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ABSTRACT

The spectral behaviour of isoorotic and 2-thioisoorotic acids, as well as of their am-
monium, sodium and barium salts, has been studied by IR and "H and >C NMR spectrosco-
pies. Similarly, thermal studies have been carried out by means of TG, DTG and DSC
techniques, including infrared spectra of intermediate species in the pyrolytic decomposition
of compounds.

INTRODUCTION

Orotic acid is the only effective precursor in the synthesis of pyrimidine
bases for nucleic acid formation in living systems [1,2]. In addition to this
biological importance, this compound is widely used on a clinical scale in
the treatment of some pathologies [3], depending for its therapeutic action
on the biological activity of its complexes with biometals [4]. For these
reasons, chemical [5-10] and structural [11-17] information about metal
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complexes of orotic acid and its derivatives has been the major aim of
previously published research.

As an extension of our previous work on this subject [18—23], we report in
this paper the spectral and thermal behaviour of two analogues of orotic
acid, the isoorotic (H,CU) and 2-thioisoorotic (H,CTU) acids, as well as the
corresponding ammonium, sodium and barium salts.

EXPERIMENTAL METHODS
Apparatus

Microanalyses of C, H and N were performed by the Technical Services
of University of Granada. IR spectra were registered on a Perkin—Elmer
983-G spectrophotometer, from KBr pellets, in the 4000-250 cm ™! range.
'H and “C NMR spectra were obtained on a Bruker AM-300 apparatus,
using DMSO-d, as solvent and TMS as internal standard.

Thermoanalytical data were obtained from TG, DTG and DSC curves.
These were recorded on a Mettler TA-3000 system provided with a Mettler
TG-50 thermobalance and a DSC-20 differential scanning calorimeter. The
atmosphere used was a pure air flow (100 ml min~') for TG studies and
static air for DSC runs. The heating rate was 10°C min~! and the sample
mass was between 3 and 15 mg.

Preparation of compounds

Both acids utilised in the present work were purchased as the monohy-
drates from Sigma and used without further purification.

TABLE 1

Analytical data and colour for ammonium, sodium and barium salts of isoorotic and
2-thioisoorotic acids

Compound C(%) H (%) N (%) Colour

NH,(H,CU)-11H,0 30.50 5.69 20.98 White
(30.00) (5.05) (21.00)

NH,H,CTU) 31.62 4.17 22.84 Yellow
(31.74) (3.74) (22.21)

Na(H,CU)-H,0 29.95 2.43 14.01 White
(30.62) (2.58) (14.29)

Na(H,CTU) 31.02 1.75 14.50 White
(30.93) (1.56) (14.43)

Ba(HCU)-1{H,0 17.90 1.24 8.38 White
(18.86) (1.59) (8.80)

Ba(HCTU)-H,O 19.41 0.96 9.21 White
(18.45) (1.24) (8.61)

Calculated values in parentheses.
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The synthesis of ammonium salts as carried out by dissolving the corre-
sponding acid in a concentrated aqueous solution of ammonia. When the
resulting solutions were air evaporated, both ammonium salts were isolated.
Sodium and barium salts were obtained by adding to an aqueous solution of
the corresponding acid (1 mmol), 1 mmol of either NaHCO, or Ba(OH), -
8H,O respectively. In the former, the precipitation of compounds takes
place after a few days, whereas the barium salts precipitate immediately. All
the isolated compounds were filtered off, washed with ethanol and diethyl-
ether and air dried. The analytical results and colour are given in Table 1.

RESULTS AND DISCUSSION
Spectral data

Major IR bands of free acids and their ammonium, sodium and barium
salts, in hydrated and anhydrous forms, are collected in Table 2. The
assignments of bands were carried out by comparison with published data,
from both theoretical and practical points of view, for similar pyrimidine
derivatives [24-30], their metal complexes [31-36] and rings involving the
~NH-CS-NH- group [32,37-39].

