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2a—6a, 2b—6b, 8—10
R!=COOCH,CH,(2a, 2b) ; COOCH,CH(CH,),(3a, 3b) ; COOC(CH,)(4a, 4b, 8); COO(CH,),CH,(5a, 5b);
COOCH,C4Hs(6a, 6h, 10); COO(CH,);CH;(9); R2=H(2a, 3a, 4a, 5a, 6a); COOCH,CH,(2b);
COOCH,CH(CH, ),(3b) ; COOC(CH,)(4b) ; COO(CH,),CH,(5b) ; COOCH,C,H;(6b) ; CH,(8, 9, 10)

Scheme 1 Design and structures of dabigatran etexilate, dabigatran and compounds 1—10
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Scheme 2 Design and structure of compound 11

1 SLIGERSY

1.1 KFE5NEE

S 3 NN B B e e R e 2

RY-1 BUHE AR (K 23 B 4 ””F) Nicolet Impact 410 AL #p S 3% A ( 32 18 Nicolet A ) ;
AVANCE AV-30 4% @4 $L 4% I 3% 1 ( Hit -+ Bruker 23 7)) ; Agilent 1100 % %1 LC/MSD Trap SL ( 3£ H
Agilent 7)) ; HSGF254 B a0 )20 (M & i b2z TOL AR5 i) 5 A E A RE i (A%, 200~300 H ,
LR IREFEARRAR).
12 XITFE

H A &9 15 %A Scheme 3 Fl1 Scheme 4 7R,
1.2.1 FEMEI3 B A SROCER17] A R ER 13, AR, 774 38. 7%, m. p. 186~ 188
C. "H NMR (300 MHz, DMSO-d, ), 8: 9.22(s, 2H), 8.90(s, 2H), 7.70(d, J=8.3 Hz, 2H), 7.51
(d, J=8.2 Hz, 2H), 7.43(s, 1H), 7.30~7.24(m, 1H), 7.22(s, 1H), 7.20(s, 1H), 7.18~7. 14
(m, 2H), 7.14~7.12(m, 1H), 7.12~7.07(m, 1H) , 4.32~4.22(m, 1H), 4.08(t, J=7.1 Hz, 2H) ,
4.04~3.99(m, 1H), 3.96(q, J=7.1 Hz, 2H), 3.91~3.81(m, 1H), 3.58~3.47(m, 1H), 3.27~
3.18(m, 1H), 3.08~2.92(m, 2H), 2.58(t, J=7.2 Hz, 2H), 1. 11(t, J=7.2 Hz, 3H).
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2a,2b: R=ethyl; 3a,3b; R=isobutyl; 4a, 4b: R=tert-butyl; Sa, 5b: R=n-pentyl;
6a, 6b: R=benzyl; 8: R=tert-butyl; 9: R=n-hexyl; 10: R=benzyl
Scheme 3 Synthetic routes of target compounds 2a—6a, 2b—6b, 7—10
Reagents and conditions: a. i; HCI, EtOH, -5—0 °C, 6 h; ii: (NH,),CO;, EtOH, 25 C, 12 h, 38.7%; b. CH51,
K,CO,, DMF, r. t., 88.6%; c. K,CO,, THF/H,0, 0—25 C, 1 h, 40.3%—66.0%; d. i: LiOH, EtOH, H,0, 2 h;
ii: CH;CO,H, pH=6.0, 29.9%.
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Scheme 4 Synthetic routes of target compound 11
Reagents and conditions: a. Pyridine, CH,Cl,, 0 C tor. t., 12 h, 82. 1% b. K,CO;, THF/H,0, 0 C tor. ., 12 h, 35.7%.

1.2.2 H R 14 894 K 7] 100 mL BRFUH PA FEMA 12(2.00 ¢, 3.94 mmol ) | ML %E (0. 60 g,
4.30 mmol) | BRERHN (1. 10 g, 8.20 mmol) FIPNAER 35. 0 mL, %3 (25 °C) FHEFERN 12 h, iTF3E . W4,
BREBAAEEHT[ V(P LE) « VIHEE) =50 1] 43 B fHR i A 14 1. 82 g, W% 88.6 %, m. p. 72~
74 °C. "H NMR (300 MHz, CDCL,), &: 7.71(s, 1H), 7.60(d, J=8.3 Hz, 2H), 7.40(d, J=8.2 Hz,
2H), 7.34~7.28(m, 1H), 7.23~7.15(m, 2H), 7.15~7.03(m, 4H), 4.38(dd, J=10.2, 3.6 Hz,
1H), 4.31~4.20(m, 2H), 4.07(q, J=7.2 Hz, 2H), 4.03~3.92(m, 2H), 3.76(dd, J=14.2, 3.4
Hz, 1H), 3.45~3.33(m, 1H), 3.26~3.02(m, 2H), 2.80~2.67(m, 2H), 2.29(s, 3H), 1.22(t, J=
7.1 Hz, 3H).

