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Synthesis and Antitumor Activities of 3'-Substituted
Propanolursolates
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Abstract 3'-Substituted propanolursolates (1) were obtained by a reaction of ursolic acid with trimethylene bromide. This
intermediate reacted with several N-containing compounds to afford a series of new derivatives 2a~2j. The structures of new
products were characterized by means of '"H NMR, '*C NMR, IR and MS techniques. The preliminary bioassay test shows that
several compounds give a good antitumor activity, and most of them are better than that of parent ursolic acid. Among them,

compound 2e shows the best activity.
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BEMESRATEY(Scheme 1), JEXS T3 HARL &RE4T T
NCI-H1975, MCF-7, SMMC-7721, HepG2, A549 #I
SKOV3 4l jfd (1) i) % 1k k. 4 SRR B i & A
BAFFEEE PTG v, BBt & s v s T
RERIR, L G4 2 HAA TSR IGFIHIE2E. P& s
TABA A AR WS IRIE, H4id HRMS, IR, 'H
NMR F1 °C NMR EAEAIEIL 45 R, &4 WL Scheme
1.
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K,CO3/DMF, secondary amine

TEA/KI

Me

+ B N"gr K,CO3/DMF

Scheme 1

{3 sg, T™MS 1EWNFR, CDCl; 1E#%#); MS H] Finnigan
LCQDECA /I Bruker Daltonics ESI-BioTOF Q(JH P kriZ:
D5 1 23 B I 5 5 45 R Yanaco S AH0H R a2 A
W5E GRLBE TR KL IE).

JIT PR AN 138 Sy T oy e 2l sl f b 2 20, Bl
EHAL, KRB TR H M G: 7 il T
A pE, KRG, RERIR: V9 I ED R B2 A
fedit, 2EJE0h 95%mk L by WRIGE: REE RS B 7~k
FUTF Ry N-FREEZR G iRl 5= Ak k) ).
FNEMEmE, Wbk RCERRF R TARA) T WK, S-5UK R
WE: FZ WTRE (AR B 2 B A B2 7).

