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The intemction of Cu(II)GlyGly with four nucleo- 
sides has been studied by difference electronic 
absorption spectroscopy. The relative stability of 
binding of nucleosides to cU(II)GlyGly is in the 
order: cytidine > adenosine s guanosine > &dine. 
The EPR spectra of these copper complexes have also 
been recorded at room tempemture and at liquid 
nitrogen tempemture. Bonding parameters chamcter- 
ising the covalency from the EPR data have also been 
calculated and analysed. It is concluded that the 
decrease in All of copper complexes with increasing 
covalency in the coordination plane is due to a bind- 
ing through nitrogen of nucleoside in the equatorial 
plane of Cu(II)GlyGly. The decrease in (Y’ with small 
increase in /_$ supports the existence of competitive 
mechanisms of the in-plane a- and Ir-bond&s. 

Introduction 

The role of metal ions in the biological functions 
of nucleic acids in replication, transcription and trans- 
lation has long been recognised [l] . The metal ions 
have also been implicated in mutagenesis [2] and 
carcinogenesis [3]. The unique properties of metal 
ions to probe into the functions of nucleic acids and 
nucleic acid constituents have been employed [4-71. 
The recent use of cis-dichlorodiamminoplatinum(II) 
in treating human cancers [8] and the binding of this 
drug to DNA [9] have led to considerable recent 
interest in understanding of structural nature of inter- 
action of metal complexes with nucleic acid consti- 
tuents and nucleic acids [ 10, 111. Recently, the 
results of X-ray diffraction analysis of the 
aquodiethylenetriaminecopper(I1) complex of 5’-ino- 
sine-monophosphate in the ratio of 1:2 have 
suggested that the cis-Pt(NHJ)zC12 may interact with 
DNA by the intrastrand crosslinking of guanosines 
[9, 121. In view of the importance of interaction of 
metal complexes with nucleic acids and nucleic acid 
constituents, we report here the results of inter- 
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action of Cu(II)-glycylglycine with nucleosides using 
electronic absorption and EPR spectroscopy. 

Experimental 

Materials 
Copper(glycylglycine*3H20 (Cu(II)GlyGly) 

was prepared by the method of Martell and 
coworkers ]131. Cu(II)GlyGly*(cytidine) was 
prepared by the method described earlier [ 141. Other 
reagent grade chemicals were used. 

Physical Measurements 
Electronic absorption spectra of the complexes 

were measured using the Varian SuperScan- 
Spectrophotometer. The equilibrium studies of the 
complexes between Cu(II)GlyGly and nucleosides 
were obtained by measuring the difference spectra 
of mixed solutions of Cu(II)GlyGly (lo- M) and an 
appropriate nucleoside in varying molar ratios of 0.5 
to 2 against the same concentration of Cu(II)GlyGly 
at pH 7.5 in presence of 0.1 M KN03. These solutions 
were incubated at 30 “C for two hours before the dif- 
ference spectra were recorded. The difference in 
the absorbance measured from the difference spectra 
of the above solutions at three wavelengths i.e., 560 
(cytidine), 580 (adenosine), 690 nm (uridine) were 
analysed to get equilibrium constant, K,, following 
the method of Drago and coworkers [ 151. The final 
analysis of the data were carried out by the least 
squares method using the computer program LSMB, 
written by one of the authors (SVD). 

The electron paramagnetic resonance (EPR) 
spectra of copper complexes were recorded using 
Varian E-112 EPR Spectrometer (X-band) and 
TCNE (g = 2.00277) was used as g marker. The 
Varian aqueous solution cell (E-248) was used to 
record the EPR spectra of solutions at room tempera- 
ture. The EPR spectra at liquid nitrogen temperature 
(77 K) were measured as rigid glasses. The above solu- 
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tions were prepared in a mixture of water and 
ethylene glycol in the ratio of 1: 1 (v/v) and they were 
incubated at 34 “C for two hours before the EPR 
spectra were recorded, 

