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The following cadmium(l I) complexes of deprotonated 6-amino-5-nitroso-uracil (AH), 
deprotonated 6-amino-3-methyl-5-nitroso-uracil (BH) and neutral 6-amino-l-methyl-5- 
-nitroso-uracil (CH) have been prepared and their thermal behaviour studied by TG and DSC 
techniques: CdA 2 �9 3 H20, CdB 2 �9 2 H20, CdB 2 and CdCI2(CH) 2 , 2 H20. 

Dehydration processes of these complexes take place in only one step and the enthalpy 
values associated with them are comprised in the 42.7-80.5 kJ �9 mole-]  H20 range. The 
pyrolytic reactions finish in the 630--900 ~ temperature range, remaining as final residue 
in the case of CdA 2 �9 3 H20, CdB 2 �9 2 H20 and CdB 2 complexes, cadmium oxide. The 
pyrolytic decomposition of CdCI2(CH) 2 �9 2 H20 complex does not yield any residue, due 
to the elimination of cadmium chloride. 

The study of metal-pyrimidine derivatives complexes has received increasing atten- 

t ion in the last few years, both from the inorganic and biological points of  view 
[1 -11 ] .  

It is well known that some of  these complexes play a dominant  role in many bio- 

chemical systems and the interest that they have aroused is due, fundamental ly,  to 
their chemotherapeutic effects as anticancer agents [8 -11 ] .  For these reasons, many 

studies have aimed, primari ly, to elucidate the mechanism of physiological actions of 
these compounds. The first step in these researches has been the determinat ion of  
binding sites of  the corresponding pyr imidine derivative to metal ion by spectral 
me'ohods, such as I R, uv-visible and NMR [ 1 - 5 ] ,  and X-ray di f f ract ion methods. Thus, 
Cartwright et al. have reported the crystal structure of  the bis(1,3-dimethyluracil) 
d ichlorocopper( l l )  in which the metal is bonded strongly to the C(4 )=0(4 )  group of 
the base, being the first uracil derivative for which a powerful metal-oxygen inter- 
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action has been demonstrated [12]. Recently, Lumme et al. have described the crystal 
structures of triaquabis(uracilato) cadmium(ll) [13], diamminediaquabis(uracilato) 
nickel(ll) [14] and some copper(ll) and nickel(ll) 2-aminopyrimidine mixed com- 
plexes [15]. 

In order to amplify the chemical information concerning these complexes, we are 
developing in our laboratory some studies about their thermal stability [16-18].  
As a part of these reseaPches we have described in this paper the thermal behaviour 
of Cd(ll) complexes with 6-amino-5-nitroso-uracil (AH), 6-amino-3-methyl-5-nitroso- 
uracil (BH) and 6-amino-l-methyl-5-nitroso-uracil (CH). 

O 

j NH 2 

R' 

R= R'= H ~ AH 
R=CH 3 ; R ' = H ~ B H  
R=H ~ R '=CHz~CH 

Experimental 

The pyrimidine derivatives were prepared by methods previously reported [19]. 
All the chemicals used in this work were analytical reagent grade. 

Preparation of  the complexes 

The synthesis of cadmium complexes was carried out as follows: 10 ml of an 
aqueous solution of CdCI2 �9 2 �89 H20 (8 mmole) were added, slowly with stirring, 
to a hot aqueous solution (200 ml) of the corresponding ligand (2 mmole). After 
stirring for a half hour, the resulting solutions were allowed to stand at room tempera- 
ture. In these conditions we obtained the following compounds: 

a) Cd(I I)/AH system: After standing one hour, we isolated the complex as a pink 

powder. 
b) Cd(II)/BH system: By evaporation at room temperature during several days, an 

orange powder was obtained. From the filtrate solution, red crystals were isolated. 
c) Cd(II)/CH system: When this solution was allowed to stand 24 hours, we ob- 

tained an orange powder. 
All the compounds were filtered by suction, washed with water and ethanol and 

dried with diethylether. Their chemical analyses (%) were: 

Cd(C4H3N403)2 " 3 H20 (pink), 
calcd., C = 20.15, H = 2.52, N = 23.51, Cd = 23.59, 
found, C = 20.02, H = 2.39, N = 23.31, Cd = 22.60. 

Cd(C5H5N403) 2 - 2 H20) (orange) 
calcd., C = 24.67, H -- 2.88, N = 23.03, Cd = 23.11, 
found, C = 24.53, H = 2.84, N = 22.86, Cd = 22.13. 

J. Thermal Anal 29, 1984 



MORENO-CARRETERO, SALAS-PEREGRIN: THERMAL STUDIES II. 1055 

Cd(C 5 H 5 N403) 2 (red) 
calcd., C = 26.64, H = 2.22, N = 24.86, Cd = 24.96, 
found, C = 26.65, H = 2.10, N = 25.16, Cd = 24.80. 

CdCI2 (C5H6N403) 2 �9 2 H20 (orange) 
calcd., C -- 21.45, H = 2.86, N = 20.02, Cd -- 20.09, 
found, C = 21.51, H = 2.75, N = 19.83, Cd = 19,84. 

