Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2013, 5(12):1024-1028

Research Article

ISSN : 0975-7384
CODEN(USA) : JCPRC5

Design, synthesis and biological evaluation of 3-benzylidene
4-bromo isatin derivatives
Yao Zhou1,2, Biao Shi1,2, Kailin Han1,2,Qiannan Guo1,2, Yao Yang1,2, Binbin Song1,2,
Yuou Teng1,2* and Peng Yu1,2*
1

Key Laboratory of Industrial Microbiology, Ministry of Education, College of Biotechnology,
Tianjin University of Science and Technology, Tianjin, P. R. China
2
Tianjin Key Laboratory of Industry Microbiology, College of Biotechnology, Tianjin University
of Science and Technology, Tianjin, P. R. China
_____________________________________________________________________________________________
ABSTRACT
4-Bromo substitution on isatin based molecules has been found to increase their cytotoxic activity and selectivity. So
the studies on synthesis and pharmacological activities of 4-Bromo isatin and its derivatives have been attracted
more and more attention. In this paper, we would like to report the design, synthesis and biological evaluation of a
series of 3-benzylidene 4-Bromo isatin derivatives. Eight 3-benzylidene 4-bromo isatin derivatives were designed
and synthesized in 4 steps in 44-75% overall yields. Six of the eight newly synthesized compounds have not been
reported before. Their structures were characterized by 1H-NMR. The anticancer activity of these new 4-Bromo
isatin derivatives against two human tumor cell lines, K562 and HepG2, were evaluated by MTT assay in vitro. MTT
results suggests that larger groups at the 3-position could increase the antitumor potency
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INTRODUCTION
Isatin is an endogenous a natural product which was identified in many organisms and possesses variety of
biological activities [1-2]. It was reported that 6-bromo isatin exhibited anticancer activity against a human
lymphoma cell line. And the 4-Bromo isatin derivatives possess a wide range of pharmacological activities and
biological activities [3-4], such as anticancer [5], antibacterial [6-7], anti-inhibitor, anticonvulsant, anti-fungal [8-9]
and sedative-hypnotic [10-12], et al [13-16]. Recently Hoyun Lee’s research group has studied a series of
thiazolidinone’s pharmacological effects and found out that bromo group in the 4th position of
1-diethylaminomethyl-1H-indole-2,3-dione leads to an increase in cytotoxic activity on MDA-MB231,
MDA-MB468, and MCF7 cells and this compound’s cytotoxic activity on cancer cells was 5.6-fold to 14.7-fold
higher than non-cancer cells [17]. But the systematically study on 3-benzylidene-4-bromo indolin-2-one derivatives
have not been reported yet.
Because the 4-Bromo isatin derivatives exhibited many pharmacological properties, therefore, it is very important to
further study the origin of the side-effects and develop new generation of low toxic isatin derivatives to extend the
application of this very potent natural product anticancer drug.
As part of our research program on the SAR study of isatin derivatives’ anticancer property, herein we would like to
report the synthesis and antitumor activity of a series of 3-benzylidene 4-Bromo isatin derivatives against two
human cancer cell lines, including human leukemia K562, and human liver cancer HepG2.
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EXPERIMENTAL SECTION
2.1 Materials and measurements
Used in this article, all reagents and solvents were of analytical grade. The reaction temperature control uses the oil
bath temperature modulator. Thin layer chromatography (TLC) with silica gel 60 GF254 E.Merck precoated plates
(0.25 mm) was visualized using UV. 0.1 for flash chromatography on silica gel (particle size 100-200
mesh).1H-NMR spectra were recorded on Bruker AM-400 NMR spectrometers in deuterated chloroform and
deuterated DMSO. The chemical shifts are reported in δ (ppm) relative to tetramethylsilane as internal standard.
2.2 Chemistry
Fig .1 showed synthesis route of the target compounds. Compound 2 is 3-bromoaniline synthesized from compound
1 by the methylation reaction of iodide, hydrazine to give compound 3, compound through aldol condensation of
compound 4:
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Reagents and conditions: (i)Na2SO4,NH2OH;CCl3CH(OH)2 ;(ii)conc.H2SO4 ;(iii)CH3I,DMF;
(vi)NH2NH2 H2O Ethanol; (v)benzaldehyde Ethanol
Fig 1: synthesis route of 3-substituted 4-Bromo isatin derivatives

