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Synthesis of 1-furfuryl-indolin-2-one derivatives and
preliminary evaluation of their antitumor activities

DONG Xiao-chun, ZHOU Fu-sheng, ZHENG Jian-bin, WEN Ren "
( Department of Medicinal Chemistry, School of Pharmacy, Fudan University, Shanghai 200032, China)

Abstract; In order to find new indolin-2-one derivatives as antitumor agents, a series of 3-pyrrole
substituted 1-( 5-formyl-2-furanylmethyl ) indolin-2-one derivatives were designed and synthesized. 5-
Formyl-2 ,4-dimethyl-1 H-pyrrole-3-carboxylic acid ethyl ester was condensed with 5-substituted indolin-2-
one 2a - 2d to afford 3-[ ( pyrrol-2-yl) -methylidenyl ]indolin-2-ones 3a — 3d. Through N-alkylation, 1-(5-
formyl-furfuryl) -indolin-2-one 4a — 4d were prepared. Compounds 4a — 4d were then condensed with
indolin-2-one to afford bis-indolin-2-one derivatives 5a — 5d. The structures of the synthesized compounds
were determined by '"H NMR, MS and element analysis. Antitumor activities of all the synthesized
compounds in vitro were tested. All the 12 synthesized compounds possess antitumor activities against SPC-
Al strain. Especially the compounds 5a — 5d possess potent antitumor activities better than sunitinib.
Their IC,, are all below 5 pmol - L.
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Figure 2 Structures of 3-substituted indolin-2-ones
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Figure 3 Structure of 1-(5-formylfurfuryl) indolin-2-

one
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& WAL IEBER LK 1 1k 2,

ZIBICER[6] R Knorr LB & RS RE
OB 5-H Bt &2, 4-— B B-1H-M 0338 BB 2 Fg
(1);ZHCER[7 ~9] HEA B S SR F A R
Wbk -2 (2a ~2d) .

¥ 5-F B2 ,4-— B - 1H-ME % 3-8 R 2 R
(1) 55| Wkuk-2-F (2a ~2d) ZE S BE R [ 3, N8
WRBE ME A BRI AT AL, 48 & 15 3] 3-nik % T FF BL-mg)
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WEBHK 2B 45 & 45 B R 5-T7 B 0 2 3 2 A0 UL v
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Table 1
biological activities of compounds 3a —3d and 4a - 4d

Structures, physical and spectra data and

Yield mp MS 1G5,

No. Steture -~ 5 /C (ESL, m/z) /pmol » L~

3a R=H 89.3 290-292 311[M+H]*  40.6
3b R=Br  93.5 >300  390[ M +H]* 5.35
3¢ R=F 92.1 284-285 329[M+H]* 8.05
34 R=CH; 88.2 268-270 325[M+H]*  13.27
4a R=H 82.8 173-175 419[M+H]*  14.73
4b R=Br  78.3 207-209 498[M+H]*  17.51
4c R=F 86.0 162-164 437[M+H]*  34.57
4d R=CH; 753 194-196 433[M+H]*  37.60
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Table 2  Structures, physical and spectral data and biological activities of compounds 5a - 5d

Element analysis/%

Yield mp MS IG5y

No. Structure Caled. (Found)

/% /C (ESI,m/z) C m N /pmol + L!

5a R=H 76.1 >300  534[M+H]* CypHyuN;O; 72.03(71.78) 5.10(5.12) 7.87(7.84) 4.09
5b R=Br 87.0 >300  613[M+H]*  CypHu,BrN,O;  62.75(62.58) 4.28(4.30) 6.86(6.84) 2.80
5¢c R=F 82.0 >300  552[M+H]*  CyuHuFN;O;  69.68(69.47) 4.75(4.76) 7.62(7.60) 3.09
5d R=CH, 87.6 > 300 548[M+H]*  CyHyN; 04 72.38(72.14) 5.34(5.35) 7.67(7.64) 4.11

