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Synthesis and anti-tumor activity of ursolic acid derivatives
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(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 HelLa cells and SKOV 3 cells separately, and are worth

to beintensively studied further.
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Scheme 1 Synthetic routes of target compounds

Reagents and conditions: (a) PDC, CHCls, rt.; (b) (CH3CO),0 or (C,HsCO),0 or (C3H7CO),0, DMAP, THF, rt.; (c) (g) (COCl),, CH.Cly,
rt.; (d) ROH, EtsN, rt.; (6) NH(CH2CH>CH2CH3)2 or NH2CeHa(p-CH20H), EtsN, rt.; (f) CH3OH/THF, NaOH; (h) PhCH2NH,,
NH(CHQCHQCHQCH:),)Q, Eth, rt.

Tablel MSand elemental analysis data of target compounds. “Novel compounds

Elemental analysis/ Calcd.(Found)

Compd. ESI-MS (m/2)
c H N o

2 4532 [M—H]~
3a 497.6 [M—H]”
3b 511.5 [M—H]~
3c 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)
5e’ 568.5 [M+H]* 77.96 (78.12) 10.56 (10.63) 11.29 (11.25)
5" 577.5[M+Na]* 77.76 (77.93) 10.65 (10.54) 11.41 (11.53)
59" 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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Table2 *H MNR dataof 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, CHa), 1.02
(s, 3H, CHa), 0.95 (s, 3H, CH3), 0.86 (d, 3H, J = 6.4 Hz, CHy), 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, CH3CO), 1.07 (s, 3H, CH3), 0.95 (s, 6H,
CH3x2), 0.86-0.81 (m, 9H, CH3x3), 0.76 (s, 3H, CHy)

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,CO), 2.19 (d, 1H, J = 10.8 Hz, H-18), 1.15 (t, 3H, J = 7.6 Hz,
CH3CH,COO), 1.08 (s, 3H, CH3), 0.95 (s, 6H, CH3), 0.85 (s, 9H, CH3x3), 0.78 (s, 3H, CHa)

3c 5.23 (s, 1H, H-12), 450 (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, CH),
0.97-0.92 (s, 9H, CH3x3), 0.86-0.85 (s, 9H, CH3x3), 0.78 (s, 3H, CH3)

5a 5.25 (br s, 1H, H-12), 4.52 (t, 1H, J = 7.9 Hz, H-3), 3.62 (s, 1H, -CHj), 2.06 (s, 3H, CH3COO-), 1.91, 1.34 (d, each 3H, J = 3.3 Hz, -CHj),
1.19, 1.10, 0.98, 0.87, 0.76 (s, each 3H, -CHs).

5b’ 5.23 (br s, 1H, H-12), 452 (t, 1H, J = 7.7 Hz, H-3), 4.06 (g, 2H, J = 7.1 Hz, -CHy-), 2.06 (s, 3H, CHsCOO-), 1.91, 1.33 (d, each 3H, J =
10.3 Hz, -CHs), 1.19, 1.05, 0.94 ,0.87, 0.75 (s, each 3H, -CHy)

5¢ 4.05 (s, 1H, H-3), 3.95 (s 2H, -CHy-), 2.05 (s, 3H, CHyCOO-), 1.91, 1.63 (d, each 3H, J = 10.5 Hz, -CHj), 1.33, 1.07, 0.94, 0.87, 0.76 (s,
each 3H, -CH)

5d” 5.26 (br s, 1H, H-12), 4.52 (t, 1H, J = 8.7 Hz, H-3), 4.02 (t, 2H, J = 7.3 Hz, -CHy-), 2.05 (s, 3H, CH3COO-), 1.93, 1.67 (d, each 3H, J = 7.9
Hz, -CHa), 1.36, 1.09, 0.92, 0.87, 0.78 (s, each 3H, -CH)

