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Abstract. An effortless synthetic route has been developed for the synthesis of a new class of aminoquino-
line substituted isoindolin-1,3-diones from regio-isomerical hydrazinylquinolines with phthalic anhydride in
presence of Eaton’s reagent. DNA binding studies of selected isomeric compounds showed interaction with
DNA via intercalation mode with higher binding affinity of 4-substituted quinolines rather than 2-substituted
counterparts. Further, all compounds were screened for cytotoxic activity against three human cancer cell lines,
among them compound 2c outranged standard doxorubicin against CCRF-CEM cell line.
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1. Introduction

Nitrogen containing heterocyclic compounds are re-

nowned as significant biologically active agents in

medicinal chemistry.1 Aminoquinolines have emerged

as one of the major therapeutic agents in malarial treat-

ment, such as chloroquine and amodiaquine,2 which

were frontline antimalarial drugs used for several de-

cades. The well-known aminoquinoline scaffold, chlo-

roquine, has recently been in focus due to its potential

biological effects on cancer cells, such as the inhibition

of cell growth and/or induction of cell death in human

lung cancer A549 cells, glioma cells, human breast can-

cer cells, and mouse colon cancer CT29 cells resulting

in anticancer effects.3 Nevertheless, empirical screening

continues to be essential for discovering such amino-

quinoline derived compounds with potent anticancer

activity.4 Cyclic imides are another important class

of compounds because of their wide range of interest-

ing biological properties.5 Among the existing various

N-substituted cyclic imides, isoindolin-1,3-dione deriv-

atives have been identified as one of the most promising

scaffold, which contain the general structure –CO-

N(R)-CO-, so that they are hydrophobic and neutral,

and can therefore cross biological membranes in vivo.6

∗For correspondence

As shown in figure 1, by introduction of nitrogen-

containing heterocycle into the isoindolin-1,3-diones

(1, 2), they are found to exhibit potent antibacterial and

antifungal activities6,7 and as potential antitumor agent

inhibiting cyclin-dependent kinases (CDKs).8

DNA is a remarkable bioreceptor for a vast number

of small molecules, and it remains a major biological

target for the design of anticancer agents. It is generally

believed that the molecules bind with DNA, and ob-

struct DNA synthesis indirectly, leading to disruption

of hormonal regulation of cell growth which make them

better suited for developing chemotherapeutic agents.9

Therefore, the investigation of small molecules towards

DNA binding properties makes pathway for identify-

ing new anticancer agents. The capability of quinoline

derivatives for DNA binding activity have been exten-

sively studied.10 Quinolines can intercalate DNA du-

plex, for example, amidino-substituted benzo[b]thieno

[2,3-c]quinolones and benzothiazoloquinoline11 have

been studied for their DNA binding properties. Differ-

ent evidences have demonstrated the ability of quino-

lines as potential antitumor agents.12 The antitumor

potential of quinolines against human breast cancer

cells (MCF7), in particular, chloroquine as the most

potent apoptosis inducing agent, has been reported.13

Based on the above significant biological activities
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Figure 1. Bioactive isoindolin-1,3-dione derivatives.

associated with the core units of quinolines and iso-

indolin-1,3-diones, we have been interested to develop

a new synthetic route for the synthesis of quinoline sub-

stituted isoindolin-1,3-diones. Further, we have investi-

gated selective compounds, i.e., compounds with more

aromatic rings for enhanced binding ability with calf

thymus DNA (CT-DNA) due to increased binding affin-

ity of aromatic residues with DNA base pairs14 and in

competitive binding studies with known intercalating

agent ethidium bromide (EB). All the synthesized com-

pounds were screened for in vitro cytotoxicity against

three human cancer cell lines and a few of them exhib-

ited significant cytotoxic activity towards the tested

cancer cell lines.

2. Experimental

2.1 General information

Melting points (M.p.) were determined on a Mettler

FP 51 apparatus (Mettler Instruments, Switzerland) and

are uncorrected. They are expressed in degree centi-

grade (◦C). A Nicolet Avatar Model FT-IR spectropho-

tometer was used to record the IR spectra (4000–400

cm−1). 1H NMR and 13C NMR spectra were recorded

on Bruker AV 500 (500 MHz (1H) and 125 MHz (13C))

and Bruker AV 400 (400 MHz (1H) and 100 MHz

(13C)) spectrometers using tetramethylsilane (TMS) as

an internal reference. The chemical shifts are expressed

in parts per million (ppm). Coupling constants (J) are

reported in hertz (Hz). The terms Jo and Jm refer to

ortho and meta coupling constants. The terms s, d, t,

dd refer to singlet, doublet, triplet and doublet of dou-

blet, respectively, b s refers to a broad singlet. Mass

spectra (MS), were recorded on an Auto Spec EI+

Shimadzu QP 2010 PLUS GC-MS and Perkin Elmer

Clarus 600 (EI) mass spectrometer. Microanalyses were

performed on a Vario EL III model CHNS analyzer

(Vario, Germany) at the Department of Chemistry,

Bharathiar University. Eaton’s reagent was purchased

from Sigma Aldrich. Unless otherwise specified, other

reagents were obtained from commercial suppliers.

