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ABSTRACT

Five coordinated novel complexes of Cu and Nit have been synthesized from benzil and 1,3-

diaminopropane-Cu/Ni complex and characterized by elemental analysis, i.r., n.m.r., e.p.r, molar

conductance and u.v-vis, spectroscopy. The complexes are ionic in nature and exhibit pentacoordinated

geometry around the metal ion. The reaction kinetics of C_sH36NsO_CuCI with calf thymus DNA was studied

by u.v-vis, spectroscopy in aqueous medium. The complex after interaction with calf thymus DNA shows

shift in the absorption spectrum and hypochromicity indicating an intercalative binding mode. The kobs values
have been calculated under pseudo-first order conditions. The redox behaviour of complex C_sH36NO2CuCI

in the presence and in the absence of calf thymus DNA in the aqueous solution has been investigated by

cyclic voltammetry. The cyclic voitammogram exhibits one quasi-reversible redox wave corresponding to

CuI/Cu redox couple with EI/2 values of-0.377 and -0.237 V respectively at a scan rate of 0.1Vs . On

interaction with calf thymus DNA, the complex C2sH36NOICuCI exhibits shifts in both Ep as well as in EI/I
values, indicating strong binding of the complex to the calf thymus DNA.

INTRODUCTION

Copper is widely distributed in the biological systems. Complexes of Cu are capable of interaction with

nucleic acids and have been intensively studied/1-3/. Sigman et al. have proved Cu(Phen)2+ to be an efficient

nuclease which can be employed for understanding the DNA binding mechanism in DNA complexes/4-6/.

Artificial nucleases have been proved to be an efficient tool for the footprinting and sequence specific

targeting of nucleic acids/7,8/. Despite the intense study, the exact mode of binding remains unknown/9-1 l/.

Current researchers are developing new applications and finding new ways to design more efficient and
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useful catalysts for DNA cleavage. CuU-L-histidine is one of the well defined complexes which has been

demonstrated to cleave plasmid DNA at physiological pH and temperature /12/. Metal ion-L-histidine

interaction (with Cu", Nin, Znn etc) has also been well demonstrated and can be probed for other applications

as well, viz, protein purification/13-15/. In continuation to our earlier report on Co" complexes of five

coordinated amino acid porphyrin interaction with calf thymus DNA, we have designed new Cu"/Nin-L

valine complexes to understand the mechanistic pathway ofDNA binding at physiological pH.
Amino acids are the basic structural units of protein and reports on different amino acid residues reveal

that they are capable of controlling the binding and reaction of the Cu" complexes on DNA/16,17/. These

amino acids play an important role at and around the active sites of various metalloproteins including

regulating the redox potential of the metal ion, arranging the specific geometry of the metal coordination site

and restricting the conformation of the peptide chain/18/. Thus amino acids interaction promotes specificity

of the molecule to the active site including regulating the redox properties, which we have demonstrated

through cyclic voltammetric data. In this paper we report the synthesis of new valine complexes of type

C25H36N502CuCI/C_sH36NO2NiCl derived from benzil and 1,3-diaminopropaneCu"/Ni" complex and the

interaction of Cuu complex with calf thymus DNA.

EXPERIMENTAL

All experiments involving interaction of complex with DNA were carried out in aqueous solution with

varying concentrations of CTDNA (10 x 10"5, 12 x 10"5, 14 x 10"5, 16 xl0"5 18 xl0"5 mol dm3). The CTDNA

concentration was determined by absorption spectrophotometry. Doubly distilled water was used throughout.

The stock solution of calf thymus DNA was prepared by dissolving it in 10 ml tris HCI buffer at pH 7 and

dialyzing against the same buffer for 48 h. The solution gave a ratio of >>1.8 at A 260/280, indicating that

calf thymus DNA was free from protein/19/. The concentration of calf thymus DNA was determined by

monitoring the u.v. absorbance at 260 nm using E260 6600 cm.The stock solution was stored at--20C.

