7-dihydro-5H-pyrrolo[3,4-
b]pyridin-2-yl)piperidine-4-carboxamide (45b). Compound 45b (31 mg, 68.9%) was
prepared from 44 (50 mg, 0.10 mmol) in the same manner as described for 45a. H
NMR (500 MHz, DMSO-ds) 6 11.61 (s, 1H), 8.28 (s, 1H), 7.43-7.38 (m, 3H), 7.30 (dd,
J=7.3,1.9Hz, 2H), 4.69 (s, 2H), 4.41 (s, 2H), 4.38 (d, J = 13.4 Hz, 2H), 3.17-3.10 (m,
2H), 3.03 (s, 3H), 2.61-2.55 (m, 1H), 1.85 (dd, J = 12.9, 2.6 Hz, 2H), 1.73-1.64 (m,
2H). *C NMR (126 MHz, DMSO-dg) § 174.78, 166.54, 165.28, 161.97, 140.08, 131.19,
129.60, 129.11, 129.06, 118.28, 116.93, 93.22, 57.94, 53.39, 47.76, 41.95, 29.23, 27.95.
MS (ESI) m/z: 452.2 [M — H] . HRMS (ESI) m/z calcd for lon Formula C22H22N504S
([M — H]") 452.1398, found: 452.1392.

1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-
((difluoro(phenyl)methyl)sulfonyl)piperidine-4-carboxamide (51a) A mixture of 50
(200 mg, 0.35 mmol), EDCI (87 mg, 0.46 mmol, and HOBT (62 mg, 0.46 mmol) in
DCM (5 mL) wasstirred at rt for 30 min. 49a (72 mg, 0.35 mmol) and DIPEA (225 mg,
1.75 mmol) were added, and the reaction mixture was stirred at rt for 16 h. The mixture
was diluted with DCM (60 mL), washed with NH4ClI (2 <40 mL, saturated, aq solution)
and brine (40 mL), dried (MgSOa), and concentrated. The crude material was purified

purified by silica gel chromatography with dichloromethane/methanol (20:1) to yield
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51a (96 mg, 58%) as a white solid. *H NMR (500 MHz, DMSO-ds) ¢ 8.53 (s, 1H), 7.61
(d, J = 7.2 Hz, 3H), 7.52 (d, J = 6.8 Hz, 2H), 5.25 (s, 2H), 4.45-4.38 (m, 2H), 3.18—
3.10 (m, 2H), 2.01 (ddd, 1H), 1.88-1.83 (m, 2H), 1.62-1.55 (m, 2H). 3C NMR (126
MHz, DMSO-ds) ¢ 170.78, 167.71, 161.39, 143.27, 131.54, 129.63, 128.27, 127.04,
126.99, 126.95, 117.44, 108.09, 92.86, 69.89, 53.57, 47.23, 41.81, 28.11. MS (ESI) m/z:
475.2 [M —H]". HRMS (ESI) m/z calcd for C21H17F2N4OsS ([M — H]") 475.0893, found:
475.0898.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((1-
phenylethyl)sulfonyl)piperidine-4-carboxamide (51b). Compound 51b (81 mg, 73%)
was prepared from 50 (70.5 mg, 0.25 mmol) and 49c¢ (50 mg, 0.27 mmol) in the same
manner as described for 51a. *H NMR (500 MHz, DMSO-ds) ¢ 11.57 (s, 1H), 8.56 (s,
1H), 7.41-7.38 (m, 3H), 7.38-7.34 (m, 2H), 5.26 (s, 2H), 4.80 (g, J = 7.2 Hz, 1H),
4.51-4.45 (m, 2H), 3.25-3.18 (m, 2H), 2.58 (ddd, J = 11.2, 7.0, 4.2 Hz, 1H), 1.93-1.85
(m, 2H), 1.78-1.70 (m, 2H), 1.67 (d, J = 7.2 Hz, 3H). 3C NMR (126 MHz, DMSO-ds)
o 173.94, 170.74, 167.66, 161.47, 143.27, 134.23, 129.10, 128.78, 128.50, 117.37,
108.33, 93.07, 69.89, 61.66, 46.94, 46.90, 41.21, 27.58, 27.22, 14.68. MS (ESI) m/z:
453.3 [M — H]". HRMS (ESI) m/z calcd for C22H22N4O0sS ([M — H]") 453.1235, found:
453.1238.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((1-

phenylcyclopropyl)sulfonyl)piperidine-4-carboxamide (51c). Compound 51c (106
mg, 63%) was prepared from 50 (100 mg, 0.35 mmol) and 49¢ (70 mg, 0.35 mmol) in

