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Abstract 

By reacting different copper(I1) salts with uridine and cytidine in ethyl acetate, several 
mononuclear copper(I1) complexes have been obtained. The complexes are pale in colour 
and exhibit hygroscopic behaviour. Both nucleosides coordinate in molecular form through 
a carbonyl group and through the nitrogen atom of the pyrimidine ring for uridine and 
cytidine, respectively, resulting in a weak ligand field. The spectroscopic data of the 
complexes and their thermal study using TG and DSC techniques are reported. 

INTRODUCTION 

Many examples of metal complexes formed by the interaction of 
nucleosides with a wide variety of metal salts have been reported since 
nucleosides were first described by Levene and Jacobs [l]. Studies on 
nucleosides and their metal complexes are of interest owing to their use as 
model compounds and their potential anti-neoplastic activity. Much of the 
studies concerning metal complexes of pyrimidine nucleosides have been 
devoted to the characterization of these systems in solution [2-51. Those 
performed in the solid state, however, deal mainly with the palladium and 
platinum complexes formed with uridine, thymidine and cytidine [6-lo]. 
However, to the best of our knowledge, references to the thermal 
behaviour of metal complexes of the N-nucleosides of pyrimidine are 
scanty. Therefore, we report here the thermal behaviour of several 
copper(I1) complexes with uridine and cytidine (Scheme 1) as ligands. 
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a-la-l CHCH 

Scheme 1. Uridine (left) and cytidine (right). 

EXPERIMENTAL 

Apparatus 

The microanalyses of carbon, hydrogen and nitrogen were carried out 
using a Perkin-Elmer model 240-C. Infrared spectra were recorded on a 
Perkin-Elmer 983-G spectrophotometer. Thermogravimetric (TG) and 
differential scanning calorimetry (DSC) curves were measured on a Mettler 
DSC-20 differential scanning calorimeter. TG diagrams were recorded in a 
dynamic atmosphere of pure air (100 ml min-‘), using samples varying in 
weight from 8.07 to 12.13 mg. DSC curves were obtained in a static 
atmosphere of air with samples varying in weight from 2.04 to 3.01 mg, at 
the same heating rate as for the TG plots. 

EPR spectra were obtained with a Bruker 200 TT spectrometer operating 
at 9.4-9.5 GHz (X band). Electronic spectra were recorded on a Shimadzu 
MPC-3100 spectrometer. 

Preparation of the complexes 

All complexes were prepared by adding, as solids, the corresponding 
pyrimidine nucleoside and copper(I1) salt in a 1: 1 ratio to 50 ml of ethyl 
acetate. The suspension was then refluxed with vigorous stirring for three 
hours. The microcrystalline complexes were filtered off, washed with hot 
ethyl acetate and dried under nitrogen atmosphere. Analytical data are 
listed in Table 1. 

RESULTS AND DISCUSSION 

All the eight copper(B) complexes are pale in colour, being insoluble in 
non-polar solvents and decomposed by polar solvents. Moreover, all are 
hygroscopic with a variable degree of hydration. Interestingly, even though 
the complexes were synthesized using a ligand/metal ratio of 1: 1, those 
involving chloride ions were obtained with a ligand/metal ratio of 2:1, 
suggesting that this latter ratio is favoured over the former. 
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TABLE 1 

Analytical, diffuse reflectance and EPR data 

Compound c (%) H (%) N (%) cu (%)” d-d EPR 

(W 

Found Calc. Found Calc. Found WC. Found Calc. g, 811 g&w 

[C~(CWU~WbON 
[WSO,WJ4VW)l~ 
Hz0 
DW,W4,1 
4H,O 

KNJW,W4W,O)l 
KWCWW)(W’)1 
DW&WWWM 
[WCO,(W),l~ H,O 
[WW,(WW,ON 
Hz0 

34.9 34.60 3.7 3.67 14.8 14.68 21.0 20.84 15.75 2.07 2.28 2.14 

22.1 23.61 4.0 3.93 6.2 6.12 ’ 13.33 2.08 2.27 2.14 

29.9 31.10 4.4 4.61 8.0 8.06 11.5 11.4s 11.90 

22.3 22.25 2.9 2.88 5.7 5.77 16.1 16.38 11.63 

34.6 34.69 3.9 3.94 18.3 18.40 20.9 20.89 15.87 

24.6 24.63 4.0 3.88 9.6 9.58 b 13.16 

33.1 33.83 2.9 2.82 13.1 13.16 12.4 12.45 12.66 

21.4 21.50 3.3 3.38 8.2 8.36 15.9 15.83 11.83 2.08 2.35 2.17 

2.10 

2.14 2.31 2.20 

2.06 2.26 2.13 

2.08 2.27 2.14 

2.10 

a Calculated as 010. b The residue was a mixture of CuO and CuSO,. 

The solid-state infrared spectra data of the complexes are presented in 
Table 2. The spectra display features characteristic of the expected 
molecular coordination mode of the nucleosides, in agreement with the 
analytical data. Moreover, owing to the strong hygroscopic behaviour 
shown by these complexes, the resolution decreases with the number of 
water molecules present in the complex. As a consequence of the molecular 
coordination form of the nucleosides to the copper ion, in all the complexes 
the charge is neutralized by the anions belonging to the copper(I1) salt used 
in the synthesis. Thus, new bands observed in the spectra of the complexes, 
which are not present in the spectra of the free ligands, have been assigned 
to these coordinated anions. 

