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Synthesis and anti-tumor activity of derivatives of ursolic acid in vitro

PAN Hong-shuang, LI Lei, CUI Hua-bo, YANG Li-na, YU Ting-ting, MENG Yan-qiu’
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Abstract: A series of ursolic acid derivatives were synthesized by the introduction of 4-chloroindole
compounds at A ring and esterification and amidation at C-28 position, which structures were characterized by
'"HNMR, MS and etc. The cytotoxic activity of derivatives was evaluated against HepG2 and SGC7901 cells
in vitro by MTT assay, in which paclitaxel and adriamycin were used as a positive control. The results indicated
that all of derivatives can inhibit cell proliferation in HepG2 and SGC7901 cells with a better activity than ursolic
acid. Especially, the compounds 6 and 12 showed significant antitumor activity comparable to the paclitaxel.
The compounds are worthy to be studied further.
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8). Brhlaik 1 5SERERMESYRNERE 4-5 % Table 1 MS and elemental analysis data of target compounds

H#‘%I'I Eﬁ?%ﬁ fiﬁ?‘:ﬂf @J . /% ﬁu 5'—%-[2,3—b]- ugl H}k-_‘% %‘J:;% Compd. ESI-MS (m/z) Elemental analysis/found (Calcd.)

. N X, = N [M+H]+ C H N
U 11-PREE-12-0 -28- Wk - = FE B RAT A (11~14),

P 3 618.2 75.62 (75.74) 843 (846) 2.7 (2.26)
A i 2 B 1 4 618.4 75.73 (75.76) 849 (848)  2.26 (2.27)
5 632.4 75.86 (75.98)  8.64 (8.61) 2.23(2.22)
. 6 6323 75.89 (75.95)  9.06(9.02)  2.17 (2.16)
HREIE 7 646.5 7628 (76.19)  8.72(8.73)  2.18(2.17)
EERK 8 660.4 76.45 (76.39) 8.83 (8.85) 2.13 (2.12)
DLAE S 250 SAL A4, 3 A FR.C-11 Fl C-28 1 619.4 73.57(73.70) 833 (8.30)  4.54 (4.52)
g o . . . 12 633.4 73.99 (73.96) 847 (8.44)  4.43 (4.42)
4 st A K - NGk 232
BTSN YUE, W IFE R T PISRIL 10 M RERERAT A i 331 585 (1397 838(840) 441 (440)
, H&ER) 'THNMR . MS 2581 . il W& 1 f13E 2, 14 681.4 75.92 (75.80)  7.83 (7.84)  4.10 (4.11)

3: R=CH,CH,CH3; 4: R=CH(CH3), 5: R=CH,(CH,),CH3 6: R=CH,CH(CH3;)CHj3; 7: R=CH»(CH,);CH3
8: R=CH,(CH,)sCHj3 11: R=(CH;),OH 12: R=CH(CH;)CH,OH 13: R=CH,CH,CH,OH 14: R=C¢H,CH,OH
Reagent and conditions: (a) CrOs, AcOH, Ac,0; (b) DMF, anhydrous K>COs3, RBr; (¢) 4-Cl phenylhydrazine hydrochloride, AcOH; (d) (COCl),,
CH,Cl,, DMF; (e) NH;R, CH,Cl,, TEA.

Scheme 1 Synthetic routes of target compounds

Table2 'H MNR data of target compounds

Compd. 'H NMR (CDCl)

3 7.76(s, IH, NH), 7.45 (d, 1H, J= 82 Hz, Ar-H), 7.29 (s, 1H, Ar-H), 7.16 (s, 1H, Ar-H), 5.51 (s, 1H, H-12), 3.96 (s, 2H, -COOCH,CH,CHj), 2.28 (d, 1H, J =
10.8 Hz, H-18), 1.63—1.49 (m, 3H, -COOCH,CH,CH), 1.58 (s, 2H, -COOCH,CH,CHs), 1.24 (s, 1H, H-9), 1.16, 1.14, 1.07, 1.02, 0.92, 0.9, 0.87 (s, each 3H)

4 774 (s, 1H, NH), 7.45 (d, 1H, J= 9.2 Hz, Ar-H), 7.19 (s, 1H, Ar-H), 7.15 (s, I H, Ar-H), 5.64 (s, 1H, H-12), 4.27 (s, 1H, -COOCH(CH;)CHs), 2.28
(d, 1H, J=9.6 Hz, H-18), 1.44 (d, 3H, J= 9.5 Hz, -COOCH(CH3)CHj), 1.43 (d, 3H, J = 9.5 Hz, -COOCH(CH;)CHs), 1.29 (s, 1H, H-9), 1.23, 1.19,
1.08, 1.02, 1.01, 0.97, 0.87 (s, each 3H)