NiCI_, CuCI, (hydrated) (BDH), 1,3-diaminopropane (Merck), L-Valine (Sisco) and Benzii (Fluka) were

used as received, and calf thymus DNA was obtained from Sigma. Microanalysis of samples was obtained on

Carlo Erba analyzer Model 1106. l.r. spectra (200-4000) cm were recorded on Carl Zeiss Specord M 80

spectrophotometer in nujol mulls. The electronic spectra were recorded on a Systronicl 19 spectrophotometer

(ESP-300) and n.m.r, spectra on an amx 500 instrument. Cyclic voltammetry measurements were recorded on

a CH instrument electrochemical analyzer. High purity HO/MeOH (95:5) was employed for the cyclic

voltammetric (c.v) studies with 0.4M KNO3 as supporting electrolyte. A three electrode configuration was

used, comprised a Pt microcylinder as working electrode, Pt wire as auxiliary electrode and Ag/AgCI as

reference electrode. Exlaeriments were carried out at room temperature.

Synthesis of Complex C6H20N4CuCI2

To the solution of the copper chloride (1.71 g, 10mmol) in MeOH (50 cm"3) was added 1,3-

diaminopropane (1.70 g, 10mmol) in 1:2 molar ratio. A blue precipitate was obtained, washed with ether and

dried in vacuo. Similarly Ni complex was also synthesized
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Synthesis of Complex C20H26 N4CuCI2

To a solution ofbenzil (0.210 g, lmmol) in MeOH (50 cm"3) was added C6H20N4CuCI2 complex (0.282 g,

mmol) in 1"1 molar ratio. The resulting solution was boiled to reflux for ca. 20 h, while dark green

precipitate was obtained, which was washed thoroughly with ether and dried in vacuo.

Synthesis of Complex C2sH3NOzCuC!

To a hot solution of L-valine (0.117 g, mmol) in MeOH (50 cm"3) was added the complex

C20H26NaCCI2 (0.456g, lmmol) in DMF. The solution was boiled to reflux for ca. 36 h and further
concentrated. The solution was then allowed to cool and left overnight in the refrigerator. Blue coloured

complex was obtained, filtered, washed with ether and dried in vacuo. Ni" complex was also prepared in a

similar way.

Complex

Table 1

Analytical data

1) C2oH26N4CuCi2

Colour

Dark green

M.P.

165

Yield

%

75

2) C2oH26N4NiCI2

3) C25H36NsO2CuCI

4) C25H36NsO2NiCI

Dark red

Blue

Green

180

260(d)

265(d)

72

60

58

%.Analytical Found/Calcd..
C

52.72

(52.63)
53.20

(53.99)
56.08

(55.97)
56.47

(56.39)

H

5.79

(.5. .70)
5.81

(,5.75)
6.80

,(6,.71)
6.82

(6.76,)

N

12.39

(,12.28)
12.45

(12.38)
12.23

(13.0_5

RESULTS AND DISCUSSION

I.R. Spectra

The most prominent bands in the spectra of the complexes are listed in Table 2. The infrared spectrum of

the complex C20H26N4CuCI2 is devoid of absorption characteristic of the -C=O group. A strong band at

ca. 1590 cm! assigned to the v(C=N) vibration indicates the formation of the C20H26N4CuCI2 complex/20/. A

sharp band at 3290 cm"t was assigned to the v(N-H) stretching absorption/21/. The alkyl CH2 group show

characteristic stretching absorption bands in the region 2950, deformation bands at 1478 and rocking modes

at 715 cm"t respectively. The phenyl groups show v(C-H) stretching at 3025 cm- and v(C--C) stretching at

1520 cm" respectively. The presence of the bands at 425-445 cm"l region in all the complexes corresponds to

the v(M-N) vibrations/22/. The free amino acid shows two bands at 1610-1660 and 1395-1430 cm region
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Table 2

I.R. Spectral Data (cm")

l)

2).

3).
4).

