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ABSTRACT

Isoindolinones have a wide range of biological eitigés, such as antitumor, anticonvulsant and so $ame
isoindolinone derivatives have been studied agwamtir drug molecules. In this paper, we would tikeeport the
design, synthesis and biological activities of aiese of novel 2-benzyl-6-substituted-ethoxy-isoiimdme
derivatives which have not been reported yet. hfdl target compound®<12) were characterized bf4 NMR and
ESI-MS and were tested for their cytotoxicity ugii29, K562, HepG2 cell line. Preliminary resuftosved that
tert-butyl 4-(2-(2-benzyl-3-oxoisoindolin-5-yloxgthyl) piperazine-1-carboxylate1@) demonstrated antitumor
activity against HepG2 cancer cell with ang}©f 5.89 uM .

Key words: Isoindolinone; antitumor; HepG2 cancer cell; $yadis

INTRODUCTION

Isoindolinones, belonging to the alkaloids famiare found in many natural products such as vitedoam,
chilenine, lennoxamine, magallanesine and nuevafii®. These compounds possess a lot of biolbgictvities
such as anxiolytic/anticonvulsant, THnhibitory, antiangiogenic, 5-HT antagonistic/algpressant [7-11], PARP-
1-inhibitory [12], histone deacetylase inhibito&8] and cytotoxicity activity .

Cancer is a global public health problem. The Weétkhlth Organization (WHO) estimates that thereadreut 10
million new cancer patients each year. At preseaincer mortality rate is still on the rise. The stixig

chemotherapy drugs in clinical with the using ofi-@ancer drugs, the resistance of existing chesarathy drugs
have gradually emerged in clinic, thus there isiaent need for new effective anti-cancer drugs.

In this paper, we would like to report the designl aynthesis of novel anticancer isoindolinone\d@gives. The
target compounds9{12) (Fig. 1) were synthesized in eight steps with leoghilic substitution reaction and
cyclization as the key steps. Biological activiggttindicated thaert-butyl 4-(2-(2-benzyl-3-oxoisoindolin-5-yloxy)
ethyl) piperazine-1-carboxylatd 1) has a micromolar I§ value against HepG2 cell.
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Fig. 1 Structures of compounds 9-12
EXPERIMENTAL SECTION

2.1 Material and measurements

All reagents and solvents used in this paper wereagent grade. Reaction temperatures were ctadraking oil
bath temperature modulator. Thin layer chromatdgyadéLC) was performed using E. Merck silica gel G6,s4
precoated plates (0.25 mm) and visualized using 8iica gel (particle size 200-400 mesh) was usedflash
chromatography*H NMR spectra was recorded on Bruker AM-400 NMRcspemeters in deuterated chloroform
or deuterated DMSO. The chemical shifts are repdrté (ppm) relative to tetramethylsilane as internahdtrd.

2.2 Chemistry
The synthetic route of target compou®d$2 was illustrated in Scheme 1.
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Scheme 1. Synthetic route of isoindolinone derivatives
Reagents and conditions: (a) AcOHpB0C; (b) H:SQ, 80TC; (c) CuCN, DMF, 140" (d) Ni, H,, NaOH, 58C; (e) NaH, DMF; (f) BBs; -78 C:;
(9) K2CGs, DMF; (h) K.COs, DMF.

2.2.1 2-Bromo-5-methoxybenzoic acid (2)

To the 3-methoxybenzoic acid (10.0 g, 65.73 mmolacetic acid (70 mL) was added dropwise @1.5 g, 72.3
mmol) at OC. After stirring for 48 h, the mixture was poureda cold water, then collected the precipitateddsol
The compoun@ was obtained by filtration (8.0 g, 53%).
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2.2.2 M ethyl 2-bromo-5-methoxybenzoate (3)

To the compoun@ (8.0 g, 32.78 mmol) in methanol (240 mL) was addedc. HSO, (8.0 mL) dropwise at @,
then the mixture was stirred at ‘80 After 8 h, the solvent was removed under vacuoraftord the crude which
was purified by flash column chromatography (pewoh ether/ethyl acetate 20:1) to afford compo8r@.4 g,
83%).