All the spectra exhibit a broad band between ca. 3300 cm ™! and 2600
cm™! which includes the stretching mode of C-H and N-H bonds. The
broadening of this band is smaller in the IR spectra of anhydrous acids and
salts since dissociation processes and, consequently, the disappearance of
O-H and N-H groups promotes the breaking of hydrogen bonds. Similarly,
IR spectra of free acids display a multicomponent and poorly defined band
at ca. 2500 cm ™! assigned to »(O-H) of a carboxylic acid in its dimer form.
This band does not appear in the IR spectra of salts.

The range between 1750 cm ™! and 1500 cm ™! includes, in all cases, many
bands assigned to »(C=0), §(O-H), §(N-H) and »(C=C) modes. These
bands are also progressively better resolved when O-H and N-H bonds
disappear. Similarly, the stretching »(C=0) band of the carboxylic group
may be overlapping with one corresponding to uracil carbonyl groups,
whereas »(C-0) appears between 1200 cm ™! and 1180 cm ™. The transfor-
mation of a carboxylic group into a carboxylate anion results the shift of
these two bands to lower and upper wavenumber respectively (Table 2).
From bands corresponding to the C=S bond, only those assigned to thioa-
mide I, »(N-C=S) + »(C=C) + §(N-H), and thicamide III, »(N-C=S) +
v(C=S), were identified.

Finally, according to reported data [40], both acids in the solid phase are
preferably in their diketonic form; it is not possible to follow from IR data
the enolisation processes that must take place in the formation of salts.
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TABLE 3

NMR chemical shifts 8, (ppm)

Compound * C2 C4 Cs Cc6® cs’ H6 N1-H N3-H
H,CU 150.60 163.40 101.14 150.33 165.18 8.26 12.10 ¢
NH,(H,CU)* 15831 16646 96.88 161.30 16833 832 -—° -°
H,CTU 160.54 163.16 106.05 147.75 176.27 8.01 12.96 ¢
NH,(H,CTU)¢ 166.08 16643 10213 15617 18405 816 -° -
Na(H,CTU) 162.81 166.62 106.12 15895 168.64 830 -° - ¢

? Sodium isoorotate and both barium salts are not soluble in DMSO.

® Positive signal in DEPT spectrum.

¢ Broad.

Signal corresponding to ammonium hydrogen atoms appears at 5.75 ppm.
not observed.

o

Spectral characterisation has been completed with the study of 'H and
3C NMR spectra. Values of the chemical shifts are given in Table 3. The
assignation of signals was carried out according to the literature data [41]
and DEPT spectra. In the majority of cases, the 1>C NMR chemical shifts
are in the order C5’ > C4 > C2 > C6 > C5.

Thermal study

The thermal behaviour of isolated compounds has been investigated from
their TG and DSC plots, which are shown in Figs. 1 and 2.

From these figures, it can be observed that the thermal degradation of
these compounds take place through two major processes: dehydration and
pyrolytic decomposition.

Dehydration processes

Thermoanalytical data concerning dehydration processes are given in
Table 4.

The occurrence of these processes has been made manifest by IR spectra
of samples heated until the weight loss effect ends. These spectra reveal the
disappearance of bands assigned to water vibration modes (»(O-H) and
8(O-H)) in the spectra of hydrated species (Table 3). Figures 1 and 2 also
show that, with the exception of ammonium and socium isoorotates (Figs.
1c and 2a), the water loss takes place in only one step, the enthalpy values
for these processes being in good accordance with those expected for the
breaking of hydrogen bonds.

Pyrolytic processes
Once dehydrated, free acids show in their TG plots (Figs. 1a and 1b) two
sharp weight loss effects centred at about 300 and 370°C and a third at
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Fig. 1. TG and DSC plots for (a) H,CU-H,0, (b) H,CTU-H,0, (¢) NH,(H,CU)-13H,0
and (d) NH,(H,CTU).
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Fig. 2. TG and DSC plots for (a) Na(H,CU)-H,0, (b) Na(H,CTU), (c) Ba(HCU)-1{H,0
and (d) Ba(HCTU)-H,0.