Complex

C20H26N4Cu.C....12
C20H26N4NiC.!2
C25H36NsO2CuC1
C25H36NsO2NiC1

vC=N

1590

1594

1598

1592

vC=O

1640

1630

vNH

3290

3293

3289

3296

vCH2
2950

2945

2947

2951

vM-N

425

420

430

445

vM-O

375

395

corresponding to the antisymmetric and symmetric (CO0) stretching vibrations, respectively. On

complexation, these bands shift to lower and higher wavenumber respectively, indicating that the amino

carboxylate group is involved in the complex formation. The symmetric v(COO) stretching band appears at

1350 cm" due to the coordination of carboxylic group of amino acid to the metal ion through oxygen. This is

further supported by the appearance of v(M-O) band in the 375-395 cm region respectively which confirms

the coordination of the amino acid through oxygen/23/. The complex C25H36N5OzCuCI/C2H36N502NiCI
exhibits characteristic stretching absorption bands in the region 2947 cm", deformation band at 1480 and

rocking mode at 713-720 cm. On the basis of the i.r. spectral data, we propose the coordination environment

of the complexes as given in scheme 1.

Ph

" -O H2 H

P

0

.C12

MeOH

\ N NH2

"-phN.NH2
el

H2 /CH3

H 3

" ph C6H5M Cu, N1,

-HC1 +Valine

Scheme 1.
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E.P.R. Spectra

The e.p.r, spectrum of the complex C25H36NsO2CuCl, recorded at room temperature, shows signals for gl

and g+/- at 2.25 and 2.07 respectively, which is consistent with the square pyramidal geometry around Cuu ion.

The Cum exhibits dxE.y ground state with g> g+/-> 2.0 which is the most common ground state of these

compounds/24/.

Electronic Spectra

The electronic spectrum of C25H36NsO2NiCI recorded in MeOH shows bands at 610 nm and 360 nm

which could be assigned to the 3B1. 3E (F) and 3BI 3A2, 3E(p) transitions respectively/25/. These values

are consistent with pentacoordinated environment around Ni /26,27/. The electronic spectrum of

C25H36NsO2CuCI complex recorded in MeOH shows a broad band at 645nm, which is due to the d- d

transition assigned to the pentacoordinate geometry around Cu ion/28/.

N.M.R Spectra

In order to arrive at the correct structure of the complexes C20H26N4NiCI2 and C25H36NOaNiCI, IH and

3C n.m.r, spectra have been carried out. The H n.m.r, spectrum of the C20H26N4NiC12 recorded in DMF

shows a multiplet at 7.51-7.93 ppm, due to the phenyl protons. The multiplet due to CH2 protons and CH3
protons was observed at 3.70-3.80 ppm. and 0.62-1.80 ppm respectively. The primary amine proton signal

was observed at 5.0 ppm. In the complex C:sH36NsOaNiCl, the absence of carboxylic proton signal of the

amino acid confirms coordination to the metal through oxygen atom of carboxylic group. There was no major

shiR in the 5 values after coordination of amino acid to the metal. The primary amine signal appears at 4.90

ppm /29/ and CH2 proton signal at 3.62-3.74 ppm respectively. The mutliplet due to the phenyl protons

appears at 7.17-7.43 ppm.

Table 3

H n.m.r, data (p.p.m.)

Complex
) C_oH6NaNiCI

2) C2H36NsO2NiCI

NH(m)
4.8-5.0

4.9-5.0

CH2(m)
3.7-3.8

3.6-3.7

Ar (m)

7.5-7.9

7.1-7.4

CH3(m)

0.6-1.8

0.5-1.6

Table 4

3C n.m.r, data (p.p.m.)

!)
2).

Complex
C;z0H:6N4NiCI2

Phenyl carbon

108-124

C=N C=O Ar-C

149.6 160.1 38.2 20.1 108.6

CsH36NsOzNiCI 120-127 142.0 165.4 39.1 22.3 109.7
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Redox Behaviour

The cyclic voltammetric studies provide an insight to the calf thymus DNA binding. The cyclic

voltammogram recorded for the complex C2Ha6NsO2CuC1 in H20/MeOH (95:5) at a scan rate of 0.1Vs

reveals one electron quasireversible CuII/I wave with Ea values as-0.377V and 0.237V respectively (Fig.l).

The ratio of anodic to cathodic peak currents is--- 1. At different scan rates the voltammogram do not show

any major change (Fig. 2). For a reversible wave Ep is independent of scan rate and Ip (as well as the current

at any point of the wave) is proportional to the v/2/30/. The AEp value is larger than the Nernstian value

observed for the one-electron transfer couple. Large peak width for one electron couple Cu" Cu in

these complexes is not an uncommon observation/31/. This is due to the reorganization of the coordination

sphere during the electron transfer and has been observed in a number of the copper complexes as well/32/.

