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Oxidation Chemistry of 1,3-Dimethylxanthine
at Stationary Pyrolytic Graphite Electrode
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The electrochemical oxidation of 1,3-dimethylxanthine has been studied in the pH range 2.3—10.3 at a pyrolytic
graphite electrode. The conjugate base has been found as the electroactive species oxidized over the entire pH range.
The 4e, 4H* charge transfer step is followed by competitive irreversible chemical reactions. The decomposition of UV-
absorbing intermediate generated during the electrooxidation has been found to follow first-order kinetics. The products
of the EC reaction have been separated by HPLC and gel-permeation chromatography and characterized by mp, 'HNMR,
and mass spectra. The presence of methyl groups at positions 1 and 3 has been found to affect the course of mechanism,
because the positive charge developed on nitrogen does not permit ring contraction. A tentative mechanism has also been

suggested.

1,3-Dialkylxanthines have been claimed to be the best
antagonists for binding to adenosine receptors, due to their
high potencies as adenosine antagonists.” They also inhibit
many pharmacological and physiological effects of adeno-
sine such as hypotensive, cardiodepressive, antidiuretic and
antilipolytic effects.>” The naturally occurring xanthines,
caffeine and theophylline are the best known antagonists of
adenosine receptors; however, they are non selective.¥ As
electrochemical studies coupled with spectral studies have
been found useful in probing the mechanistic pathway of
oxidation of biomolecules,”~” it was considered desirable to
study the electro-oxidation of a dialkylxanthine, viz., 1,3-
dimethylxanthine at stationary pyrolytic graphite electrode.
It is believed that these studies will provide some informa-
tion about the metabolic pathway involved in inactivation
of adenosine by xanthines, which is still an important but
poorly resolved question. A detailed interpretation of the
redox mechanism of 1,3-dimethylxanthine (1) is presented
in this paper (Chart 1).

Experimental

1,3-Dimethylxanthine was obtained from Research Biochem.
Inc., Ma, USA. and 1,3-dimethyluric acid was a product of Aldrich
Chemical Co., USA. Voltammetric studies were carried out in
phosphate buffers® of ionic strength 0.5 M (1 M=1 moldm™3).
All potentials are referred to the SCE at an ambient temperature
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of 2042 °C. The pyrolytic graphite electrode (PGE) used as the
working electrode was prepared in the laboratory by the method

- reported earlier” and had an area of ca. 8 mm®. The voltammet-

ric instruments used were essentially the same as those described
earlier.'” The spectral studies were carried out using a Beckman
DU-6 spectrophotometer. '

The stock solution (1.0 mM) of 1,3-dimethylxanthine was pre-
pared in double distilled water; 2 ml of the stock solution was mixed
with 2 ml of the buffer of desired pH. Nitrogen gas was bubbled
for 10—12 min before recording voltammograms.

Controlled potential electrolysis was carried out in a conven-
tional H-cell at a potential 100 mV more positive than peak 7,. The
working electrode was a pyrolytic graphite plate (6 cmx 1 cm) and
the auxilary and reference electrodes were platinum gauze and SCE
respectively. The progress of electrolysis was monitored by record-
ing cyclic voltammograms at different time intervals. The products
of electroxidation were characterized at pH 3.0 and 7.0. For this pur-
pose, about 10 mg of the compound was electrolyzed. The progress
of electroxidation was monitored by observing the decrease in peak
I, in cyclic voltammetry. When peak I, completely disappeared, the
exhaustively electrolyzed solution was removed from the cell and
lyophilized. The freeze dried material was dissolved in 1—2 ml
of water and passed through a glass column packed with Sephadex
G-10 (Sigma; bead size 40—120 pm). Double distilled water was
used as an eluent and the fractions of 5 ml each were collected.
The absorbance of the fractions was monitored at 210 nm. The
absorbance versus volume plot exhibited two peaks at pH 7.0. The
first peak P; (140—180 ml) was found to contain phosphate and
hence discarded. The volume under peak P, (220—240 ml) was

" collected, lyophilized and a colorless material was obtained.

The progress of electroxidation of 1,3-dimethylxanthine was
monitored at pH 3.0 by High-performance liquid chromatography
(HPLC) employing a Shimadzu model SPD-10A. For HPLC stud-
ies, 1 mM solution of compound 1 was oxidized at pH 3.0 (adjusted
by adding dilute HC1). 5.0 ul of the solution was injected in a re-
versed phase Cig column to which a pre-column was attached. The
mobile phase solvent was methanol (AR) and the flow rate was 0.50
mlmin~". The absorbance of the eluent was monitored at 215 nm.
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The column was equilibrated for 20 min before the next injection
was made.

