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ABSTRACT

A series of novel 5-(2-Carboxyethenyl) indole derivatives were designed and synthesized about 38-48% overall
yields. Two of the seven newly synthesized compounds, compound 5 and 7, have not been reported before. Their
structures were characterized on the basis of *H, *C NMR, and those compounds were tested for their anticancer
activities against K562 and HT-29 cell lines. Results indicated that compounds 5, 6 and 7 containing
5-(2-Carboxyethenyl)indole derivatives demonstrated significant anticancer activity against HT-29 cell, their
potency reached 4.67, 8.24 and 6.73 M, respectively.
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INTRODUCTION

The indole ring has been considered as an impontagty found in many pharmacologically active campds

possessing certain biological activities in whicmg studies have been attributed to its anticagifectiveness as
described in the literature [1-3]. In the last saVelecades, increasing numbers of researchers batmindustry

and academia have embarked on the developmentoifdele-based anticancer agents [4-6].

Recently, Lai's group synthesized several N-arftsyll and C-5 N-hydroxyacrylamide indole analogasspotent
histone deacetylase inhibitors[7]. N-1 and C-5 sulied indoles have been referred to as “privitegeguctures” for
plenty of pharmacologically active lead compourndshie drug research and development since thegagable of
binding to many receptors with high affinity [8]. this paper, we developed of new 1, 5-disubstititetble
derivatives to the synthesis and in vitro antituragaluation of N-benzyl and C-(5-(2-Carboxyethersgpstituted
indole derivatives.

EXPERIMENTAL SECTION

2.1 Materials and measurements

All reagents and solvents used in this article wdreeagent grade. Reaction temperatures wereditautrusing oil
bath temperature modulator. Heck coupling reacti@s performed using Biotage microwave reactor. Tayer
chromatography (TLC) was performed using E. Merilcas gel 60 GF254 precoated plates (0.25 mm) and
visualized using a combination of UV and ninhydsoiution exposing. Silica gel (particle size 20@4fesh) was
used for flash chromatograph{d and **C spectra were recorded on Bruker AM-400 NMR speséters in
deuterated chloroform and deuterated DMSO. The w#&nshifts are reported ird (ppm) relative to
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tetramethylsilane as internal standard.

2.2 Synthesisroute of indole derivatives
0

N DMF 75-82% N PdCl(PPhs),, KOAC, DMF N
H R 145 °C, MW, 50% ﬂ
R4
©/;\ ;\ J{ ; 5. Ry=CHj3
FsC HsC Br 7.Ry=CF;

Fig. 1 Synthesisroute of indole derivatives

2.2.1 1-benzyl-5-bromo-1H-indole (1) [9]

To a flask (25 mL) which contained the solution Bfbromo-H-indole (1.00 g, 5.10 mmol) in dry
N,N-Dimethylformamide (5 mL). The reaction temperat was maintained at @ followed by the dropwise
addition sodium hydride (0.24 g, 10.20 mmol). $tgr5 min, was added benzyl chloride (0.77 g, 6xi8ol) and
the mixture allowed warm to room temperature. Tdection mixture was stirred at room temperaturedfor The
orange solution was poured water (25 mL) and etachevith dichloromethane (3 x 100 mL). The combined
extracts were dried over anhydrous magnesium sulfiiitered and evaporated. Chromatography (petrole
ether/ethyl acetate 8:1) afforded the title compmbas white solid (1.16 g, 80%).

2.2.2 1-(4-(trifluoromethyl) benzyl)-5-bromo-1H-indole (2)

To a flask (25 mL) which contained the solution bfbromo-H-indole (1.00 g, 5.10 mmol) in dry
N,N-Dimethylformamide (5 mL). The reaction temperat was maintained at @ followed by the dropwise
addition sodium hydride (0.24 g, 10.20 mmol). 8igr5 min, was added 4-Trifluoromethylbenzyl chitgri(1.19 g,
6.12 mmol) and the mixture allowed warm to room pgenature. The reaction mixture was stirred at room
temperature for 4 h. The orange solution was powaidr (25 mL) and extracted with dichloromethaBex(100
mL). The combined extracts were dried over anhysiranagnesium sulfate, filtered and evaporated.
Chromatography (petroleum ether/ethyl acetate &fbyded the title compound as white solid (1.37%6).