1.2.3 WK 15 4% LI 14(1.00 g, 1.92 mmol) JyE0kE, R 5 rhial A 13 2Ll 455
2, BAGEIK0.47 g, WHK 41.3 %, m. p. 124~126 °C. "H NMR (300 MHz, DMSO-d,), &: 9.29(s,
2H), 9.13(s, 2H), 7.62(d, J=8.1 Hz, 2H), 7.45(s, 1H), 7.32(d, J=7.9 Hz, 2H), 7.29~7.08
(m, 7H), 4.17~4.10(m, 1H), 4.07(t, J=7.0 Hz, 2H) , 4.05~3.98(m, 2H), 3.96(q, J=7.0 Hz,
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2H), 3.86~3.75(m, 1H), 3.27~3.18(m, 1H), 3.18~3.10(m, 1H), 2.91~2.74(m, 1H), 2.57(t,
J=6.6 Hz, 2H), 2.39(s, 3H), 1.11(t, J=7.1 Hz, 3H).
1.2.4  FEER17 B AR 1] 100 mL =HUf A HTMP (0.30 g, 1.97 mmol ) | 58 H & X i 38 28 Tig
(0.44 g, 2.17 mmol ) A5 LE 30.0 mL, KIHWRHIZE 0 C, S22 AN 10. 0 mL MEEE (0.23 g, 2.96
mmol ) () ~ ARG , BRSNS T B, QRSN 12 he 2 IR U0 AL B TR 400 175 T
NaCl WBES, AHUAHAITOK Na,SO, T4, g, W42 T, FREWMAHZ [ v(aE) - V(LR L
fig)=2: 1] 20 B3Ik i (A 0. 50 g, WK 82. 1%, m. p. 50~52 °C. "H NMR (300 MHz, DMSO-d, ) , &:
8.33(d, J=9.1Hz, 2H), 7.59(d, J=9.1 Hz, 2H), 5.40(s, 2H), 2.47(s, 6H), 2.42(s, 3H).
1.2.5 EAfE 4 2a A [0 100 mL AUER AL 13(0. 50 g, 0. 84 mmol) | IR (0. 69
g, 5.02 mmol) . PUEWENE (25. 0 mL) FI/K (5.0 mL) , vKI&(0 °C) FHFESY 30 min J&, MAZE TR L
fig(0.11 g, 1.00 mmol) , F 25 CHIFE N 30 min, FFESZE, BPUEWE)ZEFHICKBR RS T, o
UK, WURAS, SRR V(A R LE)  VOHEE) =50 1]708, 15 0.22 g FI @K 2a, IR
44.2%. ZIALEY 2a G BT, SRFIFHN S F IRBR T3 16 G4 3a~6a, LIk 15 AN 95
IR M IFRE, SHAEY 2a G 7w A 8~10.
1.2.6  EArfA 4 2b B4 K W 100 mL HEIEH A Fr a4 13(0. 50 g, 0. 84 mmol) | BRFREF (0. 92
g, 6.70 mmol) | PUZEIH (25. 0 mL) F17K (10.0 mL) , 7K¥#(0 °C) FHEFEN 30 min J&, HnA G H B2
ZHE(0.22 g, 2.00 mmol) , T 25 C FHEFEIN 30 min, §E M2, U S KR )JZE HIC KBBR8 T4
iU, RS, FREYAHEN VA T RS VI EE)=70: 11438, 150.27 g A 2L, 1
48.3%. ZHRALE W) 2b (A T, SR AR A S H R IR 1516 &4 3b ~6b.
1.2.7 HArtA&M T ek SROGHR[19] 7GR EPREE Y 7. 17 50 mL ARSI A EiA 15
(0.20 g, 0.33 mmol) , LIOH(0.06 g, 1.47 mmol) . ZFEE(1.5 mL) FIZK (1.5 mL), 1£ 25 C FHEPE
2 h, RMEHRE, WRKSERELECEE, T 0~5 CHUKESRRIET pH=6, FriliEA, S8, A EK%E
U, 14005 g FIAREIA 7, HKFE 29, 9%.
1.2.8  HARLA Y 11 B4 SHRSCHR[20] 775 A 8 B ARE A9 11, 18] 100 mL I oA Al {4
13(0.50 g, 0.84 mmol) . B4 (0.69 g, 5.02 mmol) . POE WM (25.0 mL) FI/K (5.0 mL), VK
(0 °C) FHEFERY 30 min &, IIAHEIAK 17(0. 32g, 1.00 mmol) , 7E 25 °C FHEPESN 12 h, #E >
2, BUEWE I JOKBR RN T, 12 u&, WURWSR, sREAMAHEN [ v ZE RS V(R EE) =
50115385, 190.21 ¢ #EEAREIK 11, YR 35.7%.
HArEEY) 2a~6a, 2b~6b Fl1 7~11 AUFRAELE FL UL 1 FIZ 2.
Table 1 Appearance, yields, melting points and HRMS data of target compounds
2a—6a, 2b—6b and 7—11