The mass spectra were recorded using a JEOL, JMS D 300
instrument and the'HNMR were recorded using a Varian XL 300
spectrometer in CDCl3. Silylation was carried out in a 3.0 ml Vial
(Pierce Chemical Co., USA) by treating S0—100 pg of the product
with 50 ul of N,N-bis(trimethylsilyl)trifluoroacetamide (BSTFA)
and 50 pl of acetonitrile at 110 °C for 10 min. The vial was cooled
and 2 pl of the sample was injected in GC/Mass

Results and Discussion

Linear sweep voltammetry of 0.5 mM 1,3-dimethyl-
xanthine exhibited a well-defined anodic peak (Ia) in the
pH range 2.3—10.3 at a sweep rate of 20 mV s~!. The peak
potential of peak Ia was dependent on pH and shifted to less
positive potential with increase in pH. The plot of E; ver-
sus pH exhibited a break at around pH 8.6 (Fig. 1) which
corresponds to the pK, value of 1,3-dimethylxanthine as re-
ported in the literature.!” The dependence of E; on pH can
be expressed by the relations:

E, (pH 2.3—8.6) =[1420—62.5 pH] mV vs. SCE

E, (pH 8.6—10.3) =[1050—28.0 pH] mV vs. SCE

The dependence of E, on pH in the pH range 8.6—
10.3 clearly suggests that the electroactive species is not the
species present in the bulk of the solution, but its conjugate
base bearing one less proton. The slope of ca. 60 mV/pH
corresponds to the same number of electrons and protons in
the pH range 2.3—8.6, whereas a lower number of protons
are consumed at pH>8.6. The pK, 8.6 thus represents dis-
sociation of NH proton from position 9. The presence of
methyl groups at positions 1 and 3 not only restricts the tau-
tomerism but also produces an inductive effect (Chart 2). As
fully methylated pyrimidine rings in purines are mesomeric,
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Fig. 1. Dependence of peak potential on pH for the oxidation
peaks of 1,3-dimethylxanthine sweep rate 20 mV s ™.

Oxidation Chemistry of 1,3-Dimethylxanthine

H3C HIC{ AN
)\ l \> -O/Kﬁl N\>
0 N N
| H | H
CH3 CH3
Chart 2.

o
H3C\" N
0
- N“ N
0 ' e

CH3
Chart 3.

the following canonical forms must contribute in the bulk of
the solution. Similar canonical forms have been suggested
on the basis of bond length measurements by Sutor.!*!¥

Hence, the species predominating at pH>>8.6 should be
an anion formed by the loss of a proton from position 9
(Chart 3).

Cyclic sweep voltammetry of 1,3-dimethylxanthine at a
sweep rate of 100 mV s~} also exhibited a well-defined oxi-
dation peak (Ia) in the pH range 2.3—10.3, when the sweep
was initiated in the positive direction. Peak Ia was clearly
observed at a sweep rate<150 mV s~!; at higher sweep rates,
peak Ia turned to a bump and merged with the background.
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Fig. 2. Typical cyclic voltammograms of 0.5 mM 1,3-di-

methylxanthine (A) and 1,3-dimethyluric acid (B) at pH
7.0, sweep rate 100 mV s ™.
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Fig. 3. Observed dependence of peak current on concentra-
tion for the peak Ia of 1,3-dimethylxanthine at pH 7.0.

‘When the direction of the sweep was reversed, two reduction
peaks (Illc and IVc) were noticed. On further reversing the
sweep a new oxidation peak Ila appeared at a less positive
potential. Some typical cyclic voltammograms of 1,3-di-
methylxanthine are depicted in Fig. 2. The peak potential of
peak Ila was also dependent on pH and shifted to a less pos-
itive potential with increases in pH. The E,~pH dependence
for peak Ila is presented in Fig. 1 and showed a break at
ca. pH 5.6. The ratio of peak currents Ia/lla was practically
constant (2.5—2.8) over the entire pH range.