the same manner as described for 51a. *H NMR (500 MHz, CDCls) ¢ 8.21-8.17 (m,
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1H), 7.49 (d, J = 4.2 Hz, 2H), 7.41-7.34 (m, 3H), 5.11 (s, 2H), 4.67—4.56 (m, 2H), 3.29—
3.19 (m, 2H), 2.45 (m, 1H), 2.10-2.00 (m, 4H), 1.92-1.79 (m, 4H). 3C NMR (126
MHz, CDCls) 6 172.13, 170.29, 167.78, 161.82, 143.15, 133.86, 131.89, 129.59, 128.73,
117.15, 109.11, 93.89, 70.00, 47.26, 45.59, 42.03, 27.88, 13.64. MS (ESI) m/z: 465.3
[M — H]". HRMS (ESI) m/z calcd for C23H21N4OS ([M — H]") 465.1238, found:
465.1240.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((2-
fluorobenzyl)sulfonyl)piperidine-4-carboxamide (58a). Compound 58a (50 mg,
57%) was prepared from 20a (40 mg, 0.20 mmol) and 57a (60 mg, 0.20 mmol) in the
same manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.74 (s, 1H),
8.55 (s, 1H), 7.48-7.36 (m, 2H), 7.29-7.22 (m, 2H), 5.25 (s, 2H), 4.74 (s, 2H), 4.51 (d,
J = 13.4 Hz, 2H), 3.27-3.20 (m, 2H), 2.64 (ddd, J = 10.7, 9.2, 3.4 Hz, 1H), 1.93-1.86
(m, 2H), 1.73-1.64 (M, 2H). 3C NMR (126 MHz, DMSO-ds) 6 174.47, 171.25, 169.50,
168.16, 161.98, 143.77, 133.85, 131.67, 125.15, 117.88, 116.90, 116.17, 108.84, 93.58,
70.39, 51.61, 47.45, 41.83, 27.87. MS (ESI) m/z: 457.2 [M — H]". HRMS (ESI) m/z
calcd for C21H18FN4OsS ([M — H]") 457.0987, found: 457.0986.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((3-

fluorobenzyl)sulfonyl)piperidine-4-carboxamide (58b). Compound 58b (60 mg,
66%) was prepared from 20a (40 mg, 0.20 mmol) and 57b (60 mg, 0.20 mmol) in the
same manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.68 (s, 1H),
8.55 (s, 1H), 7.48-7.42 (m, 1H), 7.26-7.21 (m, 1H), 7.15-7.09 (M, 2H), 5.25 (s, 2H),

4.74 (s, 2H), 4.49 (d, J = 13.5 Hz, 2H), 3.26-3.19 (m, 2H), 2.64-2.57 (m, 1H), 1.89—
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1.81 (m, 2H), 1.71-1.61 (m, 2H). 3C NMR (126 MHz, DMSO-ds) 6 174.57, 171.23,
168.15, 161.98, 143.77,131.12, 131.05, 127.37, 117.97, 117.87, 116.17, 116.01, 108.86,
93.59, 70.39, 57.42, 47.41, 41.73,27.89. MS (ESI) m/z: 457.3[M — H] . HRMS (ESI)
m/z calcd for C21H18FN4OsS ([M — H]") 457.0987, found: 457.0987.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((4-
fluorobenzyl)sulfonyl)piperidine-4-carboxamide (58c). Compound 58c (52 mg,
74%) was prepared from 20a (30 mg, 0.16 mmol) and 57¢ (50 mg, 0.17 mmol) in the
same manner as described for 21a. *H NMR (400 MHz, DMSO-ds) ¢ 11.66 (s, 1H),
8.59 (s, 1H), 7.36 — 7.30 (m, 2H), 7.25 (t, J = 8.7 Hz, 2H), 5.27 (s, 2H), 4.71 (s, 2H),
4.52 (d, J = 11.6 Hz, 2H), 3.23 (t, J = 12.3 Hz, 2H), 2.03 — 1.96 (m, 1H), 1.91 — 1.84
(m, 2H), 1.73 - 1.62 (m, 2H). 3C NMR (126 MHz, DMSO-ds) § 174.63, 171.23, 168.16,
163.78, 161.97, 143.76, 133.33, 133.26, 125.92, 117.88, 116.08, 115.91, 108.82, 93.57,
70.39, 57.07, 47.44, 41.76, 27.94. MS (ESI) m/z: 457.2 [M — H]". HR MS (ESI) m/z
calcd for C21H19N4OsS ([M — H] ") 457.0982, found: 457.0987.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((2,4-

difluorobenzyl)sulfonyl)piperidine-4-carboxamide (58d). Compound 58d (83 mg,
68%) was prepared from 20a (50 mg, 0.26 mmol) and 57d (100 mg, 0.31 mmol) in the
same manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.77 (s, 1H),
8.57 (s, 1H), 7.47 (dd, J = 15.2, 8.5 Hz, 1H), 7.37-7.32 (m, 1H), 7.20-7.15 (m, 1H),
5.27 (s, 2H), 4.74 (s, 2H), 4.58-4.45 (m, 2H), 3.29-3.20 (m, 2H), 2.65 (ddd, J = 10.4,
9.0, 3.8 Hz, 1H), 1.96-1.86 (m, 2H), 1.75-1.64 (m, 2H). *C NMR (126 MHz, DMSO-