Compd. Appearance Yield( %) m. p./C HRMS( caled. ), m/z[ M+H]*
2a White solid 44.2 114—116 597.2823(597.2820)
2b White solid 48.3 106—108 669. 3044 (669. 3031)
3a White solid 40.3 108—110 625.3148(625.3133)
3b White solid 44.6 94—96 725.3673(725.3657)
4a White solid 48.0 160—162 625.3141(625.3133)
4b White solid 66.0 148—150 725.3662(725.3657)
Sa White solid 42.6 108—110 639. 3287(639. 3289)
5h White solid 47.4 88—90 753.3978(753.3970)
6a White solid 43.7 130—132 659. 2979(659. 2976)
6b White solid 54.3 120—122 793.3354(793.3344)
7 White solid 29.9 > 250 511.2453(511.2452)
8 White solid 57.4 112—114 639. 3295(639. 3289)
9 White solid 59.6 82—84 667.3603(667.3602)
10 White solid 54.5 94—96 673.3145(673.3133)

11 Yellow solid 35.7 104—106 703.3356(703.3351)
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Table 2 'H NMR and “C NMR data of target compounds 2a—6a, 2b—6b and 7—11
Compd. "H NMR (300 MHz) , §° 3C NMR(75 MHz) , &
2a 9.14(brs, 2H), 7.87(d, J=8.3 Hz, 2H), 7.43(s, 1H), 7.38(d, J= 171.08, 170.63, 167. 19, 163. 87, 152. 30, 142. 83,

2b

3a

3b

4a

4b

Sa

5b

8.3 Hz, 2H), 7.32—7.21(m, 2H), 7.21—7.06 (m, SH), 4.34—
4.24(m, 1H), 4.15—3.99 (m, 5H), 3.96(q, J=7.2 Hz, 2H),
3.91—3.81(m, 1H), 3.57—3.45(m, 1H), 3.29—3.20 (m, 1H),
3.07—2.84(m, 2H), 2.58(t, J=7.1 Hz, 2H), 1.18(t, J=6.9 Hz,
3H), 1.11(t, J=7.1 Hz, 3H)

9.59(bs, 2H) , 7.85—7.59(m, 3H), 7.26—7.02(m, 9H), 5.89—
5.63(m, 1H), 4.65—4.44(m, 1H), 4.41—3.80(m, 11H), 3.62—
3.27(m, 2H), 2.76(1, J=7.2 Hz, 2H), 1.36(t, J=6.8 Hz, 3H),
1.32—1. 18(m, 6H)

9.07(brs, 2H), 7.89(d, J=8.0 Hz, 2H) , 7.46(s, 1H), 7.40(d, J=
8.2 Hz, 2H), 7.34—7.21(m, 3H), 7.21—7.18 (m, 2H), 7.18—
7.15(m, 1H), 7.15—7.10(m, 1H), 4.38—4.19(m, 1H), 4. 11(t,
J=7.0 Hz, 2H), 4.07—4.03(m, 1H), 3.99(q, J=7.1 Hz, 2H),
3.94—3.85(m, 1H), 3.81(d, J=6.6 Hz, 2H), 3.60—3.44 (m,
1H), 3.31—3.20(m, 1H), 3.08—2.87(m, 2H), 2.61(t, J=7.1 Hz,
2H), 1.99—1.81(m, 1H), 1.14(t, J=7.1 Hz, 3H), 0.91(d, J=
6.7 Hz, 6H)

9.07(brs, 2H), 7.88(s, 2H), 7.51(s, 1H), 7.35(d, J=8.6 Hz,
1H), 7.31—7.27(m, 1H), 7.27—7.21(m, 3H), 7.21—7.18 (m,
2H), 7.18—7.04(m, 2H), 5.69—5.38 (m, 1H), 4.45—4.27 (m,
1H), 4.24—4.15(m, 1H), 4.11(t, J=7.2 Hz, 2H), 3.99(q, J=
7.1Hz, 3H), 3.81(d, J=6.6 Hz, 2H), 3.76—3.66 (m, 1H),
3.60—3.51(m, 1H), 3.49—3.39(m, 1H), 3.33—3.24(m, 2H),
2.61(t, J=7.1Hz, 2H), 1.97—1.81(m, 1H), 1.63—1.45(m, 1H),
1.14(t, J=7.1 Hz, 3H), 0.91(d, J=6.6 Hz, 6H), 0.83(s, 3H),
0.68(s, 3H)

