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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. Sx of the eight newly synthesized compounds have not been
reported before. Their structures were characterized by *H-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 idestified in many organisms and possesses vaoéty
biological activities[1-2]. It was reported that 6-bromo isatin exhibditanticancer activity against a human
lymphoma cell line. And the 4-Bromo isatin deriva possess a wide range of pharmacological aetvénd
biological activities [3-4], such as anticanf®; antibacterial [6-7], anti-inhibitor, anticonlgant, anti-fungal [8-9]
and sedative-hypnotifl0-12], et al [13-16]. Recently Hoyun Lee’s resdargroup has studied a series of
thiazolidinone’s pharmacological effects and fourmlit that bromo group in the 4th position of
1-diethylaminomethyl-1H-indole-2,3-dione leads ta dncrease in cytotoxic activity on MDA-MB231,
MDA-MB468, and MCF7 cells and this compound’s cgtat activity on cancer cells was 5.6-fold to 14oid
higher than non-cancer cells [17]. But the systé@aly study on 3-benzylidene-4-bromo indolin-2-atherivatives
have not been reported yet.

Because the 4-Bromo isatin derivatives exhibiteshynzharmacological properties, therefore, it isnemportant to
further study the origin of the side-effects andedlep new generation of low toxic isatin derivasu® extend the
application of this very potent natural productieericer drug.

As part of our research program on the SAR studgaifn derivatives’ anticancer property, hereinwauld like to

report the synthesis and antitumor activity of aeseof 3-benzylidene 4-Bromo isatin derivativesaiagt two
human cancer cell lines, including human leukenB&X% and human liver cancer HepG2.
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EXPERIMENTAL SECTION

2.1 Materials and measurements

Used in this article, all reagents and solventsevedranalytical grade. The reaction temperatur@roboses the oil
bath temperature modulator. Thin layer chromatdaya{dLC) with silica gel 60 GF254 E.Merck precoatadtes
(0.25 mm) was visualized using UV. 0.1 for flashrarhatography on silica gel (particle size 100-200
mesh)!H-NMR spectra were recorded on Bruker AM-400 NMReatpometers in deuterated chloroform and
deuterated DMSO. The chemical shifts are reportédppm) relative to tetramethylsilane as internahsiard.

2.2 Chemistry

Fig .1 showed synthesis route of the target comgeuGompoun@ is 3-bromoaniline synthesized from compound
1 by the methylation reaction of iodide, hydrazinegive compound, compound through aldol condensation of
compound4:
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Reagents and conditions: (i)Na,SO4,NH,O0H;CCI3CH(OH), ;(ii)conc.H,SOy ;(iil)CH3l, DMF;
(VilNH,NHy H,O Ethanol; (v)benzaldehyde Ethanol

Fig 1: synthesisroute 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 560 round bottom flask with 250 mL water. Dried ove
anhydrous sodium sulfate 31.78 g (0.22 mol) andrdwydamine hydrochloride 6.62 g (0.096 mol) wereded
under stirring, then add 2 mol / L hydrochloricdaspblution 5 mL, stir at room temperature for 5 pfinally add
chloral hydrate 5.30 g (0.032 mol). The reactionxtore was stirred at room temperature for 15 mimd ¢hen
reacted at 90C for 2 h. The reaction was monitored by TLC aftdr & confirm whether the starting material was
disappeared, then cooled to room temperaturesddtedried in vacuum to give a yellow solid 6.80 g.

ii; Fetch 20 mL concentrated sulfuric acid into 1®Q round bottom flask. The yellow solid 6.80 g waewly
added to concentrated sulfuric acid at’GQand then reacted for 30 min at €5 The reaction was cooled to room
temperature then poured into ice-water mixturerestifor 30 min. Suction filtration as a red solds dried under
vacuum oven to give 4-bromoindolione-2, 3-dig¢hg(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-diongl) 2.00 g (0.0088 mol) into 50 mL round bottom flagith 6 mL N,
N-dimethylformamide. Until dissolved, sodium hyd¥i®.63 g (0.026 mol) and 1.88 g (0.013 mol) ioddrare
were slowly added into the ice bath then reacted4ftr at room temperature. When the reaction coteplethe
reaction mixture was added 15 mL water, collectgdiltration, to give 4-bromo-1-methylindoline-2;done (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-dion@l) 2.00 g (0.0088 mol) into 50 mL round bottom flagith 6 mL N,
N-dimethylformamide. Until dissolved, sodium hydri®.63 g (0.026 mol) and 1.88 g (0.013 mol) ioddaeé
were slowly added into the ice bath then reacted@h temperature for 4 h. When the reaction waspteted, the
reaction mixture was added 15 mL water. Precipitae collected by filtration to give 4-bromo-indal®mne 2.00 g
(0.0083 moal). It was put into 50 mL round bottorask with 15 mL anhydrous ethanol and 0.62 g (0100 85%
hydrazine hydrate to reflux for 3 h. The reactioaswcooled to room temperature and added 0.30 girsodi
hydroxide to reflux for another 3 h., When the teac was complete, the reaction mixture was poured
ice-water mixture, then the precipitate was co#ldctby filtration and dried under vacuum to give
4-bromoindolin-2-ong3a) (1.60 g, 91.3%).