12 AR
1.2.1  AERER 352 A A B AR (1) 496K
7100 mL [JEEEH KRN RE RIR 4.65 ¢ (10
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mmol), BIREN 2.76 g (20 mmol), LA 0.05 g, DMF
40 mL, 4 mL = ZJi%, 1,3- IR %E 4.04 g (20 mmol), 60
CTHFE 3.5 h, KN EEEAEI R =R, A 120 mL /K,
Brih A g, g 2 S, AT Al [V
BK) D V(LR OTR)=4 1], BRI Histb& 1. 77 %
42%, FAEE, mp. 78~79 C; 'H NMR (400 MHz,
CDCly) 6: 0.76 (s, 3H, CH;), 0.78 (s, 3H, CH3), 0.86 (d,
J=6.4 Hz, 3H, CH3), 0.94 (t, J=6.2 Hz, 2-CHj;), 0.99 (s,
3H, CH,), 1.08 (s, 3H, CH3), 1.21~1.72 (m, 18H, 7CH,+
4CH), 1.73~1.83 (m, 1H, H-11), 1.92 (dd, J=3.5, 8.8 Hz,
2H, CH,), 1.96~2.05 (m, 1H, H-11), 2.11~2.18 (m, 2H,
H-22), 2.21 (d, J=11.48 Hz, 1H, H-18), 3.21 (dd, J=5.1,
10.9 Hz, 1H, H-3), 3.46 (t, J=6.5 Hz, 2H, CH,Br), 4.05~
4.19 (m, 2H, OCH,), 5.24 (t, J=3.6 Hz, 1H, H-12); "°C
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NMR (100 MHz, CDCly) d: 177.34, 138.28, 125.65, 79.02,
61.80, 55.23, 52.94, 48.21, 39.08, 36.76, 28.15, 24.25; IR
(KBr) v: 3377, 2927, 2868, 1720, 1454, 1229 cm”'; HRMS
(ESI) caled for Cy3Hs3BrO; [M+H]' 577.3206, found
577.3381.
1.2.2  AERBR-3-BRAKABFESAT A M 2a~2g 496 %
T 25 mL BJEFER KO 1 0.5 g (0.85 mmol),
BIRH 0.35 g (2.55 mmol), fALE/bE, DMF 5 mL, 5%
=M, MERE (1.7 mmol), 60 C RHLHER NV,
TCL FREFRN. RNVIEHEE, WEIZR M, A 20 mL
K, B AR, HhUE, 30 AR, R
JENTEiA, A3 H b S 2a, VLTS 2b~2g.
2a: (IEEZURREME, P2 73%. mp. 91~93 C; 'H
NMR (400 MHz, CDCl5) d: 0.74 (s, 3H, CH;). 0.78 (s, 3H,
CH3), 0.85 (d, J=6.0 Hz, 3H, CHs), 0.91 (s, 3H, CHj),
0.94 (s, 3H, CH;), 0.99 (s, 3H, CH;), 1.08 (s, 3H, CHj),
1.25~1.68 (m, 30H, 13CH,+4CH), 1.84~2.02 (m, 6H,
3NCH,), 2.21 (d, J=11.43 Hz, 1H, H-18), 3.21 (dd, J=
4.8, 5.0 Hz, 1H, H-3), 3.99~4.06 (m, 2H, OCH,), 5.25 (t,
J=3.6 Hz, 1H, H-12); C NMR (100 MHz, CDCl;) 6:
177.58, 138.24, 125.52, 78.93, 62.89, 55.23, 52.79, 49.40,
38.74, 36.75, 33.03, 28.15, 24.22; IR (KBr) v: 3546, 2923,
2862, 2769, 1705, 1646, 1456, 1047 cm '; HRMS (ESI)
caled for C3sHg;0sN [M+H]" 582.4816, found 582.4797.
2b: A EUREAR, P73 51%. mp. 80~82 C; 'H
NMR (400 MHz, CDCl5) d: 0.75 (s, 3H, CHs), 0.78 (s, 3H,
CHs3), 0.86 (d, J=6 Hz, 3H, CH3), 0.92 (s, 3H, CH3), 0.94
(s, 3H, CH3), 0.99 (s, 3H, CH3), 1.08 (s, 3H, CH3), 1.22~
1.78 (m, 25H, 10CH, + 5CH), 2.21 ~2.46 (m, 6H,
(CH,);N), 3.21 (dd, J=4.8, 5.0 Hz, 1H, H-3), 3.73 (s, 4H,
(CH,),0), 4.02 (d, J=2.4 Hz, 2H, COOCH,), 5.30 (t, J=
3.6 Hz, 1H, H-12); *C NMR (100 MHz, CDCl;) d: 177.58,
138.29, 125.51, 79.00, 66.86, 62.42, 55.23, 53.23, 52.79,
48.09, 38.74, 36.75, 33.03, 28.15, 24.22; IR (KBr) v: 3431,
2927, 2870, 1724, 1615, 1457, 1039 cm '; HRMS (ESI)
caled for C3,Hg O4N [M+H]" 584.4609, found 584.4585.
2¢: FIENREE, 775 55%. mp. 62~63 C; 'H
NMR (400 MHz, CDCl5) d: 0.75 (s, 3H, CHs), 0.78 (s, 3H,
CHs3), 0.86 (d, J=6 Hz, 3H, CH3), 0.92 (s, 3H, CH3), 0.95
(s, 3H, CH;3), 0.99 (s, 3H, CH3), 1.08 (s, 3H, CH3), 1.20~
1.79 (m, 29H) 1.91 (t, J=4.0 Hz, 2H, CH,), 2.2~2.61 (m,
6H, (CH,);N), 3.21 (dd, J=4.8, 5.0 Hz, 1H, H-3), 4.03 (d,
J=2.4 Hz, 2H, OCH,), 5.24 (t, J=3.6 Hz, 1H, H-12); "*C
NMR (100 MHz, CDCly) d: 177.51, 138.24, 125.53, 78.96,
62.57, 55.22, 52.84, 49.40, 39.08, 36.75, 33.03, 28.15,
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24.22; IR (KBr) v: 3431, 2927, 2870, 1724, 1457, 1039
cm '; HRMS (ESI) caled for CiHgON [M—+H] ™ :
570.4816, found 570.4755.