2.2.3 Methyl 2-cyano-5-methoxybenzoate (4)

Compound3 (4.5 g, 18.36 mmol) was dissolved in dry N,N-Dimdacetamide (25 mL), then CuCN (5.76 g, 64.27
mmol ) was added in portions at@©. The mixture was heated to T@0and stirred for 1 h before cooling to room
temperature. The mixture was filtered, the filtratas diluted with water, extracted with dichlorotmate, dried
with anhydrous sodium sulfate. The solvent was rexdounder vacuum to provide the crude product, lwhias
purified by flash column chromatography (petroleeimer/ethyl acetate 20:1) to afford compodn@.0 g, 53%).

2.2.4 6-M ethoxyisoindolin-1-one (5)

To a solution of compound (1.0 g, 5.23 mmol) in ethanol (10 mL) was adde&3Raney Ni{0.1 g) and the
hydrogen. The mixture was heated to@0stirred for 5 h until the reaction was complet&tie Raney Ni was
removed, then NaOH (1 mol/L) was added dropwisd the# pH was around 8-9. The ethanol was removedeu
vacuum, the mixture was extracted with ethyl aeetdie organic layer was dried and concentrateérwacuum to
give the crude product, which was purified by lil@a®lumn chromatography (petroleum ether/ethylateet:1) to
afford compound (0.6 g, 50%).

2.2.5 2-Benzyl-6-methoxyisoindolin-1-one (6)

To a solution of compoun® (0.1 g, 0.612 mmol) in dry N,N-Dimethylformamide fiL) was added Na{36.0 mg,
1.22 mmol ) at @, then benzyl chloride (93.0 mg, 0.74 mmol) waseatdnd stirred for 0.5 h at room temperature.
The reaction mixture was quenched with aq.,8Hand then extracted with dichloromethane. Thebiglayer was
dried with anhydrous sodium sulfate and concerdrateder vacuum to provide the crude product. Comgd
(110 mg, 71%) was obtained by flash column chrograehy (petroleum ether/ethyl acetate 15:1).

2.2.6 2-Benzyl-6-hydroxyisoindolin-1-one (7)

Compoundb6 (0.2 g, 0.78 mmol) was dissolved in dry £H (20 mL), BBg (0.59 g, 2.37mmol) was then added

slowly at -78C, stirred over night at room temperature. After ptetion of the reaction, the mixture was quenched
with methanol. Removal of organic solvent under wew gave a residue that was purified by column
chromatography (petroleum ether/ ethyl acetateloliomethane 1:1:1) to provide compoun(D.15 g, 80%).

2.2.7 2-Benzyl-6-(2-chlor oethoxy) isoindolin-1-one (8)

To a solution of compound (0.1 g, 0.42 mmol) in dry N, N-dimethylformamid2 (hL) was added potassium
carbonate (0.17 g, 1.25 mmol), stirred for 10 ntiren 1-bromo-2-chloroethane (0.9 g, 0.63 mmol) wdded,
stirred for another 12 h at 90 the mixture was diluted with brine, extractedhmitichloromethane, the organic
layer was combined, dried with anhydrous sodiurfasell concentrated under vacuum, providing comp@ufti11
0, 87%) by column chromatography (petroleum ethieyleacetate 10:1).

2.2.8 2-Benzyl-6-(2-mor pholinoethoxy) isoindolin-1-one (9)

To a solution of compouné (0.11 g, 0.36 mmol) in dry N, N-dimethylformamid2 mL) was added potassium
carbonate (0.15 g, 1.09 mmol), stirred for 10 ritien morpholine (0.5 g, 0.55 mmol) was added,estifor another

2 h at 80C, the mixture was diluted with brine, extractedhnitichloromethane, the organic layer was combined,
dried with anhydrous sodium sulfate, removal o¥/ent under vacuum to provide a residue which wagied by
column chromatography (petroleum ether/ethyl aeetat) to give compoun@ (0.08 g, 75%).