de) 0 188.64, 173.99, 170.74, 167.66, 161.49, 143.28, 134.52, 129.62, 127.87, 117.38,
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112.92, 112.04, 108.35, 105.51, 104.14, 93.09, 69.89, 50.69, 46.95, 41.35, 27.37. MS
(ESI) m/z: 475.2[M — H]". HRMS (ESI) m/z calcd for CaiHi7FaN4OsS ([M — H])
475.0893, found: 475.0889.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((4-
(trifluoromethyl)benzyl)sulfonyl)piperidine-4-carboxamide (58e). Compound 58e
(87 mg, 75%) was prepared from 20a (44 mg, 0.23 mmol) and 57e (80 mg, 0.23 mmol)
in the same manner as described for 21a. 'H NMR (500 MHz, DMSO-ds) ¢ 11.69 (s,
1H), 8.57 (s, 1H), 7.80 (d, J = 8.1 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 5.26 (s, 2H), 4.85
(s, 2H), 4.52 (d, J = 13.5 Hz, 2H), 3.27-3.21 (m, 2H), 2.67-2.60 (m, 1H), 1.91-1.86
(m, 2H), 1.69 (ddd, J = 15.0, 12.8, 3.5 Hz, 2H). 23C NMR (126 MHz, DMSO-d¢) &
174.16,170.74,167.66, 161.50, 143.27, 133.85, 131.62, 125.48, 125.45, 117.38, 108.35,
93.10, 69.89, 56.93, 46.94, 41.26, 27.42. MS (ESI) m/z: 507.1 [M — H]". HRMS (ESI)
m/z calcd for C22H18F3N4OsS ([M — H]") 507.0945, found: 507.0943.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((4-

cyanobenzyl)sulfonyl)piperidine-4-carboxamide (58f). Compound 58f (50 mg, 44%)
was prepared from 20a (50 mg, 0.26 mmol) and 57f (95 mg, 0.31 mmol) in the same
manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.72 (s, 1H), 8.57 (s,
1H), 7.90 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 5.27 (s, 2H), 4.51 (d, J = 13.5
Hz, 2H), 3.24 (t, J = 11.5 Hz, 2H), 2.62 (tt, J = 11.1, 4.0 Hz, 1H), 1.88 (dd, J = 13.0,
2.7 Hz, 2H), 1.68 (ddd, J = 15.4, 13.0, 3.8 Hz, 2H). 3C NMR (126 MHz, DMSO-ds) J
174.13,170.74, 167.66, 161.50, 143.27, 134.64, 132.46, 131.71, 118.46, 117.38, 111.45,

108.35, 93.11, 69.89, 57.16, 46.94, 41.28, 27.42. MS (ESI) m/z: 464.1 [M —H]". HRMS
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(ESI) m/z calcd for C22H18NsOsS ([M — H] ) 464.102, found 464.1027.

1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((4-
methylbenzyl)sulfonyl)piperidine-4-carboxamide (58g). Compound 58g (87 mg,
78%) was prepared from 20a (50 mg, 0.25 mmol) and 57g (73 mg, 0.25 mmol) in the
same manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.57 (s, 1H),
8.57 (s, 1H), 7.21 (d, J = 7.9 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 5.27 (s, 2H), 4.64 (s,
2H), 4.54-4.49 (m, 2H), 3.27-3.21 (m, 2H), 2.62 (ddd, J = 11.1, 9.5, 3.9 Hz, 1H), 2.31
(s, 3H), 1.91-1.86 (m, 2H), 1.72-1.66 (m, 2H). 3C NMR (126 MHz, DMSO-ds) &
174.09, 170.74,167.67, 161.48, 143.28, 138.11, 130.58, 129.13, 125.98, 117.39, 108.34,
93.08, 69.90, 57.14, 46.95, 41.22, 39.52, 27.45, 20.73. MS (ESI) m/z: 453.3 [M — H]".
HR MS (ESI) m/z calcd for C22H2N4OsS ([M — H]") 453.1238, found 453.1231.

N-((4-Chlorobenzyl)sulfonyl)-1-(3-cyano-5-oxo-5,7-dihydrofuro[3,4-b]pyridin-
2-yl)piperidine-4-carboxamide (58h). Compound 58h (53 mg, 64%) was prepared
from 20a (33 mg, 0.17 mmol) and 57h (60 mg, 0.19 mmol) in the same manner as
described for 21a. 'H NMR (400 MHz, DMSO-ds) § 11.71 (s, 1H), 8.59 (s, 1H), 7.50 —
7.42 (m, 2H), 7.35 (d, J = 1.6 Hz, 1H), 7.27-7.23 (m, 1H), 5.27 (s, 2H), 4.75 (s, 2H),
4.51 (d, J = 13.1 Hz, 2H), 3.27-3.19 (m, 2H), 2.03-1.95 (m, 1H), 1.89-1.82 (m, 2H),
1.73-1.62 (m, 2H). 3C NMR (126 MHz, DMSO-dg) 6 174.09, 170.74, 167.65, 161.48,
143.27, 133.00, 131.49, 130.48, 130.38, 129.39, 128.64, 117.36, 108.37, 93.11, 69.90,
56.76, 46.91, 41.25, 27.44. MS (ESI) m/z: 473.1 [M — H]". HRMS (ESI) m/z calcd for
C21H18FN4OsS ([M — H] ") 473.0681, found 473.0683.