2.2.4 Synthesis of 4-bromo-1-methylindolin-2-one (3b)

Fetch 4-bromo-1-methylindoline-2,3-dioi§2) 2.00 g (0.0088 mol) into 50 mL round bottom flaskhwé mL N,
N-dimethylformamide. Until dissolved, sodium hydri®.63 g (0.026 mol) and 1.88 g (0.013 mol) ioddaee
were slowly added into the ice bath then reacted@n temperature for 4 h. The reaction mixture added 15 mL
water then precipitate was collected by filtratiorgive 1 - methyl - 4 - bromo-indole-dione 2.0Q0g0083 mol). It
was put into 50 mL round bottom flask with 15 mLhgdrous ethanol and 0.62 g (0.010 mol) 85% hydezin
hydrate, to reflux for 3 h. The reaction was cooledoom temperature then added 0.30 g sodium kigato
reflux for another 3 h. The reaction mixture wasingal into ice-water mixture, then the precipitagswollected by
filtration and dried under vacuum to give 4-bromméthylindolin-2-ong3b) (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-onga) 1.00 g (0.0044 mol) into 50 mL round bottom flagikh 10 mL ethanol , 0.5 mL
dry pyridine, and 0.56 g (0.0053 mol ) benzaldehyidee reaction mixture was refluxed for 6 h. Thacteon was
cooled to room temperature, added 20 mL anhydrthemel under reduced pressure to remove the solisitg
petroleum ether: ethyl acetate = 15:1, 200-300 n&hkta gel column to give (Z)-4-bromo-3-benzyligeh,
3-dihydro-indol-2-ong4a) (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-or{8b) 1.00 g (0.0044 mol) into 50 mL round bottom flagikh 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) benealgte. The reaction mixture was refluxed for 6dmthooled to
room temperature, added 20 mL anhydrous ethanarurdiuced pressure to remove the solvent. Usitrglpem
ether: ethyl acetate = 15:1, 200-300 mesh silich agdumn to give (Z)-4-bromo-3-benzylidene- 1-mdthy
-1,3-dihydro-indol-2-oné4d) (0.84 g, 61.3%) .

2.2.5 Synthesis of (Z)-4-bromo-3-(4-chlorobenzylidene) indolin-2-one (4c)

Fetch 4-bromoindolin-2-onga) 1.00 g (0.0044 mol) into 50 mL round bottom flagikh 10 mL ethanol , 0.5 mL
dry pyridine, and 0.56 g (0.0053 mol ) chlorobedehlyde. The reaction mixture was refluxed for @He reaction
was cooled to room temperature, added 20 mL ankrgdethanol under reduced pressure to remove thergol
Using petroleum ether: ethyl acetate = 15:1, 200-8@&sh silica gel column to give (Z)-4-bromo-3-cfdlero
benzylidene) indolin-2-onglc) (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-or{8b) 1.00 g (0.0044 mol) into 50 mL round bottom flagikh 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) chleenbaldehyde. The reaction mixture was refluxedéfdr then
cooled to room temperature, added 20 mL anhydrthenel under reduced pressure to remove the solusitg
petroleum ether: ethyl acetate = 15:1, 200-300 msitha gel column to give (Z)-4-bromo-3- (4-chloro
benzylidene)-1-methylindolin -2-or{éd) (1.48 g, 96.3%).

2.2.7 Synthesis of (Z)-4-bromo-3-(4-methoxybenzylidene) indolin-2-one (4¢€)

Fetch 4-bromoindolin-2-ong8a) 1.00 g (0.0044 mol) into 50 mL round bottom flagkh 10 mL ethanol, 0.5 mL
dry pyridine and 0.56 g (0.0053 mol) p-methoxybdaehyde. The reaction mixture was refluxed for éhbn
cooled to room temperature, added 20 mL anhydrthenel under reduced pressure to remove the solysing
petroleum ether: ethyl acetate = 15:1, 200-300 meiba gel column to give (Z)-4-bromo-3-(4-methoxy
benzylidene)indolin-2-ongle) (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-or{8b) 1.00 g (0.0044 mol) into 50 mL round bottom flagikh 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) Methbegzaldehyde. The reaction mixture was refluxedsfarthen
cooled to room temperature, added 20mL anhydrduenet under reduced pressure to remove the solsitg
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petroleum ether: ethyl acetate = 15:1, 200-300 m&ifba gel column to give (Z)-4-bromo-3-(4- metlyox
benzylidene)-1-methylindolin-2-or(df) (1.46 g, 96.9%).