HsC. COOC;Hs

HsC cooczH5 /
EtOH
\ plperldlne / CICH2
” reflux
N"o cho3 DMF, K
1 2a-2d 3a-3d
COOC,Hs
COOC;Hs \&
\w EtOH, piperidine reflux
CHz | O
o o H
4a-4d 5a-5d
a;R:H; b:R=BI‘; C:R=F;d:R=CH3
Scheme 1 Route of synthesis
sp. > 3 -1 )
R AR AR (MTT) i X BT -8 B 12 A IC,fE¥/NTF 5 wmol - L EAGAE ¥ i 259 5

TR V5] R k-2 AL 0 B AR ST BT B R TR R AT T
B2 0 3 , LA &F JE % JBAE O FA 4 o B, 05 AT
SPC-A1 i ff fii 8 Ak B0 AR SR L PR IE #E . SR BB
B & R AG & W 38 — R B AR S 400 1535 e, SR 45
RIOPHINFR 1R 2,

WAL L R 45 RR I, DL S5-I R
B RS Wb -2 R AL 59 (52 ~ 5d) X F SPC-Al
it e e B 0 A ML B R X A B B AR T 1-(5-FF
BEHL AR AL ) 05| Wik 2 - 2R 4L 5 4 (4a ~ 4d) 71 3-0E
Wi L. PP -5 R k-2 - (3 ~ 3d) , X U B T i 3] ke
WR2-MSH RN XL S RERMBEERNEER
ZCEE A o 53 SN B A G| R 2R 5 iz B AR 2R
XS ERA — BRI M, 5 AT AKRE
BEGRYEME X T RE 5 0 R R BR A MO A K, H
BB T RAALE W ;T S5 651 AR EXS
EHEWAUE . F3XTERKLEHHHE 6 MMe
B ARSI IS YL T EF R BB (1€, =9.92
wmol - L™") ¢ IR L 5-T7 B HAR 2L 7 2 i XU mg] W
Wk-2-FR2AE &4 (Sa ~5d) BA BOF I 16 1,

AL G YT AT BE— BB

o o

BEABEEENE BRERSLRIE, '"H NMR
Fil Varian INOVA 400 MHz & #% St R0 &€ ; FRiEH
Agilent 1100 Series LC/MSD G1946D s 5§ 28 & i X
W5E ; STTR 4B A VARIO EL TR 4H U E . &
P RE R R PR B R SCER [10] 7 & B MR AN BB
YEFEW B RPMI 1640 3 5 2609 B Gibeo /AR ; I
AME(MIT) B LERBREYAEERAR; B
A F i Elx 800 ( Bio-tek Instrument Inc. ) ; SPC-
AL JilioE iR gAML B R ST I L
1 (Z)2,4-ZHES-[(1,2-Z S-2-F K-8 B§-3-
E)THRE]-1H-Brg-3-FER ZH(3a) &K

£ 50 mL BN S5-FF B -2 ,4-— W BE-1H-
FILPE-3-FRFR 0. 70 g(3.59 mmol ) | F5| MEB-2-FF 0.40 g
(3 mmol) , ZBE 9 mL, WRBEEH, AKEP T
E# 3 hEHAREE K, BHEME, BYRZ
BRFE. EXTRABEAEIKO0.83 &, X
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89.3% , '"H NMR ( DMSO-d,) &: 1.30(t,3H,J=
7.10, COOCH,CH,; ), 2.49 (s, 3H, pyrrole-3-CH, ) ,
2.54(s,3H, pyrrole-5-CH, ) ,4.21(q,2H,J=7.10,
COOCH,CH,) ,6.89 (d, 1H, J= 7. 66, indole-H, ) ,
7.00(t,1H,J="7.56, indole-H, ) ,7.15(t,1H,J =
7.57 ,indole-H, ) ,7. 65(s,1H,vinyl-H) ,7. 80(d,1H,
J=17.46, indole-H, ), 10.95 (s, 1H, indole-NH ) ,
13.88(s, 1H, pyrrole-NH ) . Ffil 3L o 7 % 4 IL
#1,
2 (Z)2,4-ZHE-S5-[(5-R-1,2-Z S -2-FAK-B
Wr-3-5) IF B E ] -1H-0g-3-FAER Z B (3b) M & K

