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Abstract Combretastatins-A4 (CA-4) is a natural product with extraordinary anticancer activity, which was isolated from the
South African Tree-Combretum caffrum. However, the cis-isomer exhibits strong antitubulin activity only, but the cis-isomer
tends to isomerize the inactive frans-isomer. In this paper, an additional pyrrolidone ring system was used to replace the cis
double bond to arrest the cis-conformation. Thus, four new compounds of 3,4-diaryl pyrrolediones and 3,4-diaryl pyrrolones as
CA-4 analogues were synthesized from the starting materials 3,4-dimethoxyacetophenone or 3-fluoro-4-methoxy acetophe-
none, via a four steps reaction, a-bromination, improved Gabriel reaction, condensation with 3,4,5-trimethoxyphenylacetic
acid and intramolecular cyclization under air or nitrogen. The structures of these new compounds were confirmed by 'H NMR,
3C NMR, ESI-MS and elemental analysis. The in vitro antitumor activities of CA-4 analogues against HL-60, SMMC-7721
and A549 human gastric cancer cell lines were tested using colorimetric MTT assay. The preliminary result indicates that
3-(3-fluoro-4-methoxyphenyl)-4-(3,4,5-trimethoxyphenyl)pyrrole-2,5-dione (1b) shows significant antitumor activity (0.03~
0.05 pmolsL "), which is closely to the natural CA-4.
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CA-413 101 FHASE (NI IR IR A CA-4 IR, thig
LB E Z-FRLE H . Niamh 2502 SRR PR T bR
R CA-4 [R5 8B 1) CA-4 285BI %) MCF-7 i3 41
JHi ) 1Cso fEiA %) 10 nmolsL ™' /K. Dannhardt 253
NEFR I Ey SRR AR CA-4 (PG5 5 AT ALV ok e
AE SR GG, 1Cso (EARIL BN EEIR UK. H
R AL RITH) CA-4 R SCiRikiE R D, A
TN A I A 1) CA-4 SRR L S 05 31
AR A DTE VLR R, ASCRH A R T — R
IR A O TG ) CA-4 R, 3,4- 05 HEnEng-2,5-
“Mi(1a, 1b)F 3,4- =75 FEnlk - 2-fi(2a, 2b) (Scheme 1).
RSN G R, S 2,3- R ARt
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£ 0.03~0.05 pmol-L .

HaCO ‘
HsCO O
OCH; o

OCH;

A

CA-4

HsCO. N
HsCO g O o
OCHg || _ONa
O*P\ON
OCHjs a

CA-4P

B 1 CA-4F1 CA-4P 45
Figure 1 Structures of CA-4 and CA-4P
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Reagents and conditions: (a) Bry, CHClI3, r.t., 2 h; (b) NaN(CHO),, DMF, r.t., 2 h; (c) HBr, CH3OH, r.t., 24 h; (d) 3,4,5- = HF 4 3£ 7K 4R, DMAP,
EDCI, CH.Cl,, No, r.t., 24 h; (e) t-BuOK, THF, 35 C, %, 2 h; (f) t-BuOK, t-BuOH, 35 ‘C, N2, 2 h
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Table 1 Inhibitory effect [ICsy/(umoleL™")] of 3,4-diarylpyrro-
lindiones and 3,4-diarylpyrrolinones for tumor cells

Compd. HL-60 SMMC-7721 A549
1a 0.128 0.980 0.809
1b 0.043 0.034 0.037
2a 6.488 4.391 7.214
2b 0.161 0.308 0.337

CA-4 0.0047 0.018 0.014

I 1T R, BT BRI A 3 N iR 41 i
(A4 A0 AR K38 Sl 7R v (R IR . 3,4- 05 SEnlk g —
i (1a, 1b)FIHFMHEIEEAE TR 1) 3,4- 75 FEIE i 2a,
2b). LA A 3,4- 55 RN R () R A0 I A
e, 0 =l R 4 ) 1Cso A F1 0.03~0.05 pmolsL .
o - 96 40 i SMMC-7721 il Jl 38 41 it A549, 1b [13410
N E S B X B CA-4 AHY, iRt T s 40
HL-60, JANEIG T CA-4.

