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Synthesis and anti-tumor activity of ursolic acid derivatives

MENG Yan-qiu’, LIU Dan, BAI Zhong-wei, CAI Ling-li, Al Hong-ru

(Department of Pharmaceutical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: Structure of natural product-ursolic acid was modified for increasing its antitumor activity. Ursolic
acid was acylated, esterified, hydrolized or oxidized to obtain target pentacyclic triterpenoid compounds with
different substitutes. Sixteen derivatives of ursolic acid were designed and synthesized including eleven new
compounds. Anti-tumor activities of ursolic acid and these derivatives against HeLa, SKOV3 and BGC-823
cells in vitro were investigated by MTT assay. The results indicated that compounds 7a and 8a were found to
have stronger cell growth inhibitory than ursolic acid on HeLa cells and SKOV3 cells separately, and are worth
to be intensively studied further.
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Scheme 1 Synthetic routes of target compounds

Reagents and conditions: (a) PDC, CH,Cl, rt.; (b) (CH3CO),0 or (C,HsCO),0 or (C3H;CO),0, DMAP, THF, rt.; (c) (g) (COCl),, CH,Cl,,
rt.; (d) ROH, EtN, rt.; (¢) NH(CH,CH,CH,CH;), or NH,CeHi(p-CH,OH), EtN, rt.; (f) CH;OH/THF, NaOH; (h) PhCH,NH,,
NH(CH,CH,CH,CH3),, Et;N, rt.

Table 1 MS and elemental analysis data of target compounds. Novel compounds

Elemental analysis/ Calcd.(Found)

Compd. ESI-MS (m/z)
C H N o)

2 453.2 [M—H]
3a 497.6 [M—H]
3b 511.5 [M—H]~
3¢ 525.5 [M-H]
5a 535.3 [M+Na]"
5b” 549.3 [M+Na]" 77.21 (77.52) 10.40 (10.33) 12.23 (12.15)
5¢" 563.7 [M+Na]" 77.34 (77.73) 10.48 (10.44) 11.70 (11.83)
5d" 577.6 [M+Na]" 77.64 (77.93) 10.59 (10.54) 11.45 (11.53)
5¢" 568.5 [M+H]" 77.96 (78.12) 10.56 (10.63) 11.29 (11.25)
5f" 577.5 [M+Na]” 77.76 (77.93) 10.65 (10.54) 11.41 (11.53)
5¢" 569.3 [M+H]" 77.88 (78.12) 10.57 (10.63) 11.30 (11.25)
6a” 610.7 [M+H]" 78.41 (78.76) 11.03 (11.07) 2.28 (2.30) 7.80 (7.87)
6b" 632.5 [M+H]" 77.63 (77.93) 9.81 (9.73) 2.20 (2.22) 10.20 (10.13)
7a" 568.4 [M+H]" 79.89 (80.36) 11.69 (11.54) 2.44 (2.47) 5.56 (5.63)
8a” 560.9 [M+H]" 81.30 (81.72) 9.68 (9.82) 2.54 (2.58) 5.63 (5.88)

8b* 566.6 [M+H]" 79.94 (80.65) 11.14 (11.22) 2.51 (2.48) 5.59 (5.65)
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Table 2 'H MNR data of target compounds.  Novel compounds

