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� The present article deals with the synthesis of 2-chloroquinoline-3-carbaldehyde [(2-hydroxy-
1-naphthyl) methylene] hydrazone (CQCMH) (2a-c) and 2-chloroquinoline-3-carbaldehyde
[4-(dimethylamino) benzylidene] hydrazone (CQCDBH) (3a-c) from quinoline derivatives under
suitable experimental conditions. The synthesized compounds were characterized by elemental
analysis, FTIR, 1HNMR, and mass spectral data. The selected compounds were studied for
interaction with calf thymus-DNA (CT-DNA) by electronic spectra, viscosity measurements as
well as thermal denaturation studies. On binding to DNA, the absorption spectrum underwent
bathochromic and hypochromic shifts. The binding constant (Kb) had value of 2.3×103 M−1

for (2a) and 2.5×104 M−1 for (3a). The viscosity measurements indicated that the viscosity of
sonicated rod like DNA fragments increased. The synthesized derivatives have been screened for
antibacterial and antifungal activities.

Keywords Quinoline; Schiff bases; DNA binding; viscosity measurement; antimicrobial
anticancer agents

INTRODUCTION

Schiff-bases are currently being extensively studied for biological and
anticancer activities.[1–5] The pharmacological properties of quinoline and
their derivatives attracted worldwide attention in the last few decades
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1198 D. S. Lamani et al.

because of their wide occurrence in natural products, and drugs.[6,7] Lit-
erature Survey revealed that five to six membered heterocyclic compounds
containing one or two heteroatoms fused to a quinoline ring in linear
fashion were found to possess antitumor and anticancer properties.[8–10] On
the other hand hydrazones possessing an azamethine NHN CH- proton
constitute an important class of compound for new drug development.
Therefore, many researchers have synthesized these compounds as target
structures and evaluated their biological activities.[11] These observations
have been guiding for the development of new quinoline containing
hydrazones that possess varied biological activities.

There is evidence that anticancer activity was due to the intercalation
between the drug and the base pairs of DNA and interference with normal
functioning of the enzyme topoisomerase II that was involved in the break-
ing and releasing of DNA strands.[12] In recent years various fused systems
such as thiophene,[13] furan and pyridine analogues of ellipticine[14] and
benzothiazoloquinoline,[15] have been studied for their intercalative prop-
erties. Recently, Cao and He studied DNA affinity properties of Safranine T
which features a planar phenazine ring and have shown that the electrostatic
binding plays an important role in the intercalation of safranine T.[13] The
results of these various binding studies have been useful in designing new
and promising anticancer agents for clinical use.[16–18] In addition to these,
they are also known to exhibit antiallergenic[19] antifungal[20] hypocholes-
terolemic, hypolemic,[21] antibacterial,[22] and antiviral[23] properties. This
finding has stimulated researchers to find new antitumour drugs containing
planar fused ring system.

In view of the growing interest in the field of anticancer agents, we made
an attempt to report an efficient method for the synthesis of new series
of quinoline containing hydrazone derivatives, and DNA binding studies,
indicate compounds (2a) and (3a) when it binds with base pairs of calf
thymus-DNA.

EXPERIMENTAL SECTION

Materials and Methods

All organic solvents used for the synthesis were of analytical grade. The
TLC was performed on Baker-Flex silica gel 1B-F (1.55) plates using ethyl
acetate and petroleum ether (1:8). Melting points were determined on a
Mel-Temp apparatus and were uncorrected. IR spectra were recorded in
the matrix of KBr with Perkin-Elmer 1430 spectrometer. 1H NMR spectra
was recorded on Jeol spectrometer (400 MHz), and chemical shifts (δ)
given in ppm relative to the TMS in CDCl3 solvent. Mass spectra were
recorded by electron ionization (EI) on a finnigan MAT 312 spectrometer.
C, H, and N analysis were performed at Cochin University, Sophisticated
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Quinoline Schiff Bases 1199

Test & Instrumentation Center, Kochi, Kerala, India. Ammonium hex-
aflurophosphate (NH4PF6) purchased from Qualigens (India). Tris-HCl
buffer (5 mM Tris-HCl, 50 mM NaCl, pH-7.2, Tris = Tris(hydroxymethyl)
amino methane) solution was prepared using deionized double distilled
water. Calf thymus DNA (CT-DNA) was purchased from Bangalore Gene,
Bangalore, India. Ultraviolet-visible absorption spectra were determined in a
Perkin–Elmer model 554, UV-Vis recording spectrophotometer using quartz
cuvettes of 10 mm path-light.