The effect of concentration on peak current was studled in
the concentration range 0.1 to 1.0 mM. The peak Ia current
increased with increase in concentration of 1,3-dimethyl-
xanthine. The i, versus concentration plot indicated a linear
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Fig. 4. Dependence of peak current on sweep rate for the
peak IIa of 1,3-dimethylxanthine.

centrations, the i, value became practically independent of
concentration (Fig. 3). This behavior suggested the absorp-
tion of 1,3-dimethylxanthine at the surface of PGE.!Y

The adsorption of 1,3-dimethylxanthine at the electrode
surface was further confirmed'® by the increase in peak cur-
rent (i,) with increase in sweep rate (Fig. 4). The ratio of
peaks Ia/lla was found to be ca. 3.0 over the entire concen-
tration range studied.

The effect of sweep rate on peak la was studied over
the sweep range 10—200 mVs~—!. At a sweep rate >200
mVs~!, peak Ia merged with the back-ground even at pH
7.0 and hence accurate determinations of peak currents were
not possible. The ratio of peaks Ia/lla was more or less
constant (ca. 3.0) in this sweep range. To evaluate the sweep
rate effect in a large sweep range, studies were carried out at
pH 9.0. It was noticed that the E,, of peak (Ia) shifted by 5—
10 mV per ten-fold increase in sweep rate in the range 20 to

increase up to about 0.6 mM concentration; at higher con- 200 mV s~! and decreased to 5 mV in the range 200—500
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Fig. 5. Effect of potential reversal on the oxidation peak IIa of 1,3-dimethylxanthine at pH 3.0, sweep rate 100 mV s ™'
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Table 1. Coulometric n-Values Observed for the Electrooxidation of 1,3-Dimethylxanthine

and 1,3-Dimethyluric Acid at PGE

Expt. n® Expt n®
pH Potential 1,3-Dimethylxanthine Potential 1,3-Dimethyluric acid
(V) vs. SCE (V) vs. SCE
2.3 1.2 4.1 0.6 1.9
3.0 1.2 : 3.8 0.6 1.8
4.9 1.1 : 39 0.5 1.8
7.0 1.0 4.0 0.5 1.8
78 1.0 4.2 04 1.9
8.7 0.9 4.0 0.4 1.9
9.6 0.9 3.8 04 1.8
10.3 0.8 3.8 0.3 1.7

a) Average of at least two replicate determinations.

mVs~!. At sweep rates greater than 500 mV s~!, peak Ia

again merged with the background. The plot of AE;, versus
log v was found to be S-shaped. Hence it was concluded that
the nature of the electrode reaction was EC, in which charge
transfer is followed by irreversible chemical reactions.'s'”
The electrochemical oxidation of xanthine has been found
to proceed via uric acid.'™® It was thus considered interest-
ing to check whether the electrooxidation of 1,3-dimethyl-
xanthine also proceeds through the formation of 1,3-dimeth-
yluric acid or not. For this purpose, cyclic voltammograms
of 1,3-dimethyluric acid were recorded under identical con-
ditions in the pH range 2.3—10.3. A well-defined peak Ia is
observed with the same dE,/dpH as was obtained for peak Ila

in the case of 1,3-dimethylxanthine. Hence, it is concluded
that peak Ia of 1,3-dimethylxanthine is due to the formation
of 1,3-dimethyluric acid in the electrode reactions.

To determine whether 1,3-dimethyluric acid, a species re-
sponsible for peak Ila, is generated by the oxidation reaction
of peak Ia or the reduction reaction of peak ic/IVc, cyclic
voltammograms were recorded by changing the direction of
the negative-going sweep at different potentials. It was no-
ticed that peak IIa did not appear if the direction of sweep is
reversed before peak Illc (Fig. 5A). However, if the sweep is
extended to more negative potentials, peak Ila systematically
increased. (Figs. 5B to D). Thus, it is concluded that 1,3-
dimethyluric acid is generated by the reduction of peak Ia
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Fig. 6. Spectral changes observed at pH 7.0 during electrooxidation of (A) 0.1 mM 1,3-dimethylxanthine, Pot 1.0 V vs. SCE and
(B) 0.1 mM 1,3-dimethyluric acid, Pot 0.5 V vs. SCE. Curves were recorded at an interval of 5 min.
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3-dimethyluric acid (B).

product and not during the oxidation of peak Ia process.