5 774 (s, 1H,NH), 7.45 (d, 1H, J=9.7 Hz, Ar-H), 7.19 (s, 1H, Ar-H), 7.06 (s, 1H, Ar-H), 5.71 (s, 1H, H-12), 4.01 (s, 2H, -COOCH,CH,CH,CH), 2.37 (d,
1H, J = 8.7 Hz, H-18), 1.53 (s, 2H, -COOCH,CH,CH,CHj), 1.47 (s, 2H, -COOCH,CH,CH,CHj), 1.29 (s, 1H, H-9), 1.24 (s, 2H, -COOCH,CH,CH,CH),
1.14, 1.11, 1.02, 0.95, 0.92, 0.91, 0.88 (s, each 3H)

6  7.72(s, 1H, NH), 7.45 (d, 1H, J= 9.2 Hz, Ar-H), 7.17 (s, 1H, Ar-H), 7.05 (s, 1H, Ar-H), 5.72 (s, 1H, H-12), 3.75 (d, 2H, J=10.2 Hz,
-COOCH,CH(CH;)CHs), 2.35 (d, 1H, J = 8.9 Hz, H-18), 1.41 (s, IH,-COOCH,CH(CH3)CHs), 1.36-1.22 (m, 3H, -COOCH,CH(CH3)CH),
1.24 (s, 1H, H-9), 1.15-1.08 (m, 3H, -COOCH,CH(CH3)CHj), 1.12, 1.01, 1.02, 0.98, 0.92, 0.88, 0.86 (s, each 3H)

7 7.78(s, 1H, NH), 7.43 (d, 1H, J=8.9 Hz, Ar-H), 7.14 (s, 1H, Ar-H), 7.07 (s, 1H, Ar-H), 5.64 (s, 1H, H-12), 3.98 (t, 2H, J=8.4 Hz,
-COOCH,CH,CH,CH,CH3), 2.42 (d, 1H, J = 8.9 Hz, H-18), 1.75 (s, 2H, -COOCH,CH,CH,CH,CHj), 1.42 (s, 2H, -COOCH,CH,CH,CH,CH3), 1.29
(s, 2H, -COOCH,CH,CH,CH,CHj), 1.25 (s, 1H, H-9), 1.15 (s, 3H, -COOCH,CH,CH,CH,CHj), 1.13, 1.11, 1.06, 1.01, 0.99, 0.89, 0.88 (s, each 3H)

8 772 (s, 1H, NH), 7.45 (d, 1H, J=9.3 Hz, Ar-H), 7.05 (s, 1H, Ar-H), 7.04 (s, 1H, Ar-H), 5.64 (s, 1H, H-12), 4.04 (s, 2H, -COOCH,CH,CH,CH,CH,CHs),
2.98 (s, 2H, -COOCH,CH,CH,CH,CH,CHj), 2.44 (d, 1H, J=9.1 Hz, H-18), 1.49 (s, 2H, -COOCH,CH,CH,CH,CH,CHs), 1.38 (s, 2H,
-COOCH,CH,CH,CH,CH,CHs), 1.32 (s, 1H, H-9), 1.26 (s, 2H, -COOCH,CH,CH,CH,CH,CHj), 1.25 (s, 3H, -COOCH,CH,CH,CH,CH,CHs),
1.15, 1.12, 1.09, 1.01, 0.99, 0.99, 0.89 (s, each 3H)

11 7.72 (s, 1H, NH), 7.40 (d, 1H, J= 9.3 Hz, Ar-H), 7.34 (s, 1H, Ar-H), 7.17 (s, 1H, Ar-H), 6.61 (br, 1H, NH), 5.56 (s, 1H, H-12), 3.63 (s, 2H,
-CH,0H), 3.49 (s, 2H, -CH,), 1.31 (s, 1H, H-9), 1.23, 1.13, 1.06, 1.05, 0.98, 0.94, 0.93 (s, each 3H)

12 7.81 (s, 1H, NH), 7.33 (d, 1H, J=9.2 Hz, Ar-H), 7.17 (s, 1H, Ar-H), 7.05 (s, 1H, Ar-H), 6.58 (br, 1H, NH), 5.73 (s, IH, H-12), 4.15-3.98 (m, 1H,
NHCH(CH;)CH,0H), 3.88 (d, 2H, J = 8.6 Hz, -NHCH(CH3)CH,OH), 1.32-1.21 (m, 3H, -NHCH(CH;)CH,0H), 1.22 (s, 1H, H-9), 1.15, 1.14,
1.12, 1.11, 1.04, 0.98, 0.94 (s, each 3H)

