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Synthesis and anti-tumor activity of oleanolic acid derivatives
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Abstract: Structural modifications were performed with natural product of oleanolic acid to search for novel

anticancer drugs. Ten oleanolic acid derivatives were designed and obtained by the reaction of oxidation,

acylation or hydrolyzation, etc. The cytotoxic activity of derivatives was evaluated against HeLa, HepG2 and

BGC-823 cells in vitro by MTT assay, gefitinib and etoposide used as a positive control. The results showed

that compound 5a was particularly active to inhibit HepG2 cells growth, and anti-tumor activity of compound 7

on HeLa cells was significantly stronger than oleanolic acid. They are worthy to be studied further.
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Scheme 1  Synthetic routes of target compounds.

9a Ry=(CH),Ph, R;= —N(C3Hs),
/an

9b Ry=(CH),Ph, R;= —N_ N-CHs
=N

9¢ Ry=(CH),Ph, Rp= —N/\J

9d R;=(CH),Ph,R,= —N )

Reagents and conditions: (a) (CH3CO),0, DMAP, THF, rt; (b) glacial CH;COOH,

K2C03, chr207; (C) (COCI)Z, CHzClz; (d) amine, CHZC]Z, Et3N, rt; (e) CHZC]Z, NaOH, rt; (f) C14ngBr09, CHCI;; (g) CHQClz/CH3OH,
CH;0ONa, rt; (h) Jones reagent, CH,Cl, rt; (i) NH,OH-HCIl, Pyridine; (j) Ci4H;9BrOy, CHCls; (k) CH3;OH/THF, NaOH; (1) (COCl);,,
CH,Cl,, Ph(CH),COOH, Benzene, DMAP; (m) DMF, anhydrous K,CO3;, Br(CH;),Br, amine
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Table 1 MS and elemental analysis data of target compounds

Elemental analysis / Calcd. (Found)

Compd. ESI-MS (m/z)

C H N
5a 551.5 [M+H]" 78.42 (78.64) 10.27 (10.08) 8.62 (8.73)
5b 539.4 [M+H]" 75.39 (75.65) 10.11 (9.90) 2.49 (2.59)
5¢ 632.4 [M+H]" 68.02 (68.33) 9.06 (8.92) -
6 815.2 [M+H]" 65.88 (66.06) 8.31 (8.19) 23.92 (24.00)
7 815.2 [M+H]" 68.22 (68.43) 9.26 (9.09) 20.18 (20.26)
8 599.4 [M]” 77.68 (78.09) 9.14 (8.91) 10.70 (10.67)
9a 682.5 [M+H,0]" 77.02 (77.32) 9.78 (9.52) 9.05 (9.16)
9b 709.5 [M+H,0+K]" 75.91 (76.10) 9.52 (9.30) 8.65 (8.81)
9¢ 677.5 [M+K]" 75.72 (76.15) 8.79 (8.57) 9.26 (9.22)
9d 694.5 [M—H] 77.42 (77.70) 9.78 (9.60) 8.72 (9.00)

Table2 'H MNR data of target compounds
Compd. '"H NMR (300 MHz, CDCl3) 6

5a 8.03 (s, 1H, NH), 5.77 (s, 1H, H-12), 3.58 (s, I H, OH), 3.54 (m, 1H, NH-CH), 3.15 (t, 1H, H-3, /= 7.2 Hz), 2.33 (t, 1H, H-18, J = 7.0 Hz),
2.26 (s, 1H, H-9), 1.74-1.11 (m, 10H, CH,x5), 0.9 (s, 12H, CH;x4)

5b 5.77 (s, 1H, H-12), 3.65 (t, 4H, CH,x2, J = 5.7 Hz), 3.58 (s, | H, OH), 3.47 (t, 4H, CH,x2, J = 5.7 Hz), 2.33 (s, 1H, H-12), 2.02 (s, 1H, H-22),
1.38 (brd, 2H, H-19, J = 7.5 Hz), 1.38 (brd, 2H, H-6, J = 8.1 Hz), 0.99 (s, 12H, CH;x4)