Apparatus 

Chemical analyses of C, H and N were performed in the microanalysis laboratory 
of the Bioorganic Department of C. S. I. C. (Barcelona). Determination of the cad- 
mium content of the samples was carried out in a Perkin-Elmer (mod. 290) atomic 
absorption spectrometer. 

Thermogravimetric analyses were made in air atmosphere with a Merrier TG-50 
thermobalance at a heating rate of 10 deg. min -1 . DSC runs were carried out on a 
Mettler differential scanning calorimeter model DSC-20, in the 35-550 ~ temperature 

range, using a heating rate of 5 deg. m in ~-1. Thermolytic reactions were obtained with 
samples varying in weight from 3.40 to 6.21 mg. 

Results and discussion 

Recent studies by spectral methods (IR and 1H_NMR) (20) have shown that the 
6-amino-5-nitroso-uracil and its methylated derivatives as well as their deprotonated 
forms can behave as either mono- or bidentate ligands. In this work we have some 
examples of both coordination types. In CdA2 �9 3 H20, CdB2 ~ 2 H20 and CdB 2 
complexes, we observed that the coordination of the corresponding pyrimidine deriva- 
tive to Cd(ll) ion takes place as bidentate ligand, in deprotonated nitroso-phenolic 
form, being the binding sites the nitrogen and oxygen atoms of 5-nitroso and 6-oxide 
groups, respectively. From IR data [20], we have proposed for each Cd/k2 " 3 H20 
and CdB 2 complexes a distorted tetrahedral structure, while for CdB 2 �9 2 H20 com- 
plex the IR data do not permit discern between a tetrahedral and an octahedral 
structure, since the IR spectrum of the ligand [5] shows several bands in the region 
where bands corresponding to vibrational modes of coordinated water molecules 
appear. On the other hand, IR data suggest for CdCI2(CH) 2 �9 2 H20 complex, an 
octahedral polymeric structure with chlorine bridging, in which the 6-amino-l-methyl- 
-5-nitroso-uracil (CH) acts as a monodentate ligand through the nitrogen atom of 
5-nitroso group, probably. In CdA 2 �9 3 H20 and CdCI2(CH)2 �9 2 H20 compounds, 
water molecules seem to be linked by hydrogen bonds to suitable atoms of the ligands, 

Thermogravimetric analysis curves and DSC plots for the isolated complexes are 
given in Figs 1 and 2, respectively. 

In all isolated complexes, two processes can occur: dehydration and pyrolytic 
decomposition. 
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Fig, 1 TG plots for isolated complexes: A - n-_xJA 2, 3H20, B -CdB 2. 2 H20, C - CdB 2, 

D ~ CdCI2(CH) 2 �9 2 H20 

Dehydration processes 

The first step that takes place in the thermal decomposition of the complexes is the 
elimination of water molecules. Data for calculated and observed weight losses, DSC 
peaks temperatures and corresponding dehydration energy values are tabuSated in 
Table 1. 

In Fig. 1, we can observe that all dehydration processes take place in only one step, 
which suggests that the water molecules are equivalent in every case. Dehydration 
enthalpy values, calculated from the area of the corresponding endothermic peaks, 
indicate a great difference between the bond of water molecules in CdB 2 �9 2 H20 
complex and in the others two complexes. The observed value of dehydration 
entha!py for CdA2 �9 3 H20 and CdCI2(CH)2 ~ 2 H20 is according to the ones found 
by I R spectral methods (water molecules linked to the ligands by hydrogen bonds). 

The high value of dehydration energy for CdB 2 �9 2 H20 complex suggests that 
water molecules are directly bonded to Cd(ll) ion. On account of this fact it is rea- 
sonable to propose for this compound an octahedral structure, in which the equatorial 
positions are occupied by the ligands and the two water molecules are in the apical 
positions. This structure is analogous to the one found for the complex formed by 
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Fig. 2 DSC ptots:A - CdA 2 �9 3H20 ,  B - C d B  2 , 2  H20, C -  CdB 2 D-CdCI2(CH) 2 . 2  H20 

T a b l e  1 Thermoanalytical data for dehydration processes 

P rocess * 
DSC peak Dehydration Weight loss, % 

Calcd. Found temperature enthalpy, 
~ kJ �9 mo l -1  water 

CdA 2 �9 3 H20--*CdA 2 + 3 H20 11.33 12.0 172 
CdB 2 . 2 H20 ~ CdB 2 + 2 H20 7.40 7.5 224 
CdCI2(CH) 2 �9 2 H20-+ CdCI2(CH) 2 +2 H20 6.43 6.8 162 

46.5 
~0.5 
42.7 

* A -  = deprotonated 6-amino-5-nitroso-uracil, B -  = deprotonated 6-amino-3-methyl-5-nitroso- 
uracil, OH = neutral 6-amino-l-methyl-5-nitrosO-uracil. 

Zn ( l l )  ion and the 6-amino-5-ni t roso-uraci l  [17,  20] ,  in wh ich calculated dehydra t ion  

en tha lpy  was 76.5 kJ �9 mole - 1  H 2 0  [17] .  