2.2.9 Synthesis of (Z)-4-bromo-3-(4-isopropylbenzylidene) indolin-2-one (4g)

Fetch 4-bromoindolin-2-ong8a) 1.00 g (0.0044 mol) into 50 mL round bottom flagith 10 mL ethanol, 0.5 mL
dry pyridine and 0.56 g (0.0053 mol) 4-isopropylb@idehyde. The reaction mixture was refluxed fan €hen
cooled to room temperature, added 20mL anhydrduenet under reduced pressure to remove the solusirg
petroleum ether: ethyl acetate = 15:1, 200-300 m&ifba gel column to give (Z)-4-bromo-3-(4-isopybp
benzylidene) indolin-2-onglg) (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-or{@b) 1.00 g (0.0044 mol) into 50 mL round bottom flagith 10 mL ethanol,
0.5 mL dry pyridine and 0.56 g (0.0053 mol) 4-ismmylbenzaldehyde. The reaction mixture was refluicgds h
then cooled to room temperature, added 20 mL awlwgdethanol under reduced pressure to remove thenso
Using petroleum ether: ethyl acetate = 15:1, 200-8f@sh silica gel column to give (Z)-4-bromo-3-$épropyl
benzylidene)-1-methylindolin -2-or{@h) (1.21 g, 71.7%).

2.3 Biological assay.

Cells (100pL) were cultured in 96-well plates at a density & x 10 cells/mL for 2 hours( K562) or overnight
(HepG2). Compounds (DMSO solution of Qub) were added to each well to culture for anoth@rhéurs. MTT
assay was performed using Thermo microplate reatterDMSO-treated controls were calculated as lavadility
value of 100%. The I§ values were obtained by nonlinear regression usBrgphPad Prism 4.0. ¢
measurements for each compound were done thres.time

RESULTSAND DISCUSSION

3.1 Characterizeisatin derivativesby '"H-NMR

3.1.1 (Z)-4-bromo-3-(4-chlor obenzylidene) indolin-2-one (4c) by *H-NMR

'H-NMR(DMSO, 400MHz).3/ppm 10.87(s, 1H), 8.54(d, 1H), 8.10-8.12(d, 2H3977.51 (d, 2H), 7.13-7.19, 1H),
7.21(s, 1H), 6.85-6.87(d, 1H).

3.1.2 (Z)-4-bromo-3-(4-chlor obenzylidene)-1-methylindolin-2-one (4d) by *H-NMR
'H-NMR(DMSO, 400MHz).8/ppm8.60(d, 1H), 8.10-8.12(d, 2H), 7.49-7.52(d, 2HP5-7.28 (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 (4€) by 'H-NMR
'H-NMR(DMSO, 400MHz).5/ppm 10.82(s, 1H), 8.60(s, 1H), 8.28-8.30(d, 2H)},777.20 (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 *H-NMR
'H-NMR (DMSO, 400MHz) 3/ppm 8.64(s, 1H), 8.29-8.31(d, 2H), 7.18-7.26(m),ZH02-7.05 (d, 3H), 3.85(s, 3H),
3.32(s, 3H).

3.1.5 (Z)-4-bromo-3-(4-isopr opylbenzylidene) indolin-2-one (4g) by *H-NMR
'H-NMR(DMSO, 400MHz).5/ppm 10.83(s, 1H), 8.59(s, 1H), 8.08-8.10(d, 2H3277.34(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)1H22-1.24(d, 6H).

3.1.6(Z)-4-bromo-3-(4-isopropylbenzylidene)-1-methylindolin-2-one (4h) by *H-NMR
'H-NMR(DMSO, 400MHz).8/ppm 9.96(s, 1H), 8.63(s, 1H), 8.09-8.11(d, 2H$277.84 (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),22.93-2.96(m, 1H), 1.22-1.24(d, 6H).

3.2 Anticancer activity assay.

All the above compounds were tested for their tnovanticancer activity against K562 and HepG2schif MTT
based assay. The results were presented in TaM& T.results suggests that larger groups at thesstipn could
increase the antitumor potency.
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Table 1 Inhibition Activity of isatin derivatives

Compounds (16 uM)
1 2 4a 4b 4c 4d 4e Af 4qg 4h
HepG2 >10 >10 >10 >10 >10 5.47 >10 >10 4.39 >10
K562 >10 >10 >10 >10 8.69 >10 >10 >10 6.18 >10

Tested cells

CONCLUSION

Here we reported design, synthesis and biologicallation of a series of 3-benzylidene 4-Bromoaimsderivatives.
When we substituted the 3-position of the 4-Brosadin, we found that different group has a grefiiémce on the
result. After we have done the parallel experimasing chlorobenzaldehyde, p-methoxybenzaldehydé, an
4-isopropylbenzaldehyde we found the different stient did not influence reaction yield.

According to the results that shown in the tablewg, can concluded that the compounds of 4-Bromtnisa
derivatives have substituted on 3-position, suctt@apound4g has better antitumor activity against K562 and
HepG2 cells. So we deduce that the group was sutesti by big space branch and 1-position has naoipgro
substituted will have better antitumor activity agh K562 and HepG2 cells.

In conclusion, a series of 3-benzylidene 4-bronainisderivatives were synthesized and tested feir th vitro
antitumor activity against two strains of cancel lbees K562, HepG2. The SAR study of these commatsuled to
the identification of a new isatidg, as higher potent anticancer compounds wit{y#8.39 uM, IC59= 6.18uM,
against human leukemia HepG2 and K562 cells, réispdc Further chemo-biological study 4§ with regards to
their antitumor pathway ard vivo investigation are ongoing in this laboratory.
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