1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((3,5-
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dichlorobenzyl)sulfonyl)piperidine-4-carboxamide (58i). Compound 58i (50 mg,
42%) was prepared from 20a (45 mg, 0.23 mmol) and 57i (70 mg, 0.24 mmol) in the
same manner as described for 21a. 'H NMR (600 MHz, DMSO-ds) 6 11.76 (s, 1H),
8.56 (s, 1H), 7.69 (s, 1H), 7.33 (s, 2H), 5.26 (s, 2H), 4.78 (s, 2H), 4.51 (d, J = 10.5 Hz,
2H), 3.27-3.22 (m, 2H), 2.68-2.56 (M, 1H), 1.92-1.82 (m, 2H), 1.71- 64 (m, 2H). 13C
NMR (151 MHz, DMSO-de) 0 174.14, 170.80, 167.73, 161.55, 143.33, 134.07, 133.24,
129.41, 128.40, 117.39, 108.47, 93.20, 69.96, 56.29, 46.95, 41.34, 27.50. MS (ESI) m/z:
507.2[M — H]~. HRMS (ESI) m/z calcd for C21H17CIoN4OsS ([M — H]") 507.0302,
found 507.0302.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((2,4-
difluorobenzyl)sulfonyl)-4-methylpiperidine-4-carboxamide (58j). Compound 58j
(63 mg, 55%) was prepared from 20a (50 mg, 0.26 mmol) and 57k (75 mg, 0.24 mmol)
in the same manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.50 (s,
1H), 7.48 (dd, J = 15.2, 8.4 Hz, 1H), 7.34-7.27 (m, 1H), 7.19-7.14 (m, 1H), 5.24 (s,
2H), 4.79 (s, 2H), 4.08-4.02 (m, 2H), 3.64-3.57 (m, 2H), 2.16-2.10 (m, 2H), 1.59-1.54
(m, 2H), 1.21 (s, 3H). 3C NMR (126 MHz, DMSO-ds) § 177.57, 170.72, 167.66,
161.38, 161.34, 143.29, 143.25, 117.45, 108.05, 92.77, 69.86, 45.32, 42.25, 34.07,
24.96. MS (ESI) m/z: 489.1 [M — H]". HRMS (ESI) m/z calcd for Ca2H19F2N4OsS ([M
— H]") 489.1040, found: 489.1039.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-N-((4-

fluorobenzyl)sulfonyl)-4-methylpiperidine-4-carboxamide (58k). Compound 58k

(40 mg, 43%) was prepared from 20a (43 mg, 0.22 mmol) and 57k (60 mg, 0.2 mmol)
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in the same manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.36 (s,
1H), 8.55 (s, 1H), 7.39-7.34 (m, 2H), 7.23 (t, J = 8.8 Hz, 2H), 5.25 (5, 2H), 4.77 (s, 2H),
4.04 (ddd, J = 13.4, 6.0, 3.4 Hz, 2H), 3.60-3.53 (m, 2H), 2.16-2.10 (m, 2H), 1.60-1.53
(m, 2H), 1.19 (s, 3H). 3C NMR (126 MHz, DMSO-ds) § 176.46, 170.70, 167.66,
163.31, 161.39, 143.24, 132.88, 132.81, 125.39, 117.45, 115.53, 115.36, 108.15, 92.93,
69.87, 56.99, 44.71, 42.20, 33.15, 23.09. MS (ESI) m/z: 471.2 [M — H]". HRMS (ESI)
m/z calcd for C2H20FN4OsS ([M — H]") 471.1133, found: 471.1137.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-4-methyl-N-((4-
methylbenzyl)sulfonyl)piperidine-4-carboxamide (58l). Compound 58I (260 mg,
73%) was prepared from 20a (160 mg, 0.81 mmol) and 571 (250 mg, 0.81 mmol) in the
same manner as described for 21a. *H NMR (500 MHz, DMSO-ds) ¢ 11.31 (s, 1H),
8.55 (s, 1H), 7.22-7.17 (m, 4H), 5.26 (s, 2H), 4.71 (s, 2H), 4.08-4.00 (m, 2H), 3.56—
3.48 (m, 2H), 2.28 (s, 3H), 2.16-2.11 (m, 2H), 1.59-1.52 (m, 2H), 1.19 (s, 3H). *C
NMR (126 MHz, DMSO-dg) 6 176.37,170.71, 167.66, 161.38, 143.25, 138.12, 130.61,
129.05, 125.95, 117.44, 108.14, 92.91, 69.87, 57.60, 44.71, 42.19, 33.16, 23.22, 20.70.
MS (ESI) m/z: 467.2[M — H]". HRMS (ESI) m/z calcd for CasH23N4OsS ([M — H])
467.1394, found: 467.1395.
N-((4-Chlorobenzyl)sulfonyl)-1-(3-cyano-5-oxo-5,7-dihydrofuro[3,4-b]pyridin-
2-yl)-4-methylpiperidine-4-carboxamide (58m). Compound 58m (64 mg, 63%) was
prepared from 20a (68 mg, 0.21 mmol) and 57m (40 mg, 0.21 mmol) in the same
manner as described for 21a. *H NMR (500 MHz, DMSO-dg) & 11.39 (s, 1H), 8.56 (s,

