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Oxidation of 3,9-Dimethylxanthinet at Stationary Pyrolytic Graphite Electrode 
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Electrochemical oxidation of 3.9-dimethylxanthine has been studied in the pH range 3.0-1 0.8 at 
stationary pyrolytic graphite electrode. A single 4e, pH dependent peak was observed. The charge 
transfer was followed by chemical reaction and various products were isolated. The aim of the 
study was to determine the effect of methyl groups on the oxidation mechanism. It was found that 
the electron releasing methyl groups at positions 3 and 9 completely alter the mechanism. A 
tentative EC mechanism for the oxidation is also suggested. 

Oxidation reactions play an important role in the degradation 
of biologically important purines,' however, the pathway of 
such oxidation reactions is still largely unknown. Electro- 
chemical techniques have the potential to provide useful and 
often uniquely invaluable insights about the redox reactions 
of many biologically significant  molecule^.^*^ In recent years 
electrochemical investigations coupled with other methods, 
such as spectroscopy, have been used to probe the mechanisms 
of biological redox  reaction^.^^^ 

Dialkylxanthines have remarkable potency as adenosine 
antagonists.6 Diethylxanthine has proved an excellent ligand 
for A ,-adenosine receptors in bovine forebrain membranes.' 
As adenosine antagonists cause facilitation of bronchodilation, 
renal vasodilation and stimulation of the central nervous sys- 
tem,8*9 it was considered desirable to study the electrochemical 
behaviour of a dialkylxanthine, viz., 3,9-dimethylxanthine, at 
pyrolytic graphite electrode. The presence of alkyl groups at 
positions 3 and 9 limits the number of possible tautomeric 
forms of unsubstituted xanthine. A complete interpretation of 
the redox behaviour of 3,9-dimethylxanthine (1) is presented in 
this paper. 

Experimental 
3,9-Dimethylxanthine (Research Biochemicals Inc., Natick, 
MA, USA) and 3,9-dimethyluric acid (Adams Chemical Co., 
Round Lake, IL, USA) were used as received. N,N-bis(tri- 
methylsilyl) trifluoroacetamide (BSTFA) and silylation grade 
acetonitrile were obtained from Supelco, USA. The pH of the 
solutions was maintained using phosphate buffers lo  of ionic 
strength 0.5 mol dmP3. The linear and cyclic sweep voltam- 
metric studies were carried out using Micronics cyclic 
voltammeter. Pyrolytic graphite electrode (area 0.04 cm') was 
used as working electrode and platinum wire and SCE were 
used as auxillary and reference electrodes respectively. Con- 
trolled potential electrolysis was carried out using a home-made 
potentiostat, designed from the details given in the literature. l 1  

The spectral changes during electrooxidation were monitored 
using Beckman DU-6 spectrophotometer. The detailed descrip- 
tion of the equipment used for electrochemical studies has been 
described elsewhere. l2 Stationary pyrolytic graphite electrode 
(PGE) was prepared by the method reported earlier.' 

Voltammetric studies were carried out by mixing stock 
solution (5 cm3) of the compound 1 (1 mmol dm-3) with buffer 
(5 cm3) of appropriate pH. The solution was deaerated by 
passing through it a purified stream of nitrogen gas for 8-10 min 
before recording the voltammograms. The coulometric experi- 
ments were carried out in a conventional three compartment 

t 3,9-Dimethylxanthine = 3,9-dimethyl-9H-purine-2,6(1H,3H)-dione 

0 

cell using platinum gauze as counter, SCE as reference and 
pyrolytic graphite plate (6 x 1 cm2) as working electrodes. 
Normally 1 mmol dm-3 solution of the 3,9-dimethylxanthine 
was electrooxidised in a buffer of appropriate pH and the 
progress of the electrolysis was monitored by recording cyclic 
voltammograms at different time intervals. When the oxidation 
peak had completely disappeared, the electrolysis was stopped 
and the exhaustively electrolysed solution was removed from 
the cell and lyophilised. The colourless, dried material obtained 
was dissolved in distilled water (1-2 an3) and passed through a 
column packed with Sephadex G- 10 (Sigma, bead size 40-1 20 p) 
using doubly distilled water as eluent. Fractions (5 cm3 each) 
were collected and their absorbance was monitored at 210 nm. 
The absorbance was then plotted against volume. The first 
peak (PI) between 150-200 cm3 obtained in the liquid 
chromatogram was found to contain phosphate and hence was 
discarded. The volume under the other two peaks (P2 and P3) 
was collected separately and lyophilised. The dried material 
thus obtained was analysed by various analytical techniques. 