L& 3b %KM 3a FEEWR, AREAHE
&, W2 93.5% , '"H NMR ( DMSO0-d,) §: 1.29(t,
3H,J=17.03,CO0CH,CH, ), 2.49(s,3H, pyrrole-3-
CH,), 2.52(s,3H, pyrrole-5-CH, ) , 4.19 (q, 2H,
J=17.03, COOCH,CH,), 6.79 ~6.82(d,1H,J =
8.25,indole-H,), 7.24 ~7.28 (dd,1H, J = 8.25,
1.84 indole-H, ), 7.79 (s, 1H, vinyl-H), 8.12(d,
1H,J=1.83,indole-H, ), 11.05(s,1H,indole-NH) ,
13.85(s,1H,pyrrole-NH ) , Al AL | S %04 L
*1,
3 (Z)2,4-ZHE-S5-[(5-8-1,2-ZS-2-FAK-B
Wr-3-B) W EHRE]-1H-ME-3-AER 28 (3c) WEH

L&Y 3c RN 3a AR, IR AR K,
=R 92.1% , 'H NMR (DMSO-d,) 6:1.30(t,3H,
J=17.03, COOCH,CH, ), 2.49 (s, 3H, pyrrole-3-
CH,) ,2.53(s,3H, pyrrole-5-CH, ) ,4.20(q,2H,J =
7.03,CO0CH,CH,) ,6.81 ~6.85(dd,1H,J=8.55,
4.58, indole-H, ) ,6.90 ~ 6.96 (m, 1H, J= 8.56,
2.75 ,indole-H,) ,7. 75(s,1H,vinyl-H) ,7. 77 ~7.81
(dd,1H,J=9.17,2.65, indole-H, ) ,10.95 (s, 1H,
indole-NH) ,13.90 (s, 1H, pyrrole-NH ) , H fh 34k,
BB E L,
4 (Z2)2,4-"HES-[(5-F&-1,2-"§-2-8K-
Wlk-3-5 ) ERE]-1H-Mg-3-FEBZE(3d) W&
154

&Y 3d %A 3a FEAER, ABREEH
4, W2 88.2% , '"H NMR ( DMSO-d,) §: 1.30(t,
3H,J=17.31,COOCH,CH, ), 2.30 (s, 3H, indole-5-
CH,), 2.50 (s, 3H, pyrrole-3-CH, ), 2.53 (s, 3H,
pyrrole-5-CH, ) , 4.21(q,2H,J =7.31,CO0CH,CH, ),
6.75 ~6.78 (d, 1H, J = 7. 80, indole-H, ), 6.93 ~
6.97(d,1H,J =7.31,indole-H,) , 7. 63(s,1H,vinyl-
H), 7.64(s,1H,indole-H, ), 10.86 (s, 1H, indole-

NH), 13.85(s,1H, pymrole-NH) , H b3 4L, iZ
BENEL,
5 (Z)2,4-Z“HE-S5-[1-[(5-FEEKRHE-2-F) A
H]-1,2-Z—§-2-FK-6BIR-3-F ) TERAE]-1H-0f 0F-
3-AE Z B (da) BIE B