However, one of the C=O stretching bands of uridine, occurring at 
1694 cm-‘, is shifted to lower wavenumbers by approx. 14 cm-‘, indicating 
that coordination could take place through one of the C=O groups of the 
pyrimidine ring. This small displacement would be indicative of a weak 
ligand field, in agreement with the data previously reported for similar 
complexes [ll-141. 

The diffuse reflectance spectra consist of three bands in the 300-900 nm 
range. Two bands of medium intensity centred at about 320 and 400 nm are 
attributable to ligand transitions and/or change-transfer absorptions. The 
remaining broad band, which is listed in Table 1, is less intense and may be 
attributed to d-+ d transitions, the values being consistent with the 
existence of a weak ligand field [15]. 

The EPR spectra of the powdered samples present the resonances listed 
in Table 1. The signals are devoid of any hyperfine structure. From these 
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hydrogen bonds present in their crystal structures [17-191. The pyrolytic 
process takes place in two steps. The first one, which starts at around 230°C 
and ends at around 34O”C, corresponds to the partial pyrolysis of the sugar 
ring. This step has also been observed in several other nucleosides [20]. The 
latter step, which overlaps with the former, corresponds with the com- 
bustion of the organic matter. 

Three different processes can be observed in the curves of the 
complexes: dehydration, dehalogenation and pyrolysis. 

Dehydration processes 

The first thermal decomposition step for all the complexes is the 
elimination of the water molecules. The corresponding data for these 
processes are given in Table 3. Dehydration of these compounds occurs 
over a variable temperature range, ranging from 70 to 135°C. The weight 
losses observed in the TG curves are in agreement with those calculated 
from the proposed formulae. The expected endothermic behaviour for the 
dehydration processes is observed in the corresponding DSC curves. Some 
of the dehydration enthalpy values, which are fairly high, would suggest a 
very strong interaction between the water molecules and either the sugar 
moiety or the copper ion. 

Dehalogenation processes 

Data corresponding to the dehalogenation of halogenated compounds 
are shown in Table 4. The elimination of the chloride and bromide ions 
overlaps with the pyrolysis of the sugar moiety, with the exception of the 

TABLE 3 

Thermoanalytical data for the dehydration processes 

Process 

&) 

AH 
(kJ mol-‘) 

Weight loss 

Found Calc. 

Cu(CN),(Urd)(H,O)+ Cu(CN),(Urd) 90 11.6 4.6 4.78 

Cu(SO,)(Urd)(H,O),+ Cu(SO,)(Urd)(H,O), 74 92.0 3.9 3.93 
Cu(SO,)(Urd)(H,O),-+ Cu(SO,)(Urd) 109-135 7.9 7.87 

Cu(CMUrd),(H,O,) + Cu(CMUrd), 99 37.7 10.1 10.37 
Cu(Br),(Urd)(H,O) + Cu(Br),(Urd) 85-95 3.7 3.71 

Cu(CN),(Cyt)(H,O) + Cu(CN),(Cyt) 88 10.5 5.0 4.79 

Cu(SOd)(Cyt)(HzO)z + Cu(SO,)(Cyt) 135 52.2 8.1 8.21 

Cu(CMCyt)z(H,O) + Cu(CMCyt)z 60-80 3.1 2.82 

Cu(Br),(Cyt)(H,O), + Cu(BrMCyt)(H,O) 70 5.8 6.4 6.57 

Cu(BrMCyt)(H,O) + Cu(BrMCyt) 115 31.2 
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TABLE 4 

Thermoanalytical data for the dehalogenation processes 

Process 

P(CMUrdM -, P4UrW 
[Cu(Br),(Urd)] + [Cu(Urd)] 
[Cu(Cl)*(Cyt)zl + [Cu(CytM 

[Cu(BrMCyt)l + [Cu(Cyt)l 

&) 

158 
166 
185 
213 

&?mo1-1) 

30.9 

51.9 

Weight loss 

Found Calc. 

10.2 10.22 

Cu(Cl),(Urd), - 4H20 complex, for which the observed weight loss ob- 
served in the TG curve is in agreement with that calculated from the 
proposed formula. Nevertheless, the temperatures of the dehalogenation 
processes obtained from the DSC curves are lower than those previously 
reported by us [21,22] for halogenated complexes. 

Pyrolytic processes 

Once the dehydration and dehalogenation processes have taken place, 
all the compounds undergo pyrolytic processes. The pyrolytic processes of 
all the complexes follow a two-step pattern, similar to those observed for 
the respective nucleosides. 

It must be pointed out that for the [Cu(CN),(Urd)(H,O)] and 
[Cu(CNMUrd)(H~O)l complexes, before the pyrolytic process takes place 
and overlapping with it, the elimination of the cyanide group occurs. Both 
processes appear as endothermic effects in the DSC curves at 170 and 194°C 
respectively. 

In conclusion, the spectroscopic data would suggest a weak ligand field 
for these complexes. The coordination seems to occur through one of the 
carbonyl groups of the pyrimidine ring for the uridine and through the 
nitrogen atom for the cytidine. However, an additional auxiliary coordina- 
tion of the hydroxyl groups of the sugar cannot be rejected. For the 

2 

_._.______.___._._ A&/ >’ 
“\/ 

0 

R-’ ___ ___.______.___._._____. 
& 

“\\ 
0 

I% Uridine or Cytidine 

Scheme 2. 
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complexes obtained from the copper(I1) sulphate, a square-pyramidal 
geometry is proposed (Scheme 2), whilst for the rest a tetrahedral geo- 
metry, probably distorted to some extent to square-planar, is assumed. 
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