The potential measurements for change in E, with sweep rate, 
which require more accurate determination to establish the 
nature of the electrode reaction, were carried out by decreasing 
the potential axis to 50 mV cm-'. The deviation of E,, for such 
measurements was less than f 2 mV. 

The UV spectra in 0.5 mol dm-3 phosphate buffers of different 
pH were recorded using Beckman DU-6 spectrophotometer to 
determine the pK, of 3,9-dimethylxanthine and uric acid. The 
UV-VIS spectral studies were carried out using 1.0 cm quartz 
cell and the UV absorbing intermediate was generated by 
electrolysing the solution till the absorbance at absorption 
maximum reduced to 50%. The decay of the intermediate 
generated during electrolysis was monitored by change in 
absorbance with time at selected wave lengths. 

For silylation about 5&100 pg of the product was treated 
with BSTFA-acetonitrile (100 mm3 each) in a sealed vial 
(Pierce Chemical Co. USA) at 110 "C for 10-12 min in an oil 
bath. The vial was then cooled to room temperature and 5 mm3 
of the sample was then injected into the GC-MS. 

Results and Discussion 
Linear sweep voltammetry of the 0.5 mmol dmP3 solution of 
compound 1 exhibited one sharp, well defined anodic peak (i) 
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Fig. 1 Dependence of Ep on pH for the voltammetric oxidation peaks 
[(a), (i); (b),. (ii)] of 0.5 mmol dm-3 3,9-dimethylxanthine in phosphate 
buffers of different pH, sweep rate 10 mV s-' 

[Fig. l(a)] in the pH-range 3.0-10.8 at a sweep rate of 10 mV s-l. 
The peak potential of the peak (i) was dependent on pH and the 
change in slope of the E,-pH plot (Fig. 1) indicates presence of 
an acid-base equilibrium. The dependence of Ep on pH can be 
represented by eqns. (1) and (2). 

EP(pH 2.2 - 8.5) = C1.53 - 0.062 pH] V US. SCE (1) 

Ep(pH 8.5 - 10.8) = C1.24 - 0.031 pH] V US. SCE (2) 

pH-Dependence of Ep at pH 8.5-10.8 indicates that electro- 
active species oxidised in a two-electron step is not the 
species which predominates in the bulk of the solution, but 
a species bearing one less proton. Hence the scheme is given 
by eqns. (3t(S), assuming formation of uric acid as potential 
determining. 

X H ~ +  ~ X H +  + H+ (3) 

The break at pH 8.6 in Ep-pH plot corresponds to the pKa 
of 3,9-dimethylxanthine, as determined by spectrophotometric 
methods (pKa - 8.8) and is similar to reported for xanthine 
derivatives. l4 The pKa 8.6 represents the dissociation of amidic 
NH group in position 1. This attribution is plausible, since the 
pKa of 5,Sdisubstituted 1 -methylbarbituric acid is 7.8. But 3,9- 
dimethylxanthine can be protonated on N-3 or N-9 with 
pK, > 10 and hence the species predominating at pH < 10 will 
be a cation with two positive and one negative charge. 

In cyclic sweep voltammetry at a sweep rate of 100 mV s-l, 
one well defined, pH dependent oxidation peak (i) was observed 
when the sweep was initiated in the positive direction. When 
the direction of the sweep was reversed, no reduction peak was 
noticed at sweep rate < 100 mV s-l. However, at higher sweep 
rates peak (iii) was noticed. In the subsequent sweep towards 
positive potentials, one more anodic peak (ii) was observed at 
less positive potentials. Some typical voltammograms observed 
are presented in Fig. 2. The peak potential of peak (ii) was also 
dependent on pH and shifted to less positive potential with 
increase in pH. The plot of Ep versus pH for peak (ii) exhibits 
breaks at around pH 5.4 and 9.0, corresponding to pK, of 3,9- 
dimethyluric acid. The pKa values determined spectrophoto- 
metrically were also found as 5.2 and 9.0 and were similar to 
many other uric acid derivatives. l4 The ratio of peak (i) : (ii) was 