1H), 7.47 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 5.26 (s, 2H), 4.79 (s, 2H), 4.08
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—4.00 (M, 2H), 3.60-3.52 (M, 2H), 2.17-2.09 (m, 2H), 1.60—1.54 (m, 2H), 1.19 (s, 3H).
13C NMR (126 MHz, DMSO-dg) 6 171.21, 168.16, 161.91, 143.74, 133.05, 129.04,
117.95, 108.66, 93.45, 70.37, 57.58, 45.21, 42.72, 33.64, 23.59. MS (ESI) m/z: 467.2[M
— H]". HRMS (ESI) m/z calcd for C22H20CIN4OsS ([M — H]") 487.0848, found:
487.0842.
N-((5-Chlorothiophen-2-yl)sulfonyl)-1-(3-cyano-5-0xo0-5,7-dihydrofuro[3,4-
b]pyridin-2-yl)-4-fluoropiperidine-4-carboxamide (61). Compound 6 (60 mg, 0.30
mmol) was added to a solution of 65 (60 mg, 0.19 mmol) and TEA (38 mg, 0.37 mmol)
in DCM (5 mL) at 0 <C, and the reaction mixture was stirred at rt for 2 h. The mixture
was diluted with DCM (30 mL), washed with NaHCO3(2 > 10 mL, saturated, aq
solution) and brine (40 mL), dried (MgSOs ) and concentrated. The crude material was
purified purified by silica gel chromatography with dichloromethane/methanol (20:1)
to yield 61 (50 mg, 56%) as a white solid. *H NMR (500 MHz, DMSO-ds) ¢ 8.56 (s,
1H), 7.25 (d, J = 3.9 Hz, 1H), 7.00 (d, J = 3.9 Hz, 1H), 5.28 (s, 2H), 4.44-4.37 (m, 2H),
3.46-3.40 (m, 2H), 2.17-2.08 (m, 2H), 1.90-1.84 (m, 2H). 3C NMR (126 MHz,
DMSO-ds) 6 174.46, 170.86, 167.72, 161.46, 146.07, 143.24, 130.88, 128.21, 125.79,
117.41, 108.38, 94.00, 93.10, 92.56, 69.95, 44.11, 32.86, 32.68. MS (ESI) m/z:
483.1[M — H]. HRMS (ESI) m/z calcd for C1sH13CIFN4OsS, ([M — H]') 483.0005,
found: 482.9996.
N-(Benzylsulfonyl)-1-(3-cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-4-

fluoropiperidine-4-carboxamide (62a). Compound 62a (92 mg, 78%) was prepared

from 60 (80 mg, 0.26 mmol) and 9 (45 mg, 0.26 mmol) in the same manner as described
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for 61. 'H NMR (400 MHz, DMSO-ds) 6 12.02 (s, 1H), 8.63 (s, 1H), 7.44-7.36 (m,
3H), 7.34-7.26 (m, 2H), 5.29 (s, 2H), 4.76 (s, 2H), 4.51 (d, J = 13.6 Hz, 2H), 3.47-3.39
(m, 2H), 2.27-2.12 (m, 2H), 2.04-1.97 (m, 2H). 3C NMR (126 MHz, DMSO-ds) &
170.72, 167.61, 161.44, 143.27, 130.73, 128.70, 128.59, 117.32, 108.71, 94.08, 93.35,
92.58, 69.93, 57.70, 43.23, 31.37, 31.20. MS (ESI) m/z: 457.2 [M — H]". HRMS (ESI)
m/z calcd for C21H1sFN4OsS ([M — H]") 457.0987, found: 457.0984.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-4-fluoro-N-((1-
phenylethyl)sulfonyl)piperidine-4-carboxamide (62b). Compound 62b (58 mg, 56%)
was prepared from 60 (105 mg, 0.33 mmol) and 49b (61 mg, 0.33 mmol) in the same
manner as described for 61. *H NMR (500 MHz, DMSO-ds) § 11.93 (s, 1H), 8.61 (s,
1H), 7.41-7.36 (m, 5H), 5.28 (s, 2H), 4.85 (q, J = 7.2 Hz, 1H), 4.52-4.45 (m, 2H),
3.45-3.37 (M, 2H), 2.22-2.07 (m, 2H), 2.06-1.96 (M, 2H), 1.69 (d, J = 7.2 Hz, 3H). *C
NMR (126 MHz, DMSO-dg) 6 171.20, 168.10, 161.93, 143.75, 134.35, 129.63, 129.40,
129.04, 117.80, 109.23, 94.56, 93.86, 93.06, 70.42, 62.62, 43.68, 15.22. MS (ESI) m/z:
471.2 [M — H]". HRMS (ESI) m/z calcd for C21H27FN3OsClLS ([M — H]) 471.1145,
found: 471.1137.
1-(3-Cyano-5-0x0-5,7-dihydrofuro[3,4-b]pyridin-2-yl)-4-fluoro-N-((4-

