A Ak, 2019, 27(9), 698 —703

hitp://hchxcioc. com Chin. J. Syn. Chem. 2019, 27(9) , 698 —703

B[ (WEmE-3-58 ) VAR | 05 R AT A PR 45 ik
S FCHU /1B SR 4 T 1

Bigu', FRN
(1. LR AF LR, L IR 2460525 2. LRUPEEZG R LB 7L 230012)

FEE : DILEAE MARAE TG 2576 30853 BT BRIR S e T 0, B R 1 2 AR 45 1 ) B 25 i i 1, i 9
BT 6 AHALA YL (MEE-3-3%) FAAUSE | D5 IRATZE D) (6a ~6f) o LA 2-HY SEntk i AU [l BP0 5 A 1 HY i o ke
R IEURE, 28 1 PR L S A SR K gt SN £ i 6 ~ 6f, HL4hHy28'H NMR, “C NMR, IR Fil MS %AiE, &
AR 25 R s :6a ~ 6f ELAT B IR A Bt I /Nl TR 16, o rp (E) -3-FF A k4 - (LR 2-F 46U L ) DR T s
(6a) Fll 3-(2-Nk e H A5 ) 4-H 8- R H IR (6e) MTE TR IL T ALK TR AP BEIR . (F)-3-H & E4-(MEE-2-H 4
FL) IRPVMEER (62) MBI/ RGBT A (E) 3-(4-(MERE-3-3%) F 4% ) -3-FF &R 3L ) IR

X 8 R PIELR; 2-FIEME; [ (MRIE-3-3E) FARE 95 IR A AR B/ MR

hESEE: 0621.3; 0625 XEkFRERG: A DOI; 10.15952/j. cnki. ¢jsc. 1005-1511. 19195

Synthesis of New ( ( pyrazin-3-yl) methoxy ) aryl Acid Derivatives
and Their Anti-platelet Aggregation Activities
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Abstract; Six new ( ( pyrazin-3-yl) methoxy ) aromatic acids(6a ~ 6f) were designed and synthesized
based on receptor structure using ferulic acid as the lead compound, which is active ingredient of tradi-
tional Chinese medicine with blood circulation and phlegm. The target compounds were obtained by
free radical halogenation, etherification and hydrolysis using 2-methylpyrazine and different substituted
aromatic acid methyl esters as raw materials. The structures were characterized by 'H NMR,
"C NMR, IR and and MS. The results of in vitro pharmacodynamic screening showed that the title
compounds had significant anti-platelet aggregation activity, and the activities of ( E')-3-methoxy-4-
( pyrazine-2-methoxy ) -phenylacrylic acid (6a) and 3-(2-pyrazinemethoxy ) 4-methoxy-benzoic acid
(6e) were due to ozagrel and ferulic acid. The anti-platelet aggregation activity of 6a is superior to
(E)-3-(4-(pyridin-3-yl ) methoxy ) -3- methoxyphenyl) acrylic acid.
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MFEKEZR (TXA, ) J& AL A DU A B2 A 1 i 7 vh
g —ANEE L BE R, S0 L R
5 TXA, #1777 A L. B 3 R ( ferulic
acid) , b7 # 44 0 (E) 4-523-3-H A LR NI IR,
ST Y N ES S 2 b 2 b A R Z
— U 2 R s BT A 207
TR AR T P, B /MR R 421 B Eh Bk s AR
L O AN /I -V DN =N AR 71 ! I SN
RN B T N T2 At R
AAEATAL T AR A AR U T B R
FTXA, A BB 50 i 4 F0 4 o5, B IR G T
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Figure 1

Binding pattern of compounds to Thromboxane Synthase A2 (The carboxyl group forms a hydrogen bond

with the GLN-312 residue, and the pyridine N atom forms a hydrogen bond with GLN-229)
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1.1 A% 5K
WRS-1B BRI 45 5 A (I BE R AL IE ) 5 LCQ
ADVANTAGE MAX I i 3% FH 5 1% 1% ; Bruker
300 MHz #1400 MHz %8 S 4 i 2L 4R (X (TMS
M #x, CDCL, 8% DMSO-d, i & 5] ) ; Nicolet Ava-
tar370DTGS TILTAMEREY .

2-FSENE R A T UL ARG 4 Ak T A BR 93 4T
N BTERIR TR B RR P R R R R
FELNAERR OB . T F R LT A PR R 2
fi, BOUA RS AN AL Tl 1 BRA B Rt L8
KT B 25 B T & A PR 28 A AR AL VF AT UES
SCXK ( f¢)2017-001 .