2.2.3 1-(4-methylbenzyl)- 5-bromo-1H-indole (3)

To a flask (25 mL) which contained the solution Bbfbromo-H-indole (1.00 g, 5.10 mmol) in dry
N,N-Dimethylformamide (5 mL). The reaction temperat was maintained at @ followed by the dropwise
addition sodium hydride (0.24 g, 10.20 mmol). 8igr5 min, was added 4-Methylbenzyl chloride (0366.12
mmol) and the mixture allowed warm to room tempaetThe reaction mixture was stirred at room tenaoee for

4 h. The orange solution was poured water (25 mig extracted with dichloromethane (3 x 100 mL). The
combined extracts were dried over anhydrous magnmesiulfate, filtered and evaporated. Chromatography
(petroleum ether/ethyl acetate 10:1) afforded itteedcompound as white solid (1.17 g, 77%).

2.2.4 1-(4-bromobenzyl)-5-bromo-1H-indole (4)

To a flask (25 mL) which contained the solution Bfbromo-H-indole (1.00 g, 5.10 mmol) in dry
N,N-Dimethylformamide (5 mL). The reaction temperat was maintained at @ followed by the dropwise
addition sodium hydride (0.24 g, 10.20 mmol). 8igr5 min, was added 4-Bromobenzyl bromide (1.53%.§2
mmol) and the mixture allowed warm to room tempaetThe reaction mixture was stirred at room teoee for

4 h. The orange solution was poured water (25 nmg axtracted with dichloromethane (3 x 100 mL). The
combined extracts were dried over anhydrous magnmesiulfate, filtered and evaporated. Chromatography
(petroleum ether/ethyl acetate 10:1) afforded itteedcompound as white solid (1.45 g, 78%).

2.2.5 (E)-methyl 3-(1-(4-methylbenzyl)-1H-indol-5-yl) acrylate (5) [10]

To a microwave reactor vial (5 mL) which contairied solution of 1-(4-methylbenzyl)- 5-bromo-1H-inel¢0.50 g,
1.67 mmol) in DMF (5 mL) were added Bis(triphenydgphine)palladium(ll) chloride (61 mg, 0.09 mmol),
CH;COOK (0.23 g, 2.33 mmol) and Methyl acrylate (0.482.00 mmol) under the atmosphere of Ar. The
microwave reactor vial was caped and placed irganticrowave cavity. The reaction mixture was ireaeld at high
level for 1 h at 150C. The reaction mixture was cooled to room tempeeatinen poured onto 100 mL ice-water
and then extracted with dichloromethane (3x100 rithe combined organic layers were washed with w@bet00
mL), brine (100 mL) and dried over anhydrous magmassulfate. The solvent was removed under vacuam t
afford the crude which was purified by flash colustmomatography (silica gel, petroleum ether/etigdtate 5:1)

to yield the desired compound (E)-methyl 3-(1-béiiy-indol-5-yl)acrylate (5) (0.25 g, 50%).
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2.2.6 (E)-methyl 3-(1-benzyl-1H-indol-5-yl) acrylate (6)

To a microwave reactor vial (5 mL) which contairthé solution of 1-benzyl- 5-bromo- 1H-indole (0.§01.75
mmol) in DMF (5 mL) were added Bis(triphenylphospdjipalladium(ll) chloride (60 mg, 0.09 mmol), gEOOK
(0.24 g, 2.45 mmol) and Methyl acrylate (0.18 d,02mmol) under the atmosphere of Ar. The microwaagetor
vial was caped and placed into the microwave caVibe reaction mixture was irradiated at high lefeel1 h at
150 C. The reaction mixture was cooled to room tempeeatpoured onto 100 mL ice-water and then extracted
with dichloromethane (3x100 mL). The combined oigdayers were washed with water (2x100 mL), biih@0
mL) and dried over anhydrous magnesium sulfate. §dleent was removed under vacuum to afford theleru
which was purified by flash column chromatographilida gel, petroleum ether/ethyl acetate 6:1) igdythe
desired compound (E)-methyl 3-(1-benzyl-1H-indofscrylate (6) (0.32 g, 61%).

