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Abstract

In order to search for new anti-platelet agents with higher potency, a series of Ligustrazine deriv-
atives were synthesized and evaluated based on the principle of bioisostere and hybridization.
They exerted inhibitory activity against adenosine diphosphate (ADP)-induced and arachidonic
acid (AA)-induced platelet aggregation to varied extent. Among them, compound H was the most
potent with ICso of 8.52 pmol/L on ADP-induced platelet aggregation (5.2 folds of TMP) and 12.08
pmol/L on AA-induced platelet aggregation (3.9 folds of TMP), which may be utilized as lead com-
pound for further investigation.
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1. 5|8

B NATAE RS AT BT &, O LA B LR N R R FIAE T A o E B R R 2 — [ 1] 5T
K, FECLMKIMEERNEZRN R — RO RN2]. Bk, Bk s B s g%
T3 (1) RCHE it o

REFEAFEEE, HARMNSZMEFE, RAESUEGWNEISREL —. Bk, MMegidzy
rh i i 2 A H ) N AR SR SR AE F B SO R N e S AT 25 vt . B RGP H T A
BIAE FH /N 0996 77 IR #2614 5000 25 9 B A B B BEAL B U PR N, FH AN « A% 4 265 )11 5 11 A Rk
B )15 (TMP) [31H A #I f/MRCEESE . Priii ke 4E F [4]-[9], (B SRRV 22 . ARBHER 3
B, NIRFFA R AYNEITIREE, K EAURELS 2y, # 5 SERRE R #E[10], N ZH]—ER
il o

ARG T, Y A AEE BEMER, WS S RIBENLIRIE R 25 & B %t, K%
TT RIS HEME. BHE 72 (Combination principles) & 845 ML & il SN P& R — 901, B
TERL 3 T B B A 5, s ERAE A, kN EAR R I EERIVE A R 2 KA R, RIE S
2 BEE, PhRIH e RaYT I RE . WU 252 —JRiEad 25 M B 1R IR SR 254 43 v PR 2k A P R SR
MR ARG, (AERN TR BRGNS IER Y, BAwREA Rz, edmr
FRESEAR A e ASURIE 5P & B S AT 25 R B, )N B g i kAT 1 luid, Wity ST 8 Ml =g
e, AR ILE 1, AR A R SE N PUILNMOREREY), G R A%

2. MBEFE*E
2.1. FENEH

Varian Mercury-400 B % i 4R (36 Varian 2 #]); UPLC-QTOF Y 15 73 # 5t it (3 IR ARt A 7))
ZF-7C B = PR AN A (L B R A BR A 7).
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Figure 1. Synthesis of Ligustrazine derivatives

L IIBBRITEA sk

2.2. JIIZERATEMR SR

KSR LT SR B AP BB, DS RIEY), Tk T S AmEAE, 25k, Eik
SREEY), TR Z B AR A R SR B — RN EE ) S RATAEY), B4 KRR M2
EHREN 8 MRS HERT A A~H, HEH4 '"H-NMR, "C-NMR 1 LC-MS HiiiE

DALEY) D s L= IRA0BEAN(3,5,6- = FE R g2 -0 I Skt DT Sk Dy v 7] e A5 ) 2-
IR KE-3,5,6- = FILMLEE, PS5 0EW0 2 508 R R AL G ) 20 SR U LA 31 4-((3,5,6- = 2k
MG -2 - ik ) PR D ) B ) 2 R IR R I | 5 VR 2 AT AR, B R 0 /KRS 31 4-((3,5,6- = FF kI g -2 - ) FR G )
R EFRALEY D). HERA; 'HNMRS: 7.82 (s, 1H, Ar-H), 7.81 (s, 1H, Ar-H), 6.75 (s, 1H, Ar-H),
6.73 (s, 1H, Ar-H), 4.46 (s, 2H, CH3), 2.56 (s, 3H, CH3), 2.55 (s, 3H, CH;), 2.52 (s, 3H, CH3); “C NMR & =
152.53, 151.81, 149.63, 148.66, 14827, 147.40, 131.31, 118.14, 112.20, 45.47, 19.82, 19.66, 18.69;
ESI-MS(m/z) [M+H]" = 272.41.

FRARI TG AR 2AY) A By C. Ev Fu G, He

WA A 4-((3,5,6- = I LML HE-2-56) AL KR (K "H NMR §: 8.01 (s, 1H), 7.12 (s, 1H),
7.99 (s, 1H), 7.11 (s, 1H), 5.27 (s, 2H), 2.54 (s, 3H), 2.58 (s, 3H); "C NMR & = 168.27, 162.42, 151.50, 149.73,
149.08, 145.59, 131.45, 123.39, 114.14, 69.19, 19.94, 19.73, 18.88; ESI-MS(m/z) [M-H] =271.17.