When known compounds had to be prepared according

to literature procedures, pertinent references are given.

The purity of the products was tested by TLC with

plates coated with silica gel-G using petroleum ether

and ethyl acetate in the ratio of 50:50 as developing sol-

vents. Columns packed with activated silica gel (60-120

mesh) were used to purify the product.

2.2 General procedure for the preparation of amino-

quinoline substituted isoindolin-1,3-diones 3(a-d) and

4 (a-d)

The respective hydrazinylquinoline (1(a-d)/2(a-d),

0.001 mol) was heated with phthalic anhydride (0.002

mol, 0.296 g) in presence of Eaton’s reagent (1 mL) at

90◦C in heating mantle for 3 h. Then, the reaction mass

was poured to an excess of saturated sodium carbonate

solution (30 mL). The solid obtained was filtered, and

washed with sufficient water and dried. The crude prod-

uct was recrystallized from ethanol to afford amino-

quinoline substituted isoindolin-1,3-diones (3(a-d) and

4(a-d)) in good yield.

2.2a 2-(2′-Chloro-benzo[h]quinolin-4′-ylamino)-iso-

dolin-1,3-dione (3a): White solid; Yield: 91%; M.p.

>300◦C; IR (KBr, cm−1): 3347, 1724; 1H NMR

(CDCl3, 500 MHz): δ 6.61 (s, 1H, C′
3-H), 7.40 (s, 1H,

N-H), 7.67-7.73 (m, 3H, C′
6, C′

8, C′
9-H), 7.81 (d, 1H,

C′
5-H, J = 9.0 Hz), 7.90 (d, 1H, C′

7-H, J = 7.5 Hz),

7.91-8.05 (m, 4H, C4, C5, C6, C7-H), 9.08 (dd, 1H,

C′
10-H, Jo = 7.5 Hz, Jm = 1.5 Hz); 13C NMR (CDCl3,

125 MHz): δ 102.60, 113.48, 116.33, 124.43, 125.26,

127.36, 127.43, 127.64, 128.76, 129.64, 130.55,

133.65, 135.26, 146.71, 150.01, 150.47, 165.48; GC-

MS (EI): m/z (%) 373.07 (100) [M+]; Anal. Calcd.

for: C21H12ClN3O2: C, 67.48; H, 3.24; N, 11.24%.

Found: C, 67.43; H, 3.25; N, 11.27%.

2.2b 2-(2′-Chloro-6′-methyl-quinolin-4′-ylamino)-iso-

indolin-1,3-dione (3b): White solid; Yield: 89%;

M.p. >300′C; IR (KBr, cm−1): 3348, 1721; 1H NMR

(DMSO-d6, 500 MHz): δ 2.54 (s, 3H, C′
6-CH3), 6.89

(s, 1H, C′
3-H), 7.65 (dd, 1H, C′

7-H, Jo = 9.0 Hz, Jm =

1.5 Hz), 7.76 (d, 1H, C′
8-H, J = 8.5 Hz), 7.96-8.03

(m, 4H, C4, C5, C6, C7-H), 8.06 (s, 1H, C′
5-H), 10.01

(s, 1H, N-H); 13C NMR (DMSO-d6, 125 MHz): δ

21.79, 100.25, 116.68, 121.19, 124.23, 128.58, 130.36,

133.19, 135.56, 135.97, 146.36, 150.65, 151.43,

166.15; GC-MS (EI): m/z (%) 337.10 (100) [M+];

Anal. Calcd. for: C18H12ClN3O2: C, 64.01; H, 3.58; N,

12.44%. Found: C, 64.07; H, 3.56; N, 12.41%.
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2.2c 2-(2′-Chloro-8′-methyl-quinolin-4′-ylamino)-iso-

indolin-1,3-dione (3c): White solid; Yield: 90%;

M.p. 278-280◦C; IR (KBr, cm−1): 3363, 1721; 1H

NMR (CDCl3, 500 MHz): δ 2.24 (s, 3H, C′
8-CH3),

7.05 (s, 2H, C′
3-H & N-H), 7.31 (d, 1H, C′

7-H, J =

8.0 Hz), 7.43 (t, 1H, C′
6-H, J = 7.0 Hz), 7.86-8.01

(m, 5H, C4, C5, C′
5, C6, C7-H); 13C NMR (CDCl3, 125

MHz): δ17.47, 108.97, 121.92, 123.29, 123.85, 124.58,

130.38, 131.03, 134.75, 135.47, 144.48, 146.29,

152.41, 166.86; GC-MS (EI): m/z (%) 337.17 (100)

[M+]; Anal. Calcd. for: C18H12ClN3O2: C, 64.01; H,

3.58; N, 12.44%. Found: C, 64.04; H, 3.57; N, 12.42%.

