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ABSTRACT

The 2:1 Schiff base condensates of 1,2-di(thioghghethane-1,2-dione with 1,4-diamino butane (espectively,
were isolated and used to prepare Cu(ll), Ni(Il)daBn(Il) complexes. The resultant ligand complexage been
characterized from their elemental analysis, FT4R,NMR, *C NMR, mass, UV-vis spectroscopic studies. The
Schiff bases and their Cu(ll), Ni(ll) and Zn(ll)roplexes have been screened for binding behaviowards calf
thymus DNA. Binding of the complexes separatels Wialf Thymus DNA is monitored using UV-vis spéctra
titrations, viscosity measurements and circularhdaic studies. The displacement of ethidium bron(i®) bound

to DNA by the complexes; in phosphate buffer smiupH ~ 7.2) is monitored using fluorescence spéct
titrations. The DNA binding constants reveal thiitthese complexes interact with DNA via intercalgtbinding
mode with binding constantsgkof 5.4 x 16 M™, 4.1 x 10 M and 3.9 x 1bM™*and K, of 6.3 x 16M™ 6.0 x 10
M™and 5.8 x 10M™.
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INTRODUCTION

In 1970, Crick [1] enunciated the primary basisyaflecular biology, which dictated the one-way flofvgenetic
information from DNA to RNA to protein. They dedueid the DNA as a double helix that adopts diffetente-
dimensional conformations although the most comrfmnm of the double stranded DNA is the “B” form,
characterized by a “right-handed” helix. The badkd®f the DNA strand is composed of alternatingasuand
phosphate groups with the base linked to each sagyaide chain pair, held by hydrogen bonds betvgpenific
pairs of bases. The precise base pairing in thdiADelix model suggested an obvious copying medmarfor
genetic materia]2]. Plenty of studies came up with that DNA is thejanantracellular target of antitumor drugs
because of the interaction between small molecaheisthese compounds can cause DNA damage in cegitsr
preventing the division of cancer cells and endingell death [3]. Transition metal complexes havihe ability to
bind and nick double stranded DNA under physiolabmonditions are of great importance since thesddcbe
used as diagnostic agents in medical and genors@areh like foot-printing and sequence-specifidinig agents,
for modelling the restriction enzymes and as stmadtprobes for therapeutic applications in catiatment [4-8].

Transition metal complexes bind to DNA by both dewa and non-covalent interactions. Covalent bigdivolves
the coordination of the nitrogenous base or thesphate moiety of the DNA to the central metal iod & possible
in complexes where the metal is coordinatively tursded or is coordinated to substitutionally ladibands. The
three different non-covalent binding modes areraatiation, which involves the stacking of the maolecbetween
the base pairs of DNA, groove binding, which corsgsi the insertion of the molecule into the majomamor

grooves of DNA and electrostatic or external sweféinding. Upon binding to DNA, the small molecule®

stabilized through a series of weak interactionshsasz-stacking interactions of aromatic heterocyclic ug®
between the base pairs (intercalation), hydrogemling and van der Waals interactions of functiggraups bound
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along the groove of the DNA helix [9]. Both the mdaity of ligand and the coordination geometrytod metal ion
play important roles in deciding the intercalatadglity of complexes to DNA [10-12].

Thiazoles are the significant group of heterocyclastaining two hetero atoms (S and N) placed énhbterocyclic
ring at 1, 3-positions. Metal complexes of S andniélating ligands have attracted considerable tidtebecause of
their interesting physico-chemical properties, pamced biological activities [13-15] and models for
metalloenzymes active sites. It is well known tNa&ind S atoms play vital role in the coordinatidnmetals at the
active sites of numerous metallobiomolecules [18]addition, these classes of compounds are presem@any
natural and synthetic products with a broad spectodi pharmacological activities, such as antivieaficancer,
antibacterial, antifungal, anticonvulsant and amffiammatory activities that can be well illustrdtby the large
number of drugs in the market containing this fioxcgroup [17]. These unusual structural and ebeitr features
have led to increased interest in the synthesi€wdil), Ni(ll) and Zn(Il) complexes with mixed N,8onating
chelates as structural and spectroscopic modefedctive sites.

