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Abstract A novel series of the benzimidazole or benzothiazole phenyl ester derivatives of ursolic acid 4a~4h were prepared
via ursolic acid, substituted benzaldehyde, and o-phenylendiamine or 2-aminothiophenol. The compounds were structurally
confirmed by 'H NMR, IR and HRMS techniques. The preliminary bioassay test demonstrated that compounds 4d and 4g had
potent anti-inflammatory activity.
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1.1 RS

Fitli LR(NMR): '"H NMR (Varian INOVA-400), LA
CDCL, DMSO-dg 37, TMS fiPbs; % i
(HRMS): TOF-MS (Waters Q-TOF-Premiter instrument);
L AMGIE(IR): Perkin-Elmer 16PC-FT (KBr & F); #5545
FI XT-4 AU R G E GELEE TR E); HL TR
S REXUASLH AR AT, 2504 T-1000 Y5 73 Hrk
P bR A IR AR, 1450 BS2108S. i)z
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o\ij\ CH3COOH/EtOH/reflux for 3a and 3¢
CHOor CH3COOH/reflux for 3b and 3d

*H 4a~4ad

a:R'=NH,R?=H; b: R'=5, R?=H; c: R' =NH, R? = OCHg;d: R' =S, R? = OCH,4

R2

CH3COOH/EtOH/reflux for 3e and 3g
or CH3COOH/reflux for 3f and 3h

4e ~ 4h

e:R'=NH,R?=H; f: R"=S, R? = H; g: R" = NH, R? = OCH3; h: R' = S, R? = OCHj,

Scheme 1

TSR GFzs4(ﬁﬂ%f§@£¢bIﬁiF), 0.6% 1R B 3L 41
A RN, 110 Cihtk 1 hy #2871 300~400 H ik
FIRAENZ (i ) ). BERIR: VYY)
FAR AT, 40k 95%mk Ll by BTk 4 7
Mrafiekfb 2744,

HepG2, A549 #1 SKOV3 4iffl: ATCC; DEME 1577
#: Gibco A (USA); 10% 1My =M REEAEDAEY)
TREAWRAR. sh¥): BRI/, 4FE 18~23 g,
TR, VYR SE 50 sy o de i, B s FHvr el
WS 8510 5, SRl —2%.
12 &
1.2.1 3-Z R BRI AR BR-2-F AL -4'(5)-F Bt
F-1-RKEE Q) A 3- = A CBLAIL AL R BR-4'(5")- T Bk -
1=K B8 (2") 896 A%,

¥ 2.28 g (5 mmol) REIRRHE T~ 30 mL FZEH, A
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4.2 mL —BSRRNT, =iRBiFE 0.5 h, I 0.79 g (5.2
mmol) 7 5%, 80 CHEFE4 h. g TEH )5 N LR 1
HifiE, H10% NaOH & rpik. A HLZ /K. HIFl NaCl
WL 2~3 IR, FIT/K Na,SO, T4, ik, w4 M
TEWSHEZHT, JH VAR @ (LB LER=10 © 1 e,
AR A EZRY) 2, VL4 2"
122 3-Z A CBLEIL AR BR-2-F &K -4(5)-(2-K
Fokek)-1'-3K B 3a, 3¢, 3e, 3g 495K

10 mmol FERRATAWY) 2 HARAE 5 mL LFEH I
o R INN 5 d IKATR, ARG IR S WSS
P2 INENEEAT 10 mmol 2K %11 15 mL LBEEHH,
AT RN, I TLC BRSSOV 5E 4, JhRik4E,
VA B @ VORI =5 : 1 A EHTRIS 3 3a, [FVEA15
3¢, 3e, 3g.
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123 3-Z A CBRAI AR RBR-2-F AL -4(5)-(2-%
FfeEed)-1'-3K 5 3b, 3d, 3f, 3h 495 %

¥4 10 mmol [¥121 S 5L AR AR By A1 AE LR AT AE ) 2 IR
IIAZE] 10 mL 1 BRI, AR5 n#Aali, H TLC BR
PEE RN SEAT, IBEA IR IR IR BIOK T, By
HH LA 8 RS ] VCH ) @ VOB =5 1 1A
JZH7, RS2 3b, [FVEAT#S 3d, 3f, 3h.