50 mL B MA(Z)2,4-—H#-S5-[(1,
2-ZH2-F - W3- ) I BB ] -1H-NE -3 - R
ZFE(3a) 0.40 g(1.3 mmol) .FEER P 0. 27 g(1.94
mmol) \DMF 9 mL. B+ 30 min JFIIASEH &
R 0. 28 g (1. 94 mmol) \BALHF 30 mg, RS
BRPTHEERIEES b, TLC BRRMESER, MA
30 mL ZFRZFERF 30 mL K BG4 B, KHEAZ
BRI , &I A VMG FKBEHR S K, ABENE
HKBREIWR, TKRBRE TR, SBRETER/RE
£5,[F 44 0.45 g, Y 2 82.8% , '"H NMR ( DMSO0-d, )
6:1.30(t,3H,J=7.06,CO0CH,CH, ) ,2.50(s,3H,
pyrrole-3-CH, ) , 2. 55 (s, 3H, pyrrole-5-CH, ) , 4.22
(q,2H,J=17.06,CO0CH,CH, ) ,5.15(s,2H, furan-
CH,),6.74(d,1H,J =2.97, furan-H) ,7. 05 ~7. 10
(t,1H,J =7.45,indole-H, ) ,7.11 ~7.16(d,1H,J =
7.78, indole-H, ), 7.19 ~ 7.24 (t,1H, J=7.61,
indole-Hy ) ,7.48(d,1H,J =2. 95 ,furan-H) ,7. 73 (s,
1H,vinyl-H) ,7.85 ~7.90(d,1H, J=7.50, indole-
H,),9.50(s,1H,CHO),13.70(s,1H,pyrrole-NH) ,,
HoAb 3R Ak B EE E 1,
6 (Z)2,4-"HE-S5-[1-[(5-FEEKH-2-%) A
H]-5-R-1,2-Z“F2-\R-B| W3-8 ) TRE]-1H-
Mg -3-FAER Z B (4b) B & B

L& 9 4b Z2K 10 da TR R, R E BB K 1L
#78.3% , '"H NMR ( DMSO-d,) §:1.30(t,3H,J=
7.07,CO0CH,CH, ), 2.52 (s, 3H, pyrrole-3-CH, ),
2.56(s,3H, pymrole-5-CH, ) ,4.21(q,2H,J=7.07,
COOCH,CH,),5.20 (s, 2H, furan-CH, ), 6.74 (d,
1H,J =3.42 furan-H) ,7. 10(d,1H,J = 8. 78 , indole-
H,),7.33 ~7.37(dd, 1H, J = 8.29,1.95, indole-
H,),7.49(d,1H,J =3.42 furan-H) ,7.90 (s, 1H,
vinyl-H) ,8.23(d,1H,J = 1. 95, indole-H, ) ,9. 50 (s,
1H,CHO) ,13. 60(s,1H,pyrrole-NH) , H {134k .56
HEHENE 1,
7 (Z)2,4-"HAE-S5-[1-[ (5S-FBEKE-2-2) A
&]-5-81-1,2-ZF2-FR-B0R-3-F) THE]-1H-
g -3-FAER Z /R (4c) G B

LEW e KM 4a TEA R, AEBEEK,
W% 86.0% , 'H NMR ( DMSO-ds) &: 1.30(t,3H,
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J=7.04,CO0CH,CH,) , 2.50(s,3H,pyrrole-3-CH, ) ,
2.55(s,3H,pyrrole-5-CH, ) , 4.20(q,2H,J=7.03,
COOCH,CH, ), 5.20(s,2H, furan-CH, ), 6.74 (d,
1H,J=3.67, furan-H), 6.98 ~7.04 (m,1H, J=
9.47,2.45indole-H, ), 7.10 ~ 7.14 (dd, 1H, J =
8. 86,4. 58 ,indole-H, ), 7.47(d,1H,J =3. 67 ,furan-
H), 7.82(s,1H,vinyl-H) , 7.87 ~7.92(dd,1H,J =
9.47,2.44 ,indole-H, ), 9.46(s,1H,CHO), 13.65
(s,1H,pyrrole-NH) , H AL HiE5iERE 1,
8 (Z)2,4-"HE-S5-[1-[ (5-FBEKM-2-F)H
HE]S5-BE-1,2-ZF2-5K-B[R-3-FEE) FE]-
1H-Uprg-3-FAE Z AR (4d) (& B