Pyro ly t ic  processes 

Thermograv imet r i c  and DSC data for  the  p y r o l y t i c  processes are given in Table 2. 

The dehydra ted compounds decompose in the 2 2 5 - 9 0 0  ~ temperature  range. 

In the DSC plots (Fig. 2), i t  can be observed tha t  every comp lex  shows the same 
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Table 2 TG and DSC data for pyrolytic processes 

Final 
Reaction Weight loss (%) temperature, DSC peaks temperature (~ 

Calcd. Found TG (~ Endo Exo 

CdA 2 . . . .  CdO 73.05 72.5 650 - 490 510 > 550 
CdB 2 . . . .  CdO 73.60 73.6 650 - 290 420 > 550 
CriB 2 . . . .  CdO 71.49 72.9 630 - 365 400 540 
CdCI2(CH) 2 . . . .  (a) (a) 97.0 900 - 245 420 > 550 

(a) See text. 

number of  exothermic effect than the corresponding free ligand [20].  These effects 

must be at t r ibuted to the combust ion of  the organic matter.  Likewise, it is interesting 

to observe the differences between the Figs 2B and 2(~, which are in accordance w i t h  

the two  d i f ferent  structures that  we have proposed for CdB 2 ~ 2 H20  and CdB 2 

complexes, since i f  the structure of  CdB2 �9 2 H20 was tetrahedral,  after dehydrat ion 

process its DSC plot  (Fig. 2B) should be similar to the one corresponding for  CdB 2 

(Fig, 2C). 
In Table 2, we have indicated that  in three first compounds, the f inal residue is 

CdO, as revealed by I R and X-ray d i f f ract ion methods (d = 2.712 ~)  [21],  whi le  the 

pyrolysis of CdCI2(CH)2 ~ 2 H20 complex does not yield pract ical ly any residue 

(3.0%). This fact is in agreement w i th  those found in other analogous complexes 

of Cd( l l )  [22],  since the cadmium chloride, at temperatures higher than 725 ~ is 

el iminated. 
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Zusammenfassung -- Folgende Cadmium(l l )-Komplexe von deprotoniertem 6-Amino-5-nitroso- 
uracil (AH), deprotoniertem 6-Amino-3-methyl-5-nitroso-uracil (BH) und neutralem 6-Amino- 
-1-methyl-5-nitroso-uracil (CH) wurden hergestellt: CdA 2 �9 3 H20, CdB 2 �9 2 H20, CdB 2 und 
CdCI2(CH) 2 - 2 H20. Das thermische Verhalten dieser Komplexe wurde mittels TG und DSC 
untersucht. Die Dehydratisierung der Kornplexe verl~uft in nut einem Schritt. Die Enthalpiewerte 
f l i t  diese Prozesse liegen im Bereich von 42 .7-80 .5  kJ - tool - 1  H20. Die pyrolytischen Reaktio- 
hen verlaufen im Temperaturbereich yon 6 3 0 - 9 0 0 ~  zu Ende, wobei im Falle der Koml01exe 
CdA 2 �9 3 H20,  CdB 2 �9 2 H20 und CdB 2 Cadmiumoxid als Rfickstand zur~ckbleibt. Die pyro- 
lytische Zersetzung von CdCI2(CH) 2 �9 2 H20 verl~uft wegen der FISchtigkeit yon CdCI 2 riJck- 
standslos. 

Pe31oMe ~ FIOnyHeHbl H HccneAoBaHbl MeTO~OM Tr" H ~,CK KOMnneKCbl Ka~MHR o6u~ero COCTaBa 
CdA 2 * 3 H20, CdB 2 �9 2 H20, CdB 2 H CdCI2(CH) 2 �9 2 H20,  rAe A - l~enpoToH14pOeaHHb]~ 
6-aM14HO-5-H14TpO3oypau, Hn, B -- ~,enpOTOHHpOBaHHbl~l 8-aMHHO-3-Me'rH~-5-H14Tpo3oypaLL14rl 14 
CH -- He~TpaJlbHb~ 6-ai14Ho-l-ieTHn-5-H14Tpo3oypau, Hn. FIpoLleCCb= Aer14ApaTau14H KOMnneKCOB 
npOTeKa~OT B OAHy CTa/~,14K). 3HaqeH14R 3HTaflbnHR peaKu,14R AerHApaTaL~14H Haxo~RTCR B o6naCTI4 
3HaqeH141~l 42.7--80.5 K~)K o M'Onb--]. PeaKu,14H nHpo~aa 3aKaHql4BaIOTCR e OSJ'IaCT14 TeMnepaTyp 
630--900 ~ AaBaR B.Cny4ae nepBblX Tpex KOMFI.qeKCOB OK14Cb KaAM14R e KaqecTee KOHeLIHOFO 
npoAyKTa peaKu, H~. Paa~o~KeH14e KoMnneKca CdCI2(CH) 2 �9 2 H20 npOHCXOAHT 6e3 o6pa3oBa- 
HVIR KaKoro-nl,16o OCTaTKa, CTO oSyc.nOBfleHO HcnapeHHeM x n o p ~ a  KaAMHR. 
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