5¢ 6.15 (d, 1H, O-CH-0, J = 24 Hz), 5.77 (s, 1H, H-9), 4.00 (t, 1H, O-CH, J = 7.0 Hz), 3.58 (d, 4H, CH-OH), 3.48 (t, 1H, 3-OH, J = 7.0 Hz),
2.74 (t, 1H, H-18, J = 7.8 Hz), 2.26 (s, 1H, H-9), 2.13—1.88 (m, 2H, H-22)

6 6.66 (d, 1H, COOCH-O, J = 17.1 Hz), 5.29 (s, 1H, H-12), 5.25 (s, 2H, O-CH-C=0), 4.78 (s, IH, COOCH), 4.34 (d, 2H, CHCH,0C=0, J = 15
Hz), 2.21 (d, 12H, O=CCH;x4, J = 6.0 Hz), 2.00 (s, 1H, =N-OH), 1.56-1.23 (m, 16H, CH,x8)

7 6.15 (d, 1H, COOCHO, J = 12.8 Hz), 5.29 (t, 1H, H-12, J = 6.2 Hz), 4.00 (m, 1H, O-CH), 3.79 (d, 2H, CH,OH), 3.58 (d, 3H, OHx3, J = 2.7
Hz), 3.49 (t, 1H, CH-OH, J = 2.7 Hz), 2.13-1.88 (m, 2H, H-22), 2.00 (s, 1H, =N-OH), 1.56-1.23 (m, 16H, CH,x8), 1.23 (m, 6H, CH;x2)

8 12.28 (s, 1H, COOH), 7.40-7.74 (m, 5H, H-Ph), 6.74 (d, 1H, Ph-CH, J = 15 Hz), 6.50 (d, 1H, CHCOON, J = 15 Hz), 5.17 (s, 1H, H-12), 2.72

(m, 2H, H-11), 2.50 (s, 1H, H-18), 1.20 (s, 3H, CH3), 1.10 (s, 6H, CHz), 0.99 (s, 3H, CHs), 0.87 (s, 6H, CH;), 0.76 (s, 3H, CHj)

9a 7.74 (d, 2H, Ph-Hx2, J = 12 Hz), 7.70 (d, 1H, Ph-CH, J = 15 Hz), 7.40 (t, 2H, Ph-H, J = 15 Hz), 6.50 (d, 1H, CHCOON, J = 16.5 Hz), 5.18

(m, 1H, H-12), 3.46 (m, 2H, COOCH,), 2.90 (s, 1H, H-18), 2.81 (m, 2H, H-11), 2.50 (m, 4H, N (CH,)), 1.20 (s, 3H, CHz), 1.10 (s, 6H, CH),

0.99 (s, 3H, CH3), 0.87 (s, 6H, CH3), 0.76 (s, 3H, CHz)

7.60 (d, 2H, Ph-Hx2, J = 12 Hz), 7.48 (d, 1H, Ph-CH, J = 17.1 Hz), 7.40 (t, Ph-Hx2, J = 15 Hz), 7.33 (t, Ph-H, J = 18 Hz), 6.31 (d, 1H,

=CH-COO, J = 24 Hz), 5.29 (t, 1H, H-12, J = 7.1 Hz), 4.18 (t, 2H, COOCH,,J = 18 Hz), 2.35 (t, 8H, N-CH,*4, J = 18 Hz), 2.26 (d, 3H,

N-CHs, J = 6.0 Hz), 2.13—1.88 (br, 2H, H-22), 2.04-1.79 (br, 2H, H-11), 1.56-1.23 (m, 16H, CH,x8), 1.23 (s, 6H, CH;x2)