10 
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Fig. 2 Typical cyclic voltammograms of 0.5 mmol dm-3 3,9-dimethyI- 
xanthine at pH (a) 3.2, (b)  4.9, ( c )  6.9, ( d )  8.8, sweep rate 100 mV s-l 
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Fig. 3 Effect of potential of reversal observed on peak (ii) for 0.5 mmol 
dm-3 3,9-dimethylxanthine at pH 7.0 

independent of pH in the entire pH-range studied and was close 
to 4.5. The ratio of peaks (i) : (ii) clearly suggests that the species 
responsible for peak (ii) (3,9-dimethyluric acid) is formed not by 
oxidation of 1 but by reduction of the 4e product at negative 
potentials. This was confirmed by changing the direction of 
negative-heading sweep at different potentials. Fig. 3 depicts 
cyclic voltammograms of 3,9-dimethylxanthine at pH 7.0. It is 
observed that if direction of sweep is changed before peak (iii) 
potentials, peak (ii) is not observed [Fig. 3(u)3. However, peak 
(ii) systematically increased when the sweep is extended to more 
negative potentials [Figs. 3(b) to (41. The ratio of peaks (i): (ii) 
was also found to be dependent on sweep rate, and decreased 
from 4.5 to 3.4 when sweep rate was changed from 50 mV s-' 
to 500 mV s-'. This behaviour clearly suggests that species 
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Fig. 4 Comparison of cyclic voltammograms of (u) 0.5 mmol dm 3 9 -  
dimethylxanthine and ( b )  3,9-dimethyluric acid at pH 3.2, sweep rate 
100mVs 

responsible for peak (iii) is unstable and undergoes competitive 
chemical reactions. It was also interesting to observe that if the 
direction of the second sweep is reversed after peak (ii), a sharp 
cathodic peak at peak (iii) potentials was observed (Fig. 4). This 
behaviour further supported the formation of 3,9-dimethyluric 
acid from the reduction of 4e product generated at the surface 
of PGE. The effect of potential reversal in positive extremes was 
also investigated by changing the direction of sweep at different 
potentials after recording peak (i). The ratio of peaks (i):(ii) 
was found to decrease slightly with increase in potential reversal 
and decreased from 4.5 to 4.0. 

As the electrochemical oxidation of xanthine has been found 
to proceed uiu uric acid,15 it was interesting to check whether 
the electrooxida tion of 3,9-dimethylxan thine proceeded 
through 3,9-dimethyluric acid. Therefore, cyclic voltammo- 
grams of 3,9-dimethyluric acid in the pH range 2.2-10.8 were 
recorded. A well defined anodic peak was noticed and it was 
observed that the dE,/d(pH) value for oxidation peak was 
identical to that observed for peak (ii) of 3,9-dimethylxanthine. 
A comparison of cyclic voltammograms of 3,9-dimethylxan- 
thine and 3,9-dimethyluric acid at pH 3.2 is presented in Fig. 4. 
Hence, it was concluded that oxidation of 3,9-dimethylxanthine 
proceeds through the formation of 3,9-dimethyluric acid. 

The peak currents (i,) for peaks (i) [Fig. 5(a)] and (ii) [Fig. 
5(b)] increased linearly up to 1.6 mmol dm-3 and between 1.6 
and 2.2 mmol dm- became practically constant. This behaviour 
suggested adsorption of 3,9-dimethylxanthine at the electrode 
surface. which was further confirmed by the linear dependence 
of peak current on sweep rate ( V )  (Fig. 6) as suggested by 
Wopschall and Shain.16 The peak current for peak (ii) was 
also found to increase with increasing concentration of 3,9- 
dimethylxanthine. The ratio of peaks (i) : (ii) was more or less 
constant throughout a ten-fold increase in concentration of 3,9- 
dimethylxanthine. The peak current increased with sweep rate 
increasing from 5 to 500 mV s-l and the ratio (i):(ii) was 
constant ( -  4.2), in the entire sweep range studied. The peak 
potential of peak (i) shifted to more positive potential with 
increase in sweep rate. The shift in Ep was 8-10 mV per ten-fold 
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Con cent ratiodm m ol dm-3 
Fig. 5 Observed dependence of peak current (i,,) on concentration for 
the oxidation peaks [(a),  (i); (b),  (ii)] at pH 7.0 
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Fig. 6 
oxidation peak (i) of 0.5 mmol d ~ t - ~  3,9-dimethylxanthine at pH 7.0 

