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Electrochemical oxidation of 8-methylxanthine has been investigated in phosphate buffers of pH
range (1.35-10.71) using various techniques such as linear and cyclic sweep voltammetry, coulometry,
controlled potential electrolysis and spectral studies. Linear and cyclic sweep voltammetry of S-methylxanthine exhibit one well-defined 2e, 2H + oxidation peak (I.). The first order rate constant for the disappearance of UV absorbing intermediate has been calculated. The products of controlled potential electrolysis have been separated in the pH range (1.35-4.57) and identified as alloxan and acetamidine. A
tentative mechanism has been proposed to account for the observed experimental results. t :

Electrochemical
studies provide useful information
about redox reactions in biological systems and also
throw light on chemical reactivity of purine drugs
and their metabolites 1 •
Methylated xanthines are extensively used as diuretics+'. In an effort to understand
redox reactions
of purines using electrochemical
methods, we have
presently investigated the electrochemical
oxidation
of 8-methylxanthine
(I) at stationary pyrolytic graphite electrode.

Materials and Methods
8-Methylxanthine
(Adams Chemical Co.), alloxan
(Koch-light) and acetamidine hydrochloride
(Fluka)
were used. All other chemicals used were of AR
grade. All the experiments
were carried out in
phosphate buffers" of ionic strength 0.5 mol dm >' at
25 ±0.1°C. ,
The equipments used for voltammetry, coulometry, controlled
potential
electrolysis,
UVivisible
spectral studies have been described
elsewhere>.
Stationary pyrolytic graphite electrode (PGE, area
1.8 mm") was prepared as reported earlier".
IR spectra were recorded in KBr on a Beckman
IR-20 spectrophotometer.
HPLC was carried out in
reverse phase column using methanol-water
system
as mobile phase at a flow rate of 0.75 mi/min, using
Shimadzu LC-4A liquid chromatograph.
For recording cyelic voitammograms,
stock solution (5 m!) of 8-methylxanthine
(I) (0.5 mmol) was
mixed with buffer (5 ml) of appropriate
pH (ionic
strength 1.0 mol dm":'), so that overall ionic strength
of buffer solution was 0.5 mol drn>'. The solution
was deaerated
by passing a purified stream of nitrogen for 8-10 min before recording the voltammo-

grams. Controlled potential electrolysis of I was carried out in a conventional
three-compartment
cell
using pyrolytic graphite plate (area 5.8 x 1 ern") as
working electrode, platinum gauze as auxiliary electrode and SCE as a reference electrode. For coulometric studies solution (0.25 mrnol) of I in buffer
of appropriate pH was electrooxidised
and progress
of electrolysis was monitored at different time intervals till the oxidation peak (I.) vanished. The progress of electrolysis was also monitored by recording
UV/visible spectra of I at different time intervals to
detect the formation of any UV/visible absorbing intermediate.
When the oxidation peak completely
disappeared, the electrolysed solution was removed
from the cell and lyophilised. The freeze dried material was dissolved in water (1-2 ml) and passed
through a column (75 x 15 ern") packed with Sephadex G-lO (Sigma, bead size 40 - 120 Il) using doubly
distilled water as eluent. Fractions (5 ml each) were
collected and their absorbances at 210 nm was plotted against volume. The fractions
20-48 were
pooled (peak I) and were found to contain phosphate and hence were discarded. The fractions 50-72
were pooled and their UV spectrum recorded (peak
II). The combined fraction exhibited a broad peak.
It was collected, lyophilised and analysed by m.p.,
IR spectrum and HPLC.

Results and Discussion
The linear sweep voltammetry of 8-methylxamhine
(I) at the sweep rate of 10 mVis exhibited a well-defined oxidation peak in the pH range of 1.35-1O.7l.
The peak potential of this peak was dependent on pH
and shifted towards less positive potential with increase in pH. This behaviour indicated the involve-
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rnent of protons in the electrooxidation process. The
plot of Ep versus pH showed two breaks at around
pH 3.1 and 9.7 and the values of dEl dpH were 0.11,
0.043 and 0.13 YlpH respectively.
Cyclic voltarnrnetry of I at a sweep rate of 100
mYls exhibited one well-defined oxidation peak (I.),
the peak current of which decreased with increase in
pH in the range of 1.5-10.71. The effec~ of conc~ntration of I on peak current could be studied only In the
concentration
range of 0.1-0.5 mmole owing to its
low solubility. The peak current for peak I, increased
with increase in the concentration of I. This indicates
that I can be safely estimated at PGE in this concentration range. The peak current function (i/ Ac~/~)
was almost constant at different log(sweep rate) indicating diffusion controlled nature of the electrode
reaction in the concentration range of 0.1-0.5 rnrnole
(see ref. 7).
The progress of electrolysis of I was monitored by
recording cyclic voItarnrnograms at different time intervals. For example at pH 2.3 potential positive to
peak I, (1.0 V) was applied and progress of e1e~trolysis was monitored at 5-min interval. After 10 nunutes
of electrolysis peaks IIIe, Ill, and IIa were clearly visible. The peak current of peaks Ill., Ill, and II" increased up to about 25 min, and became constant
thereafter. Electrolysis was complete in 90 min as was
judged by the disappearance of peak I, and peaks Ill.,
II", III" were clearly visible in the e~aus~vely e1ectrolysed solution. No further change In cyclic voItarnrnogram of the exhaustively e1ectrolysed solution was noticed even when the solution was allowed to stand for
several more hours. Thus it is concluded that products of electrooxidation
of I are electroactive in nature. Peaks IIa, m, IIIe were clearly visible in the p~
range of 1.35-6.84, and a sweep rate>
50 mvs :
was necessary to observe them. At pH > 6.8 peaks
IIa, Ill., IIIe were not visible probably due t? fast hydrolysis of products formed or due to the existence of
a different mechanism in electrooxidation
process.
Peaks IIIe and Ill, formed a quasi-reversible couple as
indicated by the difference in potentials of anodic and
cathodic peaks which is more than that expected for
the reversible system. Quasi-reversible
nature of the
couple was further confirmed by the constancy of the
ratio of cathodic to anodic peak currents, which was
< 1 in the entire concentration range studied (0.050.5 rnrnole). The shift of peak potentials of anodic and
cathodic peaks with scan rate further revealed that
the couple III/IlIa is quasi-reversible in natur~. T~us
it is clear that at higher pH, the product of oxidation
may be different than thatat lower pH.
The value of 'n', number of electrons involved in
oxidation was determined by graphical integration of
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current-time curve", in the pH range of 1.35-10.71
and was found to be 2.0 ± 0.1.