2.2.1 Synthesis of 4-bromoindoline-2, 3-dione (1)
i: Fetch 3-bromoaniline 5.00 g (0.029 mol) into 500 mL round bottom flask with 250 mL water. Dried over
anhydrous sodium sulfate 31.78 g (0.22 mol) and hydroxylamine hydrochloride 6.62 g (0.096 mol) were added
under stirring, then add 2 mol / L hydrochloric acid solution 5 mL, stir at room temperature for 5 min, finally add
chloral hydrate 5.30 g (0.032 mol). The reaction mixture was stirred at room temperature for 15 min, and then
reacted at 90 ℃ for 2 h. The reaction was monitored by TLC after 2 h to confirm whether the starting material was
disappeared, then cooled to room temperature, filtered, dried in vacuum to give a yellow solid 6.80 g.
ii: Fetch 20 mL concentrated sulfuric acid into 100 mL round bottom flask. The yellow solid 6.80 g was slowly
added to concentrated sulfuric acid at 50 ℃, and then reacted for 30 min at 65 ℃. The reaction was cooled to room
temperature then poured into ice-water mixture, stirred for 30 min. Suction filtration as a red solid was dried under
vacuum oven to give 4-bromoindolione-2, 3-dione (1) (6.19 g, 91.1% two steps).
2.2.2 Synthesis of 4-bromo-1-methylindoline-2, 3-dione (2)
Fetch 4-bromoindolione-2, 3-dione (1) 2.00 g (0.0088 mol) into 50 mL round bottom flask with 6 mL N,
N-dimethylformamide. Until dissolved, sodium hydride 0.63 g (0.026 mol) and 1.88 g (0.013 mol) iodomethane
were slowly added into the ice bath then reacted for 4 h at room temperature. When the reaction completed, the
reaction mixture was added 15 mL water, collected by filtration, to give 4-bromo-1-methylindoline-2, 3-dione (2)
(1.96 g, 92.0%).
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2.2.3 Synthesis of 4-bromoindolin-2-one (3a)
Fetch 4-bromoindolione-2, 3-dione (1) 2.00 g (0.0088 mol) into 50 mL round bottom flask with 6 mL N,
N-dimethylformamide. Until dissolved, sodium hydride 0.63 g (0.026 mol) and 1.88 g (0.013 mol) iodomethane
were slowly added into the ice bath then reacted at room temperature for 4 h. When the reaction was completed, the
reaction mixture was added 15 mL water. Precipitate was collected by filtration to give 4-bromo-indole-dione 2.00 g
(0.0083 mol). It was put into 50 mL round bottom flask with 15 mL anhydrous ethanol and 0.62 g (0.010 mol) 85%
hydrazine hydrate to reflux for 3 h. The reaction was cooled to room temperature and added 0.30 g sodium
hydroxide to reflux for another 3 h., When the reaction was complete, the reaction mixture was poured into
ice-water mixture, then the precipitate was collected by filtration and dried under vacuum to give
4-bromoindolin-2-one (3a) (1.60 g, 91.3%).
2.2.4 Synthesis of 4-bromo-1-methylindolin-2-one (3b)
Fetch 4-bromo-1-methylindoline-2,3-dione (2) 2.00 g (0.0088 mol) into 50 mL round bottom flask with 6 mL N,
N-dimethylformamide. Until dissolved, sodium hydride 0.63 g (0.026 mol) and 1.88 g (0.013 mol) iodomethane
were slowly added into the ice bath then reacted at room temperature for 4 h. The reaction mixture was added 15 mL
water then precipitate was collected by filtration to give 1 - methyl - 4 - bromo-indole-dione 2.00 g (0.0083 mol). It
was put into 50 mL round bottom flask with 15 mL anhydrous ethanol and 0.62 g (0.010 mol) 85% hydrazine
hydrate, to reflux for 3 h. The reaction was cooled to room temperature then added 0.30 g sodium hydroxide to
reflux for another 3 h. The reaction mixture was poured into ice-water mixture, then the precipitate was collected by
filtration and dried under vacuum to give 4-bromo-1-methylindolin-2-one (3b) (1.75 g, 93.1%).
2.2.5 Synthesis of (Z)-4-bromo-3-benzylidene-1,3-dihydro-indol-2-one (4a)
Fetch 4-bromoindolin-2-one (3a) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol , 0.5 mL
dry pyridine, and 0.56 g (0.0053 mol ) benzaldehyde. The reaction mixture was refluxed for 6 h. The reaction was
cooled to room temperature, added 20 mL anhydrous ethanol under reduced pressure to remove the solvent. Using
petroleum ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3-benzylidene-1,
3-dihydro-indol-2-one (4a) (0.80 g, 60.7%).
2.2.6 Synthesis of (Z)-4-bromo-3-benzylidene-1-methyl-1,3-dihydro-indol-2-one（
（4b）
）
Fetch 4-bromo-1-methylindolin-2-one (3b) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) benzaldehyde. The reaction mixture was refluxed for 6 h then cooled to
room temperature, added 20 mL anhydrous ethanol under reduced pressure to remove the solvent. Using petroleum
ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3-benzylidene- 1-methyl
-1,3-dihydro-indol-2-one (4d) (0.84 g, 61.3%) .
2.2.5 Synthesis of (Z)-4-bromo-3-(4-chlorobenzylidene) indolin-2-one (4c)
Fetch 4-bromoindolin-2-one (3a) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol , 0.5 mL