2d: FAEZREE, 775 42%. mp. 70~71 C; 'H
NMR (400 MHz, CDCl;) 6: 0.75 (s, 3H, CH3), 0.78 (s, 3H,
CHs), 0.86 (d, J=15.2 Hz, 3H, CH;), 0.92 (s, 3H, CH,),
0.94 (d, J=11.9 Hz, 3H, CH3), 0.99 (s, 3H, CH,), 1.08 (s,
3H, CH3), 1.21~1.83 (m, 23H, 9CH,+5CH), 1.91 (t, J=
4.0 Hz, 2H, CH,), 2.25 (s, 6H, NCH3), 2.29~2.42 (m, 2H,
NCH,), 3.21 (dd, J=4.8, 5.0 Hz, 1H, H-3), 3.99~4.06 (m,
2H, OCH,), 5.24 (t, J=3.6 Hz, 1H, H-12); *C NMR (100
MHz, CDCly) d: 177.52, 138.26, 125.52, 78.95, 62.54,
55.23, 52.84, 48.21, 39.08, 36.72, 28.15, 24.22; IR (KBr)
v: 3432, 2927, 2867, 2767, 1724, 1460, 1042 cm™'; HRMS
(ESI) caled for CisHseOsN [M+H]" 542.4503, found
542.4506.

2e: FBURMEAR, 7% 57%. mp. 55~56 C; 'H
NMR (400 MHz, CDCls) d: 0.75 (s, 3H, CHj), 0.78 (s, 3H,
CH3), 0.85 (d, J=6 Hz, 3H, CH3), 0.91 (s, 3H, CH,), 0.94
(s, 3H, CH3) 0.98 (s, 3H, CH;), 1.07 (s, 3H, CHy), 1.18~
1.85 (m, 22H, 9CH,+4CH), 1.91 (t, J=4.0 Hz, 2H, CH,),
2.21 (d, J=11.43 Hz, 1H, H-18), 2.41 (s, 6H, NCH,), 2.89
(s, 4H, NHCH,), 3.21 (dd, J=4.8, 5.0 Hz, 1H, H-3),
3.99~4.06 (m, 2H, OCH,), 5.28 (t, J=3.6 Hz, 1H, H-12);
C NMR (100 MHz, CDCly) §: 177.52, 138.22, 125.49,
78.70, 62.58, 55.23, 52.84, 48.21, 47.51, 39.08, 36.72,
28.15, 26.16; IR (KBr) v: 3325, 2924, 1722, 1591, 1455,
1140 cm™'; HRMS (ESI) caled for C3;HgO5N, [M+H]"
583.4768, found 583.4796.

2f: A ZUREA, 7% 33%. mp.186~188 C; 'H
NMR (400 MHz, CDCl;) 6: 0.75 (s, 3H, CH,), 0.78 (s, 3H,
CH3), 0.85 (d, J=6 Hz, 3H, CH3), 0.89 (s, 3H, CH3), 0.92
(s, 3H, CH3), 1.04 (s, 3H, CH3), 1.14 (s, 3H, CHs), 1.91 (t,
J=4.0 Hz, 2H, CH,), 2.22 (d, J=7.2 Hz, 2H, CH,N), 3.02
(dd, J=4.8, 5.0 Hz, 1H, H-3), 4.02 (t, J=2.4 Hz, 2H,
OCH,), 5.30 (t, J=3.6 Hz, 1H, H-12), 6.78 (s, 1H, imida-
zole H-4), 7.22 (s, 1H, imidazole H-5), 7.96 (s, 1H, imida-
zole H-2); *C NMR (100 MHz, CDCl3) d: 177.26, 138.34,
137.10, 129.72, 125.60, 118.78, 78.88, 60.50, 55.21, 52.97,
48.25, 47.49, 39.08, 38.75, 36.97, 30.35, 28.15, 23.30; IR
(KBr) v: 3381, 3113, 2924, 2873, 1714, 1517, 1457, 1235
cm '; HRMS (ESI) caled for CyHsgOsN, [M+H]™
565.4299, found 565.4307.

