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Abstract

process. Deuterium-labeled vorapaxar was required for the analysis of clinical sample as an internal stand-

Vorapaxar, a novel antagonist of the protease-activated receptor 1 ( PAR-1), can inhibit the clotting

ard. Starting for unlabeled vorapaxar, four-step reactions including hydrolysis, condensation, transesterification and
hydrogen-deuterium exchange were carried out to synthesize [ Dy| vorapaxar effectively for the first time. All
intermediates and final products were confirmed by NMR and high resolution mass spectrometry ( HRMS) . Impor-
tantly, the prepared | Dg] vorapaxar could meet the requirements of sample analysis as the internal standard.

Key words vorapaxar; stable isotope labeling; hydrogen-deuterium exchange; internal standard; PAR-1 antago-

nist; antiplatelet agents
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Table 1 Hydrogen-deuterium exchange of vorapaxar under concentrated D, S0, conditions

H g
D AT
D,S0,(40 eq.) [
[ R _
NHCOOEt D N
D 1a

“NHCOOEt
F 1
F
Entry t/h T7°C Isotope abundance of compound 1a/%
1 16 50 [M*+3]:100;[M +4]:26.7;[M+2]:17.2;[M+5]:4.9;[M+1]:1.5;[M].0.39
2 12 80 [M+3]:100;[M+4]:36.8;[M+2]:15.8;[M+5].:5.3;[M+1]:1.1

Reagents and conditions : Compound 1 (0.4 mmol) ,D,S0, (16 mmol) ;*HRMS (m/z[ M + H] *) of compound 1
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Y4, RN 82% . o BRI B LG W 4

FAAER 0. 25% ARARCHRBIATN (B 1) o i FAMF
FERVIARFRC A IRALIATD L 46 J5URE, B LU S A
A TRER R 3 AR AT AE R R SO IR B IR 0 By
o A THEBRIX AR, AT L R 5 i
BHE =M B 5 TR —# R 8951 2 B kA7 1R 52
e SN A A S 6, AR BRI AE 0. 7% Ze
ARARIC S BEREAT RS e iy =) (P 2) o BT LA
A H W, T AR A B ([ D ] CD,CD,0D)
S A RO AR PR IC CBE (CH;CH,OH ), AT &
BN A G



5549 55 3 1] LA AR BLIA T I B 5 A 297

|
a /"
|

Scheme 1  Synthetic route of [ Dg ] vorapaxar (4)

Reagents and conditions; (a) HCl/AcOH,118 °C,6 h;(b) 4-Nitrophenyl chloroformate (1.2 eq. ) ,TEA (2 eq. ) ,DCM,r.t. ,30 min;(c) Ethanol-

dg (50 eq. ) ,TEA (3 eq. ) ,65°C,1.5h
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Figure 1 HRMS (m/z[ M +H] ") of compound 4
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Figure 2 Synthesis and HRMS (m/z[ M +H] * ) of compound 6

2.3 Dy ]iRF M) A A RAE R Dy ] K4
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N T IHER Dy BAFAE , LUTRARHR B iR,
XA 4 HEAT RIS (B2 2) o 50 C A& A1F
R ER OB 16 h i, L 56. 7% R
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HPLC 2L 99. 47% , i /& bR AL & 4 09 1 T 7
Ko HHE ST MBI, )2 i SR A 2R
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3 GRTRETMEERIE

3.1 ((1R,3aR,4aR,6R,8aR,9S,9aS)-9-( (E)-2-
(5-(3-#[2,4,6-Dy | R ) wbrg2-48 ) TH L) -1-
FHR3-BRK T AR [2,3-c]vkwh-6-K) RA T
B 285 (1a)