As part of our continuous interest on sulphur pehdhte chelators [18-19] we synthesized a Sch#é igand L by
condensing of 1, 2-di(thiophen-2-yl)ethane-1,2-diowith 1,4-diamino butan&he characteristic resonance signals
in '"H NMR and™C NMR spectra indicated the presence of azometjioap as a result of condensation reaction.
The stoichiometry and bonding the synthesized Eudi(ll) and Zn(Il) complexes were ascertainedtbe basis of
results by physicochemical and spectroscopic tosfsorption and fluorescence spectroscopic stusliggported
that Schiff Cu(ll), Ni(ll) and Zn(ll) complexes eidited significant binding to calf thymus DNA. lhis study, we
investigated the interaction of mentioned molecudéth DNA, using several spectroscopic methodsudirig:
fluorimetry, competition experiment, circular dioism (CD) and UV absorption techniques. The Cuftiinplexes
exhibited higher affinity to calf thymus DNA thalmet Ni(Il) and Zn(Il) complexes.

MATERIALSAND METHODS

2.1 Chemicals and methods:

Thenil, metal chlorides and 1, 4-diamino butane piaghased from Aldrich. Highly polymerized calffthus DNA
sodium salt (7% Na content) from Bangalore Genedifl). Deionized water was used in synthesis. Ethid
bromide (EtBr) was purchased from Sigma Chemical @her chemicals were of reagent grade and ustbui
further purification Elemental analysis was recarda a Carlo Erba model 1106 elemental analyz@rlRFspectra
(4000-400 crif) were recorded as KBr pellets from Perkin ElmeifEEpectrometer'H and **C NMR spectra
were recorded in DMSOgtby using TMS as an internal standard using a UBER 500 instrument. UV-Visible
spectra were recorded using Perkin Elmer Lambdap@strophotometer operating in the range of 2006100
with quartz cells and values are expressed in'‘Mm*. Absorbance value of DNA in the absence and preseh
complexes were made in the range of 220—-300 nm. Dbdl#kentration was fixed at 0.1 mM, while the coempk
were varied from 5 uM to 20 uM. The emission sgeetere recorded on a Perkin Elmer LS-45 fluoreseenc
spectrometer. Fluorescence spectra were recordeéegteratures 310 K in the range of 510 — 670 niwnup
excitation at 355X.x was 594 nm).Mass spectral analysis was performé&TOF Mass Spectrometer. Viscosity
measurements were recorded using a Brookfield Brograble LV DVII+ viscometer. Circular dichoric sprecof
CT-DNA were obtained using a JASCO J-715 spectarpuokter equipped with a Peltier temperature conlegice

at 25 £+ 0.1°C with 0.1 cm path length cuvette. Thigdroxymethyl) aminomethane—HCI (Tris—HCI) buffaution
was prepared by using deionized and sonicatect tdistilled water.

2.2 General procedurefor the synthesis of compounds:

2.3 Synthesis of theligand:

A methanolic solution (20 mL) of thenil (1 gm, 0Dénol) (was slowly added to a methanolic soluti@nnil) of

1,4-diamino butane (0.002 mol, 0.08 ml) with conststirring. This reaction mixture was stirred fbh, and then
refluxed for 8 h on water bath. Removal of solvahteduced pressure gave the crude product. Thdugtrevas
washed twice with diethyl ether and recrystallifedan chloroform as shown in Scheme 1.
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Scheme 1. Synthesis of Schiff baseLigand (L)

2.3 Synthesis of the complexesL:

All complexes were synthesized using the same piioeeas given below:

A methanolic solution (20 mL) of ligand (L) (1.0 gi®.0020 mol) was added slowly to an equimolar amad

appropriate metal chloride salts in methanol (20 milth constant stirring. The mixture was stirred & h, and the
reaction was carried out for 6 h under reflux ggesented in Scheme 2. After cooling the reactiofiure to room
temperature, the resulting product was washed digthyl ether and dried in vacuo. Finally the coexgls were
washed with petroleum ether and dried in vacuunitdars over anhydrous CaCl