2g: FIEEZURREME, P25 42%. mp. 68~69 C; 'H
NMR (400 MHz, CDCl;) 6: 0.74 (s, 3H, CH,), 0.78 (s, 3H,
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CHj3), 0.86 (d, J=6 Hz, 3H, CH3), 0.92 (s, 3H, CH,), 0.95
(s, 3H, CH3), 0.99 (s, 3H, CH;), 1.08 (s, 3H, CH;), 1.19~
1.99 (m, 25H), 2.93 (s, 3H, NCHj3), 3.22 (dd, J=4.8, 5.0
Hz, 1H, H-3), 3.46 (s, 2H, CH,N), 4.06 (t, J=2.4 Hz, 2H,
OCH,), 5.23 (t, J=3.6 Hz, 1H, H-12), 6.71 (s, 2H, a-ArH),
6.73 (s, 1H, y-ArH), 7.23 (dd, J=8.0, 152 Hz, 2H,
f-ArH); °C NMR (100 MHz, CDCl;) d: 177.55, 149.12,
138.21, 129.21, 125.63, 116.35, 112.28, 78.99, 61.98,
55.21, 52.94, 48.21, 47.55, 39.08, 38.75, 36.97, 30.35,
28.15, 23.30, 17.12; IR (KBr) v: 3437, 2925, 2869, 1723,
1600, 1506, 1453, 1140 cm™'; HRMS (ESI) caled for
C4He1O3N [M+H]" 604.4659, found 604.4695.

1.2.3  AERBR-3-BARABELES T A 49 2h 496 %,

T 25 mL BB KM S 1 0.5 ¢ (0.85
mmol), i/, DMF 5 mL, 1| mL =2, %R
WE 0.25 g (1.7 mmol), =il NHFER N, TCL FRER V.
SVSEEESE, N 20 mL RZE/K, BT e A4, HhgE,
BN AR, AR Z e[ VCa k) - (&
1% hE)=1: 1], 43 Histb &) 2h.

2h: AEGFEAE, P5E 22%. mp.133~135 C; 'H
NMR (400 MHz, CDCl3) d: 0.74 (d, J=12 Hz, 3H, CH3),
0.78 (s, 3H, CH3), 0.86 (d, J=6 Hz, 3H, CH3), 0.91 (s, 3H,
CH3), 0.95 (s, 3H, CHj), 0.99 (s, 3H, CH3), 1.07 (s, 3H,
CH;), 2.01 (t, J=4.8 Hz, 2H, CH,N), 3.21 (d, J=4.8, 5.0
Hz, 1H, H-3), 4.06 (t, J=2.4 Hz, 2H, OCH,), 5.26 (t, J=
3.6 Hz, 1H, H-12), 7.27 (d, J=2 Hz, 1H, NCH=CF),
9.58~9.62 (m, 1H, NH); *C NMR (100 MHz, CDCl) ¢:
177.38, 157.16, 149.61, 141.12, 138.25, 128.88, 125.61,
78.92, 61.85, 55.21, 52.84, 48.21, 47.55, 39.08, 38.73,
36.59, 30.59, 28.15; IR (KBr) v: 3443, 3073, 2925, 2866,
1719, 1456, 1238, 1140 cm '; HRMS (ESI) caled for
C;7Hs5s0sN,F [M+H]" 627.4103, found 627.4167.

1.2.4 FERBR-3-BAXABEZESAT A M 2i, 2§ 496

T 25 mL BT AR EY 1 1.0 g (1.7
mmol), TEEET 0.50 g (5.1 mmol), ffL4H/E, DMF 10
mL, 10 3§ = Z %, Wk 0.075 g (0.85 mmol)ak F /R W i
0.125 g (0.85 mmol), 60 C N+t Y, TCL FREFR K M.
RVSEESG, AR, I 20 mL WK, HribA
ok, huk, 58 ey, AR Z gk
VA EN) @ MR TR =1 : 3], HEIHWLEY 2i
% 2j.