methylbenzyl)sulfonyl)piperidine-4-carboxamide (62c). Compound 62c (60 mg,
69%) was prepared from 60 (60 mg, 0.19 mmol) and 55g (57 mg, 0.28 mmol) in the
same manner as described for 61. *H NMR (500 MHz, DMSO-dg) 6 11.97 (s, 1H), 8.60
(s, 1H), 7.22-7.13 (m, 4H), 5.28 (s, 2H), 4.60 (s, 2H), 4.54-4.43 (m, 2H), 3.48-3.39

(m, 3H), 2.30 (s, 3H), 2.24-2.09 (m, 2H), 2.04-1.94 (m, 2H). 3C NMR (126 MHz,
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DMSO-de) 0 171.44, 170.74, 167.63, 161.42, 143.26, 137.75, 130.56, 128.99, 128.81,
117.34, 108.63, 94.09, 93.28, 92.60, 69.93, 57.23, 45.73, 43.42, 31.70, 31.53, 20.73.
MS (ESI) m/z: 471.2[M — H]". HRMS (ESI) m/z calcd for C22HaoFN4OsS ([M — H)
471.1144, found: 471.1135.

N-((4-Chlorobenzyl)sulfonyl)-1-(3-cyano-5-oxo-5,7-dihydrofuro[3,4-b]pyridin-
2-yl)-4-fluoropiperidine-4-carboxamide (62d). Compound 62d (52 mg, 57%) was
prepared from 60 (60 mg, 0.19 mmol) and 55h (57 mg, 0.28 mmol) in the same manner
as described for 61.*"H NMR (500 MHz, DMSO-ds) 6 8.61 (s, 1H), 7.48 (d, J = 8.2 Hz,
2H), 7.31 (d, J = 8.3 Hz, 2H), 5.28 (s, 2H), 4.75 (s, 2H), 4.51 (d, J = 13.6 Hz, 2H),
3.47-3.40 (m, 2H), 2.25-2.09 (m, 2H), 2.05-1.98 (m, 2H). 3C NMR (126 MHz,
DMSO-ds) 6 170.75, 170.01, 167.66, 161.50, 143.28, 133.60, 132.58, 128.64, 128.06,
117.35, 108.75, 94.16, 93.41, 92.66, 69.96, 56.91, 43.28, 31.45, 31.27. MS (ESI) m/z:
491.2[M — H]". HRMS (ESI) m/z calcd for C21H17CIFN4OsS ([M — H]") 491.0598,
found: 491.0589.

ADP-Induced Human PRP Aggregation Assay.?®3 3% Healthy volunteers that had
not taken aspirin or other nonsteroidal anti-inflammatory drugs for at least two weeks
were recruited, and written informed consent was obtained before blood collection.
Blood samples were collected using 36 mL syringe tubes containing 6 mL of ACD
solution (85 mM sodium citrate, 71.38 mM citric acid and 27.78 mM glucose). The
platelet-rich plasma (PRP) was obtained by centrifugation of the blood at 300 g for 10
min at room temperature. The supernatant PRP was transferred to a fresh tube, and the

remaining portion was centrifuged at 2000 g for 10 min to obtain platelet-poor plasma
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(PPP), which was transferred into another tube for use in the assay. The platelet
aggregation was analyzed using a double-channel aggregometer (Model 400VS,
Chrono-Log, Haverston, PA, USA) with stirring (900 rpm) at 37 <C. The assayed dose-
response concentrations of the test compounds and AZD1283 were 3, 10, 30, 100 and
300 «M in 0.5% DMSO. The aggregometer system was calibrated with PRP (0%
aggregation control = baseline) and PPP (100% aggregation control). Fresh PRP (400
uL) was added to a cuvette and incubated at 37 <C for 1 min with stirring before being
transferred to the aggregometer. The baseline was set using PPP as a blank. The solution
of the test compound (20 x«L) was added to the fresh PRP, and then the mixture was
warmed at 37 <C for 2 min. Platelets were stimulated with adenosine 5-diphosphate (20
pL, 10 pM final concentration; ADP-sodium salt, Aladdin Chemical Co, China).
Platelet aggregation was monitored for 5 min by recording the variations of optical
density according to the method described by G. V. Born.3® The aggregation inhibition
rate was calculated as follows: inhibition rate (%) = [(control tube maximal aggregation
response — test tube maximum aggregation response) / control tube maximum
aggregation response] x100%. The ICso values were calculated by nonlinear regression
using XLfit software. All experiments using human subjects were performed in
accordance with the Declaration of Helsinki and approved by the Institutional Review
Board of Fudan University.