1.2.4  AERBR-2-F A I-4(5)-[2-FKFK(CE)L]-1'-K
fis (4da~4h) 89 4%,

I 50 mg 1) 3a 4lifh, %1 5 mL Al I 101
mg (1) KHCO; /K 6 mL, FEIRBFER N 1 d, RN5E
2, HOR BRI 3 IR, A HUZHJEK Nap,SOs T4,
g, JEIRAETS 4a, [FVEAT1S 4b~4h.

4a: AER A, 7% 88%. mp. 310~312 C; 'H
NMR (400 MHz, DMSO-dg) 6: 13.04 (brs, 1H, NH), 8.20
(d, J=8.52 Hz, 2H, ArH), 7.60 (s, 2H, ArH), 7.18~7.23
(m, 4H, ArH), 5.27 (s, 1H, CH-12), 3.01 (brs, 1H, CH-3),
2.28 (d, J=11.34 Hz, 1H, CH-18), 1.24 (s, 3H, CH3), 1.12
(s, 3H, CH3), 0.91 (s, 3H, CH3), 0.89 (s, 3H, CH3), 0.86 (d,
J=6.80 Hz, 3H, CH3), 0.82 (s, 3H, CHj), 0.68 (s, 3H,
CHs); IR (KBr) v: 3202, 2924, 2868, 1749, 1618, 1497,
1451, 1379, 1274, 1208, 1166, 1134, 1092, 1028, 967, 859,
807, 739 cm™'; HRMS (ESI) caled for C43Hs7N,O5 [M+
H]" 649.4369, found 649.4376.

4b: FIOHR, 77% 52%. mp. 212~214 C; 'H
NMR (400 MHz, CDCly) §: 8.06~8.11 (m, 3H, ArH),
7.90 (d, J=8.00 Hz, 1H, ArH), 7.50 (t, J=8.00 Hz, 1H,
ArH), 7.39 (t, J=7.60 Hz, 1H, ArH), 7.16 (d, J=8.40 Hz,
2H, ArH), 5.35 (s, 1H, CH-12), 3.23 (dd, J=5.20, 11.80
Hz, 1H, CH-3), 2.32 (d, J=11.20 Hz, 1H, CH-18), 1.25 (s,
3H, CH3), 1.15 (s, 3H, CHs), 0.94 (s, 3H, CH3), 0.90 (d,
J=6.40 Hz, 3H), 0.88 (s, 3H, CH3), 0.79 (s, 3H, CH3); IR
IR (KBr) v: 3440, 2926, 2862, 1751, 1606, 1482, 1456,
1381, 1205, 1162, 1132, 1092, 1029, 967, 857, 761, 728,
622 cm'; HRMS (ESI) caled for C43HsgNOsS [M+H]"
666.3981, found 666.3937.

4e: KR, 7% 86%. mp. 305~307 'C; 'H
NMR (400 MHz, DMSO-ds) : 12.92 (br, NH, 1H), 7.88
(d, J=1.38 Hz, 1H, ArH), 7.75 (dd, J=1.60, 8.40 Hz, 1H,
ArH), 7.55~7.66 (m, 2H, ArH), 7.21 (d, J=4.40 Hz, 2H,
ArH), 7.06 (d, J=8.40 Hz, 1H, ArH), 5.23 (s, 1H, CH-12),
3.86 (s, 3H, OCH;), 3.01 (brs, 1H, CH-3), 2.26 (d, J=
11.42 Hz, 1H, CH-18), 1.11 (s, 3H, CHj), 0.91 (s, 3H,
CH3), 0.89 (s, 3H, CH3), 0.86 (d, J=6.80 Hz, 2H, CH;),
0.83 (s, 3H, CH;), 0.69 (s, 3H, CHs); IR (KBr) v: 3398,
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2926, 2871, 1753, 1602, 1499, 1457, 1380, 1266, 1168,
1128, 1033, 1002, 805, 742 cm '; HRMS (ESI) caled for
CHsoN,O4 [M+H]" 679.4475, found 679.4420.