2.2.7 (E)-methyl 3-(1-(4-(trifluoromethyl) benzyl)-1H-indol-5-yl)acrylate (7)

To a microwave reactor vial (5 mL) which containgde solution of 5-bromo-1-(4-(trifluoromethyl)
benzyl)-1H-indole (0.50 g, 1.41 mmol) in DMF (5 miwere added Bis(triphenylphosphine)palladium(ll)ocide
(50 mg, 0.07 mmol), CKCOOK (0.19 g, 1.98 mmol) and Methyl acrylate (0gl3.69 mmol) under the atmosphere
of Ar. The microwave reactor vial was caped anccqdainto the microwave cavity. The reaction mixtuwas
irradiated at high level for 1 h at 15Q. The reaction mixture was cooled to room tempeeatpoured onto 100
mL ice-water and then extracted with dichloromethé@x100 mL). The combined organic layers were wdshith
water (2x100 mL), brine (100 mL) and dried overyrbus magnesium sulfate. The solvent was remowelgru
vacuum to afford the crude which was purified tBsf column chromatography (silica gel, petroleune@éthyl
acetate 5:1) to yield the desired compound (E)-ye2H1-(4-(trifluoromethyl)benzyl)-1H-indol-5-ylYaylate (7)
(0.27 g, 53%).

2.3 Biological assay [11].

Cells (100puL) were cultured in 96-well plates at a density & x 1¢ cells/mL for 2 hours(K562) or overnight
(HT-29). Compounds (DMSO solution of Oub) were added to each well to culture for anoth@h4 MTT assay
was performed using Thermo microplate reader. TMSD-treated controls were calculated as a celliMalvalue
of 100%. The IG, values were obtained by nonlinear regression uSirepphPad Prism 4.0. §&measurements for
each compound were done three times.

RESULTSAND DISCUSSION

3.1 Characterizeisatin derivativesby 'H and *C NMR.

3.1.1 1-benzyl-5-bromo-1H-indole (1).

H NMR (CDCl 400 MHz):5/ppm 5.35 (s, 2H), 6.51 (s, 1H), 7.05-7.07 (d, 1H:8.4 Hz); 7.13-7.14 (d, 3H, =
7.6 Hz), 7.24 (m, 2H), 7.53-7.55 (d, 2B1=8.0 Hz); 7.81 (s, 1H)~C NMR (100 MHz, CDG}) 5 51.12, 110.23,
112.05, 112.05, 118.57, 120.12, 121.28, 123.44,662927.83, 127.83, 129.31, 129.58, 129.58, 135.41

3.1.2 1-(4-(trifluoromethyl)benzyl)-5-bromo-1H-indole (2).

'H NMR (CDC} 400 MHz):8/ppm 5.35 (s, 2H), 6.52 (s, 1H), 7.05-7.07 (d, IH8.4 Hz); 7.13-7.15 (d, 3H} =
7.6 Hz), 7.24 (m, 1H), 7.53-7.55 (d, 281=8.0 Hz); 7.78 (s, 1H)*C NMR (100 MHz, CDGCJ) 5 50.68, 110.01,
111.86, 111.86, 117.86, 120.02, 122.12, 124.13.4B2424.96, 127.52, 127.52, 128.79, 129.64, 129.88.22.

3.1.3 1-(4-methylbenzyl)- 5-bromo-1H-indole (3).

'H NMR (CDCk 400 MHz):8/ppm 2.32 (s, 2H), 5.36 (s, 2H), 6.53 (s, 1H), 77024 (d, 1HJ =8.4 Hz); 7.10-7.13
(m, 3H), 7.24 (m, 1H), 7.57-7.59 (d, 2B=8.4 Hz); 7.78 (s, 1H)}*C NMR (100 MHz, CDGCJ) 5 26.28, 50.87,
110.11, 110.98, 112.32, 118.56, 121.47, 122.55,782425.61, 128.04, 128.04, 128.82, 129.30, 129.30.85.

3.1.4 1-(4-bromaobenzyl)-5-bromo-1H-indol e (4).

'H NMR (CDC} 400 MHz):5/ppm 5.24 (s, 2H), 6.49 (s, 1H), 6.91-6.93 (d, 21=#8.4 Hz); 7.06-7.11 (m, 2H), 7.24
(m, 1H), 7.40-7.42 (d, 2H] =8.4 Hz); 7.76 (s, 1H)*C NMR (100 MHz, CDGJ)  50.87, 111.12, 112.56, 112.56,
119.03, 120.82, 121.75, 124.01, 125.43, 127.96,96271.30.01, 130.15, 130.15, 135.88.