Variation of peak current with sweep rate for the voltammetric 

increase in the sweep rate in the range 5 to 50 mV s-l and 
decreased to 5 mV at higher sweep rates (50-500 mV spl). The 
plot of AEPl2/Alog V us. log V was found to be S-shaped 
which suggests that the nature of electrode reaction is EC in 
which charge transfer is followed by irreversible chemical 
reaction. ' 9 '  * 

Spectral Studies.-The UV spectra of 3,9-dimethylxanthine 
were recorded in the entire pH-range of 3.0-10.8 to determine 
the pK, value. In the entire pH-range 3,9-dimethylxanthine 
exhibited three well-defined bands having i,,, 207,238 and 271 
nm. The absorbances at &,ax were plotted against pH and the 
resulting dissociation curve gave an inflection point at around 

W o w  pK, Above pK, 
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Table 1 
dimethylxanthine and 3,9-dimethyluric acid at PGE 

Coulometric n values observed for the electrooxidation of 39- 

V/V Conc./mmol dm-3 n 0.c PH 
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Fig. 7 (a)  Spectral changes observed during electrooxidation of 0.1 
mmol dm-3 3,9-dimethylxanthine at pH 7.0, V 1.20 V us. SCE. Spectra 1, 
2, 3, 4, 5, 6 taken at t 0, 10, 25, 40, 55, 90 min. (b) Spectral changes 
observed on turning off the potential after recording spectrum 5 in Fig. 
7(a). Spectra 5 ,  6,7, 8,9,  10 taken at t 55, 59,63,67,71, 75 min. 

pH 8.6, which was in good agreement with the pK, value 
obtained from the Ep versus pH plot, and is similar to the values 
reported in the literature for xanthine derivatives. 14,19  Thus, it 
was concluded that below pK, 3,9-dimethylxanthine exists as a 
cation, and at pH > pK, as a cation with two positive and one 
negative charge. 

The progress of electrolysis was also monitored by recording 
spectral changes at different time intervals. At pH 7.0 the UV 
spectrum of the compound 1 exhibited three bands with A,,, 
207, 238 and 271 nm [curve 1, Fig. 7(a)]. Upon application 
of potential 100 mV more positive to that of peak (i), the 
absorbance at 238 and 271 nm systematically decreased. An 
increase in absorbance was observed in the regions 210-225 
and 290-330 nm during the course of electrolysis. Curve 6 was 
recorded after 90 min of electrolysis and exhibited a broad 
maximum at around 230-240 nm. The isosbestic point at 
around 230 nm was observed definitely up to 25 min, deviations 
clearly after 55 min also indicating a slow consecutive reaction. 

In a separate experiment, solution of 3,9-dimethylxanthine 
was electrooxidised for 40-50 rnin and then the applied 
potential was turned off. The changes observed in the UV 
spectrum after turning off the potential are shown in Fig. 7(b), 
and clearly indicate that absorbance in the region 212-232 nm 
systematically increases. Hence, it was concluded that UV- 
absorbing intermediate is generated during oxidation of 3,9- 
dimethylxanthine which absorbs in the wavelength region 
212-232 nm. The kinetics of decomposition of the UV- 
absorbing intermediate were monitored at 220 nm. For this 
purpose solution of 3,9-dimethylxanthine was electrooxidised 
and when the absorbance at A,,, reached to 50% (usually 40-50 
min) the potential was turned off. The change in absorbance 
with time was monitored at selected wavelength and an 
exponential decay was observed. The value of the rate constant 
was calculated by plotting log(A - A , )  uersus time. The values 
of k obtained from the linear plot of log(A - A, )  0ersu.s time 
are summarised in Table 2. It is clear that the rate constant 
is pH-independent between pH 3 and 8. It indicates that 
hydrolysis is neither acid nor base catalysed. Most probable 
seems addition of water, followed by a faster irreversible 
process, e.g. ring opening. 