Compd. 'H NMR (CDCl3)
2 5.26 (s, 1H, H-12), 2.51 (m, 1H, H-2a), 2.39 (m, 1H, H-2b), 2.20 (d, 1H, J = 11.1 Hz, H-18), 1.08 (s, 6H, CH3x2), 1.05 (s, 3H, CH3), 1.02
(s, 3H, CH3), 0.95 (s, 3H, CH3), 0.86 (d, 3H, J = 6.4 Hz, CH3), 0.82 (s, 3H, CH3)
3a 5.23 (s, 1H, H-12), 4.50 (t, 1H, J = 7.9 Hz, H-3), 2.20 (d-like, 1H, J = 11.4 Hz, H-18), 2.04 (s, 3H, CH;CO), 1.07 (s, 3H, CHj), 0.95 (s, 6H,
CH;x2), 0.86-0.81 (m, 9H, CH;x3), 0.76 (s, 3H, CHj)
3b 5.25 (s, 1H, H-12), 4.50 (t-like, 1H, J = 7.5 Hz, H-3), 2.33-2.28 (m, 2H, -CH,CO0), 2.19 (d, 1H, J = 10.8 Hz, H-18), 1.15 (t, 3H, J = 7.6 Hz,
CH;CH,COO0), 1.08 (s, 3H, CH3), 0.95 (s, 6H, CHs), 0.85 (s, 9H, CH;3x3), 0.78 (s, 3H, CHs)
3¢ 5.23 (s, 1H, H-12), 4.50 (t-like, 1H, J = 7.3 Hz, H-3), 2.31-2.26 (m, 2H, -CH,CO), 2.19 (d, 1H, J = 11.4 Hz, H-18), 1.08 (s, 3H, CHj),
0.97-0.92 (s, 9H, CH3x3), 0.86-0.85 (s, 9H, CH;x3), 0.78 (s, 3H, CHs)
5a 5.25 (brs, 1H, H-12), 4.52 (t, 1H, J = 7.9 Hz, H-3), 3.62 (s, 1H, -CHs), 2.06 (s, 3H, CH;COO-), 1.91, 1.34 (d, each 3H, J = 3.3 Hz, -CHs),
1.19, 1.10, 0.98, 0.87, 0.76 (s, cach 3H, -CH).
5b" 5.23 (brs, 1H, H-12), 4.52 (t, 1H, J = 7.7 Hz, H-3), 4.06 (q, 2H, J = 7.1 Hz, -CH,-), 2.06 (s, 3H, CH;COO-), 1.91, 1.33 (d, each 3H, J =
10.3 Hz, -CH3), 1.19, 1.05, 0.94 ,0.87, 0.75 (s, each 3H, -CH;)
5¢" 4.05 (s, 1H, H-3), 3.95 (s, 2H, -CH,-), 2.05 (s, 3H, CH;COO-), 1.91, 1.63 (d, each 3H, J = 10.5 Hz, -CHs), 1.33, 1.07, 0.94, 0.87, 0.76 (s,
each 3H, -CHs)
5d" 5.26 (brs, 1H, H-12), 4.52 (t, 1H, J = 8.7 Hz, H-3), 4.02 (t, 2H, J = 7.3 Hz, -CH,-), 2.05 (s, 3H, CH;COO0-), 1.93, 1.67 (d, each 3H, J=7.9
Hz, -CH3), 1.36, 1.09, 0.92, 0.87, 0.78 (s, cach 3H, -CHs)
5¢" 5.25 (brs, 1H, H-12), 4.52 (t, 1H, J = 4.2 Hz, H-3), 4.00 (t, 2H, J = 4.0 Hz, -CH,-), 2.05 (s, 3H, CH;CO0-), 1.93, 1.67 (d, cach 3H, J= 7.4
Hz, -CH3), 1.36, 1.09, 0.92, 0.87, 0.78 (s, each 3H, -CHs)
st 5.27 (brs, 1H, H-12), 4.52 (t, J = 5.3 Hz, 1H, H-3), 3.96 (s, 2H, -CH,-), 2.35 (q, 2H, J = 7.2 Hz, -CH,COO0), 1.91, 1.52 (d, each 3H, J= 7.5
Hz, -CH3), 1.35, 1.10, 0.96, 0.88, 0.78 (s, each 3H, -CHs)
5¢° 5.26 (brs, 1H, H-12), 4.52 (t, IH, J = 7.6 Hz, H-3), 4.01 (t, 2H, J = 4.1 Hz, -CH,-), 2.35 (q, 2H, J = 7.6 Hz, CH,C0OO0), 1.92, 1.53 (d, each
3H, J=6.9 Hz, -CH3), 1.35, 1.16, 0.94, 0.88, 0.78 (s, each 3H, -CHs)
6a’ 5.24 (s, 1H, H-12), 4.51-4.49 (m, 1H, H-3) 3.09 (br, 4H, NCH,, NCH,), 2.45 (m, 1H, H-18), 2.04 (s, 3H, CH;CO), 1.08 (s, 3H, CH3),
0.96—0.87 (m, 21H, CH3x7), 0.80 (s, 3H, CHj)
6b” 8.61 (s, 1H, NH), 7.98 (d, 1H, J = 8.7 Hz, Ar-H), 7.30-7.26 (m, 1H, Ar-H), 7.19 (d-like, 1H, J = 7.4 Hz, Ar-H), 7.06 (t-like, 1H, J= 7.3 Hz,
Ar-H), 5.39 (s, 1H, H-12), 4.64 (s, 2H, CH,OH), 4.49 (m, 1H, H-3), 2.33-2.30 (m, 2H, CH,COO0), 1.12 (s, 3H, CH3), 0.98-0.90 (m, 12H,
CH;x4), 0.85-0.83 (m, 6H, CHsx2), 0.78 (s, 3H, CHs)
7a" 5.23 (s, 1H, H-12), 3.21 (br, 4H, H,NCH,), 3.21 (br, 1H, H-3), 1.07 (s, 3H, CHj), 0.98 (s, 3H, CH3), 0.94-0.92 (m, 12H, CH;3x4), 0.87 (d,
3H, J = 6.3 Hz, CH;), 0.78 (s, 6H, CH;x2)
8a 7.37-7.23 (m, 5H, Ar-H), 6.16 (br, 1H, NH), 5.23 (s, 1H, H-12), 4.57 (dd, 1H, J = 14.7, 6.0 Hz, Ar-CHa), 4.16 (dd, 1H, J = 14.7, 4.5 Hz,
Ar-CHb), 2.22 (s, 2H, CH,CO), 1.09 (s, 3H, CHs), 0.96 (s, 3H, CH3), 0.91 (s, 3H, CH;), 0.86 (br, 9H, CH;x3), 0.72 (s, 3H, CHj)
8b” 5.27 (s, 1H, H-12), 3.28 (br, 4H, NHCH,), 2.51-2.42 (m, 2H, H-2), 1.08—1.04 (m, 9H, CH;x3), 0.95-0.93 (m, 9H, CH;x3), 0.87 (d, 3H, J =
6.5 Hz, CH3), 0.84 (s, 6H, CH;x2)
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5g nt nt 6.22 T e e 3 A7k SEAESE . 28 T IRIE IE T %
6a 3.46 7.59 nt g s .
o 067 15 t JE R WE A S 3l HeLa 41 A4 K 3G PEAR T
. . n
7a 4161 16.72 at FEALIR, T 3 ALFIENFES. 28 RIRAEE TIE T B K
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SLIGER S
1 UE5IRF