2.2d 2-(2′,6′-Dichloro-quinolin-4′-ylamino)-isoindo-

lin-1,3-dione (3d): White solid; Yield: 89%; M.p.

>300◦C; IR (KBr, cm−1): 3362, 1723; 1H NMR

(DMSO-d6, 500 MHz): δ 7.07 (s, 1H, C′
3-H), 7.84 (dd,

1H, C′
7-H, Jo = 9.0 Hz, Jm = 2.0 Hz), 7.89 (d, 1H, C8-

H, J = 9.0 Hz), 7.96-8.03 (m, 4H, C4, C5, C6, C7-H),

8.42 (d, 1H, C′
5-H, J = 2.5 Hz), 10.22 (s, 1H, N-H); 13C

NMR (DMSO-d6, 125 MHz): δ 101.21, 117.56, 121.58,

124.25, 130.39, 130.95, 131.77, 135.49, 135.54,

146.44, 151.39, 152.12, 165.98; GC-MS (EI): m/z (%)

357.05 (100) [M+]; Anal. Calcd. for: C17H9Cl2N3O2:

C, 57.01; H, 2.53; N, 11.73%. Found: C, 57.06; H,

2.51; N, 11.71%.

2.2e 2-(4′-Chloro-benzo[h]quinolin-2′-ylamino)-iso-

indolin-1,3-dione (4a): White solid; Yield: 89%; M.p.

178-180◦C; IR (KBr, cm−1): 3347, 1721; 1H NMR

(CDCl3, 500 MHz): δ 7.09 (s, 1H, C′
3-H), 7.14 (s, 1H,

N-H), 7.43 (t, 1H, C′
9-H, J = 7.5 Hz), 7.60 (t, 1H,

C′
8-H, J = 7.5 Hz), 7.72 (d, 1H, C′

6-H, J = 9.0 Hz),

7.84 (d, 1H, C′
5-H, J = 9.0 Hz), 7.91-7.93 (m, 2H,

C5, C6-H), 7.99 (d, 1H, C′
7-H, J = 9.0 Hz), 8.03-8.06

(m, 2H, C4, C7-H), 8.62 (dd, 1H, C′
10-H, Jo = 8.0 Hz,

Jm = 1.5 Hz); 13C NMR (CDCl3, 125 MHz): δ 108.37,

120.57, 120.81, 124.11, 124.72, 125.97, 126.59,

127.61, 128.44, 130.16, 130.27, 134.16, 134.88,

144.29, 146.14, 153.82, 166.60; GC-MS (EI): m/z (%)

373.09 (100) [M+]; Anal. Calcd. for: C21H12ClN3O2:

C, 67.48; H, 3.24; N, 11.24%. Found: C, 67.46; H,

3.25; N, 11.23%.

2.2f 2-(4′-Chloro-6′-methyl-quinolin-2′-ylamino)-iso-

indolin-1,3-dione (4b): White solid; Yield: 87%;

M.p. >300◦C ; IR (KBr, cm−1): 3347, 1722; 1H NMR

(DMSO-d6, 500 MHz): δ 2.54 (s, 3H, C′
6-CH3), 6.89

(s, 1H, C′
3-H), 7.65 (dd, 1H, C′

7-H, Jo = 9.0 Hz, Jm =

1.5 Hz), 7.77 (d, 1H, C′
8-H, J = 8.5 Hz), 7.96-8.03

(m, 4H, C4, C5, C6, C7-H), 8.06 (s, 1H, C′
5-H), 10.02

(s, 1H, N-H); 13C NMR (DMSO-d6, 125 MHz): δ

21.78, 100.25, 116.68, 121.19, 124.22, 128.57, 130.35,

133.32, 135.54, 135.97, 146.36, 150.64, 151.43,

169.12; GC-MS (EI): m/z (%) 337.14 (100) [M+];

Anal. Calcd. for: C18H12ClN3O2: C, 64.01; H, 3.58; N,

12.44%. Found: C, 64.07; H, 3.56; N, 12.42%.