L&Y 4d R4 da TR R, W E BB K, 1L
#75.3% , '"H NMR (DMSO-d,) §:1.30(t,3H,J =
7.07, COOCH,CH, ), 2.30 (s, 3H, indole-5-CH, ),
2.50( s, 3H, pyrrole-3-CH; ) ,2. 54 (s,3H, pyrrole-5-
CH,) ,4.20(q,2H,J =7.07,COOCH,CH, ) ,5.20(s,
2H,furan-CH, ), 6.71 (d, 1H, J = 3.41, furan-H) ,
7.00(d,2H,J =0.97, indole-H, H,),7.47(d,1H,
J=3.42, furan-H),7.70 (s, 1H, vinyl-H) , 7. 70 ~
7.72 (d, 1H, J = 3.41, indole-H, ), 9.45 (s, 1H,
CHO) ,13.62(s,1H, pyrrole-NH ) , H fls B4k | %%
BENEL,
9 (Z)2,4-ZHES5-[1-[[5-[ ( B[ B bk-2-FER-3-
E)FPHRE]-KE2-E]RE]1,2-Z§2-F KB
Br-3-E) ERE]-1H-MLE-3-FABRZE (5a) &R

S0 mL A MA(Z)2,4-— F B-5-[1-
[ (5-FF Mt BE ok iy 245 ) 2 ]-1,2-— & -2- -1
We-3-%) I AL ]-1H-ME IR -3-H BR 2. ik (4a) 0. 14 ¢
(0.28 mmol) M| Emk -2 - 0. 036 g(0.27 mmol) .2,
B2 5 mL RBERT, RARP THHFER3 h FHHR
REEK, BAWEHME BHHIERE, EET
BEBEAER0.15 g, R T76.1%, 'H NMR
(DMSO-d,) 8:1.30(t,3H,COOCH,CH;) ,2.50 (s,
3H, pyrrole-3-CH, ) , 2. 55 (s, 3H, pyrrole-5-CH, ),
4.25 (m, 2H, COOCH,CH, ), 5.35 (s, 2H, furan-
CH,),6.68 (d,1H, furan-H) ,6. 78 (m, 1H, indole-
H),6.95(m,1H,indole-H) ,7.12(d,2H,indole-H) ,
7.24 ~7.37 (m, 4H, indole-H, vinyl-H, furan-H ) ,
7.73(s,1H,vinyl-H) ,7. 88 (m,1H,indole-H) , 8. 15
(m,1H,indole-H) ,10.95(s,1H, indole-NH ) ,13. 70
(s,1H,pyrrole-NH) , Hfih3#4k J6it Bdg W3k 2,
10 (Z)-2,4-—HRE-5-[1-[ [ 5-[ ( B[ Bk Wk-2-E0-3-
E)ERE]-Km-2-E]RE]-S5-R-1,2-2§-2-%

-l B-3- ) IF AE]-1H-0Erg-3-FHEE Z FE (5b) B9
A

L& 5b &K1 5a Irka R, AR AE K,
g # 87.0% , '"H NMR (DMSO-d,) §:1.30(t,3H,
J=1.03, COOCH,CH, ), 2.52 (s, 3H, pyrrole-3-
CH,),2.60(s,3H, pyrrole-5-CH, ) ,4.20(q,2H,J =
7.03,CO0CH,CH,),5.35(s,2H, furan-CH, ) ,6. 62
~6.67(t,1H,J =8.04,indole-H;.) ,6.73 ~6.77(d,
1H,J = 7.31, indole-H, ) , 6.94 (d, 1H, J = 3.42,
furan-H) ,7.05-7.10 (t,1H, J = 7. 31, indole-H. ) ,
7.18 ~7.21 (m, 3H, indole-H, vinyl-H, furan-H ) ,
7.34 ~7.37 (dd, 1H, J = 8.54, 1. 95, indole-H, ) ,
7.93(s,1H, vinyl-H) ,8.10 (d,1H,J = 7. 80, indole-
H),8.25(d,1H,J = 1. 95, indole-H, ) ,10. 46 (s, 1H,
indole-NH) ,13.80 (s, 1H, pyrrole-NH ) , H {1 3 4L
TEIEBE & 2,
11 (Z)-2,4-Z R F-5-[1-[ [ 5-[ ( 0B B Rph-2-E -3~
E)THE]-KE2-E]FE]S5-M-1,2-2§2-8
-6 Bx-3-5 ) FHAE]-1H-ME0E-3-FHER ZBE (5c) B9
A