On addition of calf thymus DNA, the complex experiences a shift in E/: as well as in Ep values. The ratio of

Ipa/lpe for the bound complex decreases (0.66), suggesting that calf thymus DNA is bound strongly to the

complex. In addition to the changes in the formal potential, the voltammetric peak decreases upon addition of

calf thymus DNA to the complex. The decrease in the current is due to the diffusion of the equilibrium

mixture of free and DNA-bound metal complex to the electrode surface/33/.

k

P .Ph

H2

_
(c,) (c:)

P 2h

N Nk2 U N,C]LI/ --(C2) + DNA

7H H

0Ph=CH, C CN50CuC1 (p)
C =Inteediate complex S Solvent

P Product

Scheme 2.
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1.2 0.8 0.4 0 -0.4 -0.8 -1.2

Init E (V) 0.3
High E (V) 1.5
Low E (V) =-1.2
Init PIN P
Scan Rate (V/s) 0.1
Segment 3
Smpl Interval (V) 0.001
Quiet Time (s) 10
Sensitivity (AN) 20.-5

Segment 1:
Segment 2:
Ep 0.212V
Eh 0.309V
ip 7.901e-6A
Ah 8.167e-6C

Ep .0.450V
Eh -0.377V
ip 2.247e-5A
Ah 1.874e-.5C

Segment 3:
Ep -0.129V
Eh -0.237V
ip =-3.091e-6A
Ah -4.158e-6C

2.1

1.8

1.5

1.2

0.9

0.6

0.3

0

-0.3

-0.6

-0.9

-1.2

-1.5

-1.8

-2.1

Potential / V vs Ag/AgCI
Fig. I" Cyclic voltammogram of complex C2H36NO2CuCl at scan rate of 0. v/s.

1.6 1.2 0.8 0.4 0 -0,4 -0.8 -1.2

Init E (V) 0.3
High E (V) 1.5
Low E (V) -1.2
Init PIN P
Scan Rate (V/s) 0.1
Segment 3
Smpl Interval (V) 0.001
Quiet Time (s),= 10
Sensitivity (AN) 2e-5

Potential / V vs Ag/AgCI
Fig. 2" Cyclic voltammogram of complex C2.H3c,NO2CuCI at different scan. rates.
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0.21

0.2

0.19

0.18

0.17

1 (1 x 0) 10’ [DNA] tool dm"
II. (1 x12) 10 [DNA] mol dm
III. (1 x 14) 10" [DNA] mol dm"

II
III

0.16

0.15

0.14

0.13

0.12

0.11 ’i

0 10 20 30 40
Time (min.)

Fig. 3" Plot of log A versus time of the C23H36NsO2CuCI at varying concentrations (10-18 105 tool dm3).

1.5

10 12 14 16 18

[DNA] 10’ (tool dm")

Fig. 4" Plot of ko,., versus [DNA] of the C2.H.6NsO2CuCI at varying concentrations (10-18 x 105 tool din3).

Kinetic Studies

The absorption spectra of calf thymus DNA, and C25H36NsO2CuCI were recorded spectrophotometrically

in MeOH/HO (5:95) at )m,x of calf thymus DNA at 260 nm and 30C temperature. The absorption spectra of

the complex CH.NOCuC1 exhibit a soret band at 645 nm, attributed to the d-d transition. On interaction

88



A.Ahmad et al. Metal-Based Drugs

with calf thymus DNA, there is a red shift of 9 nm and large hypochromicity. Small changes in ,r,ax and

hypochromicities have been observed in some copper complexes upon interaction with calf thymus

DNA[34,35]. Strong hypochromism and red shifts are usually attributed for intercalation /36/. The rate

constant kobss’l values were calculated at varying concentration of calf thymus DNA by plotting logA versus

time (Fig. 3) and the plot of the kobs versus [DNA] gave a straight line, suggesting a pseudo-first order

dependence (Fig. 4). On the basis of the kinetic data, the following mechanism is proposed.

The observed rate law is

kobs kl k2[DNA]/(k-l+ k2)
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