5e’ 5.25 (br s, 1H, H-12), 4.52 (t, 1H, J = 4.2 Hz, H-3), 4.00 (t, 2H, J = 4.0 Hz, -CHy-), 2.05 (s, 3H, CH3COO-), 1.93, 1.67 (d, each 3H, J = 7.4
Hz, -CHa), 1.36, 1.09, 0.92, 0.87, 0.78 (s, each 3H, -CHs)

5" 5.27 (br s, 1H, H-12), 452 (t, J = 5.3 Hz, 1H, H-3), 3.96 (s, 2H, -CH2-), 2.35 (q, 2H, J = 7.2 Hz, -CH,C00), 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)

59" 5.26 (br s, 1H, H-12), 4.52 (t, 1H, J = 7.6 Hz, H-3), 4.01 (t, 2H, J = 4.1 Hz, -CH,-), 2.35 (g, 2H, J = 7.6 Hz, CH,C0O0), 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, -CHy)

6a’ 5.24 (s, 1H, H-12), 451-4.49 (m, 1H, H-3) 3.09 (br, 4H, NCH,, NCHy), 2.45 (m, 1H, H-18), 2.04 (s, 3H, CHsCO), 1.08 (s, 3H, CHg),
0.96-0.87 (m, 21H, CH3x7), 0.80 (s, 3H, CHz)

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,COO), 1.12 (s, 3H, CH3), 0.98-0.90 (m, 12H,
CH3x4), 0.85-0.83 (m, 6H, CH3x2), 0.78 (s, 3H, CHy)

7a’ 5.23 (s, 1H, H-12), 3.21 (br, 4H, H,NCHy), 3.21 (br, 1H, H-3), 1.07 (s, 3H, CHs), 0.98 (s, 3H, CHs), 0.94-0.92 (m, 12H, CHsx4), 0.87 (d,
3H, J = 6.3 Hz, CHg), 0.78 (s, 6H, CH3x2)

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, CHs), 0.91 (s, 3H, CHg), 0.86 (br, 9H, CH3x3), 0.72 (s, 3H, CHs)

8b’ 5.27 (s, 1H, H-12), 3.28 (br, 4H, NHCHy), 2.51-2.42 (m, 2H, H-2), 1.08-1.04 (m, 9H, CH3x3), 0.95-0.93 (M, 9H, CH3x3), 0.87 (d, 3H, J =

6.5 Hz, CHs), 0.84 (s, 6H, CH3x2)

Table 3 Structure and anti-tumor activity of target compounds AERIRAHLL, #0H1 HeLa 4 A 1 (vl vEms A7 42 &,