3.0 1.4 0.25 
0.50 

4.2 1.4 0.50 
5.0 1.3 0.50 
7.0 1.2 0.50 
8.0 1.2 0.25 

0.50 
9.2 1.1 0.50 

4.13 1.96 
4.06 1.90 
4.10 2.08 
4.08 2.10 
3.89 1.96 
3.90 2.14 
3.90 1.88 
4.10 2.06 

a Average of at  least three replicate determinations. 
xanthine. ' 3,9-Dimethyluric acid. 

3,9-Dimethyl- 

Table 2 Comparison of observed first order rate constants at 224 nm 
for the decomposition of UV-absorbing intermediates at different pH 

Conc./mmol 3,9-Dimethyl- 3,9-Dimethyluric 
pH dm-3 V/V xanthine acid 

3.0 0.2 
0.5 

5.0 0.5 
7.2 0.05 

0.1 
0.2 
0.5 
1 .o 

8.0 0.2 

1.4 2.87 
1.4 3.01 
1.3 3.07 
1.2 2.95 
1.2 2.87 
1.2 2.98 
1.2 2.88 
1.2 3.10 
1.2 2.76 

2.84 
3.14 
2.95 
2.90 
2.79 
2.88 
2.70 
2.96 
2.81 

Average of at least three replicate determinations. 

The number of electrons n, involved in the electrochemical 
oxidation of the 3,9-dimethylxanthine were determined by the 
controlled potential electrolysis at large PGE (area 6 cm2) 
electrodes. A solution of 0.5 mmol dmP3 3,9-dimethylxanthine 
was electrooxidised at potential 100 mV more positive than the 
peak potential of peak (i). At pH 7.0 3,9-dimethylxanthine 
exhibited a well defined oxidation peak (i) before electrolysis. 
With the progress of electrolysis peak currents of peaks (i) and 
(ii) decreased systematically. No new oxidation or reduction 
peaks were observed during the course of electrolysis. Both the 
peaks disappeared at the end of electrolysis. The exhaustively 
electrolysed solution also did not exhibit any peak, even when 
the solution was allowed to stand at room temperature for 
several more hours. The plots of (i) and (ii) as a function of time 
were exponential, whereas the plots of log ip as a function of 
time were linear for the peaks (i) and (ii) only for the first 20-30 
min of oxidation. The slope of log 1 = f(t) plots for both the 
oxidation peaks was more or less same (0.5) for the first 20-30 
min, after which time a large deviation (smaller conversion) 
from the straight line was observed. The deviation clearly 
suggested that the oxidation follows a simple path only for the 
first 20-30 rnin of electrolysis, and after 30 rnin follow up 
chemical reactions play an important role, as suggested by 
Nicholson and Shain *' and others.2 The n-values determined 
were found close to 4.0 k 0.3 and are summarised in Table 1. 

As cyclic voltammetric studies indicate that peak (ii) is due to 
the formation of 3,9-dimethyluric acid, spectral changes were 
also monitored for 3,9-dimethyluric acid. At pH 7.0 3,9- 
dimethyluric acid exhibited well defined bands at A,,, 2 10, 233 
and 287 nm [Fig. 8(a)]. Upon electrolysis a systematic decrease 
in absorbance at all the three A,,, was observed. If potential is 
turned off after recording curve 4, a systematic increase in the 
region 220-250 nm was noticed [Fig. 8(b)]. The first-order rate 
constants for the decay of UV-absorbing intermediate for 3,9- 
dimethyluric acid were also determined at different pH and are 
presented in Table 2. 
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Fig. 8 (a) Spectral changes observed during electrooxidation of 0.1 
mmol dm-, 3,9-dimethyluric acid at pH 7.0, V0.5 V us. SCE. Spectra 1, 
2,3,4,5 taken at t 0,10,30,45,90 min. (b) Spectral changes observed on 
turning off the potential after recording curve 4 in Fig. 8(a). Spectra 4,5, 
6, 7, 8, 9, 10, 11 taken at t 45,49, 53, 57,61, 65, 69, 73 min. 
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Fig. 9 Total ion current chromatogram obtained upon GC-Mass 
analysis of the material obtained under chromatographic peak P, 
collected at pH 5.5 

The spectral changes observed at pH 3.2 for 3,9-dimethyl- 
xanthine were essentially similar to that observed at pH 7.0. The 
identical nature of the UV spectral changes for 3,9-dimethyl- 
xanthine and 3,9-dimethyluric acid, and practically similar 
values for the decomposition of the UV-absorbing inter- 
mediate, indicate that electrooxidation of 3,9-dimethylxanthine 
proceeds through the formation of 3,9-dimethyluric acid in the 
entire pH-range. 