9.03(brs, 2H), 7.83(d, J=8.2 Hz, 2H), 7.43(s, 1H), 7.36(d, J=
8.2 Hz, 2H), 7.31—7.19(m, 3H), 7.18—7.15(m, 2H), 7. 15—
7.08(m, 2H), 4.32—4.20(m, 1H), 4.08(t, J=7.1 Hz, 2H),
4.04—4.00(m, 1H), 3.96(q, J=7.1 Hz, 2H), 3.91—3.81 (m,
1H), 3.56—3.45(m, 1H), 3.28—3.18(m, 1H), 3.04—2.86(m,
2H), 2.58(t, J=7.1 Hz, 2H), 1.42(s, 9H), 1.11(t, J=7.1 Hz,
3H)

9.05(hbrs, 2H), 7.94(d,J=5.6 Hz, 2H), 7.50(s, 1H), 7.39—7. 10
(m, 9H), 5.60—5.43(m, 1H), 4.44—4.28 (m, 1H), 4.26—4.15
(m, 1H), 4.11(t, J=6.7 Hz, 2H) , 3.99(q, J=7.1Hz, 2H), 3. 94—
3.83(m, 1H), 3.57—3.39(m, 1H), 3.30—3.20(m, 2H), 2.61(t,
J=7.2 Hz, 2H), 1.45(s, 9H), 1.34—1.19(m, 3H), 1. 14(t, J=7.1
Hz, 3H), 1.12—0.99(m, 6H)

. 18(brs, 2H), 7.89(d, J=8.3 Hz, 2H), 7.46(s, 1H), 7.40(d, J=
.3 Hz, 2H), 7.35—7.21(m, 3H), 7.21—7.15(m, 3H), 7.15—
10(m, 1H), 4.32—4.21 (m, IH), 4.10(t, J=6.9 Hz, 2H),
07—3.94(m, 5H), 3.94—3.82(m, 1H), 3.59—3.47(m, 1H),
31—3.20(m, 1H), 3.06—2.88(m, 2H), 2.61(t, J=6.9 Hz, 2H) ,
67—1.54(m, 2H), 1.37—1.27(m, 4H), 1. 14(t, J=7.1Hz, 3H),
. 88(t, J=7.0 Hz, 3H)

.13(brs, 2H), 7.90(s, 2H), 7.50(s, 1H), 7.39—7.28(m, 2H),
28—7.22(m, 3H), 7.22—7.07(m, 4H), 5.65—5.41 (m, 1H),
.46—4.29(m, 1H), 4.28—4.16(m, 1H) , 4. 11(t, J=6.7 Hz, 2H) ,
.05—3.86(m, 5H), 3.76—3.61(m, 1H), 3.61—3.41(m, 2H),

A A N O O~ WA 90O

141.49, 140. 86, 134.73, 132.51, 129.67, 129.05
(2C), 128.78(2C), 127.33(2C), 127.28(2C),
126.19, 122.90, 119.95, 107.88, 60.78, 60.07,
55.29, 46.34, 42.50, 40.98, 38.95, 32.10,
13.93, 13.61

171. 12, 170. 38, 166. 89, 164.02, 154.40, 150. 11,
142.91, 141.21, 141.00, 134.20, 132.49, 130. 10,
129.33(2C), 128.79(2C), 127.36(2C), 126.94
(2C), 126.21, 123.18, 120.30, 107.95, 61.68,
60.89, 60.08, 53.49, 46.34, 41.36, 38.73,
36.87, 32.12, 13.91(2C), 13.62

171. 12, 170. 64, 167.26, 164.34, 152. 41, 142.93,
141. 48, 140.98, 134.80, 132.90, 129.69, 129. 11
(2C), 128.78(2C), 127.35(2C), 127.23(2C),
126.16, 122.92, 120.06, 107.83, 71.25, 60.07,
55.42, 46.36, 42.65, 41.11, 39.04, 32.13,
27.33, 18.77(2C) , 13.62

171. 10, 170.36, 166.91, 164. 15, 154.56, 150. 06,
142.91, 141.22, 140.77, 134.20, 132.77, 130. 10,
129.32(2C), 128.79(2C), 127.36(2C), 126.98
(2C), 126.21, 123.16, 120.30, 107.96, 71.85,
71.30, 60.06, 53.58, 46.33, 41.31, 39.21,
37.24, 32.11, 27.30 (2C), 18.75 (2C), 18.50
(20), 13.62