Metabolic Stability Assay. The assay was performed using liver microsomes from
male Sprague—Dawley rats (BD Gentest, USA), dog and humans. The test compounds

(final concentration of 0.1 uM in 0.01% DMSO with 0.005% bovine serum albumin)
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were incubated with live microsomes (0.33 mg/mL in 0.1 M tris(hydroxymethyl)
aminomethane/hydrochloric acid buffer (pH 7.4), cofactor MgCl. (5 mM) and NADPH
(1 mM)) at 37 <C for 60 min. Aliquots were taken at 0, 7, 17, 30 and 60 min, and the
enzymatic reaction was stopped by protein precipitation with methanol. After
centrifugation, the samples were analyzed by LC/MS/MS. The metabolic stability of
the compounds is presented as the in vitro half-life (T1/2), clearance (Clint) and metabolic
bioavailability (MF%) in rat and human liver microsomes as previously described.3* 3°

Rat Pharmacokinetic Studies. The Pharmacokinetic parameters of compounds
AZD-1283, 21a, 22a, 22b, 58I, 58m and 62a were subjected to PK studies on male
Sprague—Dawley rats weighing between (200 and 220 g) with three animals in each
group. The tested compounds (5% DMSO +95% HPMC) were administered orally at a
dose of 5 mg/kg. Serial specimens (0.3 mL) were collected via the retrobulbar vein 0.25
h,0.5h, 1.0 h, 2.0 h, 4.0 h, 8.0 h, and 24h after administration and quantified by liquid
chromatography(LC)/tandem mass spectrometry (MS/MS). Pharmacokinetic
parameters were calculated from the mean plasma concentration by noncompartmental
analysis. The protocol for this study was reviewed and approved by the Institutional
Animal Care and Use Committee of the Shanghai Institute of Materia Medica, Chinese
Academy of Sciences (Shanghai, China).

CYP450 Inhibition Cocktail Assay. Experiments were performed in 96-well plates
with final incubation volume of 100 xL per well. Each well contained human liver
microsomes (20 uL, final concentration 0.3 mg/mL), test compound (50 L) or positive

control inhibitor, and the probe substrates (20 xL, in 0.1 M Tris (pH 7.4)). After a pre-
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incubation at 37 <C for 10 min, the reaction started with the addition of NADPH (10
uL) to make a solution of 1 mM final concentration. The plates were incubated at 37 <C
for 15 min before being quenched by the addition of acetonitrile (100 L) with a mixture
of internal standard (propranolol, nadolol) (50 nM). After the quenching, plates were
centrifuged and supernatants were analyzed by LC/MS/MS. The inhibition rate was
determined at five different concentrations of the test compound. The substrates used
in the assays included phenacetin (CYP1A2), tolbutamide (CYP2C9), mephenytoin
(CYP2C19), dextromethorphan CYP2D6), midazolam (CYP3A4(M)) and testosterone
(CYP3A4 (T)).

hERG K* Channel Inhibition Assay. Whole-cell recordings were performed using
automated QPatch (Sophion). The cells were voltage clamped at a holding potential of
—80 mV. The hERG current was activated by depolarizing at +20 mV for 5 s, after
which the current was brought back to —50 mV and kept for 5 s to remove the
inactivation and to observe the deactivating tail current. The maximum amount of tail
current was used to determine hERG current amplitude. Compound stock solutions (10
or 30 mM in DMSO) were prepared before the experiments. The stock solutions were
diluted to test concentrations upon use. After achieving break-in (whole-cell)
configuration, the cells were recorded for 120 s to assess current stability. The voltage
protocol described above was then applied to the cells every 20 s throughout the whole
procedure. Only stable cells with recording parameters above threshold were allowed
for subsequent drug additions. External solution containing 0.1% DMSO (vehicle) was

applied to the cells to establish the baseline. The current was allowed to stabilize for 3
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min before test compound was added. The cells were kept in the test solution until the
compound’s effect reached a steady state for a minimum of 3 min. Drug washout was
performed with external solution until the recovery of the current reached a steady state.
Cisapride was used as the positive control. Data were analyzed using Assay Software
provided by Sophion, XLFit, or Graphpad Prism 6.0.

