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Four Hg(ll) complexes, containing as ligands 6-amino-5-nitrosouracil (AH), 6-amino-3- 
methyl-5-nitrosouracil (BH) or 6-amino-1-methyl-5-nitrosouracil (CH), have been synthesized 
and their thermal behaviour studied by TG and DSC techniques: Hg3CI6(AH) 4, 
HgCI2(BH) 2 �9 2 H20, HgCI2(BH) 2 �9 H20 and HgC 2 . 2 H20. 

The dehydration processes take place in only one step, with enthalpies in the range 
40.2--60.0 kJ . mole -1  H20. 

Pyrolytic processes start between 200 and 250 ~ , in all cases the thermal stability of the 
corresponding pyrimidine derivative being lower than that of the free ligand. These processes 
finish between 600 and 750 ~ , with no residue. 

It is well known that metal complexes of pyr imidine derivatives and their 

nucleotides play an important role in many biological systems [1, 2]. Consequently, 
during recent years a large number of these complexes have been synthesized and 

studied from both inorganic chemical [ 3 - 8 ]  and biological [ 9 - 1 2 ]  aspects, 

However, practically all the work found in the available l i terature concerned the 
structural study of these complexes using spectral and X-ray techniques, but not 

their thermal behaviour. 

For this reason, and as a cont inuat ion of our research involving thermal studies 

on diverse metal-pyrimidine complexes [ 13 -16 ] ,  in this paper we report the 

thermal behaviour of Hg(l l)  complexes of 6-amino-5-nitrosouracil (AH), 6-amino-3- 

methyl-5-nitrosouracil (BH) and 6-amino-l-methyl-5-nitrosouraci l  (CH). 

0 R= R~'.=H "AH 

R=Hj R'=CH 3 --CH 

R j 
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Experimental 

The pyrimidine derivatives were prepared by methods previously reported [17]. 
Al l  the chemicals used in this work were of analytical reagent grade. 

Preparation of  the complexes 

10 ml of an aqueous solution of mercury(l l) chloride (8 mmole) was added slowly, 
with stirring, to a hot aqueous solution (200 ml) of the corresponding ligand 
(2 mmole): 

Hg(II) /AH system: A brown powder precipitate immediately. 

Table 1 Chemical analysis of isolated complexes 

Complex Colour C% H% N% Hg% 

Hg3CI6(AH) 4 Brown 13.81 1.50 16.11 41.04 
(13.34) (1.11) (15 .57)  (41.83) 

HgCI2(BH) 2 .2H20 Rose 19.22 2.34 18.12 30.50 
(18.53) (2.47) (17 .29)  (30.98) 

HgCI2(BH) 2 �9 H20 Rose pale 19.43 1.85 16.98 31.50 
(19.05) (2.22) (17 .79)  (31.86) 

HgC 2 . 2 H20 Red 21.30 2.15 18.67 34.16 
(20.88) ( 2 . 4 4 )  (19 .49)  (34.91) 

I n parenthesis, calculated values. 

Hg(II)/BH system: After a few days, a pale-rose powder was obtained and, from the 
filtrated solution by evaporation at room temperature, rose needle-shaped crystals 
were isolated. 

Hg(II)/CH system: When the solution was left to stand at room temperature, a red 
powder was obtained after some days. 

The isolated compounds were washed consecutively with water and ethanol, and 
dried with diethyl ether. Their chemical analyses are given in Table 1. 

Apparatus 

Microanalysis of C, H and N was performed in the Department of Bio-organic 
Chemistry of C. S. I. C. (Barcelona). Hg was determined by atomic absorption spectro- 
photometry, with a Perkin-Elmer-290 apparatus. 

