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Synthesis of ursane type-2,12-diene-28-carboxylic acid ester and their antitumor
activity in vitro

MENG Yan-qiu, DING Yi, YANG Zhe, ZHANG Meng
Shenyang University of Chemmical Technology, Shenyang 110142, China

Abstract: Objective To search for a synthetic route for synthesis of ursane type-2,12-diene-28-carboxylic acid ester and to study their
antitumor activities in vitro. Methods The carboxyl group at C,3 of ursolic acid reacted with halogenated hydrocarbons by
esterification reaction, and the hydroxyl group at C; reacted with methyl sufonyl chloride by methyl sulfonic acid reaction at 0 “C. The
target product was obtained after the elimination reaction at 168 C. The antitumor activities of the compounds were tested by MTT
assay. Results Seven target products 3a—3g were synthesized, and were characterized by IR, MS and 'H-NMR. The antitumor
activity screening results showed that compound 3b exhibited lower inhibitory rate against A549 cells than gefitinib. Conclusion This
route has the advantages of simple operation and reasonable design, provids some practical reference value for the further development
on the structure modification of ursolic acid derivatives and study on anti-tumor activity.
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Fig. 1 Synthetic routes of target compounds

AR (B Bruker 28] o
SRR GF254. FEEISRER: (100~200
H, &S 1)) Al GRREAE 60~90°C).
BETR .08 COREETT AL THRARD; BRI R
T >98%, WA RUERAR WA IR A F]D; HoAh
R el CE 2B FIABR A FD .
2 FEEER
2.1 3p-FRE-BRE-12-15-28- R AR R H &
2.1.1 3B-FRIE- 2 Uk - 12-045-28-FRIR 4.1 (1a)
FIhlg BB (100 mg, 0.22 mmol) ¥ T 4 mL
N,N-" I HEEZ (DME), I TC/KERERET 0.06 g,
SRS INVR Z%5¢ 3 % (0.88 mmol), =W 5 h,
TLC KLl W2 R R 28 AR MR & )a,
NS KW 2 mL, HIEEHS 2.6 (4 mL X 3)
REL, AIFHMHUKVES pH 7~8 J5, ToKBRIREE
T, e, WIEABRA VAR, LRRE— DA
AT R0 N, 45 8] A i A4k 54 96.98 mg,
PR 91%.
212 3P-FREE- L IR 12-475-28- R IR IE Tl (1b)
4 AEERRR (100 mg, 0.22 mmol) HIRARIE T
%t 10 7 (0.88 mmol) S NifHE, JTLiFt—JAbsn]
BT T RN, 1H4ELAY) 98.14 mg, 77% 87%.
2.1.3 3B-FRIE-T IR M- 12-04-28- R K (1e)
hl#  mAERER (100 mg, 0.22 mmol) iR 3
i (0.88 mmol) e NAFHE, Joiiit—b bRy BT
T RN, R A 97.43 mg, TR 81%.
2.1.4  3B-FRHE- 5 G E Y -12- 445 -28-FR TR 1E TN iR
3d) Wl hAERM (100 mg, 0.22 mmol) 1

WRACIE % 10 9% (0.88 mmol) S35, JoTidk
— AR AT TP Y, R RIGED) 92.5 mg,
FH 82%.
2.1.5 3B-FREE-S IR A -12- 44 -28- R TR v T I
(1e) Ml HAERMR (100 mg, 0.22 mmol) 5
WA NLE 10 9% (0.88 mmol) Je NAF5, ok
— AT AT 2 RN, 3 25 ) 92.52 mg,
FH 82%
2.1.6  3B-FRAE-FREUR S AL -12-00-30- R TR IR L IR
(AP % HREMRER (100 mg, 0.22 mmol) L
1,2- VR 2% 5% (5.08 mmol) VK N N ARE],
THRRE— BB AT R — 2 N, 3G
110.29 mg, /=* 89%.
2.1.7 3B S -12-04-30- R R LA
WEHEEFEE (1) MIHl#% FFRERER (100 mg, 0.22
mmol) YT 5 mL R, InFARIAAL I 7 4 s
RE PG Ja A5 b 04, IO TG KR IR B 0.05 g,
BRI A A )G, BT KD A E%
W, S218WN 10 A LM LR (0.88 mmol),
FWRNY 4 h, TLC MR N, RNEEHG, Wk
WA 5 IR A A K 2 mL, ISR £ 1
(4mLXx3) U, GHEROIRE, VKR
kG I JC KRR B0, DB k4, LR —
WALH AT IAT T RN, 3211659 101.43 mg,
FEH 85%
22 3P-BEBEHMEE-SHKRE-2,12-2/F-28-4
B s Rl &

&4 1a~1g (0.20 mmol) WELE SmL
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FHGEH 1.5 mL = b, DK T 1) VRS e
B 1 mL FFIEREEE S (MsCD . #2851 S N AE 0°C
Kitio WMTERE, RNAGEDIHEE 3 h, £ TLC
R B 2% ri o YEE, JEWLA 1 mol/L #hFRI VL
GAmRYE, KU, JOKIRREE T, U8
o, e, RELEGY) 2a~2g.