Controlled potential electrolysis of 0.5 mM 1,3-dimethyl-
xanthine was carried out in a conventional H cell. The nature
of ip versus time plot was exponential, however, the plot of
log ip versus time was a straight line only for the first 10-—12
min of electrolysis, after which a large deviation was noticed.
The deviation from the straight line clearly indicated that the
electrode reaction followed a simple path only for the first
10—12 min, after which the follow-up chemical reactions
played a significant role in the bulk clevage of the products,
as has been suggested by Cauquis'? and others.”® The val-
ues of n, numbers of electrons involved in oxidation, were
determined by connecting a coulometer in series; the value
of n was found as 4.010.2 in the entire pH-range studied.
The values of n observed at different pH are presented in
Table 1. The n-values observed for 1,3-dimethyluric acid on
the other hand were 1.8+0.2 in the entire pH range studied.
However, the log i, versus time plot was a straight line only
for the first 8—10 min of oxidation. Thus, the follow-up
chemical reactions were also found to play a significant role
during the electro-oxidation of 1,3-dimethyluric acid.

Spectral Studies. UV spectra of 0.1 mM 1,3-dimethyl-
xanthine were recorded in the pH range 2.3—10.3 to deter-
mine the pK,. In the entire pH range studied, 1,3-dimethyl-
xanthine exhibited two well defined Ay, at around 210 and
270 nm and a shoulder at 223 nm. The absorbance at 270
nm was plotted against pH. The resulting dissociation curve
gave an inflection at around pH 8.6, corresponding to the pK,
of 1,3-dimethylxanthine as reported in the literature.!” The
pK, determined spectrophotometrically was also similar to
the value obtained from the £,—pH relation.

Spectral changes during electrochemical oxidation of 1,
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Change of absorbance vs. time and log (A —As) Vvs. time observed at pH 7.0 at 270 nm for 1,3-dimethylxanthine (A) and 1,

3-dimethylxanthine were monitored at pH 3.0 and 7.0. A
typical UV-spectrum of 1,3-dimethylxanthine at pH 7.0 is
presented by curve 1 in Fig. 6 and shows two maxima at 210
and 270 nm. When a potential 100 mV more positive than
peak Ia is applied, the absorbance at 270 nm first increased
and than a systematic decrease in absorbance was noticed.
The absorbance in the region 214—250 nm systematically
increased for the first 45 min of electrolysis and then the
absorbance decreased. The absorbance at shorter wavelength
maximum (210 nm) first increased, shifted to 208 nm and
increased for 45 min, and then decreased. Similarly, the
absorbance in the longer wavelength region increased for
the first 45 min and then decreased. The absence of a clear
isosbestic point at 252 and 285 nm is most likely due to
the involvement of competitive chemical reactions. If the
potential is turned off at any stage during electrolysis, the
absorbance in the region 225—310 nm showed a decreasing
trend.

The kinetic study of the decomposition of the UV-absorb-
ing intermediate was carried out at selected wavelengths.
For this purpose, the electrolysis was terminated when the
absorbance at Ap,, reached to about 50%. The absorbance of
the intermediate species was monitored as a function of time
and the resulting curves were exponential in nature (Fig. 7).
The plots of log (A—A.,) versus time were linear at all the
pH values and hence suggested that the decomposition reac-
tion of the UV-absorbing intermediate followed first-order
kinetics. The values of k calculated from log (A—A,) versus
time plots at different pH were in the range 1.9—2.5x1073
s~! and are summarized in Table 2.

As cyclic voltammetric studies indicated that peak Ila
is due to the formation of 1,3-dimethyluric acid, spectral



204  Bull. Chem. Soc. Jpn., 71, No. 1 (1998)

Table 2.
Dimethylxanthine and 1,3-Dimethyluric Acid

Oxidation Chemistry of 1,3-Dimethylxanthine

Comparison of Rate Constant Values (k) Observed for the Decay of UV-Absorbing Intermediate for 1,3-

1,3-Dimethylxanthine

1,3-Dimethyluric acid

pH A/mm Pot. (V) kx1073s71? Pot. (V) kx1073 s~ ¥
40 235 1.20 2.0 0.70 19
270 1.9 2.1
295 1.9 1.9
7.0 235 1.00 2.1 0.60 22
270 19 2.1
295 1.9 21
8.0 235 1.00 1.9 0.60 1.9
270 24 1.9
295 2.5 2.1

a) Average of at least three replicate determinations.

changes were also monitored during electro-oxidation of 1,
3-dimethyluric acid at pH 7.0 and two well-defined bands at
Amax 214 and 292 nm were observed. Upon application of
a more positive potential to peak IIa, a systematic decrease
in absorbance at both the Ay, was noticed. However, ab-
sorbance in the region 226—268 first increased (curves 8, 9)
then decreased and became constant. If potential is turned
off after recording curve 8, the absorbance at both the Ay
decreased (Fig. 6B). The values of k for the first order de-
cay of the UV-absorbing intermediate were calculated from
log (A—A) versus time plots and are summarized in Ta-
ble 2. It was interesting to note that the values of k for 1,
3-dimethylxanthine and 1,3-dimethyluric acid were essen-
tially similar and hence the same UV-absorbing intermediate
species is generated in both cases. The UV-spectral changes
for 1,3-dimethylxanthine at pH 3.0 were basically similar to
pH 7.0.