dry pyridine, and 0.56 g (0.0053 mol ) chlorobenzaldehyde. The reaction mixture was refluxed for 6 h. The reaction
was cooled to room temperature, added 20 mL anhydrous ethanol under reduced pressure to remove the solvent.
Using petroleum ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3- (4-chloro
benzylidene) indolin-2-one (4c) (1.55 g, 97.8%).
2.2.6 Synthesis of (Z)-4-bromo-3-(4-chlorobenzylidene)-1-methylindolin-2-one（
（4d）
）
Fetch 4-bromo-1-methylindolin-2-one (3b) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) chlorobenzaldehyde. The reaction mixture was refluxed for 6 h then
cooled to room temperature, added 20 mL anhydrous ethanol under reduced pressure to remove the solvent. Using
petroleum ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3- (4-chloro
benzylidene)-1-methylindolin -2-one (4d) (1.48 g, 96.3%).
2.2.7 Synthesis of (Z)-4-bromo-3-(4-methoxybenzylidene) indolin-2-one (4e)
Fetch 4-bromoindolin-2-one (3a) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol, 0.5 mL
dry pyridine and 0.56 g (0.0053 mol) p-methoxybenzaldehyde. The reaction mixture was refluxed for 6 h then
cooled to room temperature, added 20 mL anhydrous ethanol under reduced pressure to remove the solvent Using
petroleum ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3-(4-methoxy
benzylidene)indolin-2-one (4e) (1.42 g, 98.2%).
2.2.8 Synthesis of (Z)-4-bromo-3-(4-methoxybenzylidene)-1-methylindolin-2-one (4f)
Fetch 4-bromo-1-methylindolin-2-one (3b) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) Methoxybenzaldehyde. The reaction mixture was refluxed for 6 h then
cooled to room temperature, added 20mL anhydrous ethanol under reduced pressure to remove the solvent. Using
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petroleum ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3-(4- methoxy
benzylidene)-1-methylindolin-2-one (4f) (1.46 g, 96.9%).
2.2.9 Synthesis of (Z)-4-bromo-3-(4-isopropylbenzylidene) indolin-2-one (4g)
Fetch 4-bromoindolin-2-one (3a) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol, 0.5 mL
dry pyridine and 0.56 g (0.0053 mol) 4-isopropylbenzaldehyde. The reaction mixture was refluxed for 6 h then
cooled to room temperature, added 20mL anhydrous ethanol under reduced pressure to remove the solvent. Using
petroleum ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3-(4-isopropyl
benzylidene) indolin-2-one (4g) (0.94 g, 57.6%).
2.2.10 Synthesis of (Z)-4-bromo-3-(4-isopropylbenzylidene)-1-methylindolin-2-one (4h)
Fetch 4-bromo-1-methylindolin-2-one (3b) 1.00 g (0.0044 mol) into 50 mL round bottom flask with 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) 4-isopropylbenzaldehyde. The reaction mixture was refluxed for 6 h
then cooled to room temperature, added 20 mL anhydrous ethanol under reduced pressure to remove the solvent.
Using petroleum ether: ethyl acetate = 15:1, 200-300 mesh silica gel column to give (Z)-4-bromo-3-(4-isopropyl
benzylidene)-1-methylindolin -2-one (4h) (1.21 g, 71.7%).
2.3 Biological assay.
Cells (100 µL) were cultured in 96-well plates at a density of 5 × 104 cells/mL for 2 hours( K562) or overnight
(HepG2). Compounds (DMSO solution of 0.5 µL) were added to each well to culture for another 48 hours. MTT
assay was performed using Thermo microplate reader. The DMSO-treated controls were calculated as a cell viability
value of 100%. The IC50 values were obtained by nonlinear regression using GraphPad Prism 4.0. IC50
measurements for each compound were done three times.
RESULTS AND DISCUSSION
3.1 Characterize isatin derivatives by 1H-NMR
3.1.1 (Z)-4-bromo-3-(4-chlorobenzylidene) indolin-2-one (4c) by 1H-NMR
1
H-NMR(DMSO, 400MHz). δ/ppm 10.87(s, 1H), 8.54(d, 1H), 8.10-8.12(d, 2H), 7.49-7.51 (d, 2H), 7.13-7.19（t, 1H）,
7.21(s, 1H), 6.85-6.87(d, 1H).
3.1.2 (Z)-4-bromo-3-(4-chlorobenzylidene)-1-methylindolin-2-one (4d) by 1H-NMR
1
H-NMR(DMSO, 400MHz). δ/ppm8.60(d, 1H), 8.10-8.12(d, 2H), 7.49-7.52(d, 2H), 7.25-7.28 (d, 1H), 7.22(s, 1H),
7.05-7.07 (t, 1H), 3.32(s, 3H).
3.1.3 (Z)-4-bromo-3-(4-methoxybenzylidene)indolin-2-one (4e) by 1H-NMR
1
H-NMR(DMSO, 400MHz). δ/ppm 10.82(s, 1H), 8.60(s, 1H), 8.28-8.30(d, 2H), 7.17-7.20 (d, 1H), 7.09-7.13(t, 1H),
7.02-7.04(d, 2H), 6.84-6.86(d, 1H), 3.85(s, 3H).
3.1.4(Z)-4-bromo-3-(4-methoxybenzylidene)-1-methylindolin-2-one (4f) by 1H-NMR
1
H-NMR (DMSO, 400MHz). δ/ppm 8.64(s, 1H), 8.29-8.31(d, 2H), 7.18-7.26(m, 2H), 7.02-7.05 (d, 3H), 3.85(s, 3H),
3.32(s, 3H).
3.1.5 (Z)-4-bromo-3-(4-isopropylbenzylidene) indolin-2-one (4g) by 1H-NMR
H-NMR(DMSO, 400MHz). δ/ppm 10.83(s, 1H), 8.59(s, 1H), 8.08-8.10(d, 2H), 7.32-7.34(d, 2H), 7.18-7.21(d, 1H),
7.11-7.15(t, 1H), 6.85-6.87(d, 1H), 2.93-2.96(m, 1H), 1.22-1.24(d, 6H).