454 2a: 84.41 mg, P73 75%. 'H-NMR (300
MHz, CDCl;) §: 5.24 (t, 1H, H-12), 4.35 (t,
1H, H-3), 4.05~4.06 (m, 2H, OCH,), 3.01 (s,
3H, CH;S), 222 (d, 1H, H-18), 1.23 (t, 3H,
CH3), 0.95 (d, 3H), 0.86 (d, 3H), 0.76, 0.85,
0.95, 1.03, 1.07 (s, 3H). IRveor (cm): 3427,
2926, 1721, 1361, 1174, 908.

th&Y) 2b: 83.54 mg, 77FK 74%.

th&Y) 2¢: 84.49 mg, 77 76%.

b &4 2d: 78.77 mg, FEFR T4%.

&Y 2e: 77.7 mg, FEE 13%.

tb&W) 2f: 125.6 mg, 77K 77%.

th&4) 2g: 84.63 mg, 77F 73%.

23 BFkREL2, 12-"HE-28-FRERES AN H &

ﬁF)ﬁ:EHJCA% 2a~2g(0.15 mmoD) " I\ 6 mL

THIL WG (DMAC) WA g A iR,

ﬂﬂ)\%@&@ (70 mg, 0.94 mmol). XN RA WK
168 °C [0t 30 mine 4 SNV, BEd . B8

A 10 mL 7K, HIBSER 4WE (10 mLX3) #H. &
HEHAH, 1 mol/L ERERV IR VLS R IR, PRk
Pk, JOKBRIREE T, I, TEARAARER
FE Ak, PRI AT - B SR (40 © D),
1FHBR =) o

WAEY) 3a: FETCE B, 4548 mg, FoE
65%. mp 113.8~119.2°C; ESI-MS m/z: 466.6 [M]";
'H-NMR (300 MHz, CDCl;) 6: 5.42 (dd, 1H,
H-2), 5.37 (dd, 1H, H-3), 5.28 (t, 1H, H-12),
4.06 (m, 2H, OCH,), 2.25 (d, 1H, H-18), 1.23
(t, 3H, CH3), 1.11 (m, 3H), 0.95 (m, 9H),
0.89 (s, 6HD, 0.81 (s, 3H)o IR (cm ): 3 425,
2924, 2867, 1722, 1659, 1456, 1386, 1270,
1227, 1146, 1097, 729,

AW 3b: AL EIERfE, 42.63 mg, F7R
61%. mp 116.8~119.5°C; ESI-MS m/z: 495.2 [M+
H]": 'H-NMR (300 MHz, CDCly) §: 5.41 (dd,
1H, H-2), 537 (dd, 1H, H-3), 527 (t, 1H,
H-12), 4.00 (t, 2H, OCH,), 1.65 (m, 2H, CH,),

1.37 (m, 2H, CH,), 0.89 (t, 3H, CH3), 2.23 (d,
1H, H-18), 1.09 (s, 3H), 0.96 (m, 9H), 0.79
(s, 6H), 0.73 (s, 3H)o IR veor (cm )z 3 424, 2 957,
2870, 1723, 1643, 1579, 1456, 1379, 1271,
1229, 1144, 729.

WY 3e: AETEIEEE, 42.19 mg, 773
59%. mp 102.4~106.6 °C; ESI-MS m/z: 563.8 [M+
Cl]": 'H-NMR (300 MHz, CDCly) 6: 7.34 (m,
5H, C¢Hs), 5.37 (dd, 1H, H-3), 527 (t, 1H,
H-12), 5.10 (s, 2H, OCH,), 2.27 (d, 1H, H-18),
0.71. 0.88. 0.93. 0.95. 1.08. 1.25. 1.35 (s, 21H,
7XCH3)o IR v (cm ™)z 3 428, 3 066, 2 924, 2 868,
1724, 1642, 1454, 1379, 1269, 1109, 805,
730, 696, 661.