Product Isolation and Characterization. The products

of electro-oxidation of 1,3-dimethylxanthine were separated
by High performance liquid chromatography at pH 3.0. The
chromatograms observed during the electrooxidation of 1,3-
dimethylxanthine are presented in Fig. 8. Curve A presents
the chromatogram of 1,3-dimethylxanthine just before the
oxidation; a well-defined peak at R;~7.1 min was noticed.
With progress of electrolysis, two new peaks (1 and 3) were
observed at R=5.0, and 7.5 min (Fig. 8, Curve B). The
HPLC peaks at R;=27.1 min completely disappeared after 3 h
of electrolysis. To collect the material obtained under peaks 1
and 3, several injections were made in HPLC and the volume
was collected separately under the peaks and lyophilized.
The colorless dried material obtained under each peak was
characterized by mp, 'HNMR, and mass spectra.

HPLC Peak 1:  The colorless material obtained from
peak 1 had amp of 134 °C. The FT-IR spectrum of this mate-
rial exhibited sharp bands at 3385, 3490, and 1675 cm~! and
was practically identical to the FT-IR of authentic urea. The
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HPLC chromatograms observed during electrooxidation of 1,3-dimethylxanthine at pH 3.0 curves were recorded at 0 min
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mass spectrum of this material exhibited a clear molecular
ion peak at m/z=60 (100%) and hence it was concluded that
the product is urea.

The formation of urea as one of the products suggested
that the imidazole ring of 1,3-dimethylxanthine ruptures at
pH 3.0 to give the products. The imidazole ring opening
of purines has also been reported during chemical oxidation
using a variety of reagents.”’?? Hence, the other product

formed should be an alloxan derivative.

HPLC Peak 3: The volume collected under HPLC
peak 3 on lyophilization gave a colorless material having
mp 220 °C. The mass spectrum of this material gave a
clear molecular ion peak at m/z=170 (96.8%), indicating the
molar mass of the material was 170. The major peaks in
the mass spectrum were noticed at 172 (1.1%), 171 (7.3%),
170 (96.8%), 143.9 (0.6%), 142.9 (50%), 142 (76.2%), 115
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(3.4%), 114 (61.9%), 87 (1%), 86.1 (22.6%), and 70 (56.9%).
The "HNMR spectrum of the material exhibited signals at
6=7.9 (s, 2H); 3.4 (s, 3H), and 3.2 (s, 3H). On adding D, 0,
the signal at §=7.8 disappeared and hence was assigned to
water protons. The material was thus characterized as 1,3-
dimethylalloxan monohydrate.

The exhaustively electrolyzed solution of 1,3-dimeth-
ylxanthine at pH 7.0 exhibited only single spot in TLC
(R¢=20.45); hence the product of electrooxidation was sepa-
rated from the buffer constituents by using gel-permeation
chromatography (see Experimental). The colorless material
obtained under the chromatographic peak P, (220—240 ml)
had a mp 184 °C. The mass spectrum of the material exhib-
ited a relatively small molecular ion peak at m/z 173 (20%).
To further confirm the molar mass as 173, the material was
silylated using BSTFA and acetonitrile. The derived sample
gave a peak at R=:24 min in GC which exhibited a clear
molecular ion peak m/z 389 (76.4%). The molar mass of 389
corresponded to the trisilylated molecule. Hence, this prod-
uct was characterized as 4-hydroxy-2,5-dioxoimidazolidine-
4-(N-methylcarboxamide).

The formation of 4-hydroxy-2,5-dioxoimidazolidine-4-(N-
methylcarboxamide) as a product of oxidation of 1,3-dimeth-
ylxanthine at pH 7.0 is not unusual, as 5-hydroxy hydantoin-
5-carboxamide has been obtained from the electrooxidation
of uric acid.® It is expected that 4-hydroxy-2,5-dioxo-4-
imidazolidinecarboxamide should give tetrasilylated species
on treatment with BSTFA and acetonitrile. However, due
to steric hindrance, the —OH group present between C=0
and —NH does not undergo silylation, as has been observed
in the case of 4-hydroxy-2,5-dioxo-4-imidazolidinecarbox-
amide >

Thus, at pH 7.0 the pyrimidine ring of 1,3-dimethyl-
xanthine opens to give the ultimate products. The rupture
of pyrimidine ring of purines in neutral and alkaline media
during chemical oxidation has been well documented in the
literature.

