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Synthesis and Anti-inflammatory Activity of Ketoprofen Esters of Paeonol and Its Analogues

JIANG Yucai', HUANG Aiwen’, PENG Yonglian’, ZHU Chunmei', LIN Meizhen', CHEN Limin®"
(1.Department of Pharmacy, the 95th Hospital of Chinese People’s Liberation Army, Putian 351100, China; 2.Department of
Pharmacy, Fuzhou General Hospital of Nanjing Military Command, Fuzhou 350025, China; 3.Department of Medical Chemistry,
School of Pharmacy, Fujian Medical University, Fuzhou 350004, China)

ABSTRACT: OBJECTIVE To synthesize five esters of ketoprofen and study their anti-inflammatory activities and
gastrointestinal side effects. METHODS Five compounds were synthesized by paeonol and its structural analogues with
ketoprofen by DCC method; anti-inflammatory activities of the compounds were evaluated with xylene-induced mice ear
swelling model and carrageenan-induced rat paw swelling test; the research about the mice gastrointestinal side effects also was
explored. RESULTS Five compounds were synthesized and their structures were confirmed by 'H-NMR and MS. Compared
with the corresponding positive and negative control group, the five target compounds could significantly reduce the mice ear
swelling and rat paw swelling, all compounds showed anti-inflammatory activities. Five target compounds on gastrointestinal
lesion area were significantly less than positive and negative groups and significantly reduced gastrointestinal side effects.
CONCLUSION
anti-inflammatory activity and obviously reduce gastrointestinal side effects.

Five esters of ketoprofen are synthesized. Compared with the ketoprofen, they show significant

KEY WORDS: paeonol; structural analogs; ketoprofen; anti-inflammatory
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i vt 55 (25 SR A 2 AR A IR A F], iS5
20140412, 2HEE: 99%); FFREy(HEZ: BD100095,
aifE: 99%). 2-FRFEER AW : D1303022, 4
J5 2 99%)~ 3-F2HEK L (LT - 41972, 4l : 98%).
2-F2HE-5- AR QW5 20130823, 4lifE:
99%). 3-HAEEAE LS : L1331007). 4-—H%
FEnE (DMAP, fit'5: P88428, 4lifF: 99%); —
WOk I (DCC, #it'5: B1327002, 4EfE:
99%) 340 B i b A AE R R AR A s K
RARFNIL R Hraki.

). ICR /N, SPF 2%, Q3%F, A&
(20+2)g; Sprague-Dawley KR, Q3%F, A
(160 10)g, M4 H #\ @ ERIRKE LI s,

0 X4

YFATAE S ¢ SCXK([#)2012-0001, & #&iE 5 :
0001357,
2 HE
2.1 BRI AE(AL~AS) & M

# 5.0 mmol BH¥&ZF¥T 10 mL & 45, BT
50 mL F3UHESF, MM DCC 5 mmol, ZEiE#HFE
0.5h, JI\ DMAP 100 mg, #itHEEVEME. =ik 4k
SEREFE 0.5 h, IIANFF By EL 2-F HOR O 3-%%
FERCH . 2-F25E-5- LR O 3-FA R
My 5 mmol, X N 48 h, i 3E, K4, F 200~300
HAE EATRE AT E AT, W, 52 Hix
&Y. SRR W 1. KRN &P,
x 1.

X3
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SASYE
OH HO X5

X

0 X4
X3
DCC/DMAP O O 0
i, 48h 0 X,
X

Al: X;=COCHj, X,=X3= H, X,= OCHj
A2: X,= COCH3, X,=X;=X,= H

A3: X|=X3=X,= H, X,= COCH;

A4: X;= COCHs, X,=R= H, X3= OCHj
AS5: X,= X3=X,= H, X,= OCH,4
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Fig. 1 Synthetic routes of ketoprofen analogues
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H, PHEEHEEISH, 2R AEH. HA L
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T3 155 A SRR BOK B B K SR IR AE R, {
KE 90 K, HEE160E10)g, 23%F%, 4»H9
H, 8 10 H, 5375 94 (CMC-Na), FHPEZ]
HERESF) > FHEEY, FHR B+ SF, =2k
V. BYRIEEE 12 h, WESY, BY%ER
10mL-kg™', HHYK, ELEREESZ 7d, TK
R 2 Ja L8R I LA 0 KRR B W3 i s il
A RREEE 12h, 4525 1 h JaSiHEN H AL,
SCEDFTIRRE I, FERRMAT] 2 cm Ab&EIL, ATET
AN 10 mL 10% B € 10 min J5IHH KRS E]
B, BB &4, BL0.9%4 FE 3Kk,
Jer, BRI TN ER G AR
3 %
3.1 HENT KRR

FEEMNT &R R 1,

R HEEME AR

Tab. 1 The condition of column chromatography and yield
ZRIN ALY FEE T 2% A8 FEE %
Al FifE - 2R 4 TE=10 1 1 80.8
A2 A D 2R ZBE=9 1 1 71.7
A3 AR R HEE=40 1 1 65.2
A4 ZEHE D LB ZBE=150 © 1 71.9
AS FifE - 2R 4 TE=10 1 1 75.2