171.20, 170. 63, 166. 66, 162.89, 152.33, 142. 95,
141.35, 140.93, 134.78, 132.98, 129.68, 129. 16
(2C), 128.80(2C), 127.36(2C), 127.19(2C),
126. 16, 123.00, 120.11, 107.85, 79.37, 60. 10,
55.42, 46.37, 42.63, 41. 12, 39.01, 32.09, 27. 69
(3C), 13.64

171. 13, 170.40, 166. 19, 162.93, 153.23, 150. 49,
142.94, 141.26, 140.97, 134.26, 132.62, 130. 03,
129.38(2C), 128.81(2C), 127.37(2C), 126.96
(2C), 126.21, 123.15, 120.26, 107.98, 80.74,
79.50, 60.07, 53.66, 46.35, 41.43, 39.11,
36.29, 32.12, 27.69(6C) , 13. 63

171. 18, 170. 65, 167.21, 164.06, 152. 19, 142. 85,
141.48, 140. 88, 134.74, 132.63, 129.69, 129. 18
(2C), 128.81(2C), 127.35(2C), 127.28(2C),
126.21, 122.99, 120.05, 107.90, 65.19, 60. 13,
55.38, 46.36, 42.49, 41.09, 38.96, 32.07,
28.03, 27.57, 21.91, 13.64, 13.50

171. 16, 170.39, 166.71, 164.36, 154. 57, 150. 08,
142.97, 141.28, 140.90, 134.24, 132.77, 130. 15,
129.37(2C), 128.82(2C), 127.39(2C), 126.93
(2C), 126.22, 123.22, 120.37, 107.95, 65.94,
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Compd. "H NMR (300 MHz) , & 3¢ NMR(75 MHz) , &
5b  3.32—3.22(m, 2H), 2.61(t, J=7.0 Hz, 2H), 1.68—1.52(m, 2H), 65.18, 60.10, 53.61, 46.37, 41.37, 39.24,
1.39—1.17(m, 8H), 1. 14(t, J=7.1Hz, 3H), 1.11—0.95(m, 2H), 37.12, 32.16, 28.05, 27.97, 27.60, 27.49,

6a

6b

10

11

0.95—0.72(m, 6H)

9.06(brs, 2H), 7.90(d,J=7.9 Hz, 2H), 7.46(s, 1H), 7.44—7.36
(m, SH), 7.36—7.32(m, 1H), 7.33—7.27(m, 2H), 7.27—7.21
(m, 2H), 7.21—7.10(m, 4H), 5.10(s, 2H) , 4.33—4.22(m, 1H),
4.10(t, J=7.0 Hz, 2H), 4.06—4.03(m, 1H), 3.99(q, J=7.0 Hz,
2H), 3.94—3.80(m, 1H), 3.59—3.47 (m, 1H), 3.31—3.20 (m,
1H), 3.09—2.82(m, 2H), 2.61(t, J=7.0 Hz, 2H), 1.14(t, J=7.1
Hz, 3H)

9.15(brs, 2H), 7.87(d, J=8.3 Hz, 2H), 7.50(s, 1H), 7.44—6.97
(m, 19H), 5.69—5.47 (m, 1H), 5.12(s, 2H), 4.97 (s, 2H),
4.70—4.56(m, 1H), 4.42—4.24(m, 1H), 4.23—4.15(m, 1H),
4.11(t, J=6.8 Hz, 2H), 3.99(q, J=7.1 Hz, 2H), 3.68—3.37(m,
2H), 3.29—3. 11(m, 1H), 2.61(t, J=7.2 Hz, 2H), 1. 14(t, J=7. 1
Hz, 3H)

9.40(s, 2H), 9.20(s, 2H), 7.81(d,J=7.7 Hz, 2H), 7.62(d, J=
7.9 Hz, 2H), 7.58—7.43(m, 2H), 7.32—7.24(m, 2H), 7.24—
7.19(m, 2H), 7.19—7.15(m, 1H), 7. 15—7. 10(m, 1H), 5. 11(brs,
1H), 4.42(brs, 2H), 4.10—3.99 (m, 2H), 3.66(brs, 2H), 3.49
(bis, 2H), 2.77(s, 3H), 2.60—2.52(m, 2H)

9.05(bs, 2H), 7.70(d, J=8.2 Hz, 2H), 7.47(s, 1H), 7.33—7. 14
(m, 9H), 4.16—4.12(m, 1H), 4.10(t, J=7.1 Hz, 2H), 4. 06—
4.03(m, 1H), 3.99(q, J=7.1 Hz, 2H), 3.92—3.77 (m, 1H),
3.39—3.37(m, 1H),3.28—3.15(m, 2H), 2.92—2.77 (m, 1H),
2.61(t, J=6.9 Hz, 2H), 2.40(s, 3H), 1.44(d, J=4.8 Hz, 9H),
1. 14(t, J=7.1 Hz, 3H)