2 #ig
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CA-4 K1), 3-(3,4- — AR HL)-4-(3,4,5- = AR LK
BE)-1H-MEME-2,5- i, 3-(3-31-4- F AL R 5 )-4-(3,4,5-
= WAL IR IE)- 1 H-IE%-2,5- " i(1a, 1b)AI 3-(3,4-
AR IR )-4-(3,4,5- — F A L R 3)- 1L H-N % -2(S H)- i,
3-(3-F-4- F AR R 2R R )-4-(3,4,5- = FH AR B 2R 3 - 1 H-il
1%-2(5H)-Hi(2a, 2b), it 'H NMR, C NMR, ESI-MS
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JI IR 2 B 1) 1C s {1 A 3 0.03~0.05 pumolsL ™", X+ T
A1 SMMC-7721 FIH s 40 e AS49, 1b RIS E
L BA P HEA) CA-4 A1 24, T T 1 i 41 i HL-60, 3L
RS TEAE T CA-4. S5 15 T — 2k,
WEE B B R R R S A .
3 KBS
31 E5IRF

PRI Ny A 4 B Al A 2 Al ), Rk — 2Pl
1b. LAY 4a F 4b $5 TR 171 5 56 1. FE T4
Ko TooK AL FRA% 5 TR T, 185 SGW X-4 ik
FAISE. "H NMR 581 C NMR i3 /1] Bruker AM
300 MHz (Germany)#Z ARG 52 (TMS S W FER). it
T FH HRL S 25 )3 1 A (LCQ, Finnigan)ll %E. 76 2% 4341 H
VARIO EL {3l 5E.
3.2 ZWHE
321 34-=WAKL-1-RAE TBLAE R SR B 2 (6a)F0
3-F-4-F - 1- R T K 508 B4 2E (6b) Y H) &

TSNP NN 2.6 g (10 mmol) 3,4-— F4R JE-1-9
LR (4a), 1.0 g (11 mmol) N,N-— LIRS, 25
mL JoK M, R R R 2 had uERR 2R
R8N, NN 10 mL 40 %S IR, =l BHE 24 h. 9%
FRBR 23R, KR A A I 0 C, eI, &
BkUEGE, 7860 CEZ T, 195 6a (1.97 g, 7.1 mmol),
H A, 2% 71.2%. 'H NMR (D,0, 300 MHz) o:
7.55~7.71 (m, 2H, ArH), 7.15 (d, J=8.5 Hz, 1H, ArH),
4.67 (s, 2H, COCH,), 3.96 (s, 3H, OCH3), 3.93 (s, 3H,
OCH;); *C NMR (D,0, 75 MHz) d: 190.5 (C=0), 150.1,
148.3, 130.2, 122.3, 112.4, 110.3 (Ar), 56.3, 56.0 (OCHj;),
48.5 (CH,N). Anal. caled for C;oH14NO;: C 61.21, H 7.19,
N 7.14; found C 61.32, H 7.16, N 7.13.

R A& 6a AL 7772, M 1.98 g (8.0 mmol)
3- 9 -4- HAUJ-1- IR O W HE 2R (4b) 14 5] 6b (1.43 g, 5.4
mmol), A, % 68.0%. 'H NMR (D,0, 300
MHz) d: 7.80~7.92 (m, 2H, ArH), 7.15 (d, J=8.5 Hz, 1H,
ArH), 4.55 (s, 2H, COCHS,), 4.00 (s, 3H, OCH3); *C NMR
(D,O, 75 MHz) d: 190.8 (C=0), 152.8, 152.1, 130.8,
125.8, 125.2, 112.5 (Ar), 55.7 (OCHj), 48.3 (CH,N). Anal.
caled for CoH1BrFNO,: C 40.93, H 4.20, N 5.30; found C
40.98, H 4.12, N 5.20.
322 N2-(34-= ¥ A A KK 2-A KT K2
(3,4,5- = F R THLE(Ta)F= N-[2-(3-#- 4-F &
HRH)-2- BT H)-2-(3,4,5-Z F BA KAL) THLIE
(7b) &4 4) &

RN 0.5 g (1.8 mmol) 6a, 0.41 g (1.8
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mmol) 3,4,5- = H4 IR L1, 0.55 g (4.5 mmol) DMAP
135 mL oK A H e, WHIE 0 T, ERSAMEY N
A 0.38 g (1.98 mmol) EDCI-HCI. #ii#¥ . 30 min J&5 F+
BRI, REERPER N 24 b RS 50 mL 2.0
mol/L #h2. 50 mL MEABRIRE M. 50 mL HIFI £
KBRS, TKBRRREN T, DR ZE 07,
AN LR R E A ARG Ta (0.55 g, 1.36
mmol), [ E K, P7F 76%. mp. 157~159 C; 'H
NMR (CDCl;, 300 MHz) 6: 7.84 (d, J=7.9 Hz, 1H, ArH),
7.47 (s, 1H, ArH), 6.91 (d, J=7.9 Hz, 1H, ArH), 6.67 (s,
1H, NH), 6.55 (s, 2H, ArH), 4.71 (s, 2H, CH,), 3.96 (s, 3H,
OCH,), 3.93 (s, 3H, OCHj), 3.90 (s, 6H, 2 X OCH,), 3.85
(s, 3H, OCH3), 3.61 (s, 2H, CH,); *C NMR (CDCls, 75
MHz) §: 192.2 (C=0), 170.7 (C=0), 153.8, 153.2, 148.9,
136.9, 130.1, 127.2, 122.3, 110.1, 109.5, 106.1 (Ar), 60.6
(OCH;), 55.9 (OCH;), 55.8 (OCH;), 45.8 (CH,), 43.5
(CH,); MS (ESI) m/z: 426.23 [M+Na]".

