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Synthesis of ferulic acid derivatives and their inhibitory
effect on platelet aggregation

L1 Jia-ming , ZHAO Yong-hai, ZHONG Guo-chen, LONG Zi-jiang, ZHOU Peng, YUAN Ming

(Anhui Key Laboratory of Traditional Chinese Medicine, School of Pharmacy, Anhui University of
Traditional Chinese Medicine, Hefel 230031, China)

Abstract: Ferulic acid, an useful compound of Chinese traditional medicine, was used as |eading compound.
Six ferulic acid derivatives were designed and synthesized based on bioisosterism. Their structures were
characterized by IR, '"H NMR, *C NMR and mass spectra. In vivo experiment showed that ferulic acid
derivatives had good inhibitory effects on adenosine diphosphate (ADP) induced platelet aggregation, which

were significantly higher than that of Ozagrel.
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Figurel Structures of ferulic acid, Ozagrel and Dazoxiben
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Scheme 1 Synthetic route of target compounds 3a and 3b
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Scheme 2 Synthetic route of target compounds 3c — 3f
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Table1l Physical constants and spectral data of compounds 3a — 3f
HR-MS (m/2)
Compd. Yield/% mp/C 'H NMR (300/400 MHz) [M]* (calcd.) ESI_MMJi(TVZ)
(Found) [ 1
3a 88.5 217.8-218.4 (D20, 300 MHz) 4: 7.33 (d, J = 15.9 Hz, 1H, ArCH=), 6.95-6.99 (m, 2H, Ar-H), Ci4sH19NO4 266.13
6.86 (d, J = 8.1 Hz, 1H, Ar-H), 6.11 (d, J = 15.9 Hz, 1H, =CH), 4.26 (t, J = 6.2 Hz, 265.1314
2H, NCH,CH,0), 3.73 (s, 3H, -OCH3), 3.51 (t, J = 6.2 Hz, 2H, NCH,CH,0), 2.89  (265.129 5)
(S, 6H, -N(CHg)z)
3b 80.6 214.4-215.4 (D,0, 300 MHz) 4: 7.45 (d, J = 15.9 Hz, 1H, ArCH=), 7.05-7.09 (m, 2H, Ar-H), CisH21NO4 280.09
6.90 (s, 1H, Ar-H), 6.23 (d, J = 15.9 Hz, 1H, =CH), 4.10 (t, J = 6.4 Hz, 2H, 279.1470
NCH2CH,CH,0), 3.78 (s, 3H, -OCHa), 3.29 (t, J = 6.4 Hz, 2H, NCH,CH,CH,0), (279.146 3)
2.87 (s, 6H, -N(CHs3),), 2.15-2.18 (m, 2H, NCH,CH,CH,0)
3c 87.4 180.9-182.6 (D20, 300 MHz) ¢: 7.50 (d, J = 15.9 Hz, 1H, ArCH=), 7.12-7.15 (m, 2H, Ar-H), Ci7H23NO, 306.16
6.96 (d, J = 8.1 Hz, 1H, Ar-H), 6.26 (d, J = 15.9 Hz, 1H, =CH), 4.36 (t, J = 4.8 Hz, 305.162 7
2H, NCH,CH,0), 3.84 (s, 3H, -OCH3), 3.60-3.51 (m, 4H, a H in piperidine and  (305.162 3)
NCH,CH,0), 2.99 (t, J = 12.1 Hz, 2H, a H in piperidine), 1.96-1.44 (m, 6H, 8, y H
in piperidine)
3d 85.2 >250 (D20, 300 MHz) ¢: 7.43 (d, J = 15.9 Hz, 1H, ArCH=), 7.02-7.03 (m, 2H, Ar-H),  CigH2sNOs 320.18
6.86 (d, J = 8.7 Hz, 1H, Ar-H), 6.19 (d, J = 15.9 Hz, 1H, =CH), 4.04-4.07 (m, 2H, 319.178 4
NCH,CH,CH,0), 3.76 (s, 3H, -OCHjs), 3.52 (d, J = 12.3 Hz, 2H, o H in piperidine), (319.173 9)
3.22 (t, J = 7.5 Hz, 2H, NCH,CH,CH,0), 2.87 (t, J = 12.3 Hz, 2H, a H in piperidine),
2.14-2.18 (m, 2H, NCH,CH,CH,0), 1.92-1.36 (m, 6H, 3, y H in piperidine)
3e 89.3 211.7-214.9 (D20, 400 MHz) 4: 7.49 (d, J = 16.0 Hz, 1H, ArCH=), 7.13-7.15 (m, 2H, Ar-H), CisH21NOs 308.04
6.97 (d, J = 8.4 Hz, 1H, Ar-H), 6.27 (d, J = 16.0 Hz, 1H, =CH), 4.39 (t, J = 5.2 Hz, 307.1420
2H, CH,CH,0Ar), 4.06-4.09 (br s, 2H, a H of -CH,OCH>- in morpholine), 3.82—  (307.132 3)
3.84 (m, 5H, -OCHj3 and 8 H of -CH,OCH> in morpholine), 3.64 (t, 2H, J = 5.2 Hz,
NCH,CHy), 3.56-3.59 (m, 2H, a H of -CH,NCH,- in morpholine), 3.28-3.30 (m,
2H, g H of -CH2NCH>- in morpholine)
3f 86.9 166.5-167.8 (D20, 300 MHz) d: 7.32 (d, J = 15.9 Hz, 1H, ArCH=), 6.93-6.95 (m, 2H, Ar-H), Ci7H23NOs 322.20
6.78 (d, J = 8.4 Hz, 1H, Ar-H), 6.09 (d, J = 15.9 Hz, 1H, =CH), 4.01-4.08 (m, 4H, 321.128 6
CH,CH,CH>0 and a H of -CH,OCH, in morpholine), 3.71-3.78 (m, 5H, -OCH3;  (321.126 9)