UV-Visible Absorption Studies

The concentration of CT-DNA per nucleotide [C(p)] was measured
using its known extinction coefficient at 260 nm (6600M−1cm−1).[24] The
absorbance at 260 nm (A260) and at 280 nm (A280) for CT-DNA was
measured to check purity. The ratio A260/A280 was found to be 1.8–1.9,
indicating that CT-DNA was satisfactorily free from protein. Buffer [5 mM
tris (hydroxymethyl) aminomethane, pH 7.2, 50 mM NaCl] was used for the
absorption, viscosity, and thermal denaturation experiments.

Absorption titration experiments were carried out by varying DNA
concentration (0–100 µM) and maintaining the compound concentration
constant (30 µM). Absorption spectra were recorded after each successive
addition of DNA and equilibration (approximately 10 minutes). For both
the compound (2a) and (3a) observed data were then fit into (1) in order
to obtain the intrinsic binding constant, K b.[25]

[DNA]/
(
εa−ε f

) = [DNA]/
(
εb−ε f

) +1/K b

(
εa−ε f

)
(1)

Where εa, ε f , and εb are the apparent, free, and bound compound
extinction coefficients at 422 nm, (2a) and 340 nm (3a), respectively. A
plot of [DNA]/

(
εa − ε f

)
versus [DNA] gave a slope of 1/

(
εb − ε f

)
and an

intercept y equal to 1/K b
(
εb − ε f

)
, where K b is the ratio of the slope to

the intercept y. Viscosity measurements were carried out using a semimicro
dilution capillary viscometer at room temperature. Each experiment was
performed three times and an average flow time was calculated. Data were
presented as (η/ηo) versus binding ratio, where η is the viscosity of DNA
in the presence of complex and ηo is the viscosity of DNA alone. Melting
studies were carried out by monitoring the absorption of CT-DNA (50 µM)
at 260 nm at various temperatures in the presence (5–10 µM) and the
absence of each complex. The melting temperature (T m), at which 50% of
double-stranded DNA becomes single-stranded and the curve width (σT),
the temperature range between 10% and 90% noticed absorption increases
occurred and calculated as reported.[26,27]
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1200 D. S. Lamani et al.

General Syntheses
Synthesis of 2-chloroquinoline-3-carbaldehyde hydrazone (1a-c).

Methanolic solution of 2-chloro-3-formylquinoline (9.55 g, 0.049 mol)
was added to hydrazine hydrate 98% (2.5mL 0.05mol) dropwise at room
temperature and stirred for 1 hour. The reaction mixture was poured on
ice-cold water; a whitish solid was collected by filtration and dried under
vacuum. The compounds (1a–c) were recrystallized using ethanol.

2-chloroquinoline-3-carbaldehyde [(2-hydroxy-1-naphthyl) methylene]
hydrazone (2a-c). An ethanolic mixture of (1a–c) (6.15 g, 0.029 mol)
and 2-hydroxy-1-napthtaldehyde (5.14 g, 0.029 mol) was refluxed for 3–4
hours. The yellow solid formed was then collected by the filtration, and
recrystallized using chloroform/ethanol. The same procedure was followed
for the synthesis of (2b–c) and (3a–c).

RESULTS AND DISCUSSION

The target compound (2a–c) and (3a–c) were synthesized by two
pathways. In the first step the substituted 2-chloroquinoline-3-carbaldehyde
reacted with hydrazine hydrate results in NH2 functionalized compounds
(1a–c). In the second step the resulted NH2 functionalized compound react
with different aldehydes to yield (2a–c) and (3a–c) as per the (Scheme
1). The established structure was characterized by various physico-chemical
methods.

IR spectra of the compound (1a–c) showed the absence of aldehyde
carbonyl stretching frequency, instead it gave a band at 1657–1720 cm−1

and two sharp bands in the region of 3233–3435 cm−1 due to NH & NH2

groups. This confirms subsequent substitution by removing (CHO) present
at the 3- position of the quinoline nucleus (1a–c). IR spectra of the
compound (2a–c) and (3a–c) showed the absence of NH2 stretching
frequency at 3435 cm−1 and generation of new sharp bands at 1052–1023
cm−1 corresponding to ( N N ) stretching. Further structure (2a–c) was
confirmed by 1H-NMR spectra shows a broad peak at 13.22–13.24 ppm due
to phenolic OH present at second position of (2a–c) and resonate dou-
blets at 9.16–9.82 ppm, corresponds to the CH N adjacent to aromatic
protons, and signal exhibits multiplets at 7.21–8.29 ppm for aromatic pro-
tons and a molecular ion peak at m/z = 359[M±]. Similarly for compounds
(3a–c), 1H-NMR spectra shows doublets at 8.88–9.12 due to CH N and
multiplets at 6.77–8.65 ppm (m, Ar-H). In addition to this a sharp signal
exhibits 3.50–3.52 ppm that corresponds to N (CH3)2 dimethylamin (s,
6H). Further structure was confirmed by its mass spectra having molecular
ion peak at m/z = 336 [M±]. The obtained elemental analysis values
stands in good agreement with theoretical data (Table 1). Hence we
synthesized six more title compounds, which exhibited similar spectral data
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Quinoline Schiff Bases 1201