HE A &4 7a L0777, M 3.0 g (11.3 mmol)

1b&4) 6b, 2.83 g (12.5 mmol) 3,4,5-=HAFEIK 4%
A4S F L2 EZ Purifier s 4% (A AL O
AN R L HR), 755 3.30 g (8.43 mmol) 7b, {6 [
&, 7% 74.5%. mp. 139~141 ‘C; 'H NMR (CDCl;,
300 MHz) 6: 7.72~7.65 (m, 2H, ArH), 6.99 (t, J=8.0 Hz,
1H, ArH), 6.62 (s, 1H, NH), 6.54 (s, 2H, ArH), 4.67 (d,
J=4.36 Hz, 2H, CH,), 3.95 (s, 3H, OCHj3), 3.87 (s, 6H,
OCH,), 3.83 (s, 3H, OCHj), 3.59 (s, 2H, CH,); *C NMR
(CDCls, 75 MHz) §: 191.9 (C=0), 171.1 (C=0), 153.4,
152.6, 152.0, 137.0, 130.4, 127.5, 125.3, 115.3, 112.5,
106.3 (Ar), 60.7 (OCH3), 56.2 (OCH3), 56.1 (OCHj), 46.0
(CH,), 43.6 (CH,); MS (ESI) m/z: 390.33 [M—H] .
323 3-CA-—FARAERE)4-C4A5-ZF ALK
H)-1H-vb o4 -2, 5- — B (1a) A= 3-(3- AL-4- F B K
H)-4-(3,4,5- = F AL F ) 1H-vbv&--2,5- — B (1b) 49
&

#4 0.55 g (1.36 mmol)ft. 54 7a 1 0.3 g (2.72 mmol)
-BuOK JIIA 30 mL J5/K THF /1, 735 CHiFER N 2 h.
A EIZ AR, BN 50 mL VKK, H 2 mol/L #higik ik
ZrhE, BRI A EURYOE, EEMRL 2 h Ik, A
TR DL [ A R A 2 BT [ TT . V(CHLCL)
V(EtOH)=40 : 114> 43 1a 0.30 g (0.75 mmol), F&(rL[
&, P7# 55.1%. m.p. 185~187 C; 'H NMR (CDCl;,
300 MHz) d: 7.47 (s, 1H, NH), 7.24 (s, 1H, ArH), 7.04 (s,
1H, ArH), 6.88 (d, J=82 Hz, 1H, ArH), 6.76 (s, 2H,
ArH), 3.91 (s, 3H, OCHs), 3.88 (s, 3H, OCH3), 3.73 (s, 6H,
2XOCH3), 3.72 (s, 3H, OCH;); *C NMR (CDCl;, 75
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MHz) d: 171.0 (C=0), 153.0, 150.4, 148.4, 139.2, 135.8,
134.7,123.9, 123.7, 120.8, 112.5, 110.8, 107.0 (Ar, C=C),
60.7 (OCH3), 55.9 (OCH3), 55.7 (OCH3), 55.6 (OCH,);
MS (ESI) m/z: 42223 [M+ Na] . Anal. caled for
CyHyNO5: C 63.15, H 5.30, N 3.51; found C 63.02, H
5.03, N 3.30.

H& &4 1a 27772, M 1.0 g (2.55 mmol)

&4 7b F10.57 g (5.1 mmol) -BuOK & B3 3 (114 7~
YRR ENT R IFH: (LR LB - V(4 k) =
1: 11438573 1b 0.62 g (1.6 mmol), ¥ ok, 5%
62.7%. m.p. 218~221 °C; "H NMR (DMSO-d;, 300 MHz)
8: 11.2 (s, 1H, NH), 7.20~7.31 (m, 3H, ArH), 6.71 (s, 2H,
ArH), 3.84 (s, 3H, OCH3), 3.69 (s, 3H, OCHj), 3.61 (s, 6H,
2X OCHs); *C NMR (DMSO-ds, 75 MHz) d: 171.9 (C=
0), 153.2, 151.3, 148.6, 139.2, 136.0, 135.0, 127.3, 124.4,
121.8, 117.5, 114.1, 107.7 (Ar, C=C)), 60.6 (OCH3), 56.5
(OCH3) , 56.3 (OCH;); MS (ESI) m/z: 386.23 [M—H] .
Anal. caled for C,0H;sFNOg: C 62.01, H 4.68, N 3.62;
found C 61.85, H 4.57, N 3.38.
324 3-GA4-—FAARIK)4-C45-ZFAAX
H)-1H-vtb #% -2(SH)- BR (2a) = 3-(3- #-4- F ALK
H)-4-(3,4,5- = F B F K )-1H-7k7&--2(5H)-BF (2b) 49
#) &