and # H of -CH,OCH; in morpholine), 3.52 (d, J= 12.3 Hz, 2H, a H of -CH,NCH,-
in morpholine), 3.30 (t, J = 7.5 Hz, 2H, NCH,CH,CH,0-), 3.13 (t, J = 12.3 Hz, 2H,
S H of -CH2NCH>- in morpholine), 2.14-2.20 (m, 2H, NCH,CH,CH,0)

Table 2 The inhibitory effect of ferulic acid derivatives on
platelet aggregation (n = 6, x+s). P < 0.05 P < 0.01 vs

control

Group Maxi murr;:t ;g(])zregation ;;elz;rgn%‘/o

Control 38.0+6.3

Ozagrel 28.6+3.8 24.7
3a 6.4+12" 83.1
3b 140+1.7" 63.2
3c 11.3+2.17 70.3
3d 153+2.2" 50.7
3e 33+15 91.4
3f 96+16 74.9
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Compound 3e

Compound 3f

Figure2 Thedistance between terminal nitrogen atom and carboxyl of Ozagrel, Dazoxiben and compounds 3a—3f under lowest energy

A7), Micromass GCT-MS (& [ i % /8 7]); Nicolet
Avatar 370DTGS Y 21 4k i 4% (Therm-Electron
Corporation); Bruker 300, 400 MHz it S4% # 3L 4RI,
TMS & ¥ #%, CDCl3. DMSO-ds J#%7; LG-PABER-1
R /MBCREEA (At thal Bl 22 A Es A #l); 80-2 &
UG EOHL (L BT 2R A R A A F R
B ); ADP(SIGMA A+, #it*5: 107K7030), %4L%
BN (GER, 40 mo/sd, KIERD K] ), FIER L
fig (AR TABRA ), AR89 4 5
Wrali; A, Hirk, 2.0~25kg, B S HILTIXEE
iz 7] 4L, VFrliE S SCXK (77) 2007-0008.
1 B)-3-U-(ZHEE)ZEE)IHEEFE)R
HEE S (2a) BOA RO

FE =S I BT 2L 2,155 (3.0 g, 0.013 mol).
N, N- =LA 4 ih iR EE (2.3 g, 0.016 mol). Fx iR
B (3.7 g,0.027 mol). DMF (50 mL), T 90 C F %
7 h, TLC (JBITH): LPRAIMER) Ml & [ N FEA 584,
KA, R yEfFUEM, InuK 50 mL, JH 41 415 (3% 50
mL) ZH, G SR OlR)E, HK (3x25 mL) PEv