1.2 &%

(1) 2-GHSEnER (4 ) AR

H4 2-HI LNk R 4.8 ¢(0.052 mol) %5 T IUEAAL
fig 100 mL Hfr i A V- ARBEH1E W% (NCS) 7. 0
g(0.052 mol ) Fili AL A H i 50. 0 mg, 6 HRm]
FOWE 12 h[ TLC Wi, 7] A = V(LR L TR ) /
V() =1/2], RWEERHERR, T0 T
FREL ~2 h, U8, s 0% & Ak ik (2 x 50
mL) YUk, G I U, U DI Y A AR AR IR b
HARIAA , BT T 22 RO

(2) 5a~5f & (L 5a i)

TE=FOM PRI ABTZR IR LT 4.2 ¢
(0.019 mol) FRER4N 6.7 g(0.048 mol) il DMF
50 mL, JN#AE 100 °C, 15 min J5 A _F 3R HPR K
A, F 100 C JZ i 2 h [ TLC Y5, B FF 7 A =
172], BEIZEER, hIE, U8B AK 100 mL,
LR TR (3 x 70 mL) ZEH, & I 2 O, MK
K (3 x50 mL) P, JCAK B BR &M T4, 9 He [ml ik
LR LR IR 0 A, 2k AR J2 BT (R«
A =2/1) A4S B AR (E) -3-H1 A e -4- (i -
2-FAEIL) R INIR TR (5a) 3.4 g,

FHZERIT 45 1 5b ~ 5€,

5a; % 57.2% , m.p.101 ~102 °C; '"H NMR
(CDCl,, 400 MHz) §: 8.87 (s, 1H), 8.57 (s,
1H), 8.55(s, 1H), 7.62(d, J=16.0 Hz, 1H)
7.09(s, 1H), 7.06(d, J=8.0 Hz, 1H), 6.92
(d, J =8.0 Hz, 1H), 6.33(d, J =16.0 Hz,
1H), 5.29(s, 2H), 4.27(q, J=7.2 Hz, 2H),
3.84 (s, 3H), 1.33 (t, J=7.2 Hz, 3H);

“C NMR ( CDCl,, 101 MHz) §: 167.1, 152.3,
149.8, 149.4, 144.2, 144.0, 143.8, 143.7,
128.7, 122.2, 116.6, 113.6, 110.4, 69.9, 60.4,
56.0, 14.3; MS(ESI) m/z; 315.03{[M+H] " |,

4-(2-MEm HARE ) R PR R (5b) : IR B8
A, W% 51.4% , m. p. 77 ~78 C; '"H NMR
(CDCL,, 300 MHz) §: 8.82(s, 1H), 8.57 ~8.54
(m, 2H), 8.02(d, J=8.7 Hz, 2H), 7.03(d,
J=8.7 Hz, 2H), 5.29(s, 2H), 4.35(q, J=7.0
Hz, 2H), 1.38(t, J=7.0 Hz, 3H); “C NMR
(CDCl,, 75.5 MHz) §: 166.1, 161.7, 152.0,
144.2, 144.0, 143.7, 131.7, 124.0, 114.4, 69. 1,
60.8, 14.4; MS(ESI) m/z; 258.94 {[M+H] "},

3-FHAR JE4-( 2-nik g8 HT AR KL ) R TR W R
(5¢): FI AR, % 54.9% , m. p. 127 ~ 130
°C; '"H NMR(CDCL,, 300 MHz) &: 8.88(s, 1H),
8.59(s, 1H), 8.57(d, J=2.4 Hz, 1H), 7.65
(dd, J=8.4,2.0 Hz, 1H), 7.61(s, 1H), 6.97
(d, J=8.4 Hz, 1H), 5.37(s, 2H), 3.97 (s,
3H), 3.91(s, 3H); "C NMR(CDCl,, 75.5 MHz)
§: 166.7, 152.1, 151.4, 149.2, 144.1, 143.9,
143.7, 123.9, 123.3, 112.7, 112.6, 69.8, 56.1,
52.1; MS(ESI) m/z: 275.09{[M+H] "},

3,5- AR AR A- (2-nkgg AL ) R IR &
B (5d) : KA, I 43.3% , m.p.52 ~53
°C; '"H NMR(CDCl,, 400 MHz) §: 9.07(s, 1H),
8.54(s, 2H), 7.33(s, 2H), 5.28(s, 2H) , 4.40
(q, J=7.2 Hz, 2H), 1.42(t, J=7.2 Hz, 3H);
“C NMR (CDCl,, 101 MHz) §: 166.1, 152.9,
144.4, 143.5, 143.4, 140.5, 138.4, 126.2,
106.7, 73.8, 61.2, 56.2, 14.4; MS(ESI) m/z:
319. 12{[M+H] " |,