2.2g 2-(4′-Chloro-8′-methyl-quinolin-2′-ylamino)-iso-

indolin-1,3-dione (4c): White solid; Yield: 88%; M.p.

269-271◦C; IR (KBr, cm−1): 3348, 1724; 1H NMR

(CDCl3, 500 MHz): δ 2.72 (s, 3H, C′
8-CH3), 6.42 (s,

1H, C′
3-H), 7.35 (t, 1H, C′

6-H, J = 7.5 Hz), 7.44 (s,

1H, N-H), 7.55 (d, 1H, C′
7-H, J = 7.0 Hz), 7.66 (d,

1H, C′
5-H, J = 8.5 Hz), 7.90-8.03 (m, 4H, C4, C5, C6,

C7-H); 13C NMR (CDCl3, 125 MHz): δ 18.44, 101.07,

116.57, 117.35, 124.39, 125.78, 129.64, 130.98,

135.22, 137.35, 147.08, 150.02, 150.06, 165.47; GC-

MS (EI): m/z (%) 337.12 (100) [M+]; Anal. Calcd.

for: C18H12ClN3O2: C, 64.01; H, 3.58; N, 12.44%.

Found: C, 64.03; H, 3.58; N, 12.42%.

2.2h 2-(4′,6′-Dichloro-quinolin-2′-ylamino)-isoindo-

lin-1,3-dione (4d): White solid; Yield: 87%; M.p.

>300◦C; IR (KBr, cm−1): 3347, 1721; 1H NMR

(DMSO-d6, 400 MHz): δ 7.01 (s, 1H, C′
3-H), 7.77 (dd,

1H, C′
7-H, Jo = 8.8 Hz, Jm = 2.0 Hz), 7.82 (d, 1H, C′

8-

H, J = 9.2 Hz), 7.88-7.96 (m, 4H, C4, C5, C6, C7-H),

8.34 (d, 1H, C′
5-H, J = 2.0 Hz), 10.16 (s, 1H, N-H); 13C

NMR (DMSO-d6, 100 MHz): δ 100.72, 117.05, 121.09,

123.77, 129.90, 130.44, 131.29, 135.06, 135.48,

145.94, 150.91, 151.64, 165.51; GC-MS (EI): m/z (%)

357.03 (100) [M+]; Anal. Calcd. for: C17H9Cl2N3O2:

C, 57.01; H, 2.53; N, 11.73%. Found: C, 56.97; H,

2.54; N, 11.75%.

2.3 DNA binding studies

All the experiments involving the binding of com-

pounds with CT-DNA were carried out in double dis-

tilled water with tris (hydroxymethyl)-aminomethane

(Tris, 5 mmol L−1) and sodium chloride (50 mmol

L−1) and adjusted to pH 7.2 with hydrochloric acid. A

solution of CT-DNA in the buffer gave a ratio of UV

absorbance of about 1.9 at 260 and 280 nm, indicating

that the DNA was sufficiently free of protein. The DNA

concentration per nucleotide was determined by absorp-

tion spectroscopy using the molar extinction coefficient

value of 6600 L mol−1 cm−1 at 260 nm. The compounds

were dissolved in a mixed solvent of 5% DMSO and

95% Tris-HCl buffer for all the experiments. Absorp-

tion titration experiments were performed with a fixed



394 Senthil Kumar et al.

concentration of the compounds (25 mmol L−1) while

gradually increasing the concentration of DNA (5-25

mmol L−1). While measuring the absorption spectra,

an equal amount of DNA was added to both the test

solution and the reference solution to eliminate the

absorbance of DNA itself. The same experimental pro-

cedure was followed for emission studies also. Further

support for the complexes binding to DNA via inter-

calation was given through emission quenching experi-

ments. DNA was pretreated with ethidium bromide for

30 min. Then the test solutions were added to this

mixture of EB-DNA, and the change in the fluo-

rescence intensity was measured. The excitation and

emission wavelengths were 515 nm and 603-607 nm,

respectively.

2.4 In vitro cytotoxicity

All the tested cell lines were obtained from Ameri-

can Type Culture Collection. The cells were grown

on 75 cm2 cell culture flasks with RPMI-16 medium

for CCRF-CEM cells and EMEM (Eagle’s minimum

essential medium) for HT29 and MCF7 cells, and sup-

plemented with 10% fetal bovine serum, and 1% peni-

cillin/streptomycin solution (10,000 units of penicillin

and 10 mg of streptomycin in 0.9% NaCl) in a humid-

ified atmosphere of 5% CO2, 95% air at 37◦C. The

cell proliferation assay was carried out using CellTiter

96 aqueous one solution cell proliferation assay kit

(Promega, USA). Briefly, upon reaching about 75-80%

confluency, HT29 (5000 cells per well), MCF7 (5000

cells per well), or CCRF-CEM (40,000 cells per well)

were plated in 96- well microplate in 100 μL media.