J&, SIKIRBR T, WU B 4R LW 5 19K
AR, KRR 5, LR OERAVENT, Y
W), YR G S 2a 3.3 g, VR BT EUHAR,
W% 84.3%; 'H NMR (CDCls, 300 MHz) §: 7.63 (d,
J = 159 Hz, 1H, ArCH=), 7.07~7.12 (m, 2H, Ar-H),
6.90 (d, J = 8.1 Hz, 1H, Ar-H), 6.30 (d, J = 15.9 Hz,
1H, =CH), 4.23~ 4.32 (m, 4H, NCH,CH,O and
CH5CH,0), 3.90 (s, 3H, -OCH5), 3.00 (t, J = 5.7 Hz, 2H,
NCH,CH,0), 2.49 (s, 6H, -N(CH3),), 1.36 (t, J = 7.2
Hz, CH3CH,); ESI-MS mVz 294.09 [M+H]".

MR 34330 T4 59 2b.

(B)-3-(4-(3-(— W2 2k ) TN 40 2k )-3- HY A ik 2R )
AR LIS (2b), W% Ik, WO% 79.5%; 'H NMR
(CDCl3, 300 MHz) d: 7.63 (d, 1H, J = 15.9 Hz, ArCH=),
7.06~7.10 (m, 2H, Ar-H), 6.89 (d, J = 8.1 Hz, 1H,
Ar-H), 6.31 (d, J = 15.9 Hz, 1H, =CH), 4.26 (g, J = 7.2
Hz, 2H, -COOCH,CHs), 4.12 (t, J = 6.6 Hz, 2H,
NCH,CH,CH,0), 3.90 (s, 3H, -OCH3), 247 (t, J = 7.2
Hz, 2H, NCH,CH,CH,0), 2.26 (s, 6H, -N(CHa)y),
1.99~2.08 (m, 2H, NCH,CH,CH,0), 1.34 (t, J = 7.2
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Hz, 3H, -CH,CH3;); ESI-MS mVz 308.13 [M+H]".
2 (B)-3(4QRRZEE)FHEE)KAKE Z B
(4a)[11]

TE=HOH RO 1, 2- R Z%E (10 g, 0.05
mol). TR (10g). Tl (100 mL), -4k A Fiy %k
R 21 (5.0 g, 22.5 mmol), #E+E T 80 CRN, K
% 6 h )i, TLC [f - LR 4 FE (41 1, viv) NJETT
A RIS o R N S A SE A, WA, g, AR
LR CTEDEEDEDE, 8 [RISCA 77 5 7590 2 € iR
V), SRERFEEE Y2, A-ZR Ol 4:1) K
Ve, 19 4.3 g 4a, AMGaE, % 58.0%, mp
87.4~89.3 ‘C; *H NMR (CDCl;, 300 MHz) §: 7.62 (d,
J = 15.9 Hz, 1H, ArCH=), 7.07~7.10 (m, 2H, ArH),
6.88(d, J= 7.9 Hz, 1H, ArH), 6.32 (d, J = 15.9 Hz, 1H,
CH=), 4.35 (t, J = 6.6 Hz, 2H, BrCH,CH,0), 4.26 (q,
J = 7.2 Hz, 2H, CH4CH,0), 3.90 (s, 3H, OCH), 3.66
(t, J = 6.6 Hz, 2H, BrCH,CH,0), 1.34 (t, J = 7.2 Hz,
3H, CH3CH,0); ESI-MSm/z 328.76 [M+H]*.

MBI EGR THAEY) 4b.