4d: AR R, P77 55%. mp. 239~241 C; 'H
NMR (400 MHz, CDCl;) d: 8.06 (d, J=8.40 Hz, 1H,
ArH), 7.89 (d, J=8.00 Hz, 1H, ArH), 7.78~7.79 (m, 1H,
ArH), 7.57 (dd, J=1.60, 8.00 Hz, 1H, ArH), 7.50 (t, J=
7.60 Hz, 1H, ArH), 7.39 (t, J=7.60 Hz, 1H, ArH), 7.04 (d,
J=8.40 Hz, 1H, ArH), 5.33 (s, 1H, CH-12), 3.93 (s, 3H,
OCH,), 3.23 (dd, J=5.20, 11.80 Hz, 1H, CH-3), 2.38 (d,
J=11.20 Hz, 1H, CH-18), 1.15 (s, 3H, CH3), 1.01 (s, 3H,
CHs), 0.95 (s, 3H, CH3), 0.90 (s, 3H, CHs), 0.89 (d, J=
6.40 Hz, 3H), 0.80 (s, 3H, CH;); IR (KBr) v: 3434, 2925,
2859, 1752, 1603, 1517, 1460, 1414, 1382, 1267, 1162,
1128, 1093, 1034, 886, 762, 729, 658 cm™'; HRMS (ESI)
caled for CuHsgNO,S [M + H] ©  696.4087, found
696.4004.

de: FIOHAR, 77 85%. mp. 208~210 C; 'H
NMR (400 MHz, DMSO-ds) : 12.99 (br, 1H, NH), 8.04
(d, J=7.65 Hz, 1H, ArH), 7.86 (s, 1H, ArH), 7.60 (t, J=
8.00 Hz, 3H, ArH), 7.23 (s, 2H, ArH), 7.10 (d, J=8.00 Hz,
1H, ArH), 5.28 (s, 1H, CH-12), 3.01 (brs, 1H, CH-3), 2.30
(d, J=11.42 Hz, 1H, CH-18), 1.23 (s, 3H, CH3), 1.11 (s,
3H, CH3), 0.90 (s, 3H, CH3), 0.88 (s, 3H, CH3), 0.86 (d,
J=6.80 Hz, 3H), 0.82 (s, 3H, CH3), 0.68 (s, 3H, CH3); IR
(KBr) v: 3391, 2925, 2855, 1750, 1616, 1586, 1540, 1455,
1379, 1268, 1188, 1135, 1096, 1031, 1001, 893, 741, 686
cm '; HRMS (ESI) caled for C,;HsN,O3 [M+H]™
649.4369, found 649.4380.

af: AR, 775 52%, mp. 122~124 C;'H
NMR (400 MHz, CDCl;) d: 8.07 (d, J=8.00 Hz, 1H,
ArH), 7.91~7.93 (m, 2H, ArH), 7.76 (s, 1H, ArH), 7.49
(q, J=8.40 Hz, 2H, ArH), 7.40 (t, J=7.60 Hz, 1H, ArH),
7.16~7.18 (m, 1H, ArH), 5.37 (s, 1H, CH-12), 3.23 (dd,
J=5.20, 11.80 Hz, 1H, CH-3), 2.39 (d, J=11.20 Hz, 1H,
CH-18), 1.15 (s, 3H, CH3), 0.96 (s, 3H, CH3), 0.93 (s, 3H,
CH3), 0.91 (d, J=6.80 Hz, 3H), 0.79 (s, 3H, CHs); IR
(KBr) v: 3442, 2925, 2868, 1748, 1586, 1509, 1442, 1381,
1311, 1216, 1163, 1112, 1091, 1030, 998, 890, 826, 759,
728, 686 cm '; HRMS (ESI) calcd for C43Hs¢NO;S [M+
H]" 666.3981, found 666.3943.