X-4 FF W B A% s 2 A, Bruker ARX-300
MHz # iR, CDCLy S #5, TMS S N hx; #vii-
FEJBR LCQ BT . RERIRIE T et MAHEAEY)
B E R AR, RGOSR GF254. TR H AT
Byl e b T A=, ARRFI b ali; Bl
10% i R £ W, v PEMA T H HeLa, SKOV3.
BGC-823 4 Jf 4y J il = 27 e 24 27 R 4 fit
2 EEK
2.1 3-F5R-SFEE-12-1%-28-F8F5 (2) ¥ 50 mg
RERPR (0.11 mmol) AOIAZR] 15 mL 5 F &L i i,
HUKINN 150 mg FeE 1 129.8 mg AL IRILIE (PDC)
(0.44 mmol). Fi FHEFE, LI TLC Rl je 2% 41, 4 h
RNV SEEE, g, JEDFLL &R (5 mL x2),
SIFUEMAIVEW, W2 | mL, R4, U
AR A s/ SR LT = 401 (viv), 13 H B A
14.9 mg, /% 29.8%.
22 3P-CEHEE-LSHKIE-12-%-28-E (3a)
# 200 mg AE LR (0.44 mmol) ¥ T 20 mL DY W
W, KU 2 mL e, 180 mg LIREF (1.76
mmol) FI/bfE DMAP, =ild FtFE, LL TLC il
PNEZE T, RIVSEEE, BRI, LK BRI A, 2
mol-L™" #h R pH 3~4, Hhig, wEPKIEE S, =
AR T, HAGEAE 210 mg, 5 HEREG
PEAAL, PR s LR 4R =100 1 (viv), 13
F 14 182.2 mg, %4 83.6%. mp 285~288 C.
23 3P/-ABHEE-SHRE-12-/5-28-%E (3b)
AL A 3a (G 7k, HAERER (50 mg, 0.11
mmol) FIAMREF (71.58 mg, 0.55 mmol) 7£ DMAP [
AL AE T R A2, R kA itk alith, s h
MBI TR =61 (vhv), 151608 AR [E 44
19.5 mg, 7% 45.8%. mp240~244 C.
24 3P-THEE-SHRTE-12-/5-28-38E (3¢
A G W) 3a G v, HAER R (100 mg, 0.22

mmol) F T BREF (139.20 mg, 1.1 mmol) /£ DMAP
AL AE T A3 30, KL R AT ek alifh, e M)
HATMEE CIR OB =61 (v/v), 19 R AR 14
46.2 mg, 7% 39.9%. mpl83~184 C.

2.5 3B-ZEEEE-BHRE-12-15-28-FRE B ES (Sa)
# 100 mg (0.20 mmol) 3a ¥ T 5 mL 19 & H ke,
N 0.08 mL HEMER, Fi RN 24 h, JR 2T,
BN 5 mL 3 Ol i, 28R, EEEE3 R, 4
EY) da. ¥tb &4 4a %1 5 mL & kL, n—
LB pH 8~9, MMATL/KHEE (0.80 mmol). =ik
ik, FH TLC A R 26 fi e R 5EHELL 2 mol- L
HCI MR1L% pH 3~4, A3 HLAH CAAURI S4Bl /K 3 0t
% (2x15 mL), &IFANLAH, Jo/K Na,SO4 T4, i
EIA, T WkgE, MRERAE A A, SEl Ry
T R 8 =61 (viv), BB AGREAE 5a. fE
M 53.62%. mp 123~125 C.