13 7.88 (s, 1H, NH), 7.45 (d, IH, J=9.4 Hz, Ar-H), 7.23 (s, 1H, Ar-H), 7.14 (s, I1H, Ar-H), 6.60 (br, |H, NH), 5.67 (s, 1 H, H-12), 3.58 (s, 2H,
-NHCH,CH,CH,0H), 3.58 (s, 1H, -NHCH,CH,CH,0H), 3.13 (s, |H, NHCH,OH), 1.34 (s, 2H, -NHCH,CH,CH,OH), 1.24 (s, 1H, H-9),
1.11, 1.03,0.98, 0.91, 0.89, 0.88, 0.83 (s, each 3H)

14 8.38 (s, 1H, NH), 7.46 (d, IH, J=9.5 Hz, Ar-H), 7.44 (s, 1H, Ar-H), 7.34—7.15 (m, 4H, Ar-H), 7.14 (s, 1H, Ar-H), 6.61 (br, 1H, NH), 5.67 (s, IH,
H-12), 5.11 (s, 2H, CH,0H), 1.31 (s, 1H, H-9), 1.23, 111, 1.09, 1.05, 0.98, 0.97, 0.88 (s, each 3H)
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2 EYEMIEN

LEEAZIE (paclitaxel) 12 A (adriamycin)
SRR XS IR, SR F DY R AR e 2L (MTT H
5 XA B A& P AT ) AR A B R i
W, LR NE 3.

Table 3 Anti-tumor activity of target compounds on HepG2
and SGC7901 cells

Compd. Inhibition rate/% (10 pmol-L™") ICso/pmol-L™"
HepG2 SGC7901 HepG2 SGC7901

UA 12.62 13.34 >20 >20

3 18.25 21.19 >20 >20
4 36.57 35.35 12.38 9.95
5 25.49 19.35 >20 7.50
6 48.96 54.60 10.22 3.12

7 30.93 38.52 >20 >20
8 41.28 38.81 >20 10.74

11 39.58 42.16 >20 >20
12 52.83 49.56 8.96 12.45

13 29.36 27.53 >20 >20

14 33.69 2431 >20 >20
Paclitaxel 52.75 50.82 14.35 7.87
Adriamycin 64.37 59.38 3.48 2.07

MFEFATLLE H, EEPIHAEN 13107 mol-L™!
ik B B A &% HepG2 A1 SGC7901 At
AR BA —E MiEIER, EALT RHARE SRR .
C-28 PR H & XAt R E Y RBRET, b &Pt
HIRE AL ) 6>4>8>T7>5>3, L5 R K HIERE A
A SCHE 1) b A B LR AR A S A RS R,
b AR b b BE S, TR s A g .
C-28 7RI H A R KA E W R B, &9
12 R AU I B R vs P, S 19 e e 24 i %) 417
HIZR 2509 52.83% F1 49.56%, 5 FH X I8 245 42 42 1
WA M. 28 BT, WA 6. 12 AR HE—P
W9t
3 g

ARICULRE SRR A A, SHH A FFL C-11 M
C-28 #ATA MLE, wit& 7RIt 10 M RERIR
fILER, Ss P02 B e AR R, RESRLR A 3R
PHE 4-FEIEER, [FR C-28 AR 3L 5 skt S M K,
i AT DA w5 A SRR MR s 1, AR e i e e 4
%t B MR A BORRE M T4 C-28 ARk 5 s AL
SR G T i Bt T 2 v RE SRR I B M Re i,
G T (1 25 ) S M TG P I 2 B DN 3R AR T 9 4 SR
RE R — D MBIE —E NS EE L.