Results and Discussion 

Equilibrium Studies 
The interaction of Cu(II)GlyGly with various 

nucleosides has been studied by electronic absorption 
spectroscopy. The stability constant, K, of 1: 1 com- 
plexes was obtained using difference spectroscopy 
at pH 7.5. The K, values of the 1: 1 complexes are 
192 + 22 (cytidine complex), 131 + 7 (adenosine 
complex) and 34 It 2 M-’ (uridine complex). The 
variations in K, values can be understood in terms 
of mode of binding of the nucleosides to Cu(II)- 
GlyGly which has a slightly distorted square based 
pyramidal geometry [16]. The four equatorial sites 
are occupied by a tridentate glycylglycine dianion 
and an oxygen of a water molecule, while the axial 
position is occupied by another water molecule. One 
or two water molecules in the Cu(II)GlyGly can be 
displaced by exocyclic or endocyclic donor atom or 
both. This can be used as a basis for explaining the 
variations in the stability constants. The unusually 
high stability constant found for binding of cytidine 
can be attributed to chelate formation by N-3 and 
O-2 of cytidine. The fairly stable complex formation 
between adenosine and Cu(II)GlyGly suggests that 
tridentate glycylglycine dianion and N-7 of the 
adenosine are occupying the four equatorial sites 
while the axial site is occupied by a water molecule. 
This axial coordinated water molecule forms an inter- 
ligand hydrogen bond with exocyclic amine on the 
adenosine. The binding of cytidine and adenosine 
are in accord with X-ray structural studies of these 
and related compounds [17]. The uridine binds 
relatively weakly to Cu(II)GlyGly possibly by O-4 
of uridine by displacing one coordinated water 
molecule. 

The stability constant of the guanosine complex 
of Cu(II)GlyGly cannot be determined by electronic 
absorption spectroscopy because of the low solubility 
of guanosine. The EPR spectra of 1 :l complexes of 
nucleosides to Cu(II)GlyGly were measured at liquid 
nitrogen temperature and the glt values calculated 
from these data are given in Table 1. The decrease 
of gu values in the structurally related compounds 
can be related to the increase in covalency [ 181, 
and thus to the strength of binding of nucleosides 
to Cu(II)GlyGly. The ge value of the guanosine 
complex is comparable to that of the adenosine 
complex, whereas the gll value of the uridine com- 
plex is larger than that of the adenosine complex. 
The gu value of the cytidine complex is smaller than 
those of the adenosine or guanosine complexes. The 
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Fig. 1. Solution ESR spectrum of Cu(II)GlyGly (cytidine) 
complex at room temperature. 

above variations in gu values are in accord with the 
equilibrium studies. Therefore, the relative stability 
for binding of nucleosides to Cu(II)GlyGly can be 
written as cytidine > adenosine 1 guanosine > 
uridine . 
EPR Studies: 

The EPR spectra of Cu(II)GlyGly and its nucleo- 
side derivatives have been recorded in solutions 
at room temperature and as glassy solids at liquid 
nitrogen temperature. A random motion of the 
above molecules in solution at room temperature 
gives an isotropic spectrum from which g, and 
A, (nuclear hyperfine structure constant) can be 
measured. The former parameter is the g, value at 
the centre of the four line pattern and A,, expres- 
sed in cm-‘, is the spacing between these lines. 
A typical spectrum in solution is given in Fig. 1. 

In the glassy state at liquid nitrogen tempera- 
ture, all the orientations of the axis of molecules 
having axial symmetry are present but they are 
fixed. Therefore, an anisotropic spectrum is obtain- 
ed, as shown in Fig. 2, from which the values of 
gu and Au can be accurately measured but the values 
of g, and Al are evaluated using the following rela- 
tions [ 191 : 

g =gll+2gl 
0 -and&, =A”t2AL . 

3 3 

The EPR parameters thus obtained are given in Table 
I. The gll and All values indicate the existence of an 
unpaired electron in either d,2,1 or dxy ground 
state. The ground state in all square pyramidal 
complexes is assumed to be d,a_,,z [20, 211. Since 
the values of gu indicate the covalent nature of the 
metal ligand bond, the bonding in these complexes 
can be explained in terms of molecular orbital 
theory with the unpaired electron in the d,z,z 
molecular orbital in the ground state [2 1, 221. 

The bonding parameters, 02, 0: and P2, which 
represent the in-plane u-, in- and out-of-plane n-bond 
strengths for 3dg configurations in approximate Dgr, 
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TABLE I. Magnetic Parameters of Copper Complexes. 