AU RO AR R Y (1,0. 2 g,0. 406
mmol) F1[ D, | M AR (1. 625 g, 16.24 mmol ) , N,
PRI IMFAE] 50 °C i 16 h, SO 45 3 5 Rk iR
PRV WORY pH 208, 2R 5 1 A i A LR 4R
(50 mL) , Z< B4, KA FH 2R 201 (50 mL) FRK
W, A A VLA, 435 7K (50 mL) Fiife fn e &
7K (50 mL) P, Jo/K B BREA T8 , ity e 4 ) , ik
WA TS A 2, LA A Tk - LR SR (2: 1) S PERi )
B AR E A 0. 073 g, 7% 36.3% , mp:
124 ~ 125 °C;'H NMR (500 MHz, DMSO-d,) §:
8.89(1H,s,Ar-H) ,8. 12(1H,d, J = 10 Hz,Ar-H) ,
7.55 ~7.53(2H, m, Ar-H,NH) ,7 . 03 (1H,d, J =
10 Hz,Ar-H) ,6.72 ~6.67 (1H,m,C = CH) , 6. 60
(1H,d,J =15 Hz,C = CH) ,4.87 ~4.83 (1H, m,
CH),3.99 ~3.94(2H,m,0CH,CH, ) ,3. 42 (1H,s,
CH),2.68 ~2.65(1H,m,CH),2.38 ~2.31(2H,
m,2 x CH),1.80 ~1.68 (4H, m,2 x CH, ), 1.31
(3H,d,J =5 Hz,CH,),1.20 ~ 1. 18 (2H, m, CH, ,
CH),1.16 ~1.14 (5H, m, OCH, CH,, CH,, CH) ,
1.02 ~0.96 (1H, m, CH,),0.89 ~0.83 (1H, m,
CH,)."” C NMR (125 MHz, DMSO-d,) &:177.92,
164. 13, 162. 19, 155. 92, 154. 46, 147. 75, 139. 58,
139.51,138. 15, 135. 63, 132.91, 131. 35, 131. 29,
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130. 38, 121.88, 76.56, 59.77, 49.46, 48.60,
45.04,41.81,38.34,32.90,31. 44, 30.43,26. 81,
22.19,15.16, HRMS ( ESI) Caled. for C, H,,
D,FN,O, ([M + H] ") m/z:496.269 1, Found:

496.279 4,
gk ;jjg e
H
\ DZSO4(4O €q.)
50 °C,16h
= N N
N

Scheme 2 Synthetic route for [ Dg ] vorapaxar ( 7)
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Figure 3 HRMS (m/z[ M +H] ) of vorapaxar (A) and [ Dg ] vora-

paxar (B)

3.2 (3R,3aS,4S,4aR,7R,8aR,9aR)-7-5 H 4-
((E)2-(5-(3-@ kA )mbre 2-24) O &) 3-F 4
‘S HF[2,3-c]vkvh-1(3H)-EA(2)

150 mL it HJf T AR AR LRy (1,3 g,
6.09 mmol) .#h % (48.0 g,40 mL,1 317 mmol) F
VKSR (20. 98 ¢,20 mL,349 mmol) , %518 H ik
F 118 C W 6 h, W ZE G, [a] i G212 3% fin
T 1 NaHCO, ¥ (100 mL) 3715 pH 21, A
AN (100 mL) ZEBCMR (FLAL™ ), KA
TAHE(60 mL) FRIRAEEL, & A HLAE, TCK R
BRAN T Mo AUk, BV 4 , il TS 3 B o AR
Bk 2.22 g, P22 98.7% ., mp: 112 ~ 113 C;
"H NMR (500 MHz, CDCL,) §:8.69 (1H,s,Ar-H) ,
7.74(1H,d,J =5 Hz,Ar-H) ,7.38 ~7.34(1H, m,
Ar-H),7.29 ~7.27(1H,m,Ar-H) ,7.20 ~7. 18 (2H,
m,Ar-H),7.03 ~7.00(1H, m, Ar-H) ,6.55 ~ 6. 44
(2H,m,2 x C = CH) ,4.67 (1H,s,CH),2. 66 ~
2.61(2H, m,2 x CH),2.31 ~2.26 (2H, m,2 x
CH),1.89 ~1.86(1H,m,CH,),1.81 ~1.79(3H,
m,CH,,CH,),1.36(3H,d,J =5 Hz,CH,),1.23 ~
1.16(1H,m,CH),1. 13 ~0.99(3H,m,CH,,CH),
0.88 ~0.82(2H, m, CH,)."” C NMR (125 MHz,
CDCl,) §:177.91, (164.27, 162.31), 154.13,
148. 11, ( 139.87, 139.80 ), 136.55, 134.89,
133.82, 130.78, ( 130.72, 130.66 ), ( 122.54,
122.52), 121.55, (115.00, 114.83 ), ( 113. 898,
113.71), 76.82, 50.15, 49.07, 45.49, 43.65,
42.22,40.94,38.67,36.45,31.82,30.43,22. 11,
MS(ESI): m/z421.49[M +H] "
3.3 ((1R,3aR,4aR,6R ,8aR,95,9aS)9-((E)-2-
(5-(3-# KA ) mbwe2-08 ) TH AR ) -1-F 2R -3-K
F =R FEIF[2,3-c]rkmph-6-2 ) RIL T B3R AR
B (3)