TG curves were obtained under a dynamic atmosphere of nitrogen (100 ml "  
�9 min --1), in a Mettler TG-50 thermobalance, at a heating rate of 10 deg min -1 .  
DSC curves were recorded in a Mettler DSC-20 differential scanning calorimeter, in 
the temperature range 35-300 ~ at a heating rate of 5 deg min --1 . Thermal reactions 
were performed with samples varying in weight from 3.71 to 9.83 rag. 
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Resul ts  and discussion 

In previous work on these complexes [18], carried out using spectral methods 
(IR and 1H-NMR), we have shown that in the complexes Hg3CI6(AH) 4, HgCI2(BH)2 �9 
�9 2 H20 and HgCI2(BH) 2 �9 H20 the pyrimidine derivative acts as a monodentate 
ligand, some of the carbonyl oxygen atoms being the most probable binding site. 
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Fig. 1 TG and DTG plots for isolated complexes: (a) Hg3CI6(AH)4, (b) HgCI2(BH) 2 �9 2 H20, 
(c) HgCI2(BH) 2 �9 H20 and (d) HgC 2 �9 2 H20 

For the first compound, the spectral data do not permit the proposal of any struc- 
ture; however, its composition is analogous to that reported by Battistuzzi and 
Peyronel in recent work [19], in which complexes of Hg(ll) wi th 4,6-dimethyl- 
pyrimidine-2(1H)-one are described. Likewise for BH complexes the data suggest a 
distorted tetrahedral structure, in which the water molecules are linked by hydrogen- 
bonds to suitable atoms of the ligands, 

On the other hand, the experimental results obtained for HgC 2 �9 2 H20 show that 
in this compound the coordination of 6-amino-l-methyl-5-nitrosouracil to the Hg(l l) 
ion takes place in deprotonated nitrosophenolic form, through the nitrogen and 
oxygen atoms of the 5-nitroso and 6-oxide groups, respectively. For this compound 
too we have suggested a distorted tetrahedral structure, in which the water molecules 
are bound in a similar way as in the BH complexes. 

TG plots for the isolated complexes are given in Fig. 1, and DSC curves in Fig. 2. 
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F i g .  2 DSC plots: (a) Hg3CI6(AH) 4 (b) HgCI2(BH) 2 - 2 H20, (c) HgCI2(BH) 2 -  H20 and 
(d) HgC2 �9 2 H20 

Dehydrat ion processes 

The data on calculated and observed weight  losses, DSC peak temperatures and the 

corresponding dehydrat ion enthalpy values are listed in Table 2. 

From Figs lb ,  c and d, we can observe that  all dehydrat ion processes take place in 

one step, which suggests that  in HgCl2(BH) 2 " 2 H20 and HgC 2 �9 2 H20 the two 

water molecules occupy equivalent posit ions in the crystal structure. Likewise, the 

expected endothermic behaviour due to the dehydrat ion has been observed f rom the 

DSC plots (Figs 2b, c and d) in the same temperature ranges as in the TG curves. 

The enthalpies of dehydrat ion,  calculated f rom the areas of the corresponding 

endothermic peaks, are given in Table 2. They are in agreement w i th  the bonding of 

each water molecule in the corresponding complex by a hydrogen-bond, and indicate 

Table 2 TG and DSC data for dehydration processes 

Peak tern- Dehydration 
Process Weight loss, % perature DSC,  enthalpy, 

calcd, obsd. 
~ kJ �9 mole -?` H20 

HgCI2(BH) 2 �9 2 H20-* HgCI2(BH) 2 + 2 H20 5.56 5.5 133 

HgCl2(BH) 2 �9 H 2 0 ~  HgCl2(BH) 2 + H20 2.86 3.0 127 

HgC2 �9 2 H20-~ HgC2 + 2 H20 6.27 6.2 146 

59.9 

60.0 

40.2 
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that in HgCI2(BH) 2"  2H20  and HgCI2(BH)2" H20 they are linked in practically 
the same manner, since their elimination takes place at the same temperature and 
the two complexes need approximately equal energies per mole of water for their 

dehydration. 
These values are similar to those found for other complexes of Ag(I) [14], Zn(l l) 

[15] and Cd(ll) ions [16] with the same uracil derivatives. 

Pyrolyt ic processes 

After dehydration, the isolated mercury complexes undergo pyrolytic decomposi- 
tion. The TG and DSC data for these processes are given in Table 3. 

The DSC plots of the anhydrous complexes show (Fig. 2) several exothermic effects 
which must be attributed to the combustion of organic matter. In all cases, the ther- 
mal decomposition of the complexes starts at lower temperature than that of the 
free ligand [18], which indicates that the thermal stability of the latter decreases when 
it bound to the Hg(ll) ion. 