3-(2-Mk g8 AR L ) 4-HT A RE-OR B R & TR
(5e): M, # 50.7% , m.p. 96 ~98 C;
'"H NMR ( CDCl,, 400 MHz) &: 8.90 (s, 1H),
8.59(s, 1H), 8.56(d, J=2.4 Hz, 1H), 7.75
(dd, J=8.4, 1.6 Hz, 1H), 7.66(s, 1H), 6.95
(d, J=8.4 Hz, 1H), 5.35(s, 2H), 4.35(q,
J=7.2 Hz, 2H), 3.96(s, 1H), 1.39(t, J=7.2
Hz, 3H); "C NMR(CDCI,, 101 MHz) §: 166. 1,
153.6, 152.4, 147.1, 144.0, 143.9, 143.7,
124.7,123.1, 114.8, 110.9, 70. 1, 60.9, 56. 1,
14.4; MS(ESI) m/z: 289. 12{[M+H] * |,
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(E)-4-(np wg-2-H & JE) -8 9 I 1R & TR
(5F) : REE A AR, IkZ 44. 2% , m. p. 87 ~ 89
°C; "H NMR(CDCI,, 400 MHz) §: 8.84(s, 1H),
8.60 ~8.56(m, 2H), 7.65(d, J =16.0 Hz,
1H), 7.52(d, J=8.8 Hz, 2H), 7.03(d, J=8.8
Hz, 2H), 6.34(d, J=16.0 Hz, 1H), 5.29(s,
2H), 4.27(q, J=7.2 Hz, 2H), 1.35(t, J=7.2
Hz, 3H); “C NMR(CDCI,, 101 MHz) §: 167.2,
159.7, 152.2, 144.1, 143.9, 143.9, 143.7,
129.8, 128.2, 116.4, 115.2, 69.0, 60. 4, 14.4;
MS(ESI) m/z; 285.08{[M+H]" |,

(3) 6a~6f 15 L (LL 6a A1)

TER VIR AR INA 5a 2.5 g(7.9 mmol) ,
JC/KZ 20 mL F15.0 mol - L™ S SA AL IR
10 mL, T2 6 h (TLC Wi, B FF-7: A =
2/3) . WEENIL O, B H EEE, H 6 mg -
mL ™' ERERIE pHA ~ 5, 47 A, 1 U8, SR
KPR 2 Wl HICK S B hd, T 60 C 1
PRk 6a 1.9 g,

FHZEAUTT 45 1 6b ~ 6f

(E)-3-H A 5L 4- (gg-2-F AL ) - R TN I 12
(6a): r#83.7% , m.p.192 ~193 °C; '"H NMR
(DMSO-d, , 400 MHz) §: 12.21(brs, 1H), 8. 80
(s, 1H), 8.67(t, J=2.4Hz, 1H), 8.64(d, J=
2.4 Hz, 1H), 7.53(d, J=16.0 Hz, 1H), 7.36
(d, J=1.6 Hz,1H), 7.20(dd, J=8.4 Hz, 1.6
Hz, 1H), 7.11(d, J=8.4 Hz, 1H), 6.46(d,
J=16.0 Hz, 1H), 5.29(s, 2H), 3.84(s, 3H);
“C NMR(DMSO-d,, 101 MHz) &: 168.3, 152.4,
149.8, 149.7, 144.8, 144.7, 144.4, 144.3,
128.4, 122.8, 117.7, 114.0, 111.3, 69.6,
56.2; MS(ESI) m/z: 287.00{[M+H] "},

4-(2-MemE H AL ) R R (6b) . A [E A,
% 89.5% , m. p.218 ~219 °C; '"H NMR ( DM-
SO-d,, 300 MHz) §: 8.83(s, 1H), 8.67 ~8.61
(m, 2H), 7.91(d, J=8.8 Hz, 2H), 7.15(d,
J=8.8 Hz, 2H), 5.34(s, 2H); "C NMR ( DM-
SO-d,, 75.5 MHz) §: 167.4, 162.0, 152.1,

68.99; MS(ESI) m/z;: 231.03{[M+H]" |,

3- A k4 - (2N e F AR ) AHTER (6¢) :
o [ A, Y % 86. 1%, m. p. 232 ~ 234 C;
"H NMR ( DMSO-d, , 400 MHz) §: 8.80(s, 1H),
8.66 ~8.62(m, 2H), 7.55(d, J=1.6 Hz, 1H) ,
7.45(d, J=8.4 Hz, 1.6 Hz, 1H), 6.97(d, J =
8.4 Hz, 1H), 5.24 (s, 2H), 3.78 (s, 3H);
“C NMR(DMSO-d,, 101 MHz) §: 170.2, 152.7,
148.5, 148.3, 144.6, 144.2, 134.7, 122.2,
113.6, 112.9, 69.7, 55.8; MS (ESI) m/z:
259.07{[M+H] "},