After seeding for 72 h, the cells were treated with

50 μmol L−1 compound in triplicate. Doxorubicin

(10 μmol L−1) was used as the positive control. At

the end of the sample exposure period (72 h), 20 μL

CellTiter 96 aqueous solution was added. The plate

was returned to the incubator for 1 h in a humidified

atmosphere at 37◦C. The absorbance of the formazan

product was measured at 490 nm using a microplate

reader. The blank control was recorded by measur-

ing the absorbance at 490 nm with wells containing

medium mixed with CellTiter 96 aqueous solution but

no cells. Results were expressed as the percentage of the

control (without compound set at 100%). The percent-

age of cell survival was calculated as (OD value of cells

treated with the test compound - OD value of culture

medium)/(OD value of control cells - OD value of cul-

ture medium) × 100%. The percentage inhibition was

used to determine the IC50 values. The results are given

as mean ± standard deviation.

3. Results and Discussion

3.1 Chemistry

A new class of aminoquinoline substituted isoindolin-

1,3-diones were synthesized from regioisomers of

hydrazinylquinolines with phthalic anhydride in pres-

ence of Eaton’s reagent (7.7 wt% phosphorus pentoxide

solution in methanesulfonic acid) at 90◦C based on our

previous reported work,15 shown in scheme 1.

The IR spectrum of the compound 3a showed a

strong stretching at 3348 cm−1 due to the presence of

N-H group and a stretching at 1721 cm−1 due to C=O

group. Its 1H NMR spectrum exhibited two singlets at

δ 6.61 and 7.40 due to C′
3-H and N-H protons, respec-

tively. The aromatic protons appeared in the region of δ

7.67-9.08. All the spectral and analytical data revealed

the product as 2-(2′-chloro-benzo[h]quinolin-4′-yl)ami-

no-isoindolin-1,3-dione (3a). The generality of the same

reaction was performed on other 2-chloro-4-hydrazinyl-

quinoline (1b-1d) and 4-chloro-2-hydrazinylquinoline

(2a-2d) with phthalic anhydride to yield the corre-

sponding quinoline substituted isoindolin-1,3-diones

(3b-3d, 4a-4d), table 1.

Scheme 1. Synthesis of aminoquinoline substituted isoindolin-1,3-diones.
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Table 1. Synthesis of aminoquinoline substituted isoindolin-1,3-diones (3(a-d) and 4(a-d)).

Substrates 1/2(a-d)a Product 3(a-d) from 1(a-d) Product 4(a-d) from 2(a-d)

aSubstrate 1a-1d, R1 = Cl, R2 = NHNH2, Substrate 2a-2d, R1 = NHNH2, R2 = Cl.

3.2 DNA binding studies

DNA binding studies are a commonly used preliminary

testing method for antitumor activity of compounds.

It is important to know the type of interaction between

small molecules with double helix demonstrate the

underlying mechanism of binding mode. In general,

the molecules bind with DNA through three different

binding modes, electrostatic, groove and intercalative.

Most of the heteroaromatic molecules exhibit inter-

calative mode of binding with DNA because of the

larger planarity of the compound with extended con-

jugation and the greater stacking interaction between

the compound and base pairs of DNA.16 In order to

describe the mode and efficiency of our newly synthe-

sized compounds with calf-thymus DNA (CT-DNA),

different techniques have been used to study the interac-

tion such as absorption titration, fluorescence titration,

and competitive ethidium bromide (EB) displacement

assay. Compounds binding with DNA through interca-

lation usually cause hypochromism with or without a

small red or blue shift in UV-Visible absorption spectra

because the intercalation mode involves a strong π-π*

stacking interaction between an aromatic chromophore

and the base pairs of DNA.17

The absorption spectra of tested compounds 1a-4a

(figure 2), in the absence and presence of CT-DNA have

shown that increase in the concentration of CT-DNA to

tested compounds causes hypochromism of various per-

centage (20-52% with 1-3 nm). Among the tested com-

pounds, 3a showed larger hypochromism than other

compounds which revealed that it bound more strongly

with CT-DNA. In order to compare the binding strength

of the compounds, their intrinsic binding constants (Kb)

were calculated from the ratio of the slope to intercept

in the plot of [DNA]/(εa-εf) versus [DNA] (figure 3), as

explained below.