3.2 AWM RAE

WA AL B EHCIRA ;s IR(KBr, om ") Vigay
1 762.09(-CO0-); 1 681.74(-C=0); 1 654.96(-C=0):
"H-NMR(400 MHz, CDCl;, TMS) & 7.89(1H, s,
ArH), 7.84(3H, dd, J=5.1 Hz, J=8.0 Hz, ArH),
7.75(1H, d, J=7.7 Hz, ArH), 7.70(1H, d, J= 7.8 Hz,
ArH), 7.61(1H, t, J=7.4Hz, ArH), 7.51(3H, q,
J=7.8 Hz, ArH), 6.83(1H, dd, J=2.5 Hz, J=8.8 Hz,
ArH), 6.50(1H, d, J=2.5 Hz, ArH), 4.16(1H, q,
J=7.4 Hz, -CH(CH;)-), 3.84(3H, s, -OCHj),
2.45(3H, s, -COCHj3), 1.74(3H, d, J=7.4 Hz, -CH;);
EI-MS[[M+Na]"] m/z 425.2(caled for C,sH»Os,
402.4).

&Y A2, HHEEAAR K mp. 62.1~
62.5 °C IR(KBr, cm') vpax 1758.59(-COO-);
1 685.97(-C=0): 1 656.38(-C=0); 'H-NMR(400 MHz,
CDCl;, TMS) 8 7.89(1H, s, ArH), 7.84(2H, d,
J=1.7 Hz, ArH), 7.80(1H, dd, J=1.3 Hz, J=7.8 Hz,
ArH), 7.75(1H, d, J=7.7 Hz, ArH), 7.69(1H, d,
J=7.8 Hz, ArH), 7.62(1H, t, J=7.4 Hz, ArH),
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7.57~7.46(4H, m, ArH), 7.33(1H, t, J=7.6 Hz,
ArH), 7.02(1H, d, J=8.1 Hz, ArH), 4.14(1H, q,
J=74 Hz, -CH(CH;)-), 2.47(3H, s, -COCH;),

1.73(3H, d, J=7.4 Hz, -CH3); EI-MS[[M+Na]'] m/z
395.2(calcd for Co4Hp004, 372.4)0

&Y A3, A LE A ; mp.42.1~42.8°C; IR(KBr,
em ") Vmax 1752.75(-CO0-) ; 1 685.47(-C=0) ;
1 653.19(-C=0); 'H-NMR (400 MHz, CDCl5) & 7.89
(1H, s, ArH), 7.83(3H, m, ArH), 7.76(1H, dd,
J=13Hz, J=7.7Hz, ArH), 7.68(1H, m, ArH),
7.63(2H, m, ArH), 7.56-7.45(4H, m, ArH), 7.45(1H,
dd, J=2.3 Hz, J=8.1 Hz, ArH), 4.09(1H, q, J=7.4
Hz, -CH(CH;)-), 2.60(3H, s, -COCHj3), 1.70(3H,
d, J=7.4 Hz, -CHs3); EI-MS[[M+Na]] m/z 395.2
(caled for Co4Hy004, 372.4).

A A4, FEHPIRY); IR(KBr, ecm—1) Viax
1 747.83(-CO0-); 1 677.90(-C=0); 1 652.56(-C=0);
"H-NMR(400 MHz, CDCl;) & 7.88(1H, s, ArH),
7.84(2H, d,J=7.9 Hz, ArH), 7.75(1H, dd, J= 1.1 Hz,
J=7.7 Hz, ArH), 7.67(1H, m, ArH), 7.61(1H,
dd, J=4.1 Hz, J=10.6 Hz, ArH), 7.51(3H, q, J=
7.4 Hz, ArH), 7.47(1H, d, J=3.0 Hz, ArH), 7.03(1H,
dd, J=3.0Hz, J=8.8 Hz, ArH), 6.92(1H, d, J=
8.9 Hz, ArH), 4.19(1H, q, -CH(CH;)-), 3.84(3H,
s, -OCH3), 2.41(3H, s, -COCH3), 1.71(3H, d,
J=7.4 Hz, CHj); EI-MS[[M+Na]'] m/z 425.2(calcd
for Co5Hy,05, 402.4).

WA AS, (R EREMY; IR(KBr, cm)
Vmax 1 755.90(-CO0-); 1656.38(-C=0); 'H-NMR
(400 MHz, CDCls) 6 7.88(1H, s, ArH), 7.84(2H,
d, J=7.4 Hz, ArH), 7.76(1H, d, J=7.7 Hz, ArH),
7.69~7.59(2H, m, ArH), 7.51(3H, q, J=7.5Hz,
ArH), 7.46(1H, d, J=8.2 Hz, ArH), 6.79(1H,
dd, J=2.4 Hz, J=8.4 Hz, ArH), 6.62(2H, m, ArH),
4.06(1H, q, J=7.1 Hz, -CH(CH;)-), 3.80(3H, s,
-OCH;), 1.683H, d, J=74 Hz, -CHj):
EI-MS[[M+Na]"] m/z 383.2(caled for Ci3HyO4,
360.4).