Analysis of Oxidation Products.-Thz products of electro- 
oxidation followed by consecutive slow reaction of 3,9- 
dimethylxanthine were analysed at pH 3.0, 5.5 and 8.0. The 
exhaustively electrolysed solution was lyophilised and products 
were separated by gel permeation chromatography (see 
Experimental). In gel permeation chromatography at pH 5.5, 
three peaks P,, P, and P, were observed. Peak P,, obtained 
between 150-200 cm3 was found to contain phosphate and 
hence was discarded. The volume under peak P, (220-260 cm3) 
on lyophilisation give coloured material, which exhibited a 

single spot in TLC (R,  = 0.32), m.p. 150 "C. The IR spectrum 
of the product gave sharp bands at 3615, 3512, 2827, 2732, 
2489,2386,23 15,1740,1450,1120 and 805 cm-' indicating the 
product to be alloxane derivative. The mass spectrum of the 
material at an electron beam voltage of 70 eV gave a clear 
molecular ion peak at  m/z = 174 and suggested the product as 
1 -methylalloxane monohydrate. The high mass peaks observed 
in the mass spectrum were at 137 (12.173, 136 (6.2), 129 (6.3), 
128 (89.2), 109 (21) and 100 (51.6). However, no attempt was 
made to explain the fragmentation pattern. 

Peak P, was never well separated from peak P, (260-290 
cm3). The freeze dried material under peak P, always gave two 
spots in TLC (Rf = 0.32 and 0.6). Therefore, it was considered 
necessary to use gas chromatography coupled with mass 
spectrometry to analyse the second product. The silylated 
material exhibited two major peaks in GC-Mass (Fig. 9). 
first peak at  R, - 2 min had a molecular ion peak at m/i 
(76.4%) and corresponds to 1 -methylalloxane 5 having 
trimethylsilyl group (Scheme 1). 

n 0 

The 
228 
one 

CH, 
5 

CH, 

m/z = 228 

Scheme 1 Reagents and conditions: i, BSTFA, acetonitrile, 110 "C 

The second peak at  R, - 26.6 min exhibited a small peak at 
m/z = 389 (6.4%) and a large peak at m/z = 374 (28.5%) 
indicating the loss of a methyl group. Hence, the molar mass of 
the silylated species was 389 and corresponds to 5-hydroxy-3- 
methylhydantoin-5-carboxamide 6 (Scheme 2). Some other 
high mass peaks observed in the fragmentation pattern were at 
389 (6.4%), 375 (1.Q 374 (28.5), 299 (2.0), 273 (2.9), 272 (8.5), 
262 (2.3), 257 (l.l),  256 (4.1), 186 (4.0), 185 (31.0) and 184 (5.7). 
The base peak was at 73.1 (100%). 

CH, 

6 m/z =309 
Reagents and conditions: i, BSTFA, acetonitrile, 110 "C Scheme 2 

As species 6 possesses four sites for silylation, it was expected 
that reaction should take place at all the four available sites. 
However, the OH group situated between C==O and NH does 
not undergo silylation due to bulky nature of trimethylsilyl 
group. A similar observation has also been reported by other 
workers during oxidation of uric acid.,,,,, 

The formation of 1 -methylalloxane and 5-hydroxy-3-methyl- 
hydantoin-Scarboxamide suggests that monomethyl urea and 
methylamine should also be formed as the products, but these 
compounds were not observed. One of the possible reasons is 
that owing to their low molecular weights, these compounds 
elute together with phosphate. This assumption was confirmed 
by passing monomethyl urea and methylamine through the 
Sephadex G-10 column. It was observed that both the com- 
pounds eluted between 150 to 200 cm3 and would therefore be 
eluted with phosphate. 