The intrinsic binding constants (Kb) of the com-

pounds with CT-DNA were determined from the fol-

lowing equation: [DNA]/(εa − εf) = [DNA]/(εa − εf)

+ 1/Kb (εb − εf), where [DNA] is the concentration of

DNA in base pairs, and the apparent absorption coeffi-

cient εa corresponds to Aobs/[compound], and εf, and εb

are the extinction coefficient of the free compound, and

the extinction coefficient of the compound when fully

bound to DNA, respectively. The plot of [DNA]/(εa−εf)
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Figure 2. Changes in electronic absorption spectra of compounds 1a-4a (25x10−6 mol L−1) with increas-
ing concentrations (0−25x10−6 mol L−1) of CT-DNA. Arrow shows the absorption intensity decreases upon
increase in DNA concentration.

Figure 3. Plots of [DNA]/(εa-εf) versus [DNA] for the
compounds 1a-4a with CT-DNA. The unit along y-axis is
(x 10−9 M2 cm).

versus [DNA] gave a slope and intercept that are equal

to 1/(εb − εf) and 1/Kb(εb − εf), respectively; Kb is

the ratio of the slope to the intercept. The calculated

intrinsic binding constants from absorption titration are

shown in table 2.

Decreasing emission intensity of compounds 1a-4a

with incremental addition of CT-DNA (figure 4) in

fluorescence studies suggest that they are bound to

CT-DNA via an intercalative mode.18

In order to ascertain binding ability of the com-

pound, competitive assay with ethidium bromide was

carried out. Ethidium bromide is a well-known non-

emissive intercalator but emissive when it binds with

DNA. Tested compounds with various concentrations

were added to DNA-EB mixture which causes vari-

ous percentages of hypochromism and revealed that

the newly synthesized compounds have the ability to

displace EB from DNA-EB mixture. The fluorescence

quenching spectra of the compounds showed a decrease

in fluorescence intensity of the DNA-EB system with



Aminoquinoline substituted isoindolin-1,3-diones 397

Table 2. Binding Constant (Kb) of Compounds 1a-4a in contact with
CT-DNA.

Compound λmax (nm) Hypochromicity (�E) Kb (104 L mol−1)

1a 268 27.44 2.96± 0.07
2a 262 23.77 1.05± 0.02
3a 303 52.11 9.14± 0.16
4a 283 23.43 6.88± 0.08

Figure 4. Emission enhancement spectra of compounds 1a-4a (25x10−6 mol L−1) with
increasing concentrations (0-25x10−6 mol L−1) of CT-DNA. Arrow shows the emission
intensities decrease upon increasing DNA concentrations.

increasing concentration of the compounds (figure 5).

The observed decrease in the fluorescence intensity

indicates that the EB molecules are displaced from

their DNA binding sites due to binding of 1a-4a with

DNA via intercalation. The quenching parameter can

be calculated from the Stern−Volmer plots of Io/I ver-

sus [Q] (figure 6), and the quenching constant (Kq) was

calculated from the slope of the linear plot.

Quenching data were analyzed according to the

Stern−Volmer equation: I0/I = Kq[Q] + 1, where I0 is

the emission intensity in the absence of a quencher, I

is the emission intensity in the presence of a quencher,

Kq is the quenching constant, and [Q] is the quencher

concentration. The Kq value is obtained as the slope

from the plot of I0/I versus [Q]. The apparent binding

constant (Kapp) values were obtained using the follow-

ing equation: KEB[EB] = Kapp[compound], where the

compound concentration causes a 50% reduction of the

fluorescence intensity of EB, KEB = 1.0 × 107 L

mol−1, and [EB] = 12x10−6 mol L−1. The apparent

binding constant (Kapp) values (table 3) suggested

stronger interaction of compounds with CT-DNA,19

which is consistent with the absorption and emission

observations.

Among the tested isomeric compounds of hydra-

zinylbenzo[h]quinolines, and isoindolin-1,3-diones, the

binding constant (Kb), quenching constant (Kq) and

apparent binding constant (Kapp) values indicated
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Figure 5. Fluorescence quenching curves of ethidium bromide (12x10−6 mol L−1) bound to
CT-DNA (12x10−6 mol L−1) with increasing concentration of compounds 1a-4a (0-25x10−6

mol L−1).

Figure 6. Stern−Volmer plots of the fluorescence titra-
tions of compounds 1a-4a.

in each case that the 4-substituted quinoline com-

pounds have stronger DNA binding properties than the

corresponding isomeric 2-substituted quinoline com-

pounds. Isoindolin-1,3-diones showed more significant

binding properties with DNA than hydrazinylbenzo[h]

quinolines for both the 2- and 4-substituted compounds.