Solubility Assay. NaCl (20 mg) and 12 M HCI aqueous solution (70 xL) were mixed
and the mixture was diluted to 10 mL with water to prepare gastric juice (pH = 1.2).
KH2PO4 (68 mg) was dissolved in 2500 L of water followed by the addition of 770 uL
0.2 M NaOH aqueous solution and 5 mL water, 0.2 M NaOH aqueous solution or 0.2
M HCI aqueous solution was used to adjust the pH of mixture to 6.8 =0.1, and the
mixture was diluted to 10 mL with water to prepare intestinal juice. Tested compound
(3 mg) was added to different matrix (500 uL), followed by shaking the mixtures at
37 T for 24 h. Then, the mixtures were centrifuged for 30 min, supernatants were
centrifuged again for 30 min. Finally, supernatants were diluted 1:1 by water and were
centrifuged for 5 min. Analysis carried out by LC/MS/MS.

Rat FeClz Thrombosis Model. The FeCls model was performed based on previous
reports with slight modifications.*®#? Male rats (250—-300 g, n = 10 per dose group)
were acclimatized in the laboratory (room temperature of 22 2 <C and humidity 60%)
at least 7 days, and no abnormal behavior was observed during the adaptation period.
Solutions of compound 21a, 21b, 58I, clopidogrel or vehicle suspended in 0.5%
carboxymethylcellulose sodium (CMC-Na) were administered as single oral doses by

oral gavage at 10 mL/kg. The rats were anesthetized by an intraperitoneal injection of
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2% pentobarbital sodium salt hydrate at a dose of 50 mg/kg and then placed on a heating
pad (to maintain body temperature). A 1.5-cm-long portion of the left carotid artery was
isolated through a neck skin incision, and a 1.0 < 1.5 cm plastic strip catheter was
inserted to protect the nearby tissue. At 1.5 h after drug administration, a strip of filter
paper (0.8 x1.0 cm) saturated with 20% FeCls in water was placed on the anterior of
the carotid artery for 10 min to induce thrombus formation. Thirty minutes after
application of the filter paper, the artery was dissected free. The thrombus was removed,
cleaned in saline, blotted dry, and weighed. All experiments were conducted in
accordance with and approved by the Animal Care and Use Committee of China
Pharmaceutical University (Nanjing, China).

Rat Tail-Bleeding Model. The rat tail-bleeding model as described previously with
minor modifications.*® Male rats (250—300 g, n = 10 per dose group) were acclimatized
in the laboratory (room temperature of 22 £2 <C and humidity 60%) at least 7 days,
and no abnormal behavior was observed during the adaptation period. The rats were
administered 21a, 22a, 22b, 58I, clopidogrel or vehicle by oral gavage. After 1.5 h, they
were anesthetized by intraperitoneal injection of 2% pentobarbital sodium salt hydrate
at a dose of 50 mg/kg for transection. The animals were then placed on a heating pad
(to maintain their body temperature) with their tails straightened. Rat tails were
transected 4-mm from the tip with a scalpel blade and immediately immersed into a 20
mL graduated cylinder filled with 10 mL of saline held at 37 <C. The observation period
was stopped when no additional bloodstains were observed in a period of thirty seconds.

All experiments were conducted in accordance with and approved by the Animal Care
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and Use Committee of China Pharmaceutical University (Nanjing, China).
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B ABBREVIATIONS USED

ADP, adenosine diphosphate; ACS, acute coronary syndrome; aze, azetidinyl;
CYP450, cytochrome P450; CbhzCl, benzyl chloroformate; CLint, intrinsic clearance;

DMF/DMA, N,N-dimethylformamide dimethyl acetal; DMAP, 4-(dimethylamino)-

ACS Paragon Plus Environment

Page 56 of 66


mailto:ysyang@simm.ac.cn

Page 57 of 66

oNOYTULT D WN =

Journal of Medicinal Chemistry

pyridine; DIPEA, N,N-diisopropylethylamine; DTD, 1,3,2-dioxathiolan-2,2-oxide;
EDC, 1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydrochloride; GPCRs, G-
protein coupled receptors; HOBLt, 1-hydroxybenzotria-zole; hPRP, human platelet rich
plasma ; hERG, human ether-&go-go-related gene; HLMs, human liver microsomes;
NCS, N-chlorosuccinimide; pip, piperidinyl; pyr, pyrrolyl; SAR, structure-activity
relationship; SPR, structure-pharmacokinetic relationship; SD, Sprague—Dawley;
TBSCI, tert-butyldimethylsilyl chloride; TBTU, O-(benzotriazol-1-yl)-N,N,N',N'-
tetramethyluronium tetrafluoroborate; TEA, triethylamine; TFA, trifluoroacetate.
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AZD1283

hPRP: IC5,=3.60 uM
Microsomal Stability
ti2 (human) = 65.0 min
ty/2 (rat) = 6.08 min
Rat PK (5 mg/kg, po)
Crmax = 25.9+11.0 ng/mL
AUC,_.= 34.0 + 3.3 ng-h/mL
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