The gel permeation chromatogram at pH 3.0 exhibited only 
peaks P, and P, whereas at pH 8.0 only peaks P, and P, were 
observed. Hence, it was concluded that the electrooxidation of 
3,9-dimethylxanthine gives 1 -methylalloxane at pH 3.0 and 
5-hydroxy-3-methylhydantoin-5-carboxamide at pH 8.0 as the 
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Scheme 3 Tentative mechanism proposed for the electrooxidation of 3,9-dimethylxanthine 

products. At pH >3.0 and ~8.0, both the products were 
obtained. 

The products of electrooxidation of 3,9-dimethyluric acid 
were also analysed at pH 5.0 and 1-methylalloxane and 5- 
hydroxy-3-methylhydantoin-5-carboxamide were obtained as 
the products. Thus, it is concluded that the products of 
oxidation of 3,9-dimethyluric acid and 3,9-dimethylxanthine 
are same. 

Oxidation Mechanism.-Linear and cyclic sweep voltam- 
metry, coulometry and product identification of 3,9-dimethyl- 
xanthine suggested that peak (i) is a 4e reaction. The product 
of the 4e process formed was found to be unstable due to 
competitive chemical reactions hence its reduction at peak (iii) 
potentials was observed only at sweep rates > 100 mV s-'. 
However, the appearance of peak (ii) in the second positive 
sweep in cyclic voltammetry indicated that the reduction of the 
product (of a 4e process), formed at negative potentials, gave 
3,9-dimethyluric acid, which readily oxidised at less positive 
potentials. The formation of 3,9-dimethyluric acid was also 
found to be dependent on the extent of negative sweep as shown 
in Fig. 3. The 4e oxidation of compound 1 can also occur in two, 
2e steps. Thus, compound 1 on 2e, 2H+ oxidation gives 3,9- 
dimethyluric acid 2 which is more easily oxidisable than 1 and 
gives diimine species 3 at less positive potential. The formation 
of 3,9-dimethyluric acid has also been confirmed by the similar 
dE,/dpH values for the oxidation peak (ii). The UV-spectral 
changes and the practical identical rates of the decay of the UV- 
absorbing intermediates also confirmed the formation of 3,9- 
dimethyluric acid. As the diimine species 3 is doubly positively 
charged, it is readily attacked by water to give diol4 which on 
undergoing series of reactions give 1-methylalloxane 5 and 5- 
hydroxy-3-methylhydantoin-5-carboxamide 6 as the products 
(Scheme 3). 

The oxidation behaviour of 3,9-dimethylxanthine was found 
very different than that of xanthine, where alloxane was found 
as the major product in acidic medium and allantoin was 
obtained in neutral and alkaline However, in the 
present studies methylated allantoin was not obtained, rather 

5-hydroxy-3-methylhydantoin-5-carboxamide was obtained as 
the major product. The difference in behaviour may be due to 
the availability of a different electroactive tautomeric form in 
3,9-dimethylxanthine. The introduction of methyl groups in 
position 3 and 9 limits the number of possible tautomeric forms 
in addition to steric effects of methyl group. 

The formation of allantoin during oxidation of xanthine 
occurs from the imine alcohol which on ring contraction gives 
1 -carboxy-3,7-dioxo-2,4,6,8-tetraazabicyclo[3.3.O]octadec-4- 
ene. A series of follow up reactions then gives a l l a n t ~ i n . ~ ~ ' ~ ~  
Attack of one molecule of water on the positively charged 
diimine 3 would take place on C=Nf bond yielding an imine 
alcohol 7. As ring contraction and formation of carbohydroxy 
derivative is not possible from species 7, methylated allantoin 
was not obtained as the product of electrooxidation. Thus, the 
rupture of pyrimidine ring occurs at position 4 giving 
5-hydroxy-3-methylhydantoin-5-carboxamide as the major 
product of oxidation. 

It is therefore believed that the products of oxidation of 3,9- 
dimethylxanthine are different than that of xanthine and uric 
acid. The presence of methyl groups at positions 3 and 9 does 
not permit the ring contraction previously observed in xanthine 
and hence 5-hydroxy-3-methylhydantoin-5-carboxamide is 
obtained as the product in place of allantoin. As presence of 
methyl groups also restricts the number of possible tautomeric 
forms of xanthine, it is also likely that different electroactive 
forms are available in the oxidation of xanthine and 3,9- 
dime th ylxanthine. 
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