L&Y Sc RN Sa kAR, ABEAEK,
it % 82.0% , '"H NMR ( DMSO-d,) §:1.30(t,3H,
J=17.03,CO0CH,CH, ), 2.51(s,3H,pyrrole-3-CH, ) ,
2.60(s,3H, pyrrole-5-CH, ) ,4.21 (q,2H,J =7.02,
COOCH,CH,) ,5.32(s,2H, furan-CH, ) ,6. 62 ~ 6. 67
(t,1H,J =7. 63 ,indole-H;.) ,6.74 ~6.77(d,1H,J =
7.33 ,indole-H, ) ,6.95 (d,1H, J= 3. 67, furan-H) ,
7.00 ~7.10(m,2H,indole-H) ,7.19 ~7.24(m,3H,
indole-H , vinyl-H , furan-H) ,7.85 (s, 1H, vinyl-H ) ,
7.89 ~7.93 (dd, 1H, J= 9.17, 2. 45, indole-H, ),
8.11 ~8.14(d,1H, J = 7.33, indole-H) , 10. 45 (s,
1H ,indole-NH) ,13. 82 (s, 1H, pyrrole-NH ) , H {1 31
b LR L 2,
12 (Z2)2,4-Z H E-5-[1-[ [ 5-[ ( B8] DR mf -2 -3-
BE)ERE]-BE2-E]FE]-S-AE-1,2- " 52
FR-B(R-3-5) I ERE ] -1H-M g -3-FER Z B (5d)
:3h=951

L&Yy 5d KM 5a TEE R, B EAERK,
W% 87.6% , '"H NMR ( DMSO-d;) §:1.30(t,3H,
J=17.05,CO0CH,CH,) ,2. 30(s,3H ,indole-5-CH, ) ,
2.50(s,3H, pyrrole-3-CH, ) , 2. 60 (s,3H, pyrrole-5-
CH,),4.21 (q,2H, J=7.05, COOCH,CH, ), 5.29
(d,2H,furan-CH, ) ,6.62-6. 67 (m,1H,indole-Hs. ) ,
6.73 ~6.76 (d,1H, J=7.82, indole-H, ) ,6.94 (d,



B S 1-(5-BREE) W3 W wk-2-BRAT A2 90 B9 & B AN R0 2550 B o +59-

1H,J=3.52,furan-H) ,6.98 ~7.02 (d, 1H, indole-
H),7.05 ~7.11(m,2H,indole-H) ,7. 18 ~7.20(m,
2H,vinyl-H, furan-H) ,7.72 ~7.76 (m,2H, vinyl-H,
indole-H) ,8.12 ~8.15(d,1H,J=7.43,indole-H) ,
10.45 (s, 1H, indole-NH ), 13.80 ( s, 1H, pyrrole-
NH) , HA3E SbisE ik 2,
13 MTT 3% &5 bbb 98 75 1 ik

B 4b T Xt g K B SPC-AL BhgE 40 M/ T
96 fL#R P, 7E 37 C. 5% CO,, RPMI 1640 3 3 3t
HIEFR 48 h FIMALE Y, WNEN MKk, B0
BEHR=AE. HEEHEFRA8 h 5, FL0 50 pL
MTT %W (2 mg - mL™"), EHEF 4 hJFFHE L
¥, Bl A DMSO 100 pL, FE§HRLTE 570 nm
KABMAERE, REHEAX[MH R = (HRA
ODfE - ¥4J7 4 OD {8 ) /%t fE 4 OD {H x 100% 13t
AWM A AR BRI R, LA YR E
R BRI R RAEEVE TR, T E IC,MH,

Brift: B B R 5B K 25 SC7E A Sh Ut B ¥ A
PATFROIE
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