4g: WK, 77 87%. mp. 245~247 C; 'H
NMR (400 MHz, DMSO-d;) : 12.94 (br, 1H, NH), 8.16~
8.19 (m, 1H, ArH), 7.90~7.91 (m, 1H, ArH), 7.77 (dd,
J=3.2, 6.40 Hz, 2H, ArH), 7.44~7.51 (m, 3H, ArH), 5.23
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(s, 1H, CH-12), 3.37 (s, 3H, OCHj,), 3.01 (brs, 1H, CH-3),
2.24 (d, J=11.20 Hz, 1H, CH-18), 1.11 (s, 3H, CH3), 0.91
(s, 3H, CH3), 0.88 (s, 3H,CH3), 0.86 (d, J=6.60 Hz, 2H,
CHs), 0.80 (s, 3H, CH;), 0.67 (s, 3H, CHs); IR (KBr) v:
3392, 2925, 2858, 1737, 1621, 1498, 1449, 1380, 1270,
1136, 1094, 1028, 813, 743 cm '; HRMS (ESI) calcd for
CuHsoN,O4 [M+H]" 679.4475, found 679.4412.

4h: AOKK, 77 50%. mp. 148~150 C; 'H
NMR (400 MHz, CDCl;) d: 8.02 (d, J=8.00 Hz, 1H,
ArH), 7.93 (dd, J=2.00, 8.40 Hz, 1H, ArH), 7.87 (d, J=
8.00 Hz, 1H, ArH), 7.67 (d, J=2.00 Hz, 1H, ArH), 7.48 (t,
J=7.60 Hz, 1H, ArH), 7.36 (t, J=7.60 Hz, 1H, ArH), 7.02
(d, J=8.40 Hz, 1H, ArH), 5.36 (s, 1H, CH-12), 3.86 (s,
3H, OCHs), 3.23 (dd, J=5.20, 11.80 Hz, 1H, CH-3), 2.39
(d, J=11.20 Hz, 1H, CH-18), 1.15 (s, 3H, CH3), 1.01 (s,
3H, CH3), 0.97 (s, 3H, CHs), 0.95 (s, 3H, CH3), 0.90 (d,
J=6.40 Hz, 3H), 0.79 (s, 3H, CH;); IR (KBr) v: 3407,
2927, 2867, 1751, 1614, 1525, 1484, 1436, 1383, 1312,
1277, 1215, 1163, 1129, 1029, 1001, 899, 807, 756, 725,
696 cm '; HRMS (ESI) caled for Cy4HsgNO,S [M+H]
696.4087, found 696.4096.

1.3 MAFMRE

BALAY) 4a~4h FI UA ] 0.5%F% FF L2414k 240
(CMO)FC IS B Jy 7.5 mg/mL YR B, Bl =] DTAK A i
J& 5 1 0.5% CMC B il Bk 528 16.5 mg/mL gk, HL
ELER/INER 66 I, FARERENL 0 11 41, R4l e L, i
T, BITRH 0 A ER(0.5% CMC ¥) 0.4 mL/20 g;
B ] T AR 2 E R (1.65% T =] L AR)0.4 mL/20 g; HtH
W 53 T HERR(0.75% R 8 7%)0.4 mL/20 g. DL &4l
B, BHAZ 1R, ES425 4 d, TRIRGZiJE 0.5 h,
WK 0.05 mL/RUREERE UG B-805, A2 BAEXTIE,
AR5 30 min BESAEALL L/, BL 9 mm HARFTFLASHL
THZ%E. AHRA, ARHBTFRTRE, DA A
R E R RN, AT 41 B 7 R
2 ZR5HE
21 &

AE LR W 25 4 P RIS R R R 3, Jorh 28 A7
(3 2 A PR, A8 e AR TR A S L. i 75 R 3
PER R IO R G, A IR 3 [ ISR AN i) 2.
R, ARSCRATE SR &R T, e mrERmR s =
ORI HAEAT R, AT A4 h 3-— 5 QA A
AERLIR — S SR 1. IR URYT A R 3 A1
FRAE, M HICATRE IR 28 A7MRILIEAL AE )19 215 0,
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S ERACH I RS 2 B 2. 1% VR E T A, &N
T, 25 LU R, 2 RE R Sy RS S H B
HEAT BR Ak s N P — AR R 1) 5 1.