1

3.1.6(Z)-4-bromo-3-(4-isopropylbenzylidene)-1-methylindolin-2-one (4h) by 1H-NMR
H-NMR(DMSO, 400MHz). δ/ppm 9.96(s, 1H), 8.63(s, 1H), 8.09-8.11(d, 2H), 7.82-7.84 (d, 1H), 7.46-7.48(d, 1H),
7.32-7.34 (d, 2H), 7.21-7.26(m, 2H), 7.03-7.04(d, 2H), 2.93-2.96(m, 1H), 1.22-1.24(d, 6H).
1

3.2 Anticancer activity assay.
All the above compounds were tested for their in vitro anticancer activity against K562 and HepG2 cells by MTT
based assay. The results were presented in Table 1. MTT results suggests that larger groups at the 3-position could
increase the antitumor potency.
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Table 1 Inhibition Activity of isatin derivatives
Tested cells
HepG2
K562

1
>10
>10

2
>10
>10

4a
>10
>10

Compounds (IC50, µM)
4b
4c
4d
4e
>10 >10 5.47 >10
>10 8.69 >10 >10

4f
>10
>10

4g
4.39
6.18

4h
>10
>10

CONCLUSION
Here we reported design, synthesis and biological evaluation of a series of 3-benzylidene 4-Bromo isatin derivatives.
When we substituted the 3-position of the 4-Bromo isatin, we found that different group has a great influence on the
result. After we have done the parallel experiment using chlorobenzaldehyde, p-methoxybenzaldehyde, and
4-isopropylbenzaldehyde we found the different substituent did not influence reaction yield.
According to the results that shown in the table 1, we can concluded that the compounds of 4-Bromo isatin
derivatives have substituted on 3-position, such as compound 4g has better antitumor activity against K562 and
HepG2 cells. So we deduce that the group was substituted by big space branch and 1-position has no group
substituted will have better antitumor activity against K562 and HepG2 cells.
In conclusion, a series of 3-benzylidene 4-bromo isatin derivatives were synthesized and tested for their in vitro
antitumor activity against two strains of cancer cell lines K562, HepG2. The SAR study of these compounds led to
the identification of a new isatin, 4g, as higher potent anticancer compounds with IC50 =4.39 µM, IC50 = 6.18 µM,
against human leukemia HepG2 and K562 cells, respectively. Further chemo-biological study of 4g with regards to
their antitumor pathway and in vivo investigation are ongoing in this laboratory.
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