2.2.9 2-Benzyl-6-(2-(pyrrolidin-1-yl) ethoxy) isoindolin-1-one (10)
Compoundl0 was obtained (0.1 g, 62%) by the method the saw®mpound®.

2.2.10 Tert-butyl 4-(2-(2-benzyl-3-oxoisoindolin-5-yloxy) ethyl) piperazine-1-car boxylate (11)
Compoundll was obtained (0.12 g, 40%) by the method the ses@®mpoun®.

2.2.11 2-Benzyl-6-(2-(piperazin-1-yl) ethoxy) isoindolin-1-one (12)

To a solution of compountil (0.1 g, 0.22 mmol) in dry dichloromethane (4 mLasaadded trifluoroacetic acid (1
mL) slowly, stirred for 2 h, then added agq. NaOH/{ldropwise to adjust the pH to 7-8 following ditud with
brine, extraction with dichloromethane. The comHbir@ganic layer was dried with anhydrous sodiunfase)
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concentrated, and purified by column chromatogrgplighloromethane/methanol 1:1) to give compo@ad0.05 g,
649%).

2.3 Biological assay

The antiproliferative effect of these compounds determined against K562, HepG2 and HT-29 celladigg MTT
assay. The cells were diluted to a density of B%c&lls/mL and added 1Q0. to each well of the 96-well plates with
a multichannel pipet, After incubating for 24 hqu@s5 pL compounds were added and then cells were further
incubated for 48 hours (final concentrations ofreaempound: 0.1, 0.3, 1, 3 and @B1). The culture plates were
incubated for 4 h after which 200 MTT was added to each well, then the medium weneoved from the wells and
100 uL DMSO added into each well. After leaving for fugt 10 min to dissolve the formazan crystals forntbd
optical density (OD) was measured at 490 and 630Get viability was calculated from measuremerft©B value
according to the corresponding formula and a graiiotted of Cell viability (y-axis) against dregncentration (x-
axis). The inhibitory concentration by 50% §{}Cvalues of sample compounds toward test cell jemaliion were
presented in Table 1.

RESULTSAND DISCUSSION

3.1 Characterization of compounds 2-12 by 'H-NMR

3.1.1 2-Bromo-5-methoxybenzoic acid (2)

'H NMR (CDC} 400 MHz):8/ppm 3.78 (s, 3H), 7.04-7.01 (m, 1H), 7.25fd2.8, 1H), 7.58 (dJ=8.8, 1H), 13.35(s,
1H).

3.1.2 M ethyl 2-bromo-5-methoxybenzoate (3)
'H NMR (CDCL 400 MHz):8/ppm 3.80 (s, 3H), 3.93 (s, 3H), 6.89-6.86 (m, 1HR0(d,J=2.8, 1H), 7.50 (dJ=9.2,
1H).

3.1.3 Methyl 2-cyano-5-methoxybenzoate (4)
'H NMR (CDCkL 400 MHz):8/ppm 3.92 (s, 3H), 4.00 (s, 3H), 7.15-7.12 (m, TH$1(d,J=1.6, 1H), 7.72 (d)=8.8,
1H).

3.1.4 6-M ethoxyisoindolin-1-one (5)
'H NMR (d-DMS0400 MHz):8/ppm 3.81 (s, 3H), 4.28 (s, 2H), 7.17-7.14 (m, ZH$7-7.45(m, 1H).

3.1.5 2-Benzyl-6-methoxyisoindolin-1-one (6)
'H NMR (CDCkL 400 MHz):8/ppm 3.89 (s, 3H), 4.22 (s, 2H), 4.82 (s, 2H), 77108 (m, 1H), 7.40-7.26(m, 7H).