SIS ER S

X-4 FF o RAUE S E A ARX-300 MHz
L3R, CDCL; M7, TMS N bR; #—3E )8
R LCQ Bl . AESRERIM T B ERHEY T KA
BRAF; RGOSR GF254. I H AT Sl
W THBRAF A, BOFA 10% MR 2B %W,
TR AT B RPMI-1640 55975 (8 10% fR 25 1L
. 100 umL ' HER. 100 ng'mL ' #HER); RIL
DU EE (MTT). & Flf K (proteinase K) Fl/NA= I
JEEE (BSA) T Lifg BRI A R AR BHEX
LA (paclitaxel)s Bi%E 2 (adriamycin) 1T
Bl 1 R 25 BR A =1, AN 4H il HepG2. SGC7901
YH M A Tk B 25 BE R 2B 4k o B ARG 38 9 4 A 4l B
T4,
1 ZEE/K
1.1 3,11-F|XK-BHRE-12-F-28-REHNHI& 1)
P AE B (228 mg, 0.5 mmol) VAT 5% LFRETHY
LR A (0.75 mL LREF, 14.25 mL 41R), MA
CrO3 (99.6 mg, 0.99 mmol), =M, TLC &l /2
M2, 4h RMSEEE, IIAJK (20 mL) A& H ke
(20 mL), 4r=)5, KZULZEF L (20 mL) ZEEH
W, A I HLAR, o R B IR B s R e U4 25 TR el
PE, BRI, oK T8, wOEmIE, 28
TR 1 B S B JBOR Y o R i G SR AT 1% 43
Balifh, PN A MR- 28R Z8E=5 1, 15
A&, HRaE 1.
1.2 5'-5-[2,3-b]-M5| k-5 F5 ke BY -11-Fx H-12- 45 -28-
RERIEAES (3) KAk UA, (126 mg, 0.22 mmol)
WT NN-—HILHE (DMF, 4 mL), AT K
R4 (0.06 g, 0.44 mmol), ZZM2IN 4 %45 1-8A
Ft (0.88 mmol), Zilfh &N, TLC Kl M2 (&
T f k-2 B8 2. /6=5 1 1), 5 h R4 H . JJE
AHF AR RIS, IMABAMEEEK (20 mL) F
LR ZTE (20 mL), ZrESAHUAH, A HUHEH M
K (20 mLx3) 2L 3 ¥k, HHUH T KRR BT,
I E, VRO WV A R e T A M SRR R
Witk PeMAN AR - 2R OE=13 1 1, HA6|
[l 44 2.

¥ A-SCRHFEEER L (180 mg, 0.1 mmol) ¥#fET
VK8 (10 mL), 118 CA KRR . Kib &Y 2a (50
mg, 0.1 mmol) EMAAEIKZIE (5 mL) |, 225N
B 4-FORMER RGP, 4k EIR, L TLC B
SN2 Ri. 4 h JRLEE, r) JRLAA 5 A 22 18 3 K
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(10 mL), BER=R, S, #EmE, K
Deugpt k. =R TR, MRl ek, Mg
AL R Ak, el A - £ A E=3 0 1, 15
HER AR E AR 3. =3 58.3%, mp 157~159 C.
1.3 5'-5-[2,3-b]-F5| M- 5 75 ke BY-11- i B -12- 45 -28-
BRERSANE @) LS 3 AT, HHiE
15 115 RN G 5 4-F0K kRS 25 OB
I A A RE R RE B 4lifh, VRN A - 2R
LBE=13 1 1, B ARIREE 4, 77N 54.6%.
mp 140~144C.

1.4 5-5-[2,3-b]-M|ME- 2 ke BY-11-Bx £ -12- 15 -28-
BERIETHE: 5) 1&MALEY 3 AT, tHiE
15 1-98IE T bt RN 5 5 4- 0K kSRR #h O
I A A RE R RE B Alifh, VRN A - 2R
LBE=15 1 1, HEEHARIREE 5, PN 46.6%.
mp 229~233C,

1.5 5'-§-[2,3-b]-F5| M- 5 75 ke BY-11- i B -12- 45 -28-
BRERRTE 6) LB EY 3 WEKITE, Hf
R 2 5 1-R58 T bt R N5 4- 08 3618 25 5 B
I A A RE R RE B 4lifh, RN A - 2R
LFE=15 1 1, fF A AR ARRE A 6, F=FK 44.8%,
mp 225~227 C,

1.6 5'-5-[2,3-b]-H5| M- 5 75 ke BY-11-F B -12- 45 -28-
BRERIEREE (7) 1%M4LED 3 1A RITE, B E
M 2 5IRARIE bE s B FE 5 4-50K R R 3 R B o i
SO S A RER AR g a4, BB A - 2R 2
BE=13 : 1, 19 A EmARRE LK 7, 72238 53.2%. mp
241~245 C.