3.3 PuREMEIRAR A5 R

331 ZHIREUNRHM KIS 5 R FH 4R

PP e, 225 B B (P<0.05), I IER

BTN o 5 BH A A RN R W+ B 25 ) B R S 4H L

B, B A1~AS X FRE 58 /)N B0 B i S
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ZRAR(P<0.05). Kb, thEW Al~AS HIHTRIE
PRI SR T B PE AL FNFA 22 . 36 2.

T2 B = FOR BN B R B (n=10,
xts)

Tab. 2 Effects of target compounds on ear-swelling of mice
induced by xylene(n=10, X *s)

Hirfb &% HE/mg-kg ! i K FE /mg /%

CMC-Na(FH 1 41) - 9.5+2.2 -

i 55 (BH P 4 8.1 6.1£1.6" 35.8
F 5y 5.2 7.4+1.2Y 22.1
F B Ty -+ s 55 5.2+8.1 6.5+1.8 31.6
Al 12.8 3.7+1.42%9 61.1
A2 11.8 5.1x1.82%9 46.3
A3 11.8 5.3+1.62%% 442
A4 12.8 4.1£1.9999 56.8
A5 11.5 5.5+1.82%9 42.1

TE: SRR, VP<0.05, PP<0.01: HRHVEAHE, PP<0.05:
5P} R IR 2R AL LR, YP<0.05.

Note: Compared with negative group, P<0.05, ?P<0.01; compared with
positive group, YP<0.05; compared with paeonol+ketoprofen group,
9P<0.05.

332 MAXCGERKBEBMKRIGE R B
BRI L, 257 B BEMEP<0.05), UiiHiE
BT o 5 BH R0 T Bz B+ v 55 ) B & 2H L
B, WED Al~AS XK R L Bk K 8 3% R
(P<0.05). Kk, LBV A1~AS KBTI TG M8 5%
TRATEAFIRA L . WK 3.

® 3 HIWUEMA A XK E AR EEKS D H
(=10, x*s)

Tab. 3 Effect of target compounds on carrageenin-induced
paw edema in rats(n=10, X =*s)

Hizte &9 HE/mg-kg ™! Jif Bk /mL I 2/%

CMC-Na(Bt:41) L 0.78+0.18 -

i 725 25 (FH PR 2H) 4.1 0.63+0.11" 19.2
PRy 2.6 0.710.14" 9.0
Fh B By + B s 55 2.6+4.1 0.67+0.12 14.1
Al 6.4 0.41=0.142%9 474
A2 5.9 0.55+0.132%9 29.5
A3 5.9 0.51=0.122%9 34.6
A4 6.4 0.45+0.152%9 423
A5 5.7 6.1£0.109% 21.8

VE: SPIAE, VP<0.05, PP<0.01; SEAYEAE, PP<0.05;
5P} R IR 2R AL, VP<0.05.

Note: Compared with negative group, YP<0.0, ?P<0.01; compared with
positive group, ?P<0.05; compared with paeonol+ketoprofen group,
9P<0.05.

o EBACRI 252 2017 4E 3 H 55 34 555 3 )

3.4 XREE IE R s

PP 2 5 B M2 b e, B 4K R A 5t 9 T
N, MR A, B B2 7 (P<0.05), ¥
ISR o 55 PH VLR P B B+ s S5 P VR A 41
Fei, a9 A1~AS RER E PR KR E A+ H
W 5t T AR (P<0.05). Rk, HARLEY A1~AS
X KRR B A0 49 TR B S /N B e A A P R A
W& 4.

F4 HolheMmx KR EBENYHE@H=10, X£5)
Tab. 4 Effects of the target compounds on rat gastrointes-
tine(n=10, x£s)

SRIN ALY & /mg-kg™! K BRI T AY/mm®
CMC-Na([H 1 41) - -
Bl 25 (BE PR 4H) 4.1 5.34+3.17Y
P+ 2.6 6.51£2.17"
PR 3+l 25 2.6+4.1 5.78+1.73
Al 6.4 2.23+0.98239
A2 5.9 3.61£1.78299
A3 5.9 3.12+1.9199
A4 6.4 2.69+1.122%9
A5 5.7 3.71£1.84799

TE: SHIMEAE, VP<0.05, PP<0.01; SEHTEALE, PP<0.05;
55} e -+l S5 A B, PP<0.05,

Note: Compared with negative group, P<0.0, ?P<0.01; compared with
positive group, YP<0.05; compared with paeonol+ketoprofen group,
YP<0.05.

4 it
4.1 BRI

MRS RENG &GRS, BB
AW EIEA DCC ¥ H B &L~k T &4t
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Wb AR, M5 SRS 54y 85 R AT ik
() A AR 152 46 T8 ™ B, 2E BRI R X BA B5E Y5
Yo K. TR DCC %, H DCC Ni/KF], DMAP
NN, WL E R Sy 615 B, SRR,
A B, PR . W ARSI T RN, B
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4.2 PiRiENE

Fi s 25 51 A B W TE R AR 05 B 3 24
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