/ 1\ /N J\ /
S/,\\IS S/\S

MGl N\ / "
X X /\ Methanol N/M\N
S \ / S s \ / s
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M = Cu(ll), Ni(ll and Zn(ll)

Scheme 2. Synthesis of Schiff base metal complexes

2.4 DNA binding experiments.

2.4.1 Absorption spectral studies

Absorption spectra were recorded on Perkin Elmanhda 35 spectrophotometer operating in the rang206f
1000 nm with quartz cells. Absorption titrationsrevgperformed by keeping the concentration of thmpmlexes
constant (4QuM), and by varying [CT - DNA] from DNA (0O, 40, 80,20, 160, 200, 300 and 400) mM. For the
complexes the binding constants,YKhave been determined from the spectroscopiatitiin data using the
following equation:

[DNAY/ (&a- &) = [DNAJ/ (e - &) + 1/Ks (eo - &) )

Whereg, is the extinction coefficient observed for the reatransfer absorption at a given DNA concentratid
the extinction coefficient at the complex free iudion, g, the extinction coefficient of the complex whenlyul
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bound to DNA, K the equilibrium binding constant, and [DNA] thencentration in nucleotides. A plot of [DNA]/
(ea - &) versus [DNA] gives I as the ratio of the slope to the intercept. The-limear least square analysis was
performed using Origin lab, version 6.1 [20].

2.4.2 Fluor escence spectr oscopy

The relative bindings of complexes to CT-DNA wetedsed with an EB-bound CT-DNA solution in 5 mM 3+
HCI/50 mM NacCl buffer (pH=7.2). The fluorescence=sppa were recorded at room temperature with eimitaat
530 nm and emission at about 612 nm. The expersnanate carried out by titrating complexes into EBHD
solution containing 5xI8M EB and 5x10°M CT-DNA. Quenching of the fluorescence of EthBrubd to DNA
were measured with increasing amount of metal cergd as a second molecule and Stern—Volmer queanchin
constant K, was obtained from the following equation: (2)

IJI=1 + K, (2

Where }, is the ratio of fluorescence intensities of thenplex alone, | is the ratio of fluorescence inites of the
complex in the presence of CT-DNA. Ksv is a lin8&rn — Volmer quenching constant and r is the m@itthe total
concentration of quencher to that of DNA, [M]/ [BIN A plot of Iy / | vs. [complex]/ [DNA], K, is given by the
ratio of the slope to the intercept. The apparémiibg constant (i) was calculated using the equatiorglcB] /
Kapdcomplex], where the complex concentration wasviilee at a 50% reduction of the fluorescence ittt
EB and kg = 1.0 x 16 M™ ([EB] = 3.3uM) [21].

2.4.3 Viscosity measurements

Viscosity experiments were carried out at 3.0t 0.°C. CT-DNA samples of approximately 0.5mM were
prepared by sonicating in order to minimize compiex arising from CT-DNA flexibility and by varym the
concentration of the complexes (0.01 mM, 0.02 mM30nM, 0.04 mM, 0.05 mM) [22]. Flow time was meiesli
with a digital stopwatch three times for each sanaid an average flow time was calculated. Date wezsented
as fy/mo) versus binding ratio of concentration of comptexthat of concentration of CT-DNA , whergis the
viscosity of DNA in the presence of complex ayudis the viscosity of DNA alone.

2.4.4 CD spectrophotometric studies

The CD spectra of CT-DNA in the presence or abseafaeomplex were collected in Tris—HCI buffer (pH2y
containing 50 mM NaCl at room temperature. The spewere recorded in the region of 220-320 nm fa® 2V
DNA in the presence of 100M of the complexes. Each CD spectrum was colleaféer averaging over at least
three accumulations using a scan speed of  &0Mim* and a 1 s response time. Machine plus cuvette lirese
and CD contribution by the CT-DNA and Tris buffeerg subtracted and the resultant spectrum zeroenhb0
outside the absorption bands. Circular dichroicspeof CT DNA in the presence and absence of noetatplexes
were obtained by using a JASCO J-715 spectropoddeimequipped with a Peltier temperature contrelateat 25
+ 0.1 °C with a 0.1 cm path length cuvette.