(E)-3-(4-(3- 1R N 4 38)-3- 4 38) KNG IR &
fig (4b) HfO SR, E 70.5%, mp 74.2~74.8 C;
'H NMR (CDCl3, 300 MHz) ¢: 7.63 (d, J = 15.9 Hz,
1H, ArCH=), 7.06~7.10 (m, 2H, ArH), 6.90 (d, J = 8.1
Hz, 1H, ArH), 6.32 (d, J = 15.9 Hz, 1H, CH=), 4.25 (q,
J = 7.2 Hz, 2H, CH3CH,0), 4.19 (t, J = 6.0 Hz, 2H,
BrCH,CH,CH,0), 3.89 (s, 3H, OCHg), 3.63 (t, J =
6.3 Hz, 2H, BrCH,CH,CH,0), 2.34~2.42 (m, 2H,
BrCH,CH,CH.0), 1.34 (t, J = 7.2 Hz, 3H, CH5CH,0);
ESI-MSm/z 342.80 [M + H]*.

3 (B)-3-G-HEHE4Q-(RE-1-H)ZEE)FE)A
s Z B (50) a2

EZHM A I (E)-3-(4-(2- 1 25 58)-3- H4
5 KN KE (5.0 g, 0.015 mol). WREE (1.9 g,
0.022 mol). fREEH (3.1¢g, 0.023 mol) A N EE (70
mL), #i$E T T 85 ‘C/N 5 h, TLC Fillje & (J& T
i LR OWR) B RNEEARTES, B, I8, s
[ e N, £ B AR A, S pT (il (Uk
i) ZMRER) 73 E1F 2.5 g 5c, ¥ R4,
W% 48.2%; *H NMR (CDCl3, 300 MHz) d: 7.62 (d, J =
15.9 Hz, 1H, ArCH=), 7.05~7.09 (m, 2H, Ar-H), 6.87
(d, J = 8.1 Hz, 1H, Ar-H), 6.30 (d, J = 15.9 Hz, 1H,
=CH), 4.25 (q, J = 7.2 Hz, 2H, -OCH,CHs), 4.17 (t, J =
6.3 Hz, 2H, NCH,CH,0), 3.88 (s, 3H, -OCHs), 2.81 (t,
J = 6.3 Hz, 2H, NCH,CH,0), 2.52 (br s, 4H, o H in
piperidine), 1.63~1.44 (m, 6H, 3, y H in piperidine),

1.33 (t, J =7.2 Hz, 3H, -CH,CH3); ESI-MS nm/z 334.13
[M+H]".

M43 3] T 54 5d~5f .

(E)-3-(3- T4 B -4-(3-(WR WE - 1- 5 ) N 42k ) TR )
WHIR 416 (5d), ¥ o (LR Ak, W% 57.3%;
'H NMR (CDCl3, 300 MHz) d: 7.63 (d, J = 15.9 Hz,
1H, ArCH=), 7.06~7.10 (m, 2H, Ar-H), 6.89 (d, J =
8.1 Hz, 1H, Ar-H), 6.31 (d, J = 15.9 Hz, 1H, =CH),
4,26 (q, J = 7.2 Hz, 2H, OCH,CHjy), 4.12 (t, J = 6.6
Hz, 2H, NCH,CH,CH,0), 3.89 (s, 3H, -OCH3), 2.56 (t,
J = 7.8 Hz, 2H, NCH,CH,CH,0), 2.48 (br s, 4H, a H
in piperidine), 2.06~2.11 (m, 2H, NCH,CH,CH,0),
1.66~1.46 (m, 6H, 8, y H in piperidine), 1.34 (t, J =
7.2 Hz, 3H, CH,CH3); ESI-MS nvz 348.20 [M+H]".

(E)-3-(3- FH A Bk-4-(2- Ny bk £ 500k ) 2R JE) TN A R
LI (56), WHCEHARIBIA, 1% 54.8%; 'H NMR
(CDCl3, 300 MHz) ¢: 7.62 (d, J = 15.9 Hz, 1H, ArCH=),
7.07~7.11 (m, 2H, Ar-H), 6.89 (d, J = 8.1 Hz, 1H,
Ar-H), 6.31(d, J= 15.9 Hz, 1H, =CH), 4.27(q,J= 7.2 Hz,
2H, CH3;CH0), 4.21 (t, J = 6.0 Hz, 2H, CH,CH,OAr),
3.90 (s, 3H, -OCHa), 3.75(t, J = 4.5 Hz, 4H, -CH »-O-CH -
in morphaline), 2.88 (t, J = 4.8 Hz, 2H, NCH,CH,Ar),
2.61 (t, J = 4.5 Hz, 4H, -CH,-N-CH- in morpholine),
135 (t, J = 7.2 Hz, 3H, -OCH,CH3); ESI-MS nV/z
336.10 [M+H]".