8.94(brs, 2H), 7.74(d, J=8.3 Hz, 2H), 7.47(s, 1H), 7. 37—7.00
(m, 9H), 4.17—4.05(m, 3H), 4.06—3.92(m, SH), 3.91—3.75
(m, 1H), 3.55(d, J=27.6 Hz, 1H), 3.27—3.13(m, 2H), 2. 94—
2.75(m, 1H), 2.61(t, J=6.8 Hz, 2H), 2.40(s, 3H),1.68—1.49
(m, 2H), 1.36—1.25(m, 6H), 1.14(t, J=7.1 Hz, 3H), 0.86(t,
J=6.6 Hz, 3H)

9.15(brs, 2H), 7.89(d, J=8.2 Hz, 2H), 7.53—7.35(m, 4H),
7.35—7.28(m, 1H), 7.29—7.22(m, 3H), 7.22—7.17 (m, 3H),
7.17—7. 14(m, 2H), 7.15—7.05(m, 2H), 5.13(s, 2H), 4.34—
4.23(m, 1H), 4.12(t, J=6.7 Hz, 2H), 4.08—4.04(m, 1H), 4.01
(t, J=6.7 Hz, 2H), 3.94—3.85(m, 1H), 3.57—3.49 (m, 2H),
3.06—2.90(m, 2H), 2.69(t, J=7.2 Hz, 2H), 2.42(s, 3H), 0.87
(t, J=6.5 Hz, 3H)

9.55(brs, 2H), 7.81(d,J=7.9 Hz, 2H), 7.72(s, 1H), 7.34(d, J=
8.4 Hz, 2H), 7.31(d, J=1.3 Hz, 1H), 7.25—7.18 (m, 2H),
7.16—7.05(m, 4H), 5.30(s, 2H), 4.47—4.35(m, 1H), 4.34—
4.22(m, 2H), 4.09(q, J=7.3 Hz, 2H), 4.05—3.96 (m, 2H),
3.80—3.71(m, 1H), 3.47—3.37(m, 1H), 3.22—3.05(m, 2H),
2.80—2.71(m, 2H), 2.60(s, 3H), 2.51(s, 3H), 2.49(s, 3H),
1.23(t, J=7.1 Hz, 3H)

21.91, 21.79, 13.66, 13.48, 13.45

171. 13, 170. 64, 167.43, 163.97, 152.34, 142. 95,
141. 67, 140.96, 136. 18, 134.78, 132.67, 129. 74,
129.17(2C), 128.79(2C), 127.88(2C), 127.67
(2C), 127.42, 127.36 (2C), 127.23 (2C),
126. 16, 122.96, 120.08, 107.84, 66.66, 60.08,
55.38, 46.38, 42.61, 41.08, 39.05, 32. 13, 13. 64

171. 14, 170.36, 166. 19, 162.93, 153.23, 149.93,
142.92, 141.22, 140. 83, 136. 15, 135.79, 134. 18,
132.52, 130.16, 129.30 (2C), 128.80 ( 2C),
128.03(2C), 127.89(2C), 127.69(2C), 127.63
(2C), 127.59, 127.44, 127.37 (2C), 126.96
(2C), 126.22, 123.22, 120.33, 107.97, 66.70,
66.37, 60.09, 53.73, 46.35, 41.33, 39.19,
37.16, 32. 14, 13.64

172.53, 169. 36, 165.24, 148.40, 143.25, 143.03,
140.55, 133.80, 131.25, 129.87 (2C), 129.23
(2C), 128.10 (2C), 127.99 (2C), 126.74,
126.22, 123.82, 118.56, 110.43, 60.70, 49.68,
46.27, 38.45, 37.94, 37.90, 32.10

171. 18, 170. 63, 166.73, 160.39, 152. 10, 144.01,
142.89, 141.10, 134.40, 131.26, 129.62, 129.39
(2C), 128.79(2C), 127.36(2C), 126.47(2C),
126.19, 122.80, 119.94, 107.84, 79.78, 62. 11,
60.09, 48.88, 46.35, 41.98, 39.94, 36.84,
32.09, 27.64(3C), 13.64

171. 18, 170. 58, 167.28, 161.05, 152.07, 142.97,
142.29, 141.20, 134.47, 131.79, 129.62, 129. 38
(2C), 128.78(2C), 127.35(2C), 126.43(2C),
126.13, 122.81, 120.06, 107.80, 65.14, 62.15,
60.08, 48.88, 46.35, 41.95, 39.84, 36.91,
32.09, 31.04, 28.30, 25. 13, 22.07, 13.65, 13.55
171.18, 170. 81, 167. 63, 164.43, 152. 41, 142.94,
141. 60, 141. 19, 137.74, 134.89, 132.95, 129.62,
129.43(2C), 128.83(2C), 127.87(2C), 127.67