RESULTSAND DISCUSSION

3.1 Structural characterization of the Schiff baseligand (L) and their complexes.

3.1.1 FT-IR spectral analysis.

In the IR spectra of Schiff base ligahg a strong band around 1630-1640"cwas due to the azomethine linkage
and absence of free amine groups around 3248 ainforms the condensation between thenil and ihghido
butane as represented in Figure 1. The bandsuitiditov(s..) were found around 2650 ¢hand the other band
exhibited at 1100 cthwhich is due tovc.sy In the IR spectra of Schiff base complexes showesdrong band
around 1612-1614 ciwas due to the azomethine linkage to metal conesleXhe important strong band observed
around at 420 - 430 chifor all the complexes are assignablevgay) vibrations pyridine ring coordination peak
[23]. The unaltered position of bands around 2680 due to SH moiety of the thenil in all the metahqmexes
indicates that these groups are not involved indioation as represented in Figure 2 and Figura\&52.
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Figure 1. FT-IR spectrum of the Schiff baseligand (L)
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Figure 2. FT-IR spectrum of Cu(l1) complex
3.1.2 ESI-M S spectrum

The molecular ion peak [l at m/z = 548 confirms the molecular weight of tacrocyclic Schiff base ligand
CogHagN4S,. The peaks at m/z = 471, 384, 302, 248, 220, 202 %4 corresponds to the various fragments
CooH24N4S,, CreH2oNLS, GoHigNLS, GoHgN4 and GoHoeN4 respectively as shown in Figure 3. This confirims t
molecular structure of the ligand L. The molecutar peak [M] at m/z = 612 confirms the molecular weight of the
macrocyclic Schiff base Cu(ll) complex,d,sN,S,Cu. The peaks at m/z = 530, 448, 365, 283, 227 lafid
corresponds to the various fragmentgHzgN4S:Cu, GoH24N1S,Cu, GgH2oN4SCu, GoHooN4Cu, GH1-N,Cu  and
C,H.N,Cu respectively as shown in Figure 4 and Figuren83%. The molecular ion peak [Mat m/z = 607 and
614 confirms the molecular weight of the macroay8chiff base Ni(ll) and Zn(ll) complex,gH,gN4S;M [M = Zn

and Ni]. The type of fragmentation observed in Bnénd Ni(ll) complex was similar with that of theu(ll)

complex.
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Figure 3. ESI-Mass spectrum of Schiff baseligand (L)
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Figure 4. ESI-Mass spectrum of Cu(l1) complex

3.1.3 The'H-NMR spectra

The'H NMR spectrum showed the peaks of the 16 protersiraylet around &t 1.24 ppm corresponding aliphatic
diamino butane. The singlet (4 H) in the regioouad 6 5.69 ppm corresponds to the SH protons [24]. The
multiplet around the region &f7.63 — 7.78 ppm is due to the protons in the théog ring as depicted in Figure 5.
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Figure5. *H-NMR spectrum of Schiff base ligand (L)

3.1.4The ®C-NMR spectra

In the™®C-NMR, the signal of carbon atoms owing to azommethjroup was observed around 172 ppm. The signals
related to the carbon atoms at the thiophene regeen around 123, 127, 131 and 134 ppm. Thel sigmands 46

ppm corresponds to the methylene gCearbon of the diamino butane moiety as represent&igure 6.
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Figure 6. **C-NMR spectrum of Schiff baseligand (L)