A B: 2-(4-((3,5,6-— IR M R -2-56) AU 28 58 2R s (T4 K 'H NMR §: 7.23 (s, 1H, Ar-H),
7.21 (s, 1H, Ar-H), 7.00 (s, 1H, Ar-H), 6.98 (s, 1H, Ar-H), 5.17 (s, 2H, CH,), 3.55 (s, 2H, CH,), 2.57 (s, 3H,
CHs), 2.53 (s, 3H, CH3); "“C NMR & = 174.45, 157.61, 149.77, 148.11, 146.19, 130.09, 127.47, 114.48, 69.13,
36.39, 19.91, 19.69, 18.92; ESI-MS(m/z) [M+H]" = 288.44.

A C: 3-(4-((3,5,6- = H FE MR -2- ) 1 4203 K 35 A R s 16K K s 'TH NMR 8: 7.17 (s, 1H, Ar-H),
7.16 (s, 1H, Ar-H), 6.96 (s, 1H, Ar-H), 6.94 (s, 1H, Ar-H), 5.15 (s, 2H, CH,), 2.59 (s, 2H, CH,), 2.57 (s, 3H,
CHs), 2.56 (s, 2H, CH,), 2.54 (s, 3H, CH3); ""C NMR & = 157.07, 151.22, 149.77, 148.89, 146.27, 133.59,
123.98, 114.51, 69.14, 35.57,29.79, 19.90, 19.67, 18.92; ESI-MS(m/z) [M+H]" = 302.45.
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A E: 2-(4-((3,5,6- = FF LR -2-38) FE 6 & 36 3 ZR &40 AR K; 'TH NMR 8: 7.08 (s, 1H,
Ar-H), 7.06 (s, 1H, Ar-H), 6.72 (s, IH, Ar-H), 7.06 (s, 1H, Ar-H), 6.72 (s, IH, Ar-H), 6.71 (s, IH, Ar-H), 4.37
(s, 2H, CHs), 2.55 (s, 3H, CHs), 2.54 (s, 3H, CH3), 2.51 (s, 3H, CH;); "C NMR & = 153.89, 149.32, 148.56, 148.22,
148.13, 147.28, 129.57, 123.43, 112.87,45.27, 40.07, 19.80, 19.62, 18.69; ESI-MS(m/z) [M+H]" =286.43

AW F: 2,6-— FHE-4-((3,5,6- = FI B ML R -2- 32 ) A 36 ) M bk s 9% B €3Ik s "H NMIR 8: 3.66~3.68 (d, 1H,
CH, J = 12), 3.59 (s, 2H, CH,), 2.62~2.66 (t, 2H, CH,, J = 12), 2.59 (s, 3H, CH;), 2.51 (s, 3H, CH3), 1.88~1.91
(t, 2H, CH,, J = 12), 1.14~1.15(d, 3H, CHs, ] = 6); "C NMR & = 149.99, 149.65, 148.01, 147.99, 71.69, 62.01,
21.58,21.47,20.95,19.09; ESI-MS(m/z) [M+H]" =251.42.

WA G: 4-((3,5,6-=FF BE M -2 56) F B BRAR A Wk 454 5 ¥4 2% 43l tR s "H NMIR 8: 3.62 (s, 2H, CH),
2.76 (s, 2H, CH,), 2.66 (s, 2H, CH,), 2.58 (s, 3H, CH;), 2.51 (S, 3H, CH;), 2.50 (S, 3H, CH3); "C NMR & =
150.08, 149.65, 147.94, 147.66, 62.78, 54.96, 29.70, 27.99, 21.57, 21.45, 20.95; ESI-MS(m/z) [M+H]" = 239.44.

WA He (E)-3-(4-(3,5,6-— F BE M e 235 ) F 4036 R 30 IR Ik K "H NMR 8: 7.64~7.61 (d,
1H, CH, J = 18), 7.58~7.56 (d, 1H, Ar-H, J = 12), 7.09~7.08 (d, 1H, Ar-H, J = 6), 6.38~6.35 (d, 1H, CH, J = 18),
5.24 (s, 2H, CH,), 2.58 (s, 3H, CH;), 2.54 (s, 3H, CH;); ESI-MS(m/z) [M+H]" =300.41.
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Figure 2. Structure of compounds A~H
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2.3, fui/MRERSERE

2.3.1. BI/MRINE(PRP)S R /MR I (PPP)RIHI&

A fr 24 h KGR AZ RE R, SIS B, NS 1/10 BE R 3. 8% MR BAVE W 1)
TEAL B OB, B I S PR IR 2, LA 900 rpm/min, B0 5 min J&, FHK 800 rpm/min &50» 5 min,
HE R s R R & ML/ (PRP), K364 #6 43 B 3000 rpm/min B0 10 min, HU_EJEM RIS 3T ML
/MR L2 (PPP)