The additional aromatic moiety in the isoindolin-1,3-

diones facilitates increase binding affinity with double

helix DNA.20

3.3 Cytotoxicity

The outcome of the significant results from DNA bind-

ing studies has encouraged us to test their in vitro

anticancer activities against three human cancer cell

lines such as human leukemia cell line (CCRF-CEM,

ATCC no. CCL-119), Human colon adenocarcinoma

(HT29, ATCC no. HTB-38) and human breast car-

cinoma (MCF7, ATCC no. HTB-22). The obtained

results are summarized in table 4. All tested com-

pounds showed moderate to better anticancer activity

against tested cancer cell lines. The activities of starting

compounds (1(a-d) and 2(a-d)) were tested against the

cell lines with IC50 in the range of 97.23–35.20 μmol

L−1. Very interestingly, compound 2c showed very

good activity with the IC50 of 35.20±1.90 μmol L−1

against CCRF-CEM cancer cell line which is outranged
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Table 3. Quenching constant (Kq) and apparent binding constant (Kapp)
of 1a – 4a bound to CT-DNA.

Compound Hypochromicity Kq (103 L mol−1) Kapp (105 L mol−1)

1a 8.23 3.57± 0.04 4.28± 0.06
2a 4.07 3.18± 0.01 3.82± 0.03
3a 51.60 7.50± 0.01 9.00± 0.03
4a 18.21 6.73± 0.02 8.08± 0.04

Table 4. In vitro cytotoxicity.

Entry CCRF-CEM HT29 MCF7 Entry CCRF-CEM HT29 MCF7

1a 95.28± 3.35 94.93± 5.86 98.56± 0.39 3a 57.14± 4.20 84.48± 8.33 80.61± 0.54
1b 56.73± 2.09 29.42± 3.67 57.93± 1.07 3b 83.46± 7.89 86.32± 0.45 71.48± 0.37
1c 86.59± 6.52 40.49± 8.86 97.23± 7.63 3c 88.52± 4.97 98.83± 4.85 37.56± 1.96
1d 55.05± 1.51 72.23± 1.74 68.46± 1.46 3d 100.23± 2.31 101.81± 2.56 36.82± 2.80
2a 58.98± 1.84 93.32± 9.90 94.52± 3.52 4a 101.80± 8.85 105.64± 2.29 61.56± 0.76
2b 93.97± 4.35 63.84± 4.22 87.33± 1.80 4b 115.17± 1.05 103.02± 3.78 74.42± 1.42
2c 35.20± 1.90 91.78± 1.70 64.87± 2.64 4c 97.46± 5.50 102.00± 7.43 108.96± 3.24
2d 81.18± 1.97 92.91± 7.43 70.00± 4.39 4d 100.33± 2.01 99.67± 3.63 50.07± 1.33
DMSO 99.99± 2.42 100± 9.22 100± 4.81 DOX 43.83± 1.35 16.89± 1.72 33.75± 2.64

DMSO – Control, DOX – Doxorubicin, CCRF-CEM - Human leukemia, HT29 - Human colon adenocarcinoma, MCF7 -
Human breast carcinoma

standard doxorubicin (43.83±1.32 μmol L−1) and

showed least activity against HT29 and MCF7 cell

lines. Compounds 1b and 1c showed significant activity

with the IC50 value of 29.42±3.67 and 40.49±8.86

μmol L−1 against HT29 cancer cell line which is quite

comparable to the standard doxorubicin (16.89±1.72

μmol L−1) and its isomeric counterparts 2b and 2c

showed moderate activity. Compounds 1b and 1d

showed noteworthy activity against MCF7 cell line with

IC50 values of 57.93±1.07 and 68.46±1.46 μmol L−1

and its isomeric compounds 2b and 2d exhibited least

activity. The compounds with hydrazine substitution at

4-position exhibited more activity than substitution of

hydrazine in 2-position of the quinoline moiety, except

the most potentially active compound 2c.

In the next series of compounds (3(a-d) and 4(a-d)),

compound 3a obtained from 1a with phthalic anhydride

showed moderate activity against CCRF-CEM cancer

cell line with IC50 value of 57.14±4.20 μmol L−1 and

showed least activity against HT29 and MCF7 cancer

cell lines. Compounds 3c and 3d showed very good

cytotoxicity against MCF7 cell line with IC50 value of

37.56±1.96 and 36.82±2.80 μmol L−1 and it is quite

comparable with the standard doxorubicin (33.75±2.64

μmol L−1). Compound 3b showed least activity

towards HT29 cell line. Compounds 4(a-d) which

were obtained from 2(a-d) with phthalic anhydride

showed moderate to weak anticancer activity against

all the tested cell lines with the IC50 value ranging

from 50.07±0.76 to 115.17±1.05 μmol L−1 respec-

tively. In general, the results indicated that almost all

the compounds showed reasonable cytotoxicity against

MCF7 cell line and some of them were found to be

selective against HT29 and CCRF-CEM cell lines. Fur-

thermore, the compound containing methyl group on 8-

position showed very good cytotoxic activity against all

the tested cell lines.