SCHEME 1 The general synthetic procedure for 2-chloroquinoline-3-carbaldehyde hydrazone deriva-
tives (2a–c) and (3a–c).

summarized in (Table 2). All the established derivatives have been screened
for antimicrobial activity some of its derivatives exhibited significant antibac-
terial and antifungal activities and obtained protocols were summarized in
(Table 3).

DNA Binding Studies

The DNA binding studies were characterized by absorbance
maximum at 298, 342, and 422 nm for (2a) and 340, 403 nm
for (3a). The addition of increasing higher concentration of DNA led
to hypochromic and bathochromic (red shift) changes in its visible
absorption spectra as a result of formation of more stable complexes
(Figures 1 and 2). The interaction of (2a) and (3a) with DNA resulted in

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1202 D. S. Lamani et al.

TABLE 1 IR, 1H-NMR, and mass characterization of the synthesized compounds

Compd IR cm−1 (KBr) 1H-NMR, (CDCl3) δ :(ppm) (400 MHz,), Mass, m/z

2a 3233; (N H); 1643;(C N);
1050 ( N N ); 3536
(O H)

13.24 (s, 1H, OH), 9.16 (d, 1H, CH N ); 9.80 (d,
1H, CH N ); 7.21–8.21 (m, 11H, Ar-H), m/z =
359[M±]

2b 3236 (N H); 1050 (N N);
1653 (C N); 3526 (O H)

13.22 (s, 1H, OH), 9.15 (d, 1H, CH N ); 9.82 (d,
1H, CH N ); 7.21–8.29 (m, 10H,Ar-H), 2.58 (s,
3H, OCH3); m/z = 390 [M+H]

2c 3235 (N H); 1052
( N N ); 1653(C N);
3529 (O H)

13.23 (s, 1H, OH), 9.16 (d, 1H, CH N ); 9.82 (d,
1H, CH N ); 7.20–8.29 (m, 10H, Ar-H), 2.19 (s,
3H, CH3) m/z = 373[M±]

3a 3213 (N H); 1023
( N N ); 1653 (C N);

6.7–8.65 (m, 9H, Ar-H), 9.12 (d, 1H, CH N ); 8.88
(d, 1H, CH N ); 3.50 (s,6H, N (CH3)2); m/z =
336[M±]

3b 3218 (N H); 1650 (C N);
1023 ( N N );

6.72–8.65 (m, 8H, Ar-H), 2.56 (s, OCH3); 9.14 (s, 1H,
CH N ); 8.89 (s, 1H, CH N ); 3.52 (s, 6H,

N (CH3)2); m/z = 367 [M±]
3c 3216 cm−1 (N H); 1025

( N N ); 1643 (C N);
6.71–8.65 (m, 8H, Ar-H), 3.98 (s, CH3); 9.13 (d, 1H,

CH N ); 8.89 (d, 1H, CH N ); 3.52 (s, 6H,
N (CH3)2). m/z = 351[M+H]

the decrease of absorption intensity accompanied by a shift towards higher
wavelengths (∼3 and 5 nm). Around 7–9% reduction (hypochromism)
of absorption was observed at 422 nm, 340 nm peak maximum in
the presence of an excess of calf thymus DNA. One isosbestic point
was observed at 408 nm for (2a).[28] The lowest observation value
observed in spectral changes (including red shift, hypochromicity and
isosbestic points) were used to evaluate intrinsic binding constant (K b),
it observed 2.3×103 M−1 for (2a) and 2.5×104 M−1 for (3a) which
are consistent with the intercalation of (2a) and (3a) into DNA base
pairs.[29–31]

Viscosity Measurements

The binding modes of (2a) and (3a) with CT-DNA, was further con-
firmed by viscosity measurements. Hydrodynamic measurements that are
sensitive to length change (e.g., viscosity, sedimentation) are regarded as
the most critical test for binding in solution, in the absence of crystallo-
graphic structural data.[32] A classical intercalative mode causes a significant
increase in viscosity of DNA solution due to an increase in separation of base
pairs at intercalation sites, hence, an increase in overall DNA length. By con-
trast, the compounds (2a) and (3a) that bind exclusively in the DNA grooves
by partial and/nonclassical intercalation, under the same conditions, typi-
cally cause negative or no change in DNA solution viscosity.[33,34] In order to
elucidate the binding mode of the present compound, the viscosity measure-
ments were carried out on CT-DNA by varying the concentration of added
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Quinoline Schiff Bases 1205