232

TABLE 4
TG and DSC data for dehydration processes
Compound Weight loss AT (TG) Teax (DSC) AH K]
(%) °O (°O {mol H,0)™"
H,CU-H,0 9.9 (10.34) 120-180 127 52
H,CTU-H,0 8.9 (9.40) 80-150 86 51
NH,(H,CU)-13H,0 9.8 (9.00) 100-160 128 55
NH,(H,CU)-1H,0 5.3 (4.50) 175~-250 222 41
Na(H,CU)-H,0 9.3 (9.18) 70-230 148,175 44
Ba(HCU)-1;H,0 7.8 (8.48) 150-325 288 27
Ba(HCTU)-H,0 6.1 (5.53) 180-300 257 53

Calculated values in parentheses.

500° C (H,CU) and 600°C (H,CTU). The first two effects are reflected in
DSC diagrams as two overlapping endothermic effects; the first of these
could be attributed to the melting of anhydrous species. However, in this
temperature range, 5-carboxypyrimidines undergo decarboxylation processes
that are endothermic also. Moreover, the weight loss that takes place in TG
plots is greater than that expected for the loss of carbon dioxide. This
permits us to affirm that, in the first effect, melting, decarboxylation and
partial pyrolysis take place consecutively, it not being possible to calculate
the associated enthalpy values for each process. Decarboxylation processes
have been identified from IR spectra of intermediate species, since the bands
assigned to »(C-0) of the carboxylic group (ca. 1200 cm™') do not appear.
On the other hand, melting processes have been followed in an open
capillary, the melting points being 280°C (H,CU) and 283°C (H,CTU).
Just after the melting process, a darkening of samples takes place, which is
indicative that partial pyrolysis occurs.

Also, the similarity of TG and DSC plots of free acids as well as IR
spectra of both heated samples at 415° C (only a broad band centred about
1600 cm ™ !) indicates that the thermal degradation of both compounds takes
place in the same way. This conclusion is in accordance with the results
obtained from mass spectrometry diagrams [42]. Pyrolytic processes end at
520°C (H,CU) and 625° C (H,;CTU), no residue remaining in the crucible.

In the same manner, TG and DSC plots of ammonium salts (Figs. 1c and
1d) show that the thermal decomposition and both anhydrous compounds is
very similar. The assignation of endothermic effects has been attempted by
means of IR spectral methods. From the data obtained, it may be suggested
that in the first effect, as in the case of free ligands, decarboxylation and
partial pyrolysis take place. Also, the loss of CO, can easily be observed
since the IR spectra of samples heated at about 300°C do not exhibit the
band assigned to »(COO™) of carboxylate group (ca. 1380 ¢m™'). An
analogous comment would hold for the thermal behaviour of sodium salts
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(see Figs. 2a and 2b). In these cases, the combustion of organic matter
appears to be reflected in DSC plots as several exothermic effects.

At the end of pyrolysis, ammonium salts leave no residue, whereas
sodium salts leave the following residues, whose nature has been verified by
IR spectroscopy:

Na(H,CU) - H,0 — Na,CO, + Na,O

(weight loss found, 79.9%; weight loss calculated, 72.96% for Na,CO,,
84.19% for Na,0);

Na(H,CTU) - Na,SO,

(weight loss found, 65.1%; weight loss calculated, 63.40% for Na,SO,).

Once dehydrated, thermal decomposition of barium salts does not seem
to start with decarboxylation, since in view of their TG and DSC plots (Figs.
2¢ and 2d), the only endothermic effects that appear have been attributed, as
verified by means of IR spectroscopy, to water loss, being exothermic effects
due to the combustion of the organic moiety. The absence of carbon dioxide
loss is supported by the observance of a pyrolytic residue, since in both cases
the major component of this residue is barium carbonate. Found and
calculated weight losses as well as the nature of the thermal degradation
products are the following:

Ba(HCU) - 13H,0 — BaCO,
(weight loss found, 37.1%; weight loss calculated, 38.02% for BaCO,);
Ba(HCTU) - H,0 — BaCO, + BaSO,

(weight loss found, 36.2%; weight loss calculated, 39.35% for BaCO,, 26.29%
for BaSQ,).

As is commonly found for other 2-thioisoorotate metal complexes [42],
the residue of barium salt contains a small amount of the corresponding
sulphate.
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