3.1.5 (E)-methyl 3-(1-(4-methylbenzyl)-1H-indol-5-yl)acrylate (5).

'H NMR (CDCk 400 MHz):8/ppm 2.30 (s, 3H), 3.80 (s, 3H), 5.32 (s, 2H), 863#1 (d, 1H, J =16.0 Hz), 6.58 (s,
1H), 7.09-7.11 (d, 1H, J = 7.6 Hz), 7.15 (s, 1HR5¢7.32 (m, 4H), 7.38-7.41 (d, 1H, J = 8.8 HzB17(m, 1H), 7.83
(d, 1H, J =16.0 Hz).**C NMR (100 MHz, CDG)) & 26.80, 50.87, 52.24, 108.35, 112.30, 117.86, 11922.53,
124.35, 127.56, 127.56, 130.23, 130.36, 130.36,58B371.39.64, 140.11, 142.26, 143.68, 169.54.
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3.1.6 (E)-methyl 3-(1-benzyl-1H-indol-5-yl)acrylate (6).

'H NMR (CDC} 400 MHz):8/ppm 3.78 (s, 3H), 5.39 (s, 2H), 6.36-6.40 (d, 1116.0 Hz), 6.45 (s, 1H), 7.07-7.09
(d, 1H, J = 8.0 Hz), 7.08 (s, 1H), 7.20-7.28 (m)5H36-7.38 (d, 1H, J = 8.0 Hz), 7.78 (d, 1H, 8.6 Hz), 7.80 (d,
1H, J =16.0 Hz).°C NMR (100 MHz, CDGJ) & 51.10, 52.23, 107.44, 111.80, 118.02, 119.43,7&1125.16,
127.89, 127.89, 130.78, 131.04, 131.04, 138.07,124041.36, 142.87, 145.17, 170.04.

3.1.7 (E)-methyl 3-(1-(4-(trifluoromethyl)benzyl)-1H-indol-5-yl)acrylate (7).

'H NMR (CDC} 400 MHz):8/ppm 3.75 (s, 3H), 5.28 (s, 2H), 6.32-6.36 (d, 1H416.0 Hz), 6.41 (s, 1H), 6.97-6.99
(d, 1H, J = 8.0 Hz), 7.01 (s, 1H), 7.18-7.25 (m)4H28-7.30 (d, 1H, J = 8.0 Hz), 7.65 (d, 1H, 8.6 Hz), 7.67 (d,
1H, J =16.0 Hz), ®*C NMR (100 MHz, CDG))  52.03, 52.45, 108.22, 112.03, 119.14, 120.25,6122124.87,
125.78, 128.43, 128.43, 131.02, 131.75, 131.75,8837139.38, 140.89, 141.54, 143.64, 168.99.

3.2 Anticancer activity assay.
Seven synthesized compounds which were dissolvdiriethylsulphoxide were subjected to anticancéwviag by
MTT assay[11]. The observedd@ralue is presented ihable 1.

As shown inTable 1, compoundd, 2, 3 and4 did exhibit certain inhibitory activities agairshth K562 and HT-29
cell lines, which might come from the N-benzyl goswof its mother nuclear structure. In order toriowing the
inhibitory activities, compounds, 6 and7 were designed and tested. Compoufid® and7 exhibited much better
inhibitory activities against HT-29 cell lines. FdT-29, their potency reached 4.67, 8.24 and @M3respectively,
which mean the lipophilic enhancement of the N-lykmroup and C-(5-(2-Carboxyethenyl) group did i
their inhibitory capability.

Table 1 In vitro anticancer activity of the compounds 1-7

ICse(nM)
1 2 3 4 5 6 7
K562 >10 >10 >10 >10 >10 >10 >10
HT-29 >]10 >10 >10 >10 4.67 8.24 6.73

compound

CONCLUSION

In summary, we have described synthetic approacprépare the novel anticancer compoubd$ and 7 via
microwave-assistant Heck coupling reaction as thg &eps in 38-48% overall yield. The newly synirexs
compounds were also tested for the antitumor diegtsviagainst K562 and HT-29 cell lines. Among them,
compounds, 6 and7 demonstrated even better anticancer activity ag&ii-29 cells than that of compounti<,

3, and 4. Compound>5, as highly potent anticancer compound withgl€ 4.67 uM, against HT-29. Further
modification and SAR studies based on the lead cumg7 are ongoing in this lab.
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