=S EHPmMALE Y 2(0.5 g, 1. 189 mmol ) ,
TEHE (17 mL) M= Zj%(0.241 ¢,0.331 mL,
2.378 mmol) , R FHIRAWKEIRZE 0 C,
ri] AR IR G Y L R TS (0. 288 g, 1. 427
mmol ) , A5 Ft 28 FE [ 30 min, 2 45 )5,
FNE AR, REICAE 15 5 2, LhAihE- 2 1R 1
(2:1) PRS2 AR AR B 0. 314g, 77 %
37.9% ., mp: 145 ~ 146 °C;'H NMR (500 MHz,
CDCl,) §:8.70 (1H, s, Ar-H),8.16 (2H, d, J =
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5 Hz,Ar-H) ,7.76(1H,d,J =5 Hz,Ar-H) ,7.39 ~
7.35(1H,m,Ar-H) ,7.29(1H,d,J =5 Hz,Ar-H) ,
7.24 ~7.19(4H,m, Ar-H) ,7.04 ~7.01 (1H, m, Ar-
H),6.57 ~6.47(2H,m,2 xC =CH),5.02(1H,d,
J=10Hz,CH),4.69 ~4.66 (1H, m,NH),3.56 ~
3.54(1H,m,CH) ,2.65 ~2.64(1H,m,CH) ,2. 34 ~
2.30(2H,m,2 x CH),2.07 ~2.05(2H, m,CH, ),
1.92~1.87(2H, m,CH,),1.38(3H,d,J =5 Hz,
CH,),1.21 ~1.09(4H, m,CH,,2 x CH),1.02 ~
0.89(2H,m,CH,),"” C NMR (125 MHz,CDCL,) §:
177.72, ( 164.25, 162.30 ), 155.89, 153.85,
152.25, 148.07, 144.75, ( 139.74, 139.68 ),
135.94, 135.03, 133.99, 130.97, ( 130.75,
130.69), 125.10, ( 122.54, 122.51 ), 121.93,
121.86, (115.07, 114.91 ), ( 113.88, 113.71 ),
76.81,50. 17, 48.85,45.24 ,41.99,40.71,39.78,
38.46,32.89,31.57,30. 17,22. 11, MS(ESI) :m/z
586.59[M+H] ",

3.4 ((1R,3aR,4aR,6R,8aR,9S,9aS)9-( (E)-2-
(5-(3-F KA ) mbwe-2-48) TH AL ) -1-F K-3-8A K
=R KSH[2,3-c]kg-6-4&) BAFTER[D; | LB
(4)

B AR A L &9 3(0. 14 g,0.239
mmol) Fl [ D, ] Z M (0.624 g, 0.7 mL, 11.98
mmol) J§HE T 60 Cifig, 285 m H A A =
Z (0. 073 ¢g,0. 100 mL,0. 717 mmol) , B 5P 1E
60 CTFHFER N 1.5 ho Je W 45 5, by i ik
a5 RERAE IS 5, A - PR G BR (12 1) R
VRGNS 2 @A AR E R 0.17 g, 7 3% 82%
mp:125 ~ 126 °C;'H NMR (500 MHz, CDCL,) §:
8.70(1H,d,J =2.5 Hz,Ar-H),7.75 ~7.73 (1H,
m,Ar-H) ,7.39 ~7.34(1H,m,Ar-H) ,7. 28 (1H,d,
J=8 Hz,Ar-H),7.21 ~7.17(2H, m,Ar-H) ,7.04 ~
7.00(1H,m, Ar-H) ,6.56 ~6.51 (1H,m,C = CH),
6.47(1H,d,J=15.5 Hz,C =CH) ,4.69 ~4.63(1H,
m,CH) ,4.46 (1H br. s,NH) ,3.46 (1H,br. s,CH) ,
2.66 ~2.61 (1H,m,CH),2.33 ~2.27 (2H, m,2 x
CH),1.99 ~1.94(2H,m,CH,),1.89 ~1.81(2H,m,
CH,),1.36 (3H,d,J =6.0 Hz,CH,),1.19 ~ 1. 18
(2H,m,CH,,CH),1.07 ~1.00(2H,m, CH,,CH) ,
0.93 ~ 0.85 (2H, m, CH,),” C NMR ( 125 MHz,
CDCL,) §&: 177.72, (164.25, 162.29 ), 155.87,