It is remarkable that, after pyrolytic decomposition, the DSC plots of the 
HgCI2(BH) 2 , 2 H20 and HgCI2(BH) 2 ' H20 compounds (Figs 2b and c) show an 
endothermic effect centred at about 180 ~ which is not accompanied by any weight 
loss in the corresponding TG plots (Figs lb  and c). From the area of the peaks, we 
have calculated the energy necessary for these processes (11.1 and 6.0 kJ �9 mole -1 ,  

Table 3 Thermoanalytical data for pyrolytic processes 

Final temperature TG, DSC peak temperature, Reaction ~ ~ 

Hg3CI6(AH) 4 ~ a 600 252 (exo) 
HgCI2(BH) 2 ~a 625 180 (endo), 205 (exo), 262 (exo) 
HgCI2(BH) 2 -~ a 625 182 (endo), 200 (exo), 265 (exo) 
HgC 2 ~ a 750 262 (exo) 

a Total elimination. 

respectively). These values are in accordance with those found in the available litera- 
ture for several structural changes [20-22].  

On the other hand, it can be observed from Figs 2b and 2c that these two com- 
plexes show practically the same DSC plot, which indicates that the two have similar 
structures. This conclusion is consistent with that suggested by spectral studies [18]. 

Finally, the pyrolytic decomposition of these four complexes finishes between 
600 and 750 ~ (Fig, 1) without any residue, due to the elimination of mercury either 
as mercury chloride or as metallic mercury [23]. 
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Zusammenfassung -- Vier 6-Amino-5-nitrosouracil (AH), 6-Amino-3-methyl-nitrosouracit (BH) 
oder 6-Amino-l-methyl-5-nitrosouracil (CH) als Liganden enthaltende Hg(ll)-Komplexe wurden 
synthetisiert: Hg3CI6(AH)4, HgCI2(BH) 2 �9 2H20 ,  HgCI2(BH) 2 , H20 und HgC 2 �9 2H20.  
Die Dehydratisierungsprozesse verlaufen in nur einem Schritt mit Enthalplen im Bereich yon 
40.2--60,0 kJ pro mol H20. Pyrolitische Prozesse setzen zwischen 200 und 250 ~ ein. In allen 
F~llen ist die thermische Stabilit~t der entsprechenden Pyrimidin-Derivate geringer als die der 
freien Liganden. Diese Prozesse sind zwischen 600 und 760 ~ beendet, wobei kein RiJckstand 
zu r(ickbleibt. 

Pe3H)Me -- MeTOAaMH TI- ~ ~CK t43yqeHo TepMHHecKoe noBeAeHHe CHHTe3HpOBaHHblX KoMnneK- 
COS AByxBaJleHTHO~ pTyTH COCTaBa Hg3CI6(AH) 4, HgCI2(BH) 2 �9 2 H20 , HgCI2(BH)2- H20, 

HgC 2 * 2 H20, rAe AH -- 6-aMHHO-6-HHTpo3oypaLtHn, BH -- 6-aMHHO-3-MeTHnHHTpO3oypaLLHn 
H CH -- AenpOTOHHpOBaHHbI~I 6-aMHHO-MeTHn'5-HVlTpO3oypaL~Hn, FIpoLteCCb~ /],erHApaTau, HH npoTe- 
KalOT B OAHy CTaAH~ C aHTanbnHe~, HaXOARU4e~CR B o6nacTH 3Ha~IeHH~140.2--60.0 KJa,>K �9 Mona-- 1 
H20. FIHpon~ITHqecKHe npou, eccbl Ha4HHalOTCR Me>KAy 200 i4 250 ~ H 3aI<aH~IHBaeOTCR B HHTepBane 
TeMnepaTyp 600--750 ~ 6e3 o6pa3OBaHHR KaKOFO-nH60 OCTaTKa. Bo Bcex cnyHanx TepMHHeCKaR 
yCTOVlHHBOCTb COOTBeTCTBylOLU, ero KOMnneKca 6blJfa HH>Ke, HeM CBO(~OAHOr'O nHraHAa. 
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