2i: AELURRE A, 775 50.6%. m.p. 82~84 C; 'H
NMR (400 MHz, CDCl;)d: 0.74 (d, J=12 Hz, 6H, CH3),
0.78 (s, 6H, CH3), 0.85 (d, J=6 Hz, 6H, CH3), 0.91 (s, 6H,
CH3), 0.95 (s, 6H, CHj), 0.99 (s, 6H, CH;), 1.08 (s, 6H,
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CH3), 2.20~2.42 (m, 12H, (CH,);N), 3.21 (d, J=4.8, 5.0
Hz, 1H, H-3), 4.02 (d, J=2.4 Hz, 4H, OCH,), 5.23 (t, J=
3.6 Hz, 2H, H-12); *C NMR (100 MHz, CDCl;) 0: 177.52,
138.22, 125.49, 78.70, 62.58, 55.23, 52.84, 48.21, 47.51,
39.08, 36.72, 28.15, 26.16; IR (KBr) v: 3449, 2925, 2865,
1724, 1458, 1038 cm '; HRMS (ESI) caled for Co,H; 4
O¢N, [M+H]" 1079.8693, found 1079.8727.

2j: AMERREAR, 2% 42%. mp. 147~150 C;
'H NMR (400 MHz, CDCl;) &: 0.74 (s, J=12 Hz, 6H,
CHs3), 0.78 (s, 6H, CH,), 0.86 (d, J=6 Hz, 6H, CH,), 0.91
(s, 6H, CH3), 0.95 (s, 6H, CH3), 0.98 (s, 6H, CH;), 1.08 (s,
6H, CH3), 1.91 (t, J=4.0 Hz, 4H, CH,), 2.21 (t, J=4.8 Hz,
4H, CH,N), 3.22 (d, J=4.8, 5.0 Hz, 1H, H-3), 4.06 (m,
J=2.4 Hz, 4H, OCH,), 5.24 (t, J=3.6 Hz, 1H, H-12), 7.24
(d, J=4.8 Hz, 2H, NCH=CF); "C NMR (100 MHz,
CDCLy) 6: 177.38, 157.16, 149.61, 141.12, 138.25, 128.88,
125.61, 78.92, 61.85, 55.21, 52.84, 48.21, 47.55, 39.08,
38.73, 36.59, 30.59, 28.15; IR (KBr) v: 3521, 2927, 2870,
1719, 1662, 1461, 1373, 1231, 1040 cm™'; HRMS (ESI)
caled for C;H;;7OsN,F [M+Na]" 1145.7888, found
1145.7867.

1.2.4 RV g &R

R K RPN 40 i AS49. AL SKOV3
A NS4 Hep G2 43 lFEFIT- 96 FLAR, 2 X 10°/
FL. 24 h JE B AR EE AR 25 20 I AR+, 100 pL/AL,
9% 48 h. ARJE I MTT % 10 pL (5 mg/mL), 37 C
£ 4 h, 35 B35, N DMSO 150 uL/AL, FEiRIRHE 30
min, WE OD570 nm {H. AR M5 30 ] 2 A =0t
B IR (%) = (4 2 OD i — S5 4H OD {1)/% I 20
OD {H X 100%. 1Cso {HAIFH SR BT V. s &5
RUWFE 1.

2 ZR5HE
21 &

FIFH e R TE B W51 DMF o, DU S, —
CIEAE SR, WUALEEMEAL R, SR 1,3-29)
PR S 0 £ 380 o ) Ak e SRR -3 - YR I RE IS, A 7 1 2R
XA, MR T . T 2a~2j, W HANFEZEEK)
TP G BT RIS R B a9, RN
CIBLBVERG g2/ Eing -0/ SINET R INEN Wi e 15y
A 2 B AR AR Ak A 4.

22 LEMERRIE
2.2.1 'HNMR #H
P& it &9, fERE C-12 M A% L
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Table 1 Antitumor activities for target compounds

ICso/(umol L™

Compd.