2.3.2. M/MERERRME

H ) £ 1 0 E ML /MR IS (PRP) B 37 CHEPRIR B 20 min, FIRMIESKE S B EUE & )51 PRP 90 pL T
96 FLEH, I 5 uL FRML &Y, IRIETRET, SR IEHMRE, Hl15 29K N 100 pmol/L. 50 pmol/L.
25 umol/L+ 12.5 umol/L+ 6.25 umol/L+ 3.12 pmol/L [ILZEAE S, 37 CHEEHRIE 5 min, “FATHI& 2 4,
LN A A B 4. BEEFRACE EES R IAN 10 s, MERKAN 570 nm, BLIEEEHN 96 fLIKE
TEEAR EPUEFERE 10 s JEMEWIERE, & 30 s Wlm—k, &80 3 K, e & FL=IRIRIEEIMEA Ags
A HINNE S 57 R AR (ADP), { ADP 4K N 5 umol/L, B ZINANIE FHITEAVUGER(AA), i AA
LIRIE N 0.5 mmol/L, F HUE IR 37°CREW 5 min Ji&, & 30 s PE— KOG, HERCEATEAL,
AT LI EEE N A

2.3.3. GEiHERE

SLEGHAE AL SPSS #EAT G 0, M x£s Ron, P < 0.05 RERBEARIFENL . HERIH
DI R B R 1Csp0 F2 AR 2 SIS /MR 2 2 (aggregation rate, AR)FIZGHI5T (/MR R4
il % (aggregation inhibition rate, AIR):

AR =[(JI\ ADP #i A f — JI ADP J&5 A {)/\ ADP #i A f4] x 100%:;

AIR = [1 — (258 LA 70 T/ A R T 70 %)) x 100%.

2.3.4. i/ MMRBEFME

S, REVKEE A IRE L BEINH] ADP F1 AA i S RIRAMILIME RS, I 2R A
WAV H A R3E FIARSMILMRIDEIE R, 7& M S 5a T FI ] Uehk. K& AL Dy Fo H B/ R
EEAE AR TR R] UTAR, HAE 100 pmol/L B %F ADP il 2653 54 72.56% 66.95%- 78.48%. 88.93%, X
AA FIHIZ 5514 68.64%- 62.08% 78.48%. 84.91%. HAMH| ADP i Fifil /MR ICso 7351 M: 30.71
pmol/L+ 37.38 umol/L. 21.85 umol/L. 8.52 pmol/L, Fi[ & JLAK ICsy N 44.66 pmol/L; FLAH] AA 75 5 ifi /)
BRI ICso 729N 33.42 pmol/L. 46.19 pmol/L. 24.92 ymol/L. 12.08 pumol/L, Fil & JLHK ICsy Hy 46.58
pmol/L, &) H Huifil /M SR E e, 25 R W4 1.

Table 1. ICs, values of target compounds against platelet aggregation in vitro

= 1. RSMRI/AMREREREY 1G5, B

ICs (umol/L)
Compd
AA ADP
Aspirin 46.58 44.66
A 33.42 30.71
B 60.21 55.28
C 129.38 111.58
D 46.19 37.38
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Continued
E 75.23 66.82
F 24.92 21.85
G 65.82 51.65
H 12.08 8.52

3. ZRE5WiE

Liu XY Z5[6] A 2-38 FJE-3,5,6- = H LML 0 JEORME N 5e SUEYD, Wit &R T — RVI)IEEATEY,
I Bl S nT A R RIOE IR L& K L P R 48 M (HUVECSs) 9 58, I B i S8 A 45 49 (1)
HUVECs R EH . T B0 1 LA /K DY FE R o k), BEiE 6l T )1 & Rl i A4, Hodh 115
IR S DA Tk SR R 2R AR A 2 SRR 0 T )1 55 e . RS A6 5] [12] B TMP A5 T, &R T — R 5 B0 i I
BT BB AL TMP WRMEFT A, A ORI AP e 7S5 HE R BRI & TR B, DU e S &4,
S EHE ER. KRN, SIS 8 NI RATAEY . oA PPN R ENEH &
TRIREIVCARBHIEXT B2, AP AL Dy Fy H3EVEREF, Forb H & M, 1Cso 2R = FTAR 1 5.2 fi.
WA RO R I ZRIR 15 LB E: IR 7 (808 npi /MR IEVE I 2 B, 15 AiUsE & H
WU 2 B0, SRATAEYHIE 59 T RERATAEY, 11 A0S NSMRIRE 2 BRAK, R34
AR FH B R, 11 AR USRI )1 25 R R ST A e /R SR AR AR R AR T )1 R S R AT AR )
G ETHEY H BRI EE I, SOTE R S G T IR 8t 7t .

E&WE

R WA E S IH R X R B SR TR R E A S N AR
(CSTC2014zkjecxyyBX0034).
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