(2C), 127.37 (2C), 127.23, 126.46 (2C),
126.19, 123.10, 120.06, 107.88, 64.69, 61.82,
60.11, 48.82, 46.30, 41.93, 40.76, 37.08,
31.05, 13.56

171.09, 170. 65, 167.46, 163.62, 152.37, 150. 41,
148. 61, 148. 19, 144. 86, 142.75, 141. 48, 140. 82,
134.72, 132.45, 129.59, 128.96 (2C), 128.79
(2C), 127.36 (2C), 127.32 (2C), 126.22,
122.87, 119.89, 107.92, 65.43, 60.09, 55.30,
46.32, 42.49, 40.99, 38.93, 32.06, 21.09,
20.81, 20.08, 13.61

a. Solvent for compounds 2b and 11; CDCl;, for others; DMSO-d¢ ; b. solvent for compound 7: DMSO-d, for others: CDCl;.

1.3 {5t ik i D &l i 1% Ry ik

el

EIN

k[ 161978, Wk HARIL S 2a~6a, 2b~6b F1 7~ 11 FAAIXF 5 i i 40 1l 6 1
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1.4 FRFMEFENK (X FeCl, Bk R T I3 52 bk M2 42 2 59 220 3258 )
ZHSCER[ 16107, AL A9 8 F1 11 AR T AR 5 4.

2 GRS

2.1 EEMERK

FRTEIAR 13 A1 15 B9-5 AL TEA 12 F0 14 S JR0RE, 83 Pinner 2 #5302 B8 O Eh IR 5, &k
A RAS 2 (WL Scheme 1) . T HHA 12 58 14 1950 T AELEBERCSHE , KB RIZEM R SIS Sl
W R, 27 A T e T 2 TR ) I =, PRLE, SRR VKA A R BRI 6 b, BbAd Rl 12
o\ 14 JFR RN 54, (HIERE ST 2400 8 7= AR X i AR S N 4 SRk 12 5% 14 ] i [ cEs A A
2.2 fRSMEE M ERE SR M/ MR R E LI

DLk HE RS A BHME XS BE 25 | WA 8 2a~6a, 2b~6b F1 7~11([& TALEW 7 41, HElb &Yy
T4 P GO A Bl A 2L ) 64T T PR SINERE I 75 S P il /MR SR AR S35, S I 25 L L3k 3.

Table 3 Rabbit thrombin-induced platelet aggregation assay ”

Compd. R! R? R? ICsp/ (pmol + L71)
2a ﬁ O CH. H Et 11. 00=0. 70
¢} ¢}
2h Ko, Korch, Et 0.320. 10
0
3a Ao~y Chs H Ft 2.96+0.28
CH3
0 0
3b Aoy CHs N Et 2.70+0. 14
CH; CHs
O CHs
4a Ao A—CH; H Ft 1. 86+0. 32
CH;
CH; CH,
4h )J\Okcm )ko)vcm Et 0. 11+0. 08
5a N H Et 1.03£0. 25
5b )j\o/\/\/CHg )ko/\/\/CH3 Et 0.57=0. 11
X
6a oY H Et 3.16%0.22
X X
6b O/\@ O/\© Et 0. 47+0. 06
7 H CH, H 0.59+0. 03
CH,
8 o A—CH; CH, Et 7.82+0. 81
CH3
? )Lo/\/\/CH;; CH, Et 4.21+0.26
X
10 o CH, Et 76. 80 1. 40
0
11 *OA/[NKCHS H Et 3.66+0. 17
HiC-~N“>CH;
Dabigatran etexilate — — — 0. 60+0. 05

ICyj : drug concentration to achieve half-maximal inhibition of rabbit platelet aggregation induced

by thrombin.
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RSN EZE R R, Tk A e I 5 T 0 I/ SR S X A — i M, s
¥ 2b[ 1C = (0.32+0.10) wmol/L], 5b[ICs = (0.57+0.11) pmol/L], 6b[IC, = (0.47+0.06)
pmol/L] 1 7[ 1C,, = (0. 59+0. 03) wmol/L ] 3% P4 5 3K LU ARG (1C5, = 0. 597 mol/L) #124, Tiifk
B 4b[1C,, = (0. 60£0.05) wmol/L]AYTEMEN] RAL T I8 EIFENR. —HT25 (L5359 2b, 4b, 5b 1 6b) Y
ARG NI I T35 A X I A XA 245 (fb &9 2a, 4a, Sa Fl 6a) (5GP B4, IF45 BHYE 243k HE B RE AR
. DUEMER RN 2-NCH, 7 A=) ARt A — 2 A TR, (EL347 55 TR X 07 9 DU S0k g 36 2-NH 17 A=)
Rtk &4 8 55 TAL &Y 4a, L5 10 55 TAL G 6a. BLAN, ZELE W 11[1C,, = (3.66+0.17)
pmol/ L] 4t 7~ H — 2 MR B i Ff 75 1) /NSRS T M, (L85 38 LU RS,