3.1.6 2-Benzyl-6-hydroxyisoindolin-1-one (7)
'H NMR (CDCEL400 MHz):8/ppm 4.23 (s, 2H), 4.69 (s, 2H), 7.05-6.97 (m, TH)6(s, 1H), 7.29-7.24(m, 3H), 7.36-
7.32(m, 3H), 9.74(s, 1H).

3.1.7 2-Benzyl-6-(2-chlor oethoxy) isoindolin-1-one (8)
'H NMR (CDCL 400 MHz):8/ppm 3.66 (tJ=6.0Hz, 1H), 3.84(t)=5.6Hz, 1H), 4.20 (s, 2H), 4.30@55.6Hz, 1H),
4.36(t,J=6.0Hz, 1H),4.80(s, 2H), 7.14-7.11(m, 1H), 7.329(8, 5H), 7.35-7.32(m, 1H), 7.37-7.35(m, 1H).

3.1.8 2-Benzyl-6-(2-mor pholinoethoxy) isoindolin-1-one (9)
'H NMR (CDCk 400 MHz):8/ppm 2.60-2.58 (m, 4H), 2.83 @,= 5.6 Hz, 2H), 3.74 (1) = 4.8 Hz, 2H), 4.18-4.16
(m, 4H), 4.78 (s, 2H), 7.09-7.07 (m, 1H), 7.37-7(&% 7H).

3.1.9 2-Benzyl-6-(2-(pyrrolidin-1-yl) ethoxy) isoindolin-1-one (10)
H NMR (CDCk 400 MHz):8/ppm 1.85-1.82 (m, 4H), 2.66 (m, 4H), 2.96Jt 5.6 Hz, 2H), 4.20-4.18 (m, 4H),
4.81 (s, 2H), 7.14-7.16 (m, 1H), 7.40-7.29 (m, 6H%0(d,J = 2.4 Hz, 1H).

3.1.10 Tert-butyl 4-(2-(2-benzyl-3-oxoisoindolin-5-yloxy) ethyl) piperazine-1-car boxylate (11)
'H NMR (CDCk 400 MHz):8/ppm 1.46 (s, 9H), 2.55-2.52 (m, 4H), 2.85)& 5.6 Hz, 2H), 3.47-3.45 (m, 4H),
4.18 (t,J = 5.6 Hz ,2H), 4.20 (s, 2H), 4.80 (s, 2H),7.1017(th, 1H), 7.33-7.26(m, 7H).

3.1.11 2-Benzyl-6-(2-(piperazin-1-yl) ethoxy) isoindolin-1-one (12)

'H NMR (CDCL400 MHz):8/ppm 2.50-2.46 (m, 4H), 2.69 (=5.6Hz, 2H), 2.76-2.75 (m, 4H), 4.15 Jt= 5.6Hz ,
2H), 4.28 (s,2H), 4.72 (s, 2H), 7.17-7.14 (m, 1HR7-7.22 (m, 6H), 7.29 (d=7.2 Hz ,1H).
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3.2 Anticancer activity assay
The target compound8-12) were tested for their in vitro anticancer activdigainst K562, HepG2 and HT-29 cells
by MTT based assay. The results were listed ind ablCompound$l showed obvious activity against HepG2 cell.

Tablel. Inhibition Activity of the compoun@-12

Samples (IGpuM)
9 10 11 12
K562 >10 >10 >10 >10
HepG2 >10 >10 5.89 >10
HT-29 >10 >10 >10 >10

Tested cell

CONCLUSION

In summary, we report the design and synthesis séraes of novel isoindolinone derivatives. Thaictures of
these targets compounds and all of intermediates v@nfirmed by'H NMR. Biological activity test indicated that
compoundll has good antitumor activity against HepG2 cellotder to improve the antitumor activity, further
modification base on compourdd was undergoing in our lab.
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