FIGURE 1 UV- absorption spectra in Tris-HCl Buffer upon addition CT- DNA (2a) [DNA] = 0.5 µm, =
10 µm, drug, 20 µm; 30 µm; 40 µm; 50 µm; Arrow shows the absorbance changing upon the increase of
DNA concentration.

compound. The effects of the compounds on the viscosity of rod-like DNA
were shown (Figure 3). The presence of compound had an obvious effect on
relative viscosity of CT-DNA with an increase in concentration of the added
compounds.

Thermal Denaturing Studies

Additional information on the DNA binding properties of (2a) and
(3a) into the double helix DNA was obtained from melting studies. The
intercalation of small molecules into the double helix was known to in-
crease the DNA melting temperature(T m).[35,36] The DNA melting studies
were carried out with CT-DNA in absence and presence of compound.
The melting profiles (T m) for CT-DNA in absence of compound had the
value 59 ± 1◦C. Under the same experimental conditions the presence
of compounds increased the melting temperature (T m) about 70◦C for
(2a) and 68◦C for (3a) (Figure 4). Likewise the various DNA melting
experiments strongly supported the stabilized double strand calf thymus
DNA.[37–39]
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1206 D. S. Lamani et al.

FIGURE 2 UV- absorption spectra in Tris-HCl Buffer upon addition CT- DNA (3a) [DNA] = 0.5 µm, =
10 µm, drug, 20 µm; 30 µm; 40 µm; 50 µm; Arrow shows the absorbance changing upon the increase of
DNA concentration.

EVALUATION OF ANTIMICROBIAL ACTIVITY

The in vitro antimicrobial activity was carried out against 24-hour old
cultures of two bacteria and two fungi by cup-plate method.[40] Com-
pounds have been tested for their antibacterial activity against Pseudomonas
aerugenosa and Staphylococcus aureus and antifungal activity against Aspergillus
niger and Candida albicans. Nutrient agar and potatodextrose agars were
used to culture the bacteria and fungus respectively. The compounds
were tested at a concentration of 0.005 mol/mL in DMSO solution. The
solution of Chloramphenicol (2 mg/mL) and Flucanazole (2 mg/mL)
were prepared in sterilized water and used as standards for comparison
of antibacterial and antifungal activities respectively. The compounds were
tested at varied concentration. The minimum inhibition concentration was
found to be 0.001 mol/ml in DMSO against all organisms. Inhibition was
recorded by measuring the diameter of the inhibition zone at the end
of 24 hours for bacteria at 28◦C and 48 hours for fungus at 35◦C. Each
experiment was repeated thrice and the average of the three independent
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Quinoline Schiff Bases 1207

FIGURE 3 Effect of increasing amount of the (2a) and (3a) on the relative viscosities of CT-DNA, at
25◦C.

determinations were recorded. The synthesized derivatives exhibit signifi-
cant activity, and the resulted protocols were summarized in Table 3. The
compounds 2c and 2a were found to be more active against P . aerugenosa
and the compounds 2a, 2c, and 3a were found to exhibit more activity

FIGURE 4 Melting cures of CT-DNA in the presence and absences of (2a) and (3a).
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1208 D. S. Lamani et al.

against S. aureus. The compounds 3a and 3b against A. niger and com-
pounds 2b, 3c, and 3a against C . albicans exhibited significant antifungal
activity.

Chloramphenicol and fluconazole were used as standards for antibacte-
rial and antifungal activity respectively: control (DMF)(-)-no activity; highly
active (inhibition zone > 12 mm); moderately active (inhibition zone 9–12
mm); slightly active (inhibition zone 6–9 mm); inactive—inhibition zone <

6 mm).

CONCLUSIONS

The synthetic route adopted for synthesis of quinoline derivatives (2a–c)
and (3a–c) was very simple and yielded good yield. In DNA binding studies,
indicate hypochromicity and bathochromic shifts of the compounds (2a)
and (3a) when it binds with base pairs of calf thymus DNA. The binding
constant values of 2.3×103 M−1 for (2a) and 2.5×104 M−1 for (3a) suggested
that the compound (3a) bind more avidly to CT-DNA than the (2a). In
addition, increasing viscosity of sonicated rod-like DNA fragments and
the melting temperature of DNA, in the presence of compound solutions
supports the binding mode. The antimicrobial activity exhibited significant
inhibitory activity.
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