3,5- W1 AR BE-4-(2-mi g WY AR ) o8 TR
(6d); o[ {4, k% 88. 7% , m. p. 184 ~ 185
°C; 'H NMR ( DMSO-d,, 400 MHz) §: 8.87 (s,
1H), 8.60 ~8.58(m, 2H), 7.24(s, 2H), 5. 14
(s,2H),3.80(s, 6H); “C NMR(DMSO-d,, 101
MHz) §: 167.3, 153.1, 144.6, 144.5, 144.2,
140.2, 126.9, 106.9, 73.7, 56.5; MS ( ESI)
m/z: 291.04{[M+H] "},

3- (2Nt H A 5L ) 4-H A -8 FH R (6e)
e [E R, e 90. 9% , m. p. 238 ~ 240 C;
"H NMR ( DMSO-d, , 400 MHz) §: 8.81(s, 1H),
8.68(s, 1H), 8.64(d, J=2.4 Hz, 1H), 7.62
(dd, J=8.8 Hz, 2.0 Hz, 1H), 7.57(s, 1H),
7.10(d, J=8.8 Hz, 1H), 5.28 (s, 2H), 3.87
(s, 3H); “C NMR ( DMSO-d,, 101 MHz) §:
167.4, 153.4, 152.5, 147.3, 144.8, 144.7,
144.3, 124.5, 123.5, 114.6, 112.0, 69.7,
56.3; MS(ESI) m/z; 260.97{[M+H] "},

(E)-4-(niks-2-H 48 0L RN IR (6f) : H
o [ A, U % 91, 5%, m. p. 217 ~ 219 C;
"H NMR ( DMSO-d,, 400 MHz) §: 12.23 ( brs,
1H), 8.82(s, 1H), 8.68 ~8.62(m, 2H), 7.66
(d, J =8.8 Hz, 2H), 7.55(d, J =16.0 Hz,
1H), 7.10(d, J =8.8 Hz, 2H), 6.39(d, J =
16.0 Hz, 1H), 5.32(s, 2H); “C NMR ( DMSO-
d,, 101 MHz) §: 168.2, 160.0, 152.3, 144.8,
144.7, 144.3, 144.0, 130.4, 127.9, 117.4,

144.9, 144.7, 144.3, 131.9, 124.1, 115.1, 115.7, 68.9; MS(ESI) m/z:257.03 {[M+H]"{,
R 1 LGP ADP 75 5B R G/ R S 40 1 7 41
Table 1 Inhibition activity of the target compounds on platelet aggregation induced by ADP
Comp Ry 28 1R B 2 6a 6b 6¢ 6d e 6f
IC,)/mmol + L™ 19.58 2.85 1.76 1.14 3.15 3.75 3.33 1.81 3.62
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1.3 Ff BB EERNZ

FER PRI 6a ~ 6f, 2 BLFLA% T 1 Bn] B0 2 i
i, FHBERREL 22 il (pH =7. 36) it & Mk B2 351
0.02,0.2,.0.4,0.5,0.6 Ff 1.0 mg - mL™" %
Mo A 20% Sy i S ik 56 R, Ui
FENPK I 40 ~ 45 mL, HTEE,200 ¢+ min " B0
1.5 min, W 12K 8 (020 IS & i/ A il 2
(PRP) , 4> F 1 3000 r + min~' B0 10 min, B I
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0.0717 mg + mL™",
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1~2 h, Sy 7 &1 7 1 3% A I S e A 14, 58 4l
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CCL I, I BEANBER 5,25 CONHL,

2.2 ety i RIS E

G W RSP BT I/ 2R B 0 1 2 2R L 3%
Lo i3 1 AL 6a ~ 6f HATW R AU/ MR S
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6a [T I/ MR AETE M, LT E BRI G 2.

2.3 MK A
N 19 5 IR Tk 2 AT AR W) A R 3 A AN AR

F-(N1 I N4) 7] LA TXA, 4 RS 1057 5 12,
SRR SE AR E A BT, T s e & S
TXA2 G455 RE ST . NI b1 6a i il
ADP 755 1 1L /AR R SR A 1Cs, (AL T & )
2. FIP BRI TR A QLR PR ) S RE AT
MG PRI T E S MARGAL B GLN 2 GLU %
FLRRA IR A S W Z A S R —E
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PO R PR S SRERE AT, 5 i AL S, Ik 2 )
Of I P I e, BRI Y SR8 1) B X T 1R R M AN
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SEFEBUR IR TEA ZE A R IR AR RO R IE
FEHE— LT

3 #ig

ARSC LA M AR 25 BT B o S5 e & 0,
BATIFG T 6 A ((HER-3-25) A2 ) 77
BRATEEY) o PROPEGRLTR 4 R 7R - L & ) 6a ~
of FA W] i1 e i /MR R 3 4, ok & W)
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