2.3 FHRBmEE Y

BT UL W RO R AN e 4s S, LG8 4b, 9 F 11 FEAT R PP i A8 52 56 (B M ik i
) BFgE, S5 UL 1. 15 — e

K145 BoR, Frilliny 3 MeE s
AR BE BT AR AR, ELA 52 30 3510 At
PE. Kb &9 4b = 72 (20 mg/kg) BT
AR 5 BH M 25 35 L I (20 me/kg) AH
25 DU MR ERR2-NCH, 748 9 BRI BT I
P FIHE5S , A DU S LR BR 2 45 14 f e & AT 0
RE 5 BE MM AF7EAN BAE ], ML )S S80S
—FF%; A 11 I BAF P P HT I 7 dabigatran etexilate and HTMP in vivo
P, HEM AT RERHAER N AR THE I 1 g verage thrombus mass is the meansSD from eight independent experi-
AEA PR ETE A HTMP, P& PME mens. Statistical significance compared with the vehicle group is

&2 Dabigatran etexilate

10k oo 4b

*

Thrombus mass/mg

Fig.1 Antithrombotic effect of tested compounds,

KYEDTIMAAE A s * P<0.05, ## P<0.01. Dose/(mg - kg™'): a. 15 b. 5; c. 20.
3 &% it

DA A8 1,2,3,4-D0E0RIE (4,5 ] BRIEIE[ 1, 2-a ] Mk RB S 19 = R 5T AL E if il 4 1 700 1 24
oy, s iivot Gl T 15 ASERAE Y. BRI Yrx B BTS00 i MECR AR A A —
SE BYAMRITE 1 , =24 A A S 306 P BT 7 A RS 24 A9 05 1l e, 945 PR 28535 R T A
. PUEERIR 2 A7 Ml AL T R 2 S BORPEREAR , SN R 2R 2 137 f) A g 015 36 1L g P REAF 7E— 2
AR EAE . 2250050 11 SRR A S NEE I 7 S 09 10/ DMAR SR A O ) 335 1 55 13K LU, (ELHAE
AR PA AR S M A DK AR S RS2 36 v S /s R S TR P, el AT I AV 5 3k R
FAE, HED AT BB th AL W) 10 FER K 7= 2k A Y 1 5 HTMP W25 D3 [a] 5 #3470 i A 44 BT
B ARG — A TE T BE ML RS DT AR 25 W B AR B, R B BT AR 25 W A ST B 4R
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Design, Synthesis and Biological Evaluation of Thrombin Inhibitors with
1,2,3,4-Tetrahydrobenzo| 4,5 ]imidazo[ 1,2-a] pyrazine Nucleus’

CHEN Dongxing', SHI Jinyu®, CHEN Qiufang®, ZHANG Rui’,
GONG Guoging”, XU Yungen'** | ZHU Qihua"*"
(1. Jiangsu Key Laboratory of Drug Design and Optimization,
2. School of Pharmacy, China Pharmaceutical University , Nanjing 210009, China)

Abstract Compound 1, a new thrombin inhibitor with 1,2, 3, 4-tetrahydrobenzo[ 4,5 ] imidazo[ 1, 2-a]
pyrazine nucleus, was selected as lead compound, and fourteen carbamate derivatives derivatives (2a—6a,
2b—6b, 7—10) were designed and prepared. Furthermore, a twin drug(11) was synthesized by coupling
compound 1 with 2-hydroxymethyl-3, 5, 6-trimethylpyrazine ( HTMP ). The structures of all the target
compounds were confirmed by 'H NMR, “C NMR and HRMS. Preliminary biological activity test results indi-
cated that all of the tested compounds exhibit a certain degree of inhibitory effect on thrombin-induced platelet
aggregation, among which compound 4b[ IC,;= (0. 11£0.08) umol/L] show better anti-platelet aggregation
activity than dabigatran etexilate[ IC;,= (0. 60+0. 05) pmol/L]. The in vivo experimental results in rat venous
thrombosis model demonstrated compound 4b can significantly reduce thrombosis in a dose-response manner.
Compound 11, which showed weak inhibitory effect on thrombin-induced platelet aggregation, also displayed
comparable inhibitory effect on rat venous thrombosis with dabigatran etexilate. The study points out that the
enhanced potency of compound 11 may be the synergetic effect of HTMP and compound 1 which are generated
by hydrolysis in vivo.

Keywords Benzimidazole; Thrombin inhibitors; Antithrombosis
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