4. Conclusions

We have developed a simple and efficient synthesis of

aminoquinoline substituted isoindolin-1,3-diones using

Eaton’s reagent as a catalyst. The DNA binding proper-

ties of the compounds were investigated by absorption

and fluorescence measurements. The results support

that all the tested compounds bind to CT-DNA via inter-

calation. The binding affinity is greatly increased for

the aminobenzo[h]quinoline substituted isoindolin-1,

3-diones when compared to hydrazinylbenzo[h]quino-

lines. All the synthesized compounds exhibited sig-

nificant to moderate activity against MCF7 cell line

than CCRF-CEM and HT29. The quinoline contain-

ing methyl substitution at 8-position highly enhances

cytotoxicity against tested cancer cell lines. The com-

pound 4-chloro-2-hydrazinyl-8-methylquinoline (2c)

outranged the standard doxorubicin against CCRF-

CEM cell line.
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Supporting Information (SI)

Copies of 1H and 13C NMR spectra for all newly syn-

thesized compounds are available at www.ias.ac.in/

chemsci.

Acknowledgements

Our sincere thanks go to SAIF, IIT Madras, Chennai for

providing access to their NMR facilities. Dr. K. J. R. P.

is grateful to UGC-BSR for the one time research grant.

References

1. (a) Gil S and Bräse S 2009 J. Comb. Chem. 11 175; (b)
Durate C D, Barreiro E J and Fraga C A 2007 Mini-Rev.
Med. 7 1108

2. (a) O’Neill P M, Barton V E, Ward S A and Chadwick
J 2012 In Treatment and Prevention of Malaria: Mile-
stones in Drug Therapy H M Staines and S Krishna
(Eds.) (Basel: Springer) p.19; (b) Gelb M H 2007 Curr.
Opin. Chem. Biol. 11 440; (c) Wisener J, Ortmann R,
Jomaa H and Schlitzer M 2003 Angew. Chem. Int. Ed.
42 5274

3. (a) Rahim R and Strobl J S 2009 Anticancer Drugs 20
736; (b) Fan C, Wang W, Zhao B, Zhang S and Miao J
2006 Bioorg. Med. Chem. 14 3218; (c) Munshi A 2009
Cancer 115 2380

4. (a) Manohar S, Pepe A, Vélez Gerana C E, Zayas B,
Malhotra S V and Rawat D S 2014 RSC Adv. 4 7062; (b)
Ren J, Zhao J, Zhou Y –S, Liu X –H, Chen X and Hu K
2013 Med. Chem. Res. 22 2855

5. (a) Huang M Z, Luo F X, Mo H B, Ren Y G, Wang X G,
Ou X M, Lei M X, Liu A P, Huang L and Xu M C 2009
J. Agric. Food Chem. 57 9585; (b) Kishida K, Aoyama
A, Hashimoto Y and Miyachi H 2010 Chem. Pharm.
Bull. 58 1525; (c) Kamiñski K, Obniska J, Wiklik B and
Atamanyuk D 2011 Eur. J. Med. Chem. 46 4634

6. Bansode T N, Shelke J V and Dongre V G 2009 Eur. J.
Med. Chem. 44 5094

7. Santos J L, Yamasaki P R, Chin C M, Takashi C H,
Pavan F R and Leite C Q 2009 Bioorg. Med. Chem. 17
3795

8. (a) Singh P, Kaur S, Kumar V, Bedi P M, Mahajan
M P, Sehar I, Pal H C and Saxena A K 2011

Bioorg. Med. Chem. Lett. 21 3017; (b) Obniska J,
Kaminski K, Skrzynska D and Pichor J 2009 Eur. J.
Med. Chem. 44 2224

9. Foye W O 1995 In Cancer Chemotherapeutic Agents
(Washington DC: American Chemical Society)

10. (a) Riechert-Krause F, Eick A, Grünert R, Bednarski P
J and Weisz K 2011 Bioorg. Med. Chem. Lett. 21 2380;
(b) Yamato M, Takeuchi Y, Hashigaki K, Ikeda Y, Ming-
rong C, Takeuchi K, Matsushima M, Tsuruo T, Tashiro
T, Tsukagoshi S, Yamashita Y and Nakano H 1989 J.
Med. Chem. 32 1295
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