TEVK SRR TSR T, AR e Fl 5 T 2 4
By WK 2R E AT AR R IR IR A
SCA BIRE BOTVE R, EUK SRR, et
T 3- R ORISR RE LR 2'- A 2E-4'(5")-(2- R Ik
Mge)-1'-2K 16 3a, 3¢, e, 3g. Ak Au EI IR Schiff ik & 5t
32, EEAE RS, WIS — e AR, S
Pl s M BEAE 5 C A A

TR IFE MR (1 £ R AE TR A AR T B A AR
SAET, EREEN IS 2 5 20 5 ARG L AR KR A it
AT R N AT 2 A S R 15 56 55 0 I T ik
Schiff Hrjaj Ak, SRISTEMAARISA NSl — P& A
- ORI RE IR 2'- A JE-4'(5")-(2- R I e e )-1'-
ZKHE(3Db, 3d, 3f, 3h).

HTRERIR 28 (REEM M PR IL R fE, & A
I 3 A =5 SRR ME R A KA SN, [RIE, FE SRR -2'- FY
SAFE-4'(5")-[2- A TF K (86 L -1 ik (4a ~4h) PR 5 1k, U
sl 3-SR WAL RE AT ALY 3a~3h A k],
HE SR ) A B 920 LR R 0N 1 TR R b R, A
KHCO; 5904 1E T, ¥ — 9 QLI e Th i, 1545
A HPRr YY) 4a~4h.
2.2 RIERET
22.1 'HNMR #H

FTE AL &) 4a~4ah Tf BB LIS 28 A7 R FE 10
T ok, RE AR C-12 FM i HBIAE 6 5.28 /£
T BER C-18 MWL HIRAE 6 2.30 Aifh, FERIR
AN L R IE R I R BILAE 6 0.67~1.25 I ;75
5 7.02~8.20 Yl Py H BRI TR, AN
HARLAE RIS EEAN AR, 76 6 12.94 4R
BRI N—H [F)5 Ffg. fEb A9 da~4h R, fE
B REARER F 1% H A 22 B FEAANAR, 0 W 2R I F Ik
WA A 2R W A o FCREFR S M AN K
222 IR A

FT & AL &) 4a~4h T, 3440 cm™ ' BRI B B
M58 O—H MMZadesh i, 3202 cm ' FUEHILT
N—H iRz, —LbA59M N—H H4i4k3)
WKL UG B O—H A4 I s W ic 6 38 F —itd; 2925 em ™!
FEAT DXIRER I . W FJE L 2 R R i o 4 e sl MR
W, 7E4b-E0) 4a~4h T, 1737~1752 cm™ ' 30 LA HUER
C=0 W%, 75 1602~1621 cm ' JE A HIL C=N
[ R i IR O, E 1205~1277 em ™' Ju N EL
N—C=N Il S—C=N [ A %555 ] W i ¢ .
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Hbsb &9 4a~4h T8 LU AT AL 1 vk 23 1
TIEMAH] B, Bz S i fase
HRMS #5045 H AL AW 7 4 e 420
23 MREMERE

PURIEPESCIG 25 AN 1 s, 5B MERT IR b,
YR b A A — @ Pt Rk, o, 4d
(150 mgekg "YHI 4g (150 mgekg ")BEW] Lyis — FAEEL
/N BRCERJBR 980 SN, BT RUFIPT Ak, 5 R4 g
R, BB RE A Ry, M HE bk
HYIEE R R IR T DL AR SR B AT B T 48 i 1k
HAWBERRm, 3 DRI E AR T .

1 HLEDRIPRIGE

Table 2 Anti-inflammatory activities for target compounds

5 FlE/(mgekg ) SE/L KR/ (mg, x+SD)
Mk — 6 23.88+4.74
Bl =] TR 2 0.33 6 11.454+3.33"
4a 150 6 21.5543.80
4b 150 6 20.5146.73
4c 150 6 19.13+2.81
4d 150 6 16.87+5.35"
4e 150 6 21.4612.49
4f 150 6 20.8842.31
4g 150 6 15.62+7.83"
4h 150 6 19.88+6.11
UA 150 6 14.2145.48"

@ SRAPELLH: *P<<0.05, **P<<0.01.

B ARSI BRI S h DU )1 K S 2 e
YRR AT AE SR, T s e DY )1 K2 A
KL, 7RI RS RO IR
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