153.98, 148.11, ( 139.84, 139.78 ), 136.15,
134.90, 133.85, 130.88, ( 130.71, 130.65 ),
(122.53, 122.50 ), 121.73, (115.00, 114.83),
(113.87, 113.69 ), 76.75, 49.52, 48.94, 45. 29,
42.03,40.78,40.22,38.53,33.23,31.60, 30. 21,
22.10, HRMS ( ESI) Caled. for C,, H,y DJFN,O,
([M+H]") m/z:498. 281 6,Found :498. 281 5,
3.5 ((1R,3aR,4aR,6R,8aR,95,9aS)9-( =% %
RBAFEHA)-1-FRE3- AR+ ZAFIH[2,3c]%
vin-6-4 ) R FER[Ds ] TEE(6)

B AR YOI A ] R 5 (0.2 ¢,0.343
mmol ) f1[ D, ] Z, £ (0. 894 g,1 mL,17. 15 mmol ) ,
K& T 60 Chfi b, Sh 5 m Hrp i A = 2 %
(0.104 ¢,0.143 mL,1.03 mmol) , {5 ¥ 7E 60 C
RO 1.5 he SONES ARG, SRR A , REI
g5 B, iAhsE- B2 SR (10 1) s H4s
B A AR K 0. 11 g, 3 60% . mp:195 ~
196 C; HRMS ( ESI) Caled. for C,y H;, D;N,O;
([IM+H]") m/z:496.286 0,Found :498. 285 7,
3.6 ((IR,3aR,4aR,6R,8aR,95,9a5)-9-((E)-2-
(5-(3-#.[2,4,6-D, ] K3k ) mbwe-2-4% ) TH k) -1-
T AR-3-AAR A+ = AFRIH[2,3-c]hh-6-2) AT
B[Ds]) TEs(7)

BT B, RO AL & ¥ 4 (0.3 g, 0.603
mmol) F1[ D, ] ¥ Hi g (2. 413 g,24.11 mmol ) , N,
PR IMFAF] 50 C Sy 16 h, 245 o fE HIRIR
PRVEWOM Y pH BRI, S8 5 10 Hoh A R LT
(50 mL) , LI, KA I SR TR (50 mL) #3K
AW, GIFA P, 23 57K (50 mL) A Fn g £
K (50 mL) e, FoRBRIR N T4, i IE Ik 4 e, fik
A% B, LA ik - £ TR SR (21 1) S BRI
R O AR E K 0. 172 ¢, 73 56. 7% , mp:
126 ~ 127°C ;'H NMR (500 MHz, CDCL,) §:8.79
(1H,d,J =2 Hz,Ar-H) ,7.84 ~7.82(1H, m, Ar-
H),7.45(1H,d,J =5.5 Hz,Ar-H) ,7.27 (1H,d,
J=8 Hz,Ar-H) ,6.61 ~6.54(2H,m,2 x C=CH) ,
4.75~4.73(1H, m,CH) ,4.50 (1H, br. s, NH) ,
3.52(1H, br.s,CH),2.72 ~2.70 (1H, m, CH) ,
2.41 ~2.37(2H,m,2 x CH) ,2.08 ~2.03(2H, m,
CH,),1.98 ~1.96(1H,m,CH,),1.94 ~1.90(1H,
m,CH,),1.45(3H,d, J -5.5 Hz,CH;),1.29 ~
1.257(2H,m,CH2,@) ,1.16 ~1.12(2H, m,CH, ,
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CH),0.99 ~0.94(2H,m,CH,) ,”C NMR (125 MHz,
CDCL,) §: 177.73, (164.21, 162.25), 155.88,
153.99,148.12, (139.68,139.61 ), 136. 16, 134.90,
133. 80, 130. 89, ( 130.50, 130.43), 121.75, 76.76,
49.51, 48.94, 45.30, 42.04, 40.78, 40.22, 38.53,
33.24,31.60,30.21,22. 10, HRMS (ESI) Calcd. for
CoHy DFN, O, ([M +H] ") m/2:501.300 5, Found:
501.306 3[M +H] ",