Compound gu 81 go Ali X lo4 Al X lo4 A, X lo4 
-1 cm cm-1 cm--’ 

Cu(II)GlyGly 2.250 2.068 2.128 185 16 IO 

C~(II)GlyGly~(cytidine)~ 2.234 2.068 2.123 177 25 73 

Cu(II)GlyGly + cytidineb 2.235 2.073 2.127 177 25 74 

Cu(II)GlyGly + adenosineC 2.244 2.052 2.116 180 21 71 

Cu(II)GlyGly + adenosined 2.240 2.068 2.126 178 22 71 

Cu(II)GlyGly + uridineC 2.252 2.049 2.117 184 20 71 

Cu(II)GlyGly + uridined 2.253 2.064 2.127 187 17 71 

Cu(II)GlyGly + guanosineC 2.241 2.064 2.123 180 21 71 

Cu(II)GlyGly + guanosinee 2.232 2.068 2.123 177 24 72 

?solated complex. bCu(II)GlyGly + nucleoside in molar ratio of 1 :lO. 
dCu(II)GlyGly + nucleoside in molar ratio of 1:5. 

cCu(II)GlyCly + nucleoside in mola ratio of 1: 1. 
eCu(II)GlyGly + nucleoside in molar ratio of 1:2. 

TABLE II. Ligand Field Energies, Bonding Parameters and et2 of Copper Complexes. 

Compound AE (Y* 
r2 

Q !2 
P2 e 

-1 
Pf 

Cu(II)GlyGly 15625 0.82 0.27 0.80 0.86 0.30 

Cu(II)GlyGly .(cytidine)a 15780 0.75 0.35 0.83 0.93 0.19 

Cu(II)GlyGly + cytidineb 15762 0.74 0.35 0.84 0.99 0.19 

Cu(II)GlyGly + adenosineC 15718 0.79 0.30 0.81 0.77 0.23 

CWI)GlyGly + adenosined 15918 0.77 0.32 0.82 0.92 0.24 

Cu(II)GlyGly + uridine’ 15718 0.82 0.26 0.80 0.64 0.32 

Cu(II)GlyGly + uridined 15740 0.83 0.26 0.79 0.80 0.30 

Cu(IIK;lyGly + guanosine’ 15792 0.78 0.31 0.82 0.85 0.25 

Ch(II)GlyGly + guanosinee 15892 0.75 0.34 0.83 0.94 0.20 

?solated complex. bCu(II)GlyGly + nucleoside in molar ratio 1:lO. 
dCu(II)GlyGly + nucleoside in molar ratio 1:5. 

CCu(II)GlyGly + nucleoside in molar ratio 1:l. 
eCu(II)GlyGly + nucleoside in molar ratio 1:2. 

H 
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Fig. 2. Frozen solution ESR spectrum of Cu(II)GlyGly* 
(cytidlne) complex at 77 K. 

symmetry, can be calculated using known equations 
[22-241. The Cu(II)GlyGly complexes and their 
nucleoside derivatives exhibit a broad band in the 
visible region between 15625 to 15918 cm-’ and 
these bands are used for the above calculations [22]. 
The or*, out-of-plane u-bond strength, was calculated 
using the relationship Q* + (Al’* - 2~‘s = 1 (where S 
is the overlap integral which is taken as 0.093 [22]). 
The Fermi contact term K is calculated using the 
relationship K = A, + P (go - g,), where g, = 2.0023 
and P = 0.036 cm-,’ [23]. The bonding parameters 
(01~) a”, fit, f12) and e’* [23] of the copper complexes 
are given in Table II. 

The o2 values quantitate the in-plane u-bonding 



16 

within these complexes. The (Y’ = 1 represents totally 
ionic character and the (IL* = 0.5 totally covalent char- 
acter. The calculated o2 values of copper complexes 
are in the range of 0.74 to 0.83. This is the range 
between the appreciable covalency to intermediate 
covalency [23]. The 0: describes the in-plane rr- 
bonding. The 0’ describes the out-of-plane n-bonding 
range of 0.79 to 0.84. This indicates appreciable 
covalent in-plane n-bonding within these complexes. 
The o2 decreases with increase in 0:. This supports 
the competitive mechanism of in-plane u- and rr- 
bonding. The /I2 describes the out-of-plane k-bonding 
which varies in the range of 0.64 to 0.99. This indi- 
cates significant or little out-of-plane n-bonding. 