1.7 5'-§-[2,3-b]-H5| M- 5 75 ke BY-11-F B -12- 45 -28-
BRERIECH 8) &ILEY 3 AT, HHE
2 5IRAKRMNERYES 4-ERPFRREER N .
SO S A RER AR g a4, BB A - 2R 2
fe=7: 1, 1F A EBAREE 8, 223K 45.5%. mp
249~254°C,

1.8 5'-5-[2,3-b]-M5| M- 5 75 ke BY-11-F B -12- 45 -28-
mt-mEZEE (1) FFMEE 1 (120 mg, 0.2 mmol)
WAET 5 mL S, IS (0.8 mmol), Jf
BN 2 7 DMF 1E AT, TEZ= R FHiH: 4 h, Rk
5'-C1-[2,3-b]- W] W - 12 i dg 8011 ¢ 3 - 12- 05 -28- Tk S
(9). ZRRER ST MBS, RV 2 mL
WOk, WEZARKT Che, REBEHR. mP=yh
TN & F ke, =% pH % 8~9,1% pH #asg 5
FAINANEIE 2B (0.8 mmol), iRk 24 h, TLC W
D BEZ% 05, IRBLSERE, N 30 mL 7K, #3532,

FERRRUA pH 2 3, WK Z8 BRI RLA I, T H ot ]
o B A RE R B Ak, e MR N A i i —
LR TE=T © 1, 3 ERARE & 10,

B 4-FOEMEEERZ EE (180 mg, 0.1 mmol) &M# T
VK8 (10 mL), 118 CA KRR . Kib & 10 (50
mg, 0.1 mmol) ¥AEFEIK IR (5 mL) H, 22183
B 4-FORMF R ER VA, 4k, DL TLC Bl
R 4 h JRLEETR, ] SR AA 5 A 22 18 35 7K
(10 mL), BEZ=R, s e, mEmE, K
Veugpt R k. IR, S alE . AR
FAE ik aliAk, PR A - LR O TE=3 1 1, 15
H R AR A 110 77205 48.7% . mp 186~189 C.
1.9 5'-%0-[2,3-b]-M5|PR- = 75 ke BY -11-F £ -12- 45 -28-
ft-2-|E-1-REE (12) “EHED 11 K& 0T,
B AR 1 2- - 1- TR R B S S 4-FUOR L
R Eh OB o e 2R i AR AT ik alih, BRIl
WEE- 2 CWE=7 0 1, B EERhARREE 12, 2%
N 44.8%. mp 184~186C.

1.10  5'-5-[2,3-b]-M5| M- 2 7 ke B -11- B E -12- 5 -
28-EE-3-FE-1-AE (13) B AEY 1 WERIT
2, HHREE 15 3-E B - RRE RN E S 4-80K
JHF SRR AR SN o fi ML i R R A C T A4k, e 5
NAM - 2R 5= : 1, 3 A a8 AR E & 13,
FEEN 44.6%. mp 142~144°C.

111 5'-50-12,3-b]- 05| M- = 7 b B -11- Bk -12- K -
28-Ft-2-|EEE (14) LS 11 G,
A 1 5AEERERNE RS 4-SO8 R
RN o B i AR A Gk Al Ak, BB A i
it~ =7 0 1, B A AIRE K 14, 77%A
61.2%. mp 244~248 C.

2 B ARSNEMER

PN JE 4 (HepG2) F1 A B ¥ 41 g
(SGC7901) HE4Hf, LAEEAZEE (paclitaxel) AT %E 3R
(adriamycin) NPFHYEXTIRY). B MTT EbykillE ik
BV RS

I 0.25% Bk £ A Bl v A0 5 2 55 97 1) SGCT7901
(HepG2) 4Hffe, F& 10% a4+ 1MiE RPMI 1640 1%
FROA B BN ZTE 2x10°~4x10" AN 541
B, LAREFL 200 pL #EFT 96 FLEEFRMR . KRR
BN CO, K534, 7£ 37 C. 5% CO, KA
FE AR TR TR, ReREIRAMNGEE S, 2 Bl IR EE R
11075, 1x107°%, 1x1077, 1x10 " mol-L ™" f 43l 244,
TR 6 ML, SLIRE 2 st IR, RSN CO, 1S
FRAH, 1F 37°C 5% CO, B ABANE B4 1F F 597 72 he
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¥t 72h G, SN MTT %W (5 mg-mL™" 20 pL,
37 CH4RLLEEFR 4 h, kTR, BOR RN LE
W, FEFLINN DMSO 150 pL ¥l H e, Ak
% 10 min Y& . 75 MR700 7Y it 16 5 12 46 I A% 52
570 nm KB FLRIRE (4) B, A MfE/% =
(1= (A s A wrm) /(A A we0)] X 100% THEAL A
Yuxt 4 A %, BEEWNR 3 R, BCPIEARA
g
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