&Y 3d: A TCE A, 42.88 mg, FUE
65%. mp 114.4~117.5 °C; ESI-MS m/z: 478.9 [M—
H] . 'H-NMR (300 MHz, CDCly) §: 5.42 (dd,
1H, H-2), 537 (dd, 1H, H-3), 5.28 (t, 1H,
H-12), 3.96 (t, 2H, OCH,), 2.26 (d, 1H, H-18),
1.69 (m, 2H, CH,), 1.09 (s, 3H), 0.95 (m, 9H),
0.93 (t, H, CH3), 0.87 (s, 6H), 0.80 (s, 3H);

VEDE(em™): 3427, 2920, 2853, 1724, 1640,
1563, 1455, 1381, 1267, 802, 728, 661.

WA 3e: ATLEREAE, 43.57 mg, 7%
67%. mp 116.1~118.8 °C; ESI-MS m/z: 479.2 [M—
H]": 'H-NMR (300 MHz, CDCly) 6: 5.41 (dd,
1H, H-2), 537 (dd, 1H, H-3), 527 (t, 1H,
H-12), 493 (m, 1H, COOCH), 2.24 (d, 1H,
H-18), 1.32 (d, 6H, (CH3)2), 1.09 (s, 3H),
0.96 (m, 9H), 0.87 (s, 6H), 0.82 (s, 3H).
IRvED (em™): 3423, 2925, 2870, 1722, 1658,
1575, 1455, 1375, 1268, 804, 729, 661.

A 3 AEIERREA, 50.09 mg, FeE
61%. mp 107.8~115.6 °C; ESI-MS m/z: 578.0[M+
CII'; IRve(em™): 3433, 2924, 2869, 1731,
1644, 1577, 1455, 1378, 1269, 801, 730, 661.

WA 3g: At TIoE T IIAE, 44.35 mg, 2 62%.
mp 78.4~82.5 °C; ESI-MS m/z: 542.5 [M+H,0]":
'H-NMR (300 MHz, CDCly) 6: 5.42 (dd, 1H, H-2),
537 (dd, 1H, H-3), 529 (t, 1H, H-12), 4.58 (s,
2H, COOCH,COO0), 4.19 (m, 2H, OCH,), 2.26
(d, 1H, H-18), 126 (t, 3H, CH3), 1.09 (s, 3H),
0.95 (m, 9H), 0.88 (s, 6H), 0.77 (s, 3H).
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RVEP (em™): 3459, 2957, 2869, 1740, 1659,
1456, 1378, 1270, 1097, 805, 730, 662.
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I 95 40 M Bk C AS49 ) TN i £F 4k A 98 4N i Ak
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Fig. 1 Cytotoxic effect of compounds 3a, 3b, and 3e against cancer cells

e T 2/% ICso/(umol-L™")

SGC7901 HT1080 A549 SGC7901 HT1080 A549
3a 3.2 3.7 25 >50 >50 >50
3b 23.3 20.4 353 >50 >50 >50
3e 7.6 4.4 1.9 >50 >50 >50

Fif & 2= 99.9 99.9 77.7 0.075 0.005 0.202
HAE B 93.1 98.2 56.5 3.217 1.5115 15.869

M2 1 R a4, 3p- P IR EE AL 1 Tk
A9-2,12-"4#-28-JR IR 3a. 3b. 3e X SGC-7901.
A549 F1 HT-1080 Jifgd 41 M by — s i4m ikl H
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2 g
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FUUI G SR ™, A5 B LR . T2 K
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28-RIRERAAAT PN, SEHEAT Cog A7 ERIERRIL SV,
JEHEAT Cy PR HE F AR AL S N, SN () JiE, HL
PG R RNME R PR o Gy AR AT PP RERR AL S
FETE 0 °C VKt HRdEAT, AR SN RS R Bk . X
I EEHR G 1 mol/L BV R4 SN H 1K) — 2
FRARVEZ AP o 2,3 A7 [ A OB () SN, A% AE
i (168 °C) Bkt 4518 T M 25 AL e A k. H
FRr=e N il B R AT TLC W s B 2805, FE
W B S, HgiREmE IR, MS, "H-NMR #if.

BT 2R, R BB 23 = P Al 1k
WP B ARSI R 6 PR O 1 S 00 45 SRR B, 5 Tt
H-2,12-")5-28-FRIR LR S o fid-2,12-—4%5-28-
FRIR £ A8 H B HE F R AN 15 e 8 -2,12- 0 -28- %
TR N EEXT SGC-7901. A549 A1 HT-1080 f)4: K E.
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