The Cu(II)GlyGly has two 14N nuclei bonded to 
Cu(II) and a pattern of 2 (2 X 1) t 1 = 5 superhyper- 
fine lines is predicted. The room temperature 
spectrum of this compound shows the presence of 
five such ligand hyperfine structures superimposed 
on the high field copper hyperfine line. The room 
temperature spectra of Cu(II)GlyCly in presence of 
nucleosides show only five lines, even in presence 
of additional 14N nucleus in the nucleosides. This 
can be explained in terms of rapidly exchanging 
14N nucleus of the nucleoside so that nuclear inter- 
action does not occur [ 191. 

As in-plane u-bonding increases, there is a decrease 
in the o2 value, as well as the gtt value [ 18, 241 on 
bonding of cytidine to Cu(II)GlyGly. Thus the N-3 
of cytidine seems to bind at an equatorial site by dis- 
placing one H20 molecule from equatorial plane, and 
thus the O-2 of the cytidine occupies the axial posi- 
tion by displacing the axial Hz0 molecule. This 
chelate formation enhances the stability of binding 
of cytidine to Cu(II)GlyCly and thus the K, has 
highest value. The decrease of o2 value on binding of 
adenosine to Cu(II)GlyGly is relatively less than 
cytidine. The N-7 of adenosine molecule binds the 
Cu(II)GlyGly at equatorial site by displacing the Hz0 
molecule. The axial water molecule of Cu(II)Gly- 
Gly can have interligand hydrogen bonding to exo- 
cyclic amine of adenosine. This bond is relatively 
weak and so the K, value of adenosine binding is 
smaller than that for cytidine. These modes of 
binding of nucleosides to Cu(I1) are also in accord 
with the X-ray structural studies of these Cu(II)- 
GlyGly nucleoside complexes [ 171. 

The (Y’ values of 1 :l complexes of adenosine 
and guanosine are comparable. Therefore, the mode 
of binding of these nucleosides seems to be the same 
except O-6 in guanosine is involved in hydrogen 
bonding with axial water molecule of Cu(II)GlyGly 
rather than exocyclic amine of adenosine. There is 
virtually no change in (Y’ value on binding of uridine 
to Cu(II)GlyCly. Thus, the uridine is weakly bond- 
ing possibly through 04 to Cu(II)GlyCly. This weak 
bonding is also in accord with the lowest K, value 
of uridine binding to Cu(II)GlyGly. 

An important feature of EPR parameters of the 
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Fig. 3. Plot of a2 against ev2 for the copper(H) complexes. 

Cu(I1) complexes is the decrease of Ati values with 
increase of covalency in equatorial plane whereas 
o2 and gu values reflect the expected trend [22], 
The former trend can be explained if the mixing 
of 4s level is included in the ground state [23]. 
Various mechanisms for this mixing have been 
suggested but the spin polarisation model for 
mixing 4s level seems to be appropriate for these 
Cu(I1) complexes. The support of this mechanism 
is obtained by a linear plot of o2 against e” as shown 
in Fig. 3. The mixing of 4s with the ground state 
leads to either a static or dynamic distortion of 
D4u symmetry. The static distortion seems to be 
operative over dynamic distortion. This is in accord 
with the EPR spectrum of the Cu(I1) complexes 
showing rhombic distortion (see Fig. 2). 

Sometimes appreciable variations have been 
observed in the g factors and hyperfine parameters 
of Cu(II)GlyGly in presence of one mole or more 
than one mole of nucleoside. These variations are 
probably due to weak bonding interactions, such 
as hydrogen bonding between uncoordinated nucleo- 
side and coordinated ligands. These interactions 
collectively may give rise to the above variations 

WI. 
The relative stability of binding of nucleosides 

to Cu(II)GlyGly has been found to be cytidine > 
adenosine r guanosine > uridine. This trend in the 
stability is governed by two factors, namely chelate 
formation and interligand hydrogen bonding. The 
modes of binding of nucleosides to Cu(II)GlyGly 
are in accord with the available X-ray structural 
studies of some nucleoside complexes of Cu(II)- 
GlyGly . 
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