on HeLa, SKOV3 and BGC-823 cells. *The concentration is
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5e nt ot 2016 SKOV3 i (i iilys PE R AE SR IR B B =, A
5 nt nt 9.62 23.87% 11 46.28%, i B 28 fi R4k 5% e i ke B
59 nt nt 6.22 TiEPESE R . 30N OBRAESE L 28 LS IE T %
- o o " TE IR A6 2 6] HeLa 41/ K 138 PG T
7a 4161 16.72 ot RERR, W 3 A 2. 28 AR —IF T HZIE K
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X-4 B 7 8RB sl 2 A Bruker ARX-300
MHz #3494, CDCl3 I 7], TMS 4 A bR, #H-
EJBR LCQ Bt . RERIRIE T il MAHEAEY)
HISAE R AR, RO GF254. EE H A
By vEAG T AR, LRI o il BEa I,
10% B R £ B, 1 MR T ] HeLa, SKOV 3,
BGC-823 41l iy Ay R U 1= 2 e 247 Z e it
2 HEEK
21 3-|R-SHRE-12-%-28-#F (2) % 50 mg
AERIR (0.11 mmol) BIAE] 15 mL 50 e v i,
VI 150 mg Tt % 1+ . 129.8 mg A% IE (PDC)
(0.44 mmol). =t FHEHE, DL TLC K W 2855, 4 h
KN SEEE, g, JEUFLL &R (5 mL x 2),
HIFPEMRIVER, W45 % 1 mL, RERRFE (G ELifL, Vi
WA R Ak TR T8 = 4 1 (viv), 734k
149 mg, ;=% 29.8%.
22 3P-CEAE-SHIE-12-15-28- KRR (3a)
¥ 200 mg fiE B (0.44 mmol) 3T 20 mL PY&{ ki
WP, A 2 mL iEBE. 180 mg LR (1.76
mmol) Fi/>& DMAPR =it FHid:, Bl TLC kil &
FE2% T, VSRR, ZEBR ROV, LKA B 44, 2
mol-L ™ £h/2 1M pH 3~4, fhJE, JEPKvE =T, =
AR T, FAEGEE 210 mg, SRR G
iealifh, VEH AT LR LT =101 (viv), 13
€ [ 44 182.2 mg, =% Yy 83.6%. mp 285~288 C.
23 P-HAEHAE-SHIKE-12-15-28- 3R (3b)
G 3a G oy, HmAER R (50 mg, 0.11
mmol) FIN T (71.58 mg, 0.55 mmol) 7 DMAP]
AL T R A530, R T RE A (it il Peisn A
Tk 20 206 =601 (viv), 15 A ok AR Ak
19.5mg, /% 45.8%. mp 240~244 C.
24 3Pp-THEAE-BHRE-12-15-28- 3B (3c)
A GY) 3a G %, HAEREE (100 mg, 0.22

mmol) FI' ] EZEF (139.20 mg, 1.1 mmol) /£ DMAP
(O HEACAE A3 21, R S P R A i i Ak, B A7)
T AT MK 288 0 =6 1 1 (vIv), 15 LR AR [ 44
46.2mg, ;7% 39.9%. mpl83~184 C.,

25 3p-CEEEE-BRE-12-15-28- 18 iy (5a)
# 100 mg (0.20 mmol) 3a % 5 mL [ =& H e,
N 0.08 mL FLMESL, Zilh RV 24 h, kT 2T,
N5 mL 3 CUbeisfil, 28 T3, EREEAE3R, 14
EY) da. ¥t 4a ¥t 5 mL &k, =
Ll pH 8~9, MIAJC/AKHEE (0.80 mmol). =i
Pk, F TLC KGN W 28 550 RV SEHELL 2 mol-L ™
HCI 24k % pH 3~4, A HUAH LRI & A0 K v v
% (2x15 mL), AIFAEPIAH, JoK NapSO, 14, i
B, WU, WdE, TRERAE g aith, Ve A
FihlE TR 20 =61 1 (viv), 13 Ak 5a. g
h 53.62%. mp 123~125 C.

26 3p-CEEE-SFKTE-12-1%-28- 1R Z B rY
# (5b) ZWMAYSaliG BT IE, iYW 3ash
IK T N ARG A ) Bb, LA, 13 50.12%.
mp 102~105 C.

27 3p-TEAERE- B H kT B -12-15-28- R BS IE 7 B
(5c) ZHALAY 5a & %, teEY) 3a H1EW
BE S N AHE G Be, AEE K, fiF R 65.12%. mp
98~100 C.

28 3p-TEAE-EH KB -12-15-28-FKEL IE T B
(5d) ZHGY) Sa &k, WaY3a5IET
BE S N AHEGY) 5d, FEE AR, W 68.65%. mp
96~99 C.

29 3p-ZEAERE- B H kB -12-15-28- R BR 1F JX R
(5e) ZHALAY 5a & T, a9 3a H1EKR
BE S N AHE G W) Be, AR, il 55.35%. mp
89~93 C.

210 3p-ABEE-BFkTE-12-1%5-28- R B IE W 5
(5f) ZHULAEY 5a MG HUTE, EY 30 H51IEW
BE N AHE G Sf, EEE R, W 58.12%. mp
188~191 C.