9 7.60 (d, 2H, Ph-Hx2, J = 12 Hz), 7.48 (d, 1H, Ph-CH, J = 17.1 Hz), 7.40 (t, Ph-Hx2, J = 15 Hz), 7.33 (t, Ph-H, J = 18 Hz), 7.22 (d, 1H,
N-CH=C, J = 13.2 Hz), 6.31 (d, 1H, =CH-COO, J = 24 Hz), 5.29 (s, I H, H-12), 4.56 (t, 2H, COOCH2, J = 24 Hz), 2.13—1.88 (m, 2H, H-22),
2.04-1.79 (m, 2H, H-11), 1.56-1.23 (m, 16H, CH,x8), 1.23 (s, 6H, CH;x2), 0.99 (s, 6H, CH;x2)

9d 7.60 (d, 2H, Ph-Hx2, J = 12 Hz), 7.48 (d, 1H, Ph-CH, J = 17.1 Hz), 7.40 (t, Ph-Hx2, J = 15 Hz), 7.33 (t, Ph-H, J = 18 Hz), 6.31 (d, 1H,
=CH-COO, J = 15.1 Hz), 5.29 (s, 1H, H-12), 4.18 (t, 2H, COOCH,, J = 12 Hz), 2.45 (t, 4H, N-CH,x2, J = 12.6 Hz), 2.13-1.88 (m, 2H,
H-22), 1.73-1.48 (m, 2H, H-16), 1.56-1.23 (m, 16H, CH,x8), 1.23 (s, 6H, CH3x2), 0.9 (s, 6H, CH;x2)

9b

Table 3 Inhibitory activity of oleanolic acid and its derivatives on different cancer cells proliferation. a: Inhibitory percentage of cells
treated with 10 umol-L™" of each compound for 96 h; b: The agent concentration (umol-L™") that inhibited tumor cells growth by 50%.
NT: Not test

Inhibition rate for different cell /%" ICSO/pmol‘Lq b
Compd.
HeLa HepG2 BGC-823 HeLa HepG2 BGC-823
OA 25.0 +£2.80 21.9+5.60 11.9£2.50 > 10 >10 > 10
5a 33.6+10.5 46.94 + 3.80 21.4+2.90 53.74 £19.72 12.50 + 3.00 >10
5b NT NT NT NT NT NT
Sc¢ 33.4+7.60 31.7+6.30 14.7 £7.90 46.50 + 12.08 46.86 +9.82 > 10
31.9+6.80 13.4+1.80 16.4 +4.30 50.42 + 13.55 >10 > 10
37.5+3.20 29.5+2.40 27.6 £3.20 22.92 +£3.82 79.50 £ 9.93 > 10
34.4+7.90 26.3 £3.40 18.8 £4.90 32.17 £ 10.06 >10 >10
9a 14.2 +£5.00 36.1 £11.40 21.9 £4.40 >10 53.68 +23.60 >10
9b NT NT NT NT NT NT
9¢ NT NT NT NT NT NT
9d NT NT NT NT NT NT
Gefitinib 42.6£594 46.2+7.92 46.0 £ 12.54 17.12 £ 7.90 20.73 £16.36 19.27 + 14.53

Etoposide 69.7 £3.53 58.7+5.97 60.1 + 6.45 2.37+0.99 5.62+2.11 5.01 £2.85
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28 {7 BRI 55 i ke isy, X HeLa 48 f1 HepG2 4
JH B e v P B S G 5, 40 Sa > S¢> OA; @ 28 fi
AL, JFEKBEE B RUREE, X HeLa 4 fi
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KBS
WER SR X-4 K7 8RB Ros miil o 14

ARX-300 MHz #%#I:H4R1X, CDCL ¥, TMS &
WA, AH—FEJBIR LCQ BTN o S5 3R R T~k
ORI AW H ARG PR A w5 )2 AR5 GF254. i
& H i B TR A RN A, HRRAI N
abTEl, BTN 10% MR OB 15 R T
Fl HeLa 41 /2. HepG2 41 /2. BGC-823 4l ity Ay R i
PR A B 2 R

