
Journal of Thermal Analysis, Vol. 26 (1983) 251-256 

THERMAL BEHAVIOUR OF SILVER/I/COMPLEXES OF 4-AMINO-5- 
NITROSO-URACI L DERIVATIVES 

J.M. Salas-Peregrin +, M.N. Moreno-Carretero, J. de D. Lopez-Gonzalez ++ 
and C. Valenzuela-Calahorro +++ 

*DEPARTMENT OF INORGANIC CHEMISTRY, FACULTY OF SCIENCES, UNIVERSITY OF 
GRANADA, GRANADA, SPA IN; 

*+DEPT.OF INORGANIC CHEMISTRY, UNED, MADRID,SPAIN; 
+*+DEPT. OF INORGANIC CHEMISTRY, UNIVERSITY OF EXTREMADURA, BADAJOZ, 

SPAIN. 

(Received May 20, 1982) 

The silver(I) complexes of 4-amino-5-nitroso-uracil, 4-amino-l-methyl-5-nitroso-uracil, 
4-amino-3-methyl-5-nitroso-uracil and' 4-amino-l ,3-dJmethyl-5-nitroso-uracil have: ' been 
prepared and their thermal behaviour studied. All the isolatedcompoounds show 1:1 stoichio- 
merry. 

It is known that metal complexes of pyrimidines and their nucleotides play a 
dominant role in many biochemical systems [1,2]. In recent years a large number of 
metal complexes of pyrimidine derivatives have been isolated [3 -5 ] .  However, there is 
no report in the available l i terature about the thermal behaviour of these complexes. 
This note reports the thermal decomposition of the complexes of Ag/ I /w i th  &amino- 
5-nitroso-uracil (A -H ) ,  4-amino-l-methyl-5-nitroso-uracil (B-H) ,  4-amino-3-methyl-5- 
nitroso-uracil (C-H) and 4-amino-l,3-dimethyl-5-nitroso-uracil (D-H) .  

Experimental 

The pyrimidine derivatives were prepared by methods previously reported [6] and 
the silver complexes were obtained as follows: 

Ag(A,).H20 and Ag(B) .H20:  An aqueous solution (5ml) of AgNO3 (4 mmol) was 
added slowly with stirring to a hot aqueous solution (200 ml) of the corresponding 
ligand (2 mmol). The complexes precipitated immediately and, after stirring for half an 
hour, were filtered off, washed with H20 and ethanol and dried with ethyl ether. 

Ag(C,): An aqueous solution (5 ml) of AgNO3 (4 mmol) was added (slowly with 
stirring) to a hot ethanol solution (200 ml) of C -H  (2 mmol). After a few days a pink 
solid was precipitated. This compound was filtered off, washed and dried as before. 
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Ag(D)." The synthesis of this compound was carried out by the same method, wi th 
the simultaneous addition of ammonium hydroxide (to pH 8) to the resultant solution. 
The product precipitated immediately and, after stirring for th i r ty  minutes, was 
filtered off, washed with H20 and ethanol and dried wi th  ethyl ether. 

The silver,(I)complexes prepared, along with their elemental analysis and reflectance 
spectra data, are presented in Table 1. 

Thermogravimetric analyses were made in air with a Mettler TG 50 thermobalance 
at a heating rate of 10 deg.min - 1 ,  whereas the DSC runs were carried out on a Mettler 
DSC-20 differential scanning calorimeter at a heating rate of 5 deg.min - l  . The ther- 
mal reactions were obtained with samples varying in weight from 1.77 to 8.74. 

Results and discussion 

The TG and DSC plots of the isolated silver/I/complexes are given in Figs 1 and 2. 
From these two Figures, the dehydration and decomposition temperatures,~ the observed 
weight losses, the calculated weight losses based on the formation of Ag ~ , as well as 
the DSC peak temperatures and dehydration energies have been calculated. The 
results obtained are included in Table 2. 

In the case of Ag(A).H20 a weight loss started at 125 ~ and finished at 190 ~ (6.9% 
total weight loss), which corresponds to one water molecule. The expected endo- 
thermic behaviour for the dehydration process associated wi th this weight loss was ob- 
served from the DSC curve in the same temperature range. The necessary energy for 
the total dehydration, calculated from DSC plots, was 43.0 kJ.mol -= . The anhydrous 
compound is stable up to about 300 ~ Then, an abrupt weight loss occurred in the 
range 300-360. From 360 ~ to 520 ~ there was f inal ly a slow weight loss. On the basis 
of its elemental analysis and IR spectrum, the weight of the sample remaining at the 
end of the pyrolysis corresponded to metallic Ag. 