2.6 3p-CEERE-SHKTE-12-15-28-F 18 £ B 89§
# (5b) ZRALEW SaG I, hEW3aht
KGR NAFALA Y Sb, Ak, W 50.12%.
mp 102~105 C,

2.7 3p-CEEEE-SH TR -12-45-28-FR BL IE A B
(5e) ZHALED) Sa MEMTTVE, WEY 3a HIEW
BE R NAFHEE Y Se, AR, WD 65.12%. mp
98~100 C.,

2.8 3P-CEHERE-SHITE-12-15-28-FRERIET B
(5d) ZSHULEY) Sa BRI, tha¥)3a 5IET
BE R N AFHEEY) 5d, EEFEE, RN 68.65%. mp
96~99 C.

29 3p-CEEEE-SH TR -12-15-28- R BL IE X B
(5e) ZHALED) Sa MEMTTE, AV 3a HIEK
BE S NAFAE W) Se, ETAEMA, WD 55.35%. mp
89~93 C.

2.10 3B-AEEE-BHKE-12-15-28- R R 1IE A B
50 SHULED Sa ME KT, EY 3b 5EN
BE e NVAFAE ) S, AR, eFE o 58.12%. mp
188~191 C.

2.11 3p-AEEE-S 7K -12-15-28- 8B 1E T B
5g) ZRUAY) Sa G, EW3b HIET
NE S NAFE W) Sg, B EFEE, W R 52.12%. mp
176~180 C.

2,12 N-(3p-Z Bt EE- S 7R -12-1%5-28-Ft)- — I
TR (6a) ZMALEY 5a AT, B 3a (250
mg, 0.24 mmol) 5 —IF T % (103 mg, 0.96 mmol) %
I, R R A i 2l A0S 6a, [ AR AR W]
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157.4 mg, ;%% 51.4%. mp 139~142 C.,
213 N-3p-T Bt | £- S Ak E-12-15-28-F)-2-5
EXE (6b) S HMAY Sa BRI, EY 3e
BRI R N, 43 R AR B4, 772 7.2%.
mp 106~118 C.
2.14 N-QGp-BEH-SHEE-12-15-28-B)-ZIET Bz
(7a) Kb& 6a (77 mg, 0.051 mmol) V& T FF /Y
SN (1 mL/1 mL) ¥%9%0H, T4 mol L™ &% 1k
VAT, 40 C R HERE, TLC Kl s W 4K f . OV 45 R,
R Z8 R, Ko B A, R, SEPRK IR R,
TR, O AR AR AR 63.3 mg, A
88.4%.
215 N-G-8K-BHKRE-12-15-28-8)-FhZ (8a)
Z LG Sa G 7, #4100 mg (0.22 mmol)
a2 8T 5 mL & Leh, #i00.08 mL HE
A, FWR 24 h, JEEZETER, NS mL ¥ Ak
Hifl, 72T, AR 3R, A 4d. Ktk
T 4d T 5 mL &R, =28 pH 8~9,
IR (0.80 mmol). FiRmHEFE, H TLC KM f )W
A, N SERELL 2 mol- L HC RIS pH 3~4,
HUAR DL AN S A KR E S (2 x 15 mL), HIFH
BUAH, Jo7/K NaySO, T4, HCE R, Uk, Wi, K
Ak Eikaif, 190 Ak 8a. Bkl 21.40%.
2.16 N-G-ER-S7kE-12-1%-28-E)-—1E T B% (8b)
ZRAAEY) 8a METTIL, WAV 4d 5 I1F TG x
N, 13 R AR E 4 8b 11.5 mg, 7% 20.6%.
3 WITRIMARREFEMENIK

1B N B 80 HeLa 40, ON i SKOV3 42
FUE i BGC-823 4l u i 5E4H i, SAZEEA FHPEXT
W), FH MTT Lo 3kl e A0 P 40 i 2535 1

Y 0.25%]B 85 1 B v AL 52 15 97 1 HeLa (SKOV3
g BGC-823) 4, & 10%/M- 1 RPMI 1640
B IR A A 2x10*~4x10%/mL 1) 541 o &
W, LABEFL 200 uL #2501 96 FLIG TR . #RF IR
N CO, B354, {E 37 C 5% CO, M MR JE 461
NEEFRE, FRESIRANINEE IS, MR 13107,

1x10°%, 11077, 1x10°* mol-L™" 452454, F3ik JiE
6 ML, SEE A I HRAL, RSN CO, 55374, 1
37 C. 5% COy KHMIFRE4&AF FRFR 72 he HigE
72 h J5, AL MTT % (5 mg'mL ") 20 pL,
37 CHEETRA b, PUERETE, BT RIS,
LI 150 uL DMSO %1 s, BA IR 10
min V@, 7F MR700 B ERIC G A A E e 570
nm AL (4) 1, $As
e RHRALTI AN - A 24T 4
e [T
THEAL G 40 B 4 2, B 3 Ik, HL
PR e A

x100%
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