211 3p-ABEE-SFkTE-12-1%5-28- KB 1IE T 5
(50) Z MG Ba G BUTE, &P 3b 5IET
BE S N AHE G W) By, HEEE, A 52.12%. mp
176~180 C.

212 N-(3f-CEEEE- S5 kB -12- 4%5-28-Ft)- — 1E
THE (6a) SIS 5a MG TJTE, | 3a (250
mg, 0.24 mmol) 5 —1FE T % (103 mg, 0.96 mmol) Jx
N, R b R A i a0 A 6a, ok AR [ A
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157.4mg, /*#% 51.4%. mp139~142 C.
213 N-(34-TEt | E- Bk E-12-15-28-Ff)-2- 5
E5XEE (6b) ZMALEY) 5aIH ik, tEY 3c
BB NI SN, 13 A OO AR A, 773 7.2%.
mp 106~118 C.
214 N-(3p-BE-LB7RE-12-1%-28-Ft)- —IET %
(7a) Kk 6a (77 mg, 0.051 mmol) ¥ T H /Y
SR (1 mL/2mL) #9F, A 4 mol-L AR
YR, 40 C FHEHE, TLC A S B 4% . O 45 3,
PR 2SR, Ko A, I8, ETRK DS P,
ST, YO AR AR A 63.3 mg, e
88.4%.
215 N-(3-Z| -5 78 -12-4%-28-Ht)-F % (89)
Z LG 5a G T, ¥ 100 mg (0.22 mmol)
EY 2% T 5 mL &L, Wb 0.08 mL Hf
F, FWLNY 24 h, gk Z& TR, I 5 mLER b
Wi, AT, EEEAE 3, LG 4d. Kk
G 4d BT 5 mL SR, =2 &iH pH 8~9,
TN R (0.80 mmol). wi B FE, H TLC Kl s
A&t NV SEEELL 2 mol- Lt HCl f21k & pH 3~4, &
HUAH DA S KSR vE % (2% 15 mL), &IFH
HUAH, JE7K NapSO, T4, e i, iduk. w4d, &
ARk, 19 e AR 8a. Il 21.40%.
2.16 N-(3-Eft-EFkrEl-12-1%-28-E)-—1E T B% (8b)
ZI G 8alt & ik, WaEWAd 5 IE T ek
N, £3 AR ACIR E 4k 8b 11.5 mg, 7% 20.6%.
3 TR RN

EREN H U HeLa 4 i, DN SKOV3 4ififl
FIH i BGC-823 4fi ik SE4H My, SRAZHEA FH X
Yy, I MTT Byl e 4 & P 4n o a5 3

Y 0.25% i 11 i 1 40 L2 15 7R (1) HeLa (SKOV3
5 BGC-823) 4ifft, H# 10% /M-Il RPMI 1640
IR A MR 2x20%~4x10%mL 1) 4 it B
W, CARESL 200 b P 96 FLETFRM . BERE TR
JIN CO, 15544, 11 37 “C. 5% CO, M AN KL 451
NREFE, FRERIRANRIGEE IS, AN IREE A 13107,

1x10°°, 1x107. 1x10 & mol-L {4 2%, 15k
6 ML, TE WA AN AL, QRSN CO, 55974, 1
37 C. 5% CO, MIBANRIESAT TR FR 72 he KigE
72 h Ja, SE4LIA MTT %% (5 mgmL™) 20 uL,
37 CHkEREFR 4N, FUbREFE, BOFE EALN T,
LI 150 uL DM SO ¥ e, # ¥R 10
min V23, & MR700 i ik S0 g5 A A il e 570
nm AL E (A) 1E, f&a
o _ RTHRAT Y AME - 45 2541 FBIAME.
i =" ifaa{zwf;i{;q :
THEACE DR A0 B A 2, B INA 3 ik, B
SIS A B A A R

100%
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