4 N 5

ABIFTE LAARBRIC BRI VD by 2 f SR SR
IRC BRI R N TR, 223K A 6 TR 2C
BTSSR 4 A2 0 R O B Dy 2 IR
FRIRBLWATY o P AT H ] A 28 77 0 4% 228 3o A A
19 BRI AL, BT A AR S W [ Ds LR B
U A IR P BT 2R o (AT R 2 T
BTN EE (N[ D, ] CD,CD,0D) 2 5 47 il it Y

ARIRC LB, Wi T BN bR AN G A% i il 46 oK
PRI

2 % x

[1] Chackalamannil S, Wang Y, Greenlee WJ, et al. Discovery of a
novel , orally active himbacine-based thrombin receptor antagonist
(SCH 530348 ) with potent antiplatelet activity [ J]. J Med
Chem ,2008 , 51(11) ;3061 —3064.

[2] Xia XM. The first protease-activated receptor antagonist Zontivity
(vorapaxar) approved by FDA[ & [& FDA It & Fh 2 B BTG
AR L 35505 B 25 Zontivity ( vorapaxar) ] [ J]. Acad J
Guangdong Coll Pharm( J~ & 25 % % 54k ) ,2014, 30(3) :362
-362.

[3] Sambu N, Curzen N. Monitoring the effectiveness of antiplatelet
therapy : opportunities and limitations[ J]. Brit J Clin Pharmacol ,
2011, 72(4) :683.

[4] Penner NA, Voronin KN. Active metabolite of a thrombin receptor
antagonist ; W0 ,2010141525 A1[ P].2010-12-09.

wE.
HEH PHORES RS P TIR .

Ay A 2 Aol R B ST A AN

[ P il 5 :CN 32 - 1157/R
B IR A A5 228 — 115

Moo gk U EIGHE 24 5
ML 35025 - 83271566

E-mail : xuebao@ cpu. edu. cn

ISSN:1000 — 5048

R 1 i % : 210009

WWT B 2018 A5 (P [EI 5 Rk R 272741k )

(P E 2GR 22 4 e B RO R AT o [ 25 R R A 252 b SCR O T, B RPB S AP s: R
R A2y P 2hse 2G5 2 e A 2R Ty W AR I EOR 2B 2 S AR S R Y R B 5T

CPEZGPI A 22 T A BRI AR, HATC 9 E PR b 22 5835 4 BUB R 1% (CA L TPA, SCOPUS,
JST,1C, EMBASE/ Excerpta Medica, CAS) % It , 94 [ A AR RHs 18 - o B 742 51 S 0 338 e ( CSCD 4%l )
XD HATIE B S ) (2014 FhR) | ERMOE SCETTHIREE A5 51 24572 0 T, JBR AR i 1 5 I ) R

2008 4, (P E 2B E 2241 B0 Hh Bl 45 @ BHLEA T , 2006 2008 2010 4FELE 3 Y #R I8 B B R AE
AR R T o b RS OR A BT P SR A A 9 (2017 AE R R E RS TS RIER 5 (B0 R0) ), R E 2R R 27
AR 2016 AEFEAZOBG I E N 9. 1,76 47 Fh2y 2 L0 Rl HEA 58— AR s, 6 v A5 BE AL RHIF L

AT H),128 5o FEFRARETFA, B NIMATE AT NGB MRS T 18, T 1T T ECHE5 2 BRI 2R

FE 40 ST/, 24F 240 5T

f&  H..025 -83271279
http . //www. zgykdxxb. cn