3.2 DNA binding experiments

3.2.1 Absorption spectral studies

UV-vis absorption studies were performed to furthecertain the predicted binding trend of Cu(llj{IIN and
Zn(ll) complexes with DNA. The interactions of colees in the absence and presence of increasingrani -
DNA (at a constant concentration of complexes)given in Figures 7 and S5 and S6 respectively. dlaetronic
absorption spectroscopy is one of the most commethad to study the DNA-binding properties of M(II)
complexes, since there are strong MLCT (metalgadd), LMCT (ligand-to-metal) and charge transfer
(intraligand) features were observed in the abgmmmpectra of these complexes. The prominent shifie spectra
also suggests the tight complexation of synthesinedecule with DNA, which resulted in the changetire
absorption maxima of the DNA. These results suggeahn intimate association of the compounds withDDIA
and it is also likely that these compounds binth®helixvia intercalation [25. After the compounds intercalate to
the base pairs of DNA, the* orbital of the intercalated compounds could ceupith n orbitals of the base pairs,
thus decreasing the— n* transition energies. Therefore, these interasti@sulted in the observed hypochromism
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[26]. The Cu(ll) complex showed more hypochromiciban the other complexes, indicating that the ibigd
strength of the copper(ll) complexes are much gieothan that of the other synthesized complexes.

The intrinsic binding constant (Kfor the association of complexes with CT-DNA (g 7 Inset) were found to be
5.4 x 1d M™ for Cu(ll), 4.1 x 18 M*or Ni(ll) 3.9 x 1¢* M for Zn(ll) respectively which are comparable tottha
observed for typical classical intercalators, iggests a mode of intercalative binding that invehae stacking
interaction between the complexes and the base pAIDNA. From the electronic absorption studi@sugh it has
been found that the three compounds can bind to BiXitercalation, the binding mode need to be pdothrough
some more experiments.

2.00

1.0+

Absorbance

0.5~

0.00-t T T T T .
200.0 250 300 350 400 450 500.0

Wavwvelength (nm)

Figure 7. Absor ption spectra of complex Cu(l1) (1 x 10° M ) in the absence and presence of incr easing amounts of CT-DNA (0-2.5x 10°
M ) at room temperaturein 50 mM Tris-HCI / NaCl buffer (pH = 7.5). The Inset showsthe plots of [DNA] / (ex-€f) versus [DNA] for the
titration of DNA with Cu(ll), Ni(I1) and Zn(ll) complexes

3.2.2 Fluorescence spectral studies

The fluorescence quenching experiments were peedrto get an estimate on the relative binding ayfiof the
complexes to CT-DNA with respect to EB. It is wkliown [27] that free EB displays a decrease in sioms
intensity in Tris. HCI buffer medium because of geleing by solvent molecules. However EB strongliofesces
in the presence of DNA, due to complete intercatabetween the adjacent DNA base pairs, a probessan be
reversed by addition of a competing molecule (fisgence quenching) [28]. Fixed amount of DNA wéasatiéd
with increasing amount of Cu(ll), Ni(ll) and Zn(Iomplexes as depicted in Figure 8 and Figure SV %
Titration of CT-DNA lead an appreciable reductioneimission intensity upon addition of Cu(ll), N)(&nd Zn(ll)
complexes to CT-DNA pretreated with EB fluorophaesulting in decrease in binding of EB to DNA. The
fluorescence of EB tends to increase after intargatith DNA. If metal complex interact with DNAf leads to
decrease the fluorescence intensity of EB-DNA syqR9].

400.0+

300+

200+

Intensity (a.u)

100+

0.00- T T T T T 1
590.0 600 610 620 630 640 650.0

Wavelength (nm)

Figure 8. Emission spectrum of EB bound to DNA in the presence of Cu(l1) complex ([EB] = 3.3 uM, [DNA] = 40 uM, [complex] = 0-25
M, Aex= 430 nm). Arrow shows the absor bance changing upon increasing complex concentrations. I nset showsthe plots of emission
intensity I,/ 1 vs [DNA] /[complex] for thetitration of DNA with Cu(ll), Ni(I) and Zn(ll) complexes.

The quenching efficiency is calculated bythe quérghconstants kg, of all the complexes were calculated

according to the classical Stern—Volmer equatidme fuenching plots illustrate that the binding A by the
complexes is in good agreement with the linearrS¥olmer equation. In the linear fit plot gfllvs [complex], the
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K values calculated for complexes are 6.3 XXI0' for Cu(ll), are 6.0 x 10M™ for Ni(ll) and are 5.8 x TOM™ for
Zn(ll) respectively as shown in the Figure 8 in3éte above results showed that all the complexeklgeplace EB
from the DNA-EB system, and a complex-DNA systens faamed. The reduced emission of the DNA-EB system
was caused by EB being expelled from the hydrogh@pvironment into the water solution [30]. Hentee
fluorescence studies indicated that Cu(ll), Nidiid Zn(ll) complexes binds to DNA by intercalation.