(E)-3-(3- H 4 B -4-(3- M Wbk 1A 4038 ) 3R ) TN S TR
LW (5), e EmIRmEs, BOE 52.9%; *H NMR
(CDCl3, 300 MHz) ¢: 7.64 (d, J = 15.9 Hz, 1H, ArCH=),
7.07~7.11 (m, 2H, Ar-H), 6.90 (d, J = 8.4 Hz, 1H,
Ar-H), 6.32 (d, J = 15.9 Hz, 1H, =CH), 4.27 (9, J= 7.2
Hz, 2H, -OCH,CHs), 4.14 (t, J = 6.9 Hz, 2H,
CH,CH,CH,0Ar), 3.90 (s, 3H, -OCH3), 3.73 (t, J = 4.5
Hz, 4H, -CH,OCH.- in morphaline), 2.54 (t, J = 7.2 Hz,
2H, NCH,CH,CH,0), 248 (t, J = 45 Hz, 4H,
-CH,NCH,- in morpholing), 2.02 ~ 2.07 (m, 2H,
NCH,CH,CH,), 1.34 (t, J = 7.2 Hz, 3H, OCH,CHy3);
ESI-MSmz 350.17 [M+H]".

4 E)-3@4(CHRERE)ZEE)-IFEEFE)RA
HERELEREE (32) A

FEF RS KA (E)-3-(4-(2-(— & 3E)
CAHE)-3- AL R L) N IR < 1 (3.0 g, 0.010
mmol). NaOH (0.5 g, 0.013 mmol). Z& (15 mL).
a7k (10 mL), =ilh/Kf# 4 h, TLC [J&FF7): CHCl5-
HIRE =4 0 1] Kl i N AR 584, F 12 mol-L ™ #hR
P pH & 2 /04, sl RSO R 28T, InA 15 mL
TK LEE, KB 10 min, #&ddhig, A, HA
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el

Gyl i, Uk, MRV JOK CREE S A, TR,
4 3a, [k 249, 7% 88.5%.

MERTIERG R T A Y 30~ 3f, PR £k
SR CTTE
5 FIERERGTHE WAYIA R I/ R BB E ™
51 SHRAFERBEIAZE RIS TFHMAHME
120 mg60 kg d 7, HE R RMILFIEN 6
mgkg te BILKE TN R R AR 2 mL-kgT, K
25 25 W B A 11.99 mmol-L Y, Bl B8 {2 A7 2B W)
(3a~3f) M4 253k 8 15 B HLAS T B A5 B R IR JE

PRI FLAS T4 75 mg, 0 25 mL A= EEER /K%
fift, L IE T 11.99 mmol-L ™. FRERAS BE KR (1B B4R
FTAEWRES,, 56N 15 mL A3 ERK, B, N
A 1 mol-L ™" NaOH ¥ 20~50 pb 1 VW 58 4= 0,
PR B R KRR 22 P 7 A
52 IERERLTEMIE AN ADPIE SRR & M/ MR &
ABEXRMEM GHEERE AR R, L4,
416 Ho g T WA BB AR B ER KRN B B R AT
AW (3a~3f), HAABY 2 mL-kgte E4F kS
25 10 min J5RIE, SIS I, DL 3.8%I1) Mtk
FRAh (1:9) BukE, LL 800 rrmintE.Lr 10 min, 4%
/RIS (PRP), 43543 LA 3 000 r-min " &0
10 min, &M/ PRI (PPP). LA PPP %, HL
270 uL PRP i ALk E e, 37 ‘CH#AE 5 min, 25
N ADP (&S 30 pmol-L 7Y % S5 4E, /MR
TRAEACRT I il /AR e KR A2, 1 N oA 3k S
INBCR AR A T 2

IR AR AN % = [ (23 A0 B AL KRR R —
Y P B KR AR ) | 4% A0 2 A K SR 4 28] x 100%,
Ik 48 FEAT AL ¢ AR S0 b, Hds Lk 2,
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