The complex Ag(B).H20 became completely dehydrated in the range 100-190 ~ 
The observed weight loss in the above temperature range corresponded to one molecule 
of water. The dehydration enthalpy calculated from the DSC curve (Fig. 2) was 56.9 
kJ.mo1-1 . This value suggests that the water molecule in Ag(B,).H20 is slightly more 
strongly linked to the metal ion than in Ag(A).H20. The anhydrous complex is stable 
in the range 190-240 ~ From 240 ~ the decomposition of Ag(B) to metallic silver took 
place in four steps, as we can see in the DTG curve. The residue obtained after the 
fourth step was assigned to Ag ~ on the basis of its weight loss and I R spectral studies. 

Ag(C) showed no weight loss up to about 267 ~ At this temperature a very rapid 
decomposition occurred, corresponding to a 36.7% weight loss. After this vigorous 
reaction, a slow decomposition started, which finished at about 600 ~ The total weight 
loss at the end of the pyrolysis (62.0%) indicated the formation of metallic silver, as in 
the previous cases. The DSC curve of Ag(C) shows the anhydrous character of the 
isolated compound. In this curve (Fig. 2c) the exothermic effects associated with the 
weight losses were observed in the same temperature range as in TG and the 
corresponding decomposition enthalpies are shown in Table 2. 
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Table 1 Analytical and reflectance spectra data 

--I Complex %C %H %N %Ag cm 

Ag{A).H20 17.42(17.09) 1.65(1.78) 19,63(19.93) 38,21(38.41) 19231 31250 40000 
Ag(B).H~O 20.96(20.35) 2.44(2.37) 18.94(18.99) 36.14(36.59) 19 048 31 949 39 841 
Ag(C) 21.55(21.67) 1.86(1.81) 20,44(20.22) 38.57(38.97) 18116 30960 39216 
Ag(D) 23.36(24.75) 2.38(2.41) 18,41(19.25) 36.77(37.09) 17 889 33 333 40 323 

The analytical data in parenthesis are theoretical values. 

Table 2 TG and DSC data 

Complex 
Oehydration Other effects Residue 

T,~ Wt.loss,% AN k J/tool T,~ AH, k J/tool Wt3oss,% T,~ 

Ag(A)H20 190 6.9(6.41) 43,0 346 -- 47.7 61.0(61.59) 520 
483 --722.1 

Ag(B)H20 190 5.8(6.10) 56,9 290 - 57.1 62.6(63.41) 525 
456 --1068.4 

Ag(C) - - - 302 -110.5 62.0(61.03) 600 
451 -607.8 

Ag(D) -- -- - 255 -- 48.6 62.5(62.91) 550 
484 --111.0 

The analytical data in parenthesis are theoretical values 

The p y r o l y t i c  process o f  Ag(D) (Fig. 1) started at 240 ~  A t  this temperature ,  a very 

rapid and vigorous decompos i t i on  occurred;  a l though this decompos i t i on  was extreme- 

ly rapid, there was no evidence o f  mater ia l  loss th rough e rup t i on  f rom the crucible.  A t  

240 ~ a slow weight  loss started, which f inished at 550 ~  A t  this tempera ture ,  the to ta l  

weight  loss was 62.5%, which is pract ica l ly  silver. This residue was also character ized 

by I R spectral studies. The DSC curve o f  Ag(D,) l ikewise shows the  anhydrous  character 

o f  the c o m p o u n d  and the  t w o  exo the rm ic  effects were assigned to  decompos i t i on  o f  
the sample. 
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Fi0ure 2 DSC curves of silver(I) complexes of 4-amino-5-nitroso uracil derivatives 
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Z u s a m m e n f a s s u n g  - Die Silber(I)-Komplexe von 4-Amino-5-nitroso-uracil, 4-Amino-l-methyl-5- 
nitroso-uracil, 4-Amino-3-methyl-5-nitroso-uracil und 4-Amino-l,3-dimethyl-5-nitroso-uracil wurden 
hergestellt und deren thermische Eigenschaften untersucht. Alle diese isolierten Verbindungen 

weisen eine 1:1-St~chiometrie auf. 

Pe3mMe -- I'lOJly4eHbi KoMnneKCbl O/],HOBarleHTHOFO cepe6pa c 4-aMHHO-5-HHTpO30-, 4-aMHHO- 
-1-MeTHn-5-HHTpO30-, 4-aMXHO-3-MeTHn-5-HMTpO30- X 4-aMHHO-1,3-AHMeTHn-5-HHTpo3oypaU, HnaMH @ 
H H3y4eHO HX TepMx~ecKoe noaeAeHHe. Bce Bbl~teneHHbte coeAHHeHHR noKa3anH CTeXHOMeTpxtO 

1 : 1 .  
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