3.2.3 Viscosity study

To further reinforce our findings obtained by thedses given in preceding sections, we have cawigdviscosity
measurements for Schiff base complexes with CT-DNAdrodynamic measurement such as viscosity stady i
least ambiguous and the most critical test of lmigdnode in solution in the absence of crystallogi@gstructural
data [31]. A classical intercalation model dematitt the DNA helix lengthens as base pairs areratgzhto
accommodate the bound ligand, leading to the isereaf DNA viscosity. In contrast, a partial, noasdical
intercalation of ligand could bend (or kink) the BXelix, reducing its length and, concomitantlg, viscosity [32].
A series of solutions was made which containedxedficoncentration of DNA and various concentratiohshe
synthesized complex. Then, the viscosity measurtsneare conducted at room temperature. Figure @ajis the
changes in relative viscosity of DNA with increagiconcentrations of Cu(ll), Ni(ll) and Zn(ll) congXes. It was
observed that the relative viscosity of DNA incedsteadily with increasing the amounts of Cu(Nill) and
Zn(ll) complexes. These results suggested an iggice binding mode of the complexes with DNA atsb hold
up the results obtained from absorption and emissiodies.

1| —=—2% cum
1| —e—% niny
% Zn(l)

lo/1
00 02 04 06 08 10 12 14

12 14 16 18 20 22 24
[Complex]/[DNA]

Figure9. Viscosity measurements of the Cu(l1), Ni(I1) and Zn(l1) complexes
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Figure 10. CD spectrarecorded over the wavelength range 220-320 nm for solutions containing 2:1 ratio of CT-DNA (200 pM) and
mononuclear Cu(l1), Ni(Il) and Zn(l1) complexes (100 pM)

3.2.4 Circular dichoric spectral studies

CD spectroscopy is a useful technique to analymerantions between complex and CT-DNA. It is alseful
because CD signals are quite sensitive to the rmbB&NA interaction with small molecules [33]. A siion of CT-
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DNA exhibits a positive band (275 nm) from baseclsitag interactions and a negative band (245 nminfthe

right-handed helicity of DNA [34]. Simple groovenkiing and electrostatic interactions with small @soles show
less of a perturbation or no perturbation whatsoevethe base stacking and helicity bands [35]. iflberaction

between the complexes and CT-DNA was further stubie CD spectroscopy as shown in Figure 10. In ¢hise
the CD spectra of CT-DNA in the presence of botindl 2 showed a considerable increase in the ityeosthe

band at 275 nm, whereas the band at 248 nm didhwat any significant change. The intensity increzfae band
at 275 nm was less pronounced for Cu(ll) complentfor Ni(ll) and Zn(Il) complexes. This indicatédsat the

synthesized schiff base complexes might interath tie DNA double strands by the intercalative mbdaveen
the base pairs of DNA strands without any signiftazhange in the right handed helicity of the DNA.

5-
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3
2-
-~ 14
8o
=-1/
)
a-21
Free DNA
-3 DNA + Cu(ll)
DNA + Nill)
-4 DNA + Zn(ll)
ol

220 240 260 280 300 320
Wavelength(nm)

CONCLUSION

In the present study, novel Schiff base ligand d #weir Cu(ll), Ni(ll) and Zn(ll) complexes weregpared and
characterized by physico-chemical methods. Furtbegmwe explored the binding interaction of the ptares CT-
DNA in physiological buffer using UV-Vis, fluoresoee, viscosity and circular dichoric spectral stisdiThe DNA
binding experiments using electronic spectral tépe show the hypochromism at d—d transition regioml

hypochromism and red shift at the charge transégion. UV-Vis absorption spectra, circular dichnois
fluorescence spectra and viscosity measuremenfgroatime intercalative binding mode of complexesndng the
investigated complexes, the one containing coppeha central metal ion showed better binding &ffithan the

other two complexes containing zinc and nickel iagasnetal counterparts respectively.
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