The E,~pH dependence clearly indicates that the conjugate
base is the electroactive species of 1,3-dimethylxanthine. It
is expected that dE,/dpH of ca. 60 mV/pH and 30 mV/pH
corresponds to the number of protons of four and two re-
spectively. Scheme 1 depicts 4H* in the conversion of 1
to 3 and 3H* in the conversion of 2 to 3. Thus, the slope
of dE,/dpH expected at pH>>8.6 is 45 mV/pH. The lesser
value of the slope observed may be due to a limited number
of points in Fig. 1. Thus, the initial peak Ia involves a 4e,
3H" step to give the corresponding diimine 3, similar to the
basic reaction proposed earlier for xanthine.'® The unstable
diimine 3 can exist in two canonical forms 4 and could not

Oxidation Chemistry of 1,3-Dimethylxanthine

be detected by the cyclic voltammetry even at fast sweep rate
(>5 Vs™!). Thus, the peak Ia seems to be an irreversible
process leading to the formation of diimine. The peak Ia ap-
pears on the anodic background currents (Fig. 2) and is due
to oxidation of species adsorbed on the electrode surface. If
adsorbed species is involved in the electrochemical oxida-
tion, bulk electrolysis is impossible. Thus, the background
currents show electroxidation of 1,3-dimethylxanthine dis-
solved in the electrolyte, and the adsorbed one exhibits the
voltammogram peak. The diimines obtained in purine oxi-
dations have been found to be very unstable due to two C=N
bonds. The half life of diimine obtained in uric acid oxida-
tion has been found to be 20 ms.?® Thus, it is expected that
the diimine 3 would also be unstable and would be readily
attacked by the water molecule in a chemical follow up step
to give imine alcohol. As there are two C=N bonds in di-
imine 3, the hydration can occur at either of the two C=N
bonds to give imino alcohol S or 6. The reduction of the
latter species in 2e, 2H" step, (peak HIc or IVc) would give
dihydro molecule 7 or 8, which on losing a molecule of water
will give 1,3-dimethyluric acid. At this stage, it is difficult
to establish whether conversion of imino alcohol species 5
to 7 is represented by peak IIc or IVc. The case with the
conversion of 6 to 8 is also similar. It was observed that Peak
IIa is noticed only when first negative sweep is extended to
Peak Illc. Hence, conversion of 5 to 7 or 6 to 8 may be
responsible for Peak Illc. Looking at the structure of species
5 and 6, it scems more probable that reduction of species
6 would occur at high negative potentials in comparison to
species 5, due to steric hindrance of —CHj3 group.

The further hydration of imino alcohol species 5 and 6
appears to be responsible for the decay observed in the
first order reaction to give diol 10. At pH 3.0, the imida-
zole ring opens to give, 1,3-dimethylalloxan 11 and urea,
whereas at pH 7.0 the pyrimidine ring breaks and decar-
boxylation gives 4-hydroxy-2,5-dioxoimidazolidine-4-(N-
methylcarboxamide).

The observed electrochemical behavior of 1,3-dimethyl-
xanthine appears to be little different than that of xanthine.
The presence of methyl groups in pyrimidine ring not only
restricts the number of resonating structures, but also produce
a positive charge on pyrimidine nitrogen due to canonical
structures. The positive charges on nitrogen atoms do not
permit the contraction of the pyrimidine ring and hence the
formation of 1-carbohydroxy-2,4-dimethyl-2.4,6,8-tetraza-3,
7-dioxo-5-ene-tricyclo [3,3,0] octane, a primary requirement
for the formation of allantoin (5-uriedohydantoin),?® is not
fulfilled (Chart 4).

Thus, 5-(1,3-dimethyluriedo) hydantoin is not obtained
as a product during electroxidation of 1,3-dimethylxanthine.
On the other hand, presence of methyl group in the imida-
zole ring has been reported not to affect the ring contraction
and hence allantoin has been found as the product.?” Thus,
these studies clearly indicate that presence of CHs group in
pyrimidine ring of purines does not permit ring contraction
of the diol intermediate and hence the ultimate products are
different than xanthine.
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