1 FEEH

1.1 3B-ZEBEE-FEHRITE-12-15-28-%E (2a)
200 mg FF R AE T 10 mL PYSHE 1, KX
I 10 mg DMAP 1 0.5 mL ZFRHEF, % &M, LA
TLC A s 2% 5, 4 h [N sebe, 2805 I Vs 7, #3
(SN T o e G 7 (O U L NS R R
R, To/KBRBR BT, 280 — S B f A 6 [ A4
e R RERE L aliAb, PR AA A - 2R
ZBE10 0 1 (vv), BRIA AR 176 mg, =% K 88%.
1.2 3-8R-FHRKEE-12-1%-28-FRE (2b) ¥
100 mg FEUR MW T 4 mL NE- 5 ke (1:1)
VW, UK N 221230 0.4 mL Jones A7, EiX
I, TLC Al V2658, VY 1 h 500 S mL 55 A
WK, K-8 CBERR 3 IR, B IFA P, Kk
LR PR S AN T T LR £ R /K VBV, TEK R IR BET
e, A2 AEE A 90.5 mg, 77K 90.5%, mp 220.3~
222.1C.

1.3 3p-CEERE-11-IRE-FHRRE-12-15-28-18
f% (3a) ¥ 100 mg 2a (0.20 mmol) ¥AM# T-Uk Z e,
TN 80 mg FEARFRAN, 110 CIHIE, LA TLC Kl 2
Ko, L8 h MV SEHE, PR AR ER v T pH
£ 7~8, ZHEFGAER, SIHANUE, oK1
B, VR ZE VRIS AFR o M TR (B i A4k, P

JB TR A - R 6 6 - 1 (vv), 13RI R AR
[l 4k 76 mg, 77H N 76%.

14 3-BISE-FHRRE-12-15-28-FE (3b)
#4100 mg 1L &40 2b 5 210 mg PR HAMA T 4 mL
EBE AR, 115 ClElR 1~1.5 h, S o 58 SEias (8] A vk K
o A A EART g, TR, ARIE s 88
mg, J7H A 87.3%, mp 188.4~189.8 C.

1.5 N-[3p-ZEtRE-11-HE-FHRIEE-12-5-28-
Bt]-ER AR (4a) Kf 100 mg fb44 3a (0.19 mmol)
AT 4 mL Z&U b, IS (0.439 6 mmol),
FEIBEFE 20 h, ERL 34- LA IE-11-FRIE S U b
TU-12-4-28- I 5, 2853 I I3 701 R A IS I 1) 2 g e,
BeRWITP NN 2 mL 3Ok, BRZERF O, RE
BRAE 3 R N 2 mL ST Re i id, in— &% pH
0 8~9 Ji, M 1 mL ¥ L% (20 mmol), PL TLC K
I 2505, R RN 6 he ZEBRVEFI, LAK 23 B
&, H 2 mol'L™' #h&i pH £ 3~4, iy, ki
44 o KLl P Rk R R e il i, B BE 700 A i ik — 2
M2 CWE 10 01 (viv), 19 A ERMAIRE 4K 34 mg, =%
H 34%.

1.6 N-[3p-ZEtRE-11-HE-FHRIEE -12-55-28-
Br]-NME (4b) XM 4a A TTE, B 100 mg LS9
3a 5 1 mL Mk (0.19 mmol) N A53) o ik A i
Rtk aifl, YEMRh AT - LR WG 10 01 (v/v),
5 Ok AR [ 44K 42 mg, 77F N 52.5%.