¥ 30 mL Jo/K THF AR BOfEH, @%0< 10 min.
HEBRA A 23 SRR TRYT NN 0.30 g (0.74
mmol) L &4 7a F10.17 g (1.5 mmol) +-BuOK. 7t 35 C
BEFE Y 2 he AHIE =R G, AR TR 2
mol/L R E Ik, RINEAL R, H =S A
H(2X20 mL, MAIE /K0 mL)PEE, TC/KMRE T
B, WORZE A, SRR REIRFE RN R IR (&
R T8) © V(A1 dhiliF)=4 © 1173 2a 0.25 g (0.65 mmol),
PO [ AR, P23 87.8%. m.p. 183~185 ‘C; 'H NMR
(DMSO-d,, 300 MHz) J: 8.38 (s, 1H, NH), 6.95 (s, 1H,
ArH), 6.94 (s, 1H, ArH), 6.87 (s, 1H, ArH), 6.56 (s, 2H,
ArH), 4.33 (s, 2H, CH,), 3.73 (s, 3H, OCHs), 3.66 (s, 3H,
OCHs3), 3.64 (s, 6H, 2X OCH3), 3.49 (s, 3H, OCH3); °C
NMR (DMSO-d, 75 MHz) §: 172.6 (C=0), 152.7, 149.8,
149.5, 153.0, 148.2, 137.1, 130.3, 128.4, 125.4, 120.4,
111.5, 111.1, 106.8 (Ar, C=C), 60.0 (OCHj), 55.8
(OCHj,), 55.4 (OCH3), 54.9 (OCHs,), 47.2 (CH,); MS (ESI)
m/z: 386.23 [M+H]+. Anal. caled for C,Hy3NO4: C
65.44, H 6.02, N 3.63; found C 65.20, H 5.82, N 3.35.

HE G 2a KPUW T, M 0.50 g (1.28
mmol)fb &4 7b A1 0.29 g (2.6 mmol) +-BuOK & B3 5
KR ) L AT JZ AT [ TF ) M(CIR 4B8) & V(A

Chin. J. Org. Chem. 2012, 32, 2339~2343
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fik)=4 : 1175344 2b 037 g (1.0 mmol), &[4,
F“ % 78.1%. m.p. 195~198 C; 'H NMR (DMSO-d;, 300
MHz) 6: (s, 1H, NH), 7.13~7.23 (m, 3H, ArH), 6.58 (s,
2H, ArH), 4.30 (s, 2H, CH,), 3.81 (s, 3H, OCH3), 3.68 (s,
3H, OCHjy), 3.64 (s, 6H, 2 X OCH3); *C NMR (DMSO-d,
75 MHz) d: 172.9 (C=0), 153.3, 151.6, 149.0, 148.2,
137.8, 131.5, 128.2, 126.3, 124.9, 115.4, 114.2, 107.2 (Ar,
C=C), 60.5 (OCH;), 56.5 (OCH;), 56.3 (OCH3), 47.8
(CH,); MS (ESI) m/z: 372.25 [M—H ] . Anal. caled for
CaHFNOs: C 64.34, H 5.40, N 3.75; found C 64.12, H
5.25,N 3.48.
3.2.5 AP ASE ARSI IA 64 3 ) 52 5 ) ST

AN A M40 HL-60~ A FFE41 e SMMC-7721 Al
N ids 40 He. AS49 41 fL 24T American Type Culture
Collection (ATCC, Rockville, MD), 7t 37 ‘CHEH 5%
CO, Wil =<, A& H9% T DMEM (Life Technolo-
gies Inc., Grand Island, NY)5 753, J5 & B 9% T RPMI
1640 (Gibco, Scotland, UK)% 7% 3 (& H 75 % % (100
U/mL), BE82(100 pg/mL)F1 10%M6 4 38 ). BEAE A
AGEDIAAAE T, H 96 LIRS F7 72 h. 4L AF 35 % H 24
) MTT SES R0 ot ¥ d B ELISA reader
(Tecan, Austria)fE 540 nm 2. AHXF A B A7 75 2 AR
SEYER M4 IE D2, 24 100%.
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