NJiifE A549  ABRELE SKOV3  AJHE SMMC-7721  AJififiE NCI-H1975 A Hep G2 SLIE MCF-7
UA 45.8 46.4 >40 >40 28.5 34.1
1 52.8 44.1 >40 34.4 333 30.4
2a 34.4 38.7 >40 245 26.5 26.1
2b 323 30.2 >40 >40 24.6 26.5
2c 35.6 28.9 >40 30.5 303 25.1
2d 515 39.6 >40 382 28.1 343
2e 27.4 25.1 >40 28.2 18.8 19.0
2f >20 >20 >20 >40 29.4 19.5
2g 61.6 45.7 >40 >40 48.6 478
2h 753 79 >40 >40 72.9 60.9
2i >40 >40 >40 >40 >40 >40
2j >80 >80 >40 >40 >80 >80
95 LA S 0 R

166 5.24 fiT; RER C-3 AL 1= B thIRAE o
3.21 BHilE, AERIRZ AN HIE ML 2A A HILAE 5 0.69~
1.20 JulE Py, RERER C-28 A T EEEE A SN
Y FRIE (R AG2E 7 % A 6 4.08 BT; BT Btk &
Y1, 53.46 4 CH,Br [ML2E01 RS, (LAY 2a~2e 1,
HILAE 6 5.23 o4 WA 7 2 AE IR 1H) H-12; 75
5 4.01 A I BT A A% OCH, 1, £E 6 3.22
BT HH B R A S R RE AR IR I H-3; 2a HAE 6
2.33 BT R ) N(CHs), [F); 2b~2d, 2e H ¢
2.23~2.47 BT B T A & N(CHy)o; 2d, 2e
SYAAE 6 3.73 A1 2.25 BT HVEL T R-FALSAA A o0
O(CH,), F1 HN(CH,),; 0 1.10~2.10 i [ Py HH B2 fig o
P 1) 22 /N 2 R RE RN IR R RS A0 2260855 6 0.70~1.08
Y N S RE IR I 2 A HIE R LA 8%, (B ) 26~
2j , BT S 2a~2e HAE SRS H R AE AL
SRR, A B SEA ERHE T R, 2f
H 6 6.89, 7.15, 7.59 BAEBKMEIR |- 3 AN H ()5 FA02EL
;2 6 7.25 AR IR LK) CH M T 24 .
222 “BCNMR#H

TE PTG LI A W) T 104 RE L IR 45 1) (R R 1AL 2
¥, 6 177.50 T4k 44752 4 COOH [11, 7E § 138
T 2B R Ry C-13, £F 6 125 FHT AL 2E A% hy C-12,
7t 6 78.90 Mt Itk 2= # 4 C-3, 1E J 61.80 LIk
A% OCH, 195 2a~2j H1H CHLN Ik 2407 7
WAE 6 47.50 B, SAMMCEWIIA A ORI A7
. tn2d T17E 6 66.82 HHLIIAL A7 # 4y PRI O(CH),;
2f JILE 6 118.78, 129.72, 137.10 HYER KAk 207 7% Oy ik i
B 34 C; 2g HHAE 0 112.28, 116.30, 125.66, 129.21,
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138.23, 149.20 H IR0 B 3R 1 6 A C.
223 IREH

FTEr B &) 2a~2e 1, 3440~3420 cm™' {13
H L OH [ Za 4R sh g, 7E 3100 em ™' S Py HI IR
C=N [ 4E IR BRI I, 11 2860~2920 cm ™' Ai A7 [X 1,
RFEE WAL, IR L Ak S B o 4 R B R W e, A
1710~1724 cm™ ' Ju [ A HELIRIE C=0 1 25 5 I
WU, 5 1640 cm ' Y P HIR—NH (155 f 3R sl
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2e [MWADTEHELL Y T-HRER A 20~25 (3051
Pe, it S ZGRBMEEY) 2e) KFmIE E
LAl AL & P R s e, M T g 7 B e 5 R
FILL DT B IR s ok . i — DR A9 IEAE
T,
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