1.7 3-ZEEE-FHR KA -11-5E-12-15-28-0-
[2, 3, 4, 6-T0-O-Z Bt E-p-D-M B EE HE]-Bs (4c)
# 100 mg 1b&4) 3a (0.19 mmol) A1 150 mg 4= £ Fik
WRAREIATHE (0.36 mmol) ¥ART 5 mL &5, KK
TIN5 mg VU T F Ak e AR 2 A K IS (R TR B
150 mg % T 2 mL /K), JlZ4HEIFn#A% 50 C, LA
TLC Kyl fe W& £, N 4 ho BRE, HHUHINE
MR Ja Kok, 4 Jm HT AR IR AT (A 2lif (A4
k- R LWE 5 1 1), #3463 mg, r=#K 63%.
1.8 N-[3p-FRE-11-FRE -5 R kB -12-15-28-B -
INCRE (5a) K 34 mg L& W) 4a T 6 mL 5
FgerR, BN 2 mol-L™' NaOH % 0.5 mL, =6H
P, DL TLC Rl s W 28 05, OV 4 6 h, I 1 mol-L™'
RO pH Rk, 4 ZeKH, AU R R
Gi, IR GG RE R (B 44k, VR A -2
M OWR 12 11 (vv), REEHAREE 16 mg, =%
) 47%. mp 126.9~134.7 C.

1.9 N-[3p-8BE-11-HE-FH R T E-12-15-28-BE)-
namk (Sb) %Mt Sa (G R IELERRME S AT NI &



FHERKEE: FPEURIRAT AL 05 10 B MR i A (T 5 © 1219 ¢

LT A3 21 o RS T AR A i b, e BE 700 A A 3l
ik~ 1% G 15 01 (viv), f3 A ARREA 17 mg,
FEEN 40.5%. mp 132.0~136.3 C.

1.10 3-BE-FHRRE-11-FRE-12-15-28-0-5F
PEBE (S¢) Kf 50 mg L&) 4¢ (0.079 mmol) #fiF T
10 mL & FRe-FHEE (1:2) Wik, Al
BB —F R 1 mL, =i N HEEE, DL TLC R s W
2, 5 h OV 5 EE o IS P IR 1 B 5 A T
A% pH 7. U85, Wedn koA (il alifh,
Ve S - 15 0 1, B A0HK 42 mg, %
H 84%.

111 3-F5E-STH Rk E-12-1%5-28-0-]2,3,4,6-H-0-
Bt E-p-D-MEE EHE]-BE (6) KF 100 mg 543D
(0.206 4 mmol). 175 mg 4= Z BRI 2 BE (0.425 6
mmol) A1 121 mg #IREF (0.877 4 mmol) ¥ fi#T 6 mL
DMF i, 755l N . TCL A e W 26 1,
NEEE 5 SR SV RE, FIK MRS A 7K Vi
ek, JOKBRIREN T, W9k, Z& T, 93 A,
FH 2 AT (B i A, BRI A1 i k-~ £ 1% £ e
31 (), FREN 72.6%, mp 110.0~117.5 C.

1.12  3-F5E-FFER A -12-4-28-0-[p-D-Mt IE E
EHEI-EE (7) ¥ 50 mg (5 6 (0.061 4 mmol) %
fi# T 1.5 mL THF #1 1 mL FER SR, HHE T
218NN 0.2 mL NaOH ¥ (4 mol-L™"), ZififitHt
45 min, RS 15 mL KBRS, ToKBRBR T4,
BEE, WRAR . R AR R Ak, PR AU
FE—E 14 1 (v/v), mp 206.5~208.4 C.

113 3-HEEMETRE-FHRRE-12-%-28 KL
(8) Bt 50 mg WHFRWEME T 5 mL S H e,
NG 2 % (0.439 6 mmol), il W 20 h, Z[
WFVRIAR RV I B S, SRAR PPN 3 mL B Uk,
PR ZEBRIN CObE, AR 3 k. LRI 100 mg
16-&4) 3b (0.22 mmol). /> & DMAP Hl 3 mL 7, 60 C
R 1~1.5 h, ZZBREH), DKo sos ik, fhg, +
K BEIAEKR 58 mg, FPFN 44%, mp 220.3~
222.1 C.

1.14 3-BWEBATEE-FHRTE-12-15-28-2-
—ZB%-1-)Z 5 9a) #4100 mg ik &4 8 (0.22 mmol)
RT3 mL Jo7K DMF H, A 0.1 g Jo/Kik R 4T
(0.717 mmol), ¥K¥# FIIA 1, 2- 3R ZHE 5% (5.08
mmol), VK¥[8, TLC Al i W 2% 5, 2~3 h 585 . 2%
B LA, BN DMF 1 1 mL - Zf% (20
mmol), iR A, TLC Ky S By 2% 25, Hihgg, I8
YEH 218 28 0E% (5 mLx2), BRI /K—2 1% 21

A3, A IFE NI, AR5 IR LR R S
W AR KPR, KRR T, ZRRE IS
B A A S, TR A (AR aliAh, DI A A7 i
k- W70 1 (vv), 9BIAERMAK 11 mg, /=%
4 7.6%, mp 171.4~173.8 C.
115 3-AEBMETIE-FTHRRI-12-%-28-
(-N-FREWRER-1-)Z B (9b) %M 9a & T ik,
i1 100 mg tL&47 8 (0.212 0 mmol) 55 N-HIFLIRIEE
(1 mL, 0.423 3 mmol) S NA3E], HL i ARk oR: (i
alifk, Ve A B R AHE 8 1 1 (viv), 153IA
R A 15 mg, =F N 9.9%, mp 177.6~180.1 C.
1.16 3-AtEB AT S E-FHRKTE-12-15-28-2-
BRIE-1-)ZEE (9¢) %I 9a MG 7%, 100 mg
A 8 (0.212 0 mmol) 5 31.21 mg KM (0.439 6
mmol) 15 F], K b A R e A 8 0 i1k, 1 7
HAHEE - 2R 41 6 1 1 (viv), FFEIAER K 11 mg,
PR 7.4%, mp 188.4~190.5 C.
1.17 3-BWEBATEE-FHRTE-12-15-28-2-
WROE-1-) CBE (9d) %M 9a (G KTV, H 100 mg
49 8 (0.212 0 mmol) 55 1 mL WREE (0.421 4 mmol)
FNAF R, O R AT €l Ak, BRI A A
k- WG 8 1 1 (viv), fHEIAEMA 12 mg, /=%
H 7.9%, mp 188.9~193.4 °C,
2 WIS RSN E NI

HEPEN B 205 HeLa 41Md. HH HepG2 41 iU Al
H BGC-823 4 #40 fiu, FI5 9E8 e FKFE N
TR B B, F MTT o635 46 & 4 40 i 75
T

1 0.25% Jif 5 F1 gV 40 5 2 15 77 1) HeLa (HepG2
o BGC-823) 4ifiy, F 10% /NA-1f RPMI 1640 55
FEMR M MBI BFZZTE 2x10%~4x 10 [ B 40 i
W, PAAEAL 200 uL 200 T 96 FLESFRMR . BF S FRAR
TN CO, K554, 1E 37 °C 5% COy S MR 5 41T
NEEFE, FERTIRANREEE RS, S AR K 13107,
1x10°°, 1x1077, 1x10 " mol-L ™" (A5 254, &
6 L, SLE A AR IRAL, RSN CO, KiFRM,
1637 'Cy 5% CO, MAMIRNEE44F FEF: 72 ho K
372 h )5, B MTT % (5 mgmL™") 20 pL,
37 CHkLERTFE 4 h, FULEFE, BOF LN B
W, BN 150 pL DMSO WAl H TIE, HE A iR
% 10 min ¥, 7E MR700 7 BfEEC S 28 A0 I 43 _F- 00 5
570 nm AL FLBOGEE (4) fH, o

2 _ NTHRAL P SAME — 45 2540 T 35A1E 0
i = XL 4 x100%
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