Spectral studies
The UV spectra of 8-methylxanthine
(0.1 mmole)
at different pH (l.35-1 0.71) gave pK" values of I as
3.1 and 9.7. This was also supported by potentiometric titration.
The progress of electrolysis was monitored by UV
spectrophotometer
at pH 2.3, 6.8 and 10.04. At pH
2.3, I exhibited two Amaxat 225 and 268 nm. With the
progress of electrolysis absorbance
of the shorter
wavelength band first decreased and then increased;
however absorbance of 268 nm band continuously
decreased from the start. This indicates the formation
of an UV absorbing intermediate species at 225 nm
(Fig. 1A). The potential was turned off after 5 min of
electrolysis and a systematic decrease in absorbances
of 225 and 268 nm bands was observed. The decrease in the absorbance with time was monitored at
pH 2.3 and the rate of decay of intermediate was calculated by plotting log (A - Ao) versus time. The decay was found to follow first order kinetics and the
values of rate constants at 225 and 268 run were
2.5 x 10-3 and 4.9 x 10-3 S-I respectively. Almost
identical spectral changes were observed at pH 6.84.
However, slightly different behaviour was observed
at pH 10.04. The saturated solution of I at pH 10.04
exhibited Amaxat 220, 243 and 282 run (Fig. 1B). Upon application
of potential more positive corresponding to peak la' the absorbances at 243 and 282
nm systematically decreased whereas an increase in
absorbance in the regions 220 to 235 and 300 to 350
nm was observed with an isobestic point at 235 run.
Curve 13 in Fig. IB was recorded after 140 min of
electrolysis and it was indicative of complete oxidation of 8-methylxanthine
(I). Thus it is concluded that
the course of hydrolysis of initial 2e, 2H + product of
I, may occur by different route at pH > 6.84.

Product identification
For product identification
saturated solution of
8-methylxanthine
(I) (at room temperature)
in the
buffer of pH 2.3 was prepared. A potential corresponding to peak I, was applied and progress of electrolysis was monitored by cyclic voItammetry. When
the peak current was reduced by 95%, the electrolysis was stopped and the electrolysed solution was
concentrated. On TLC it gave two spots with R, values 0.44 and 0.28 respectively. Freeze dried material
was dissolved in water (1- 2 ml) and passed through a
glass column packed with Sephadex G-IO and fractions (5 mI each) were collected. The fractions 50-72
(peak 11) were pooled and Iyophilised. The product
was identified as alloxan by direct comparison (co-
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Fig. I-Observed spectral changes during electrooxidation of saturated solution of 8-methylxanthine at pH 2.3(A) and pH IO.04(B)
[Curves were recorded at O( I); 2(2); 5(3); 10(4); 15(5); 20(6); 25(7); 30(8); 40(9); and 50( 10) min of electrolysis for A and at an interval of 5 min for B.

TLC, co-IR, m.p., HPLC) with an authentic sample.
(m.p. 230°; Rr 0.44; R, 2.5 min). The second compound with Rr= 0.28 either did not elute from the column or owing to its low molecular weight came with
phosphate (peak I). A similar observation of low molecular weight compound has, also, been observed
earlier".
The HPLC of exhaustively electrolysed solution of
I exhibited three peaks with retention times of 2.5
and 3.1 min. The peak at R, = 3.1 min was found to
be due to acetamidine by direct comparison with an
authentic sample. The second product was further
confirmed as follows. The exhaustively electro lysed
solution was lyophilised and treated with acetone
(where only alloxan is soluble) and then with methanol (where only acetamidine is soluble). Two separated extracts were analysed by m.p., TLC, HPLC and
IR. Acetone extract was again characterised as alloxan. The methanolic extract exhibited a single spot in
TLC with R, value 0.28 and had a melting point 170°.
Melting point and R, value of methanolic extract
corresponded with those of an authentic sample of
acetamidine. The formation of alloxan as one of the
products indicated the possibility of acetamidine as
the second product.
As the cyclic voltammogram of exhaustively electrolysed solution exhibited peaks IIa. Ill, and IIIe> it
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Fig. 2-Comparison
of cyclic voltammograms of' exhaustively
electrolysed saturated solution of S-mcthylxanthinc (1\). 0.:> mol
of alloxan (B) and acetamidine (C) at pH 2.3
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was considered interesting to determine the origin of
the peaks. The cyclic voltammogram of authentic alloxan exhibited oxidation peak at potentials similar to
peak II. with same dE/ dpH value whereas acetamidine showed a couple similar to III/Ille observed for
compound I (Fig. 2). Both these compounds have
been reported electroactive in nature 10. The relative
lower peak heights of acetamidine and alloxan in Fig.
2A can be attributed to the limited solubility of I in
phosphate buffers.
Redox-mechanism
Experimental data presented here clearly indicate
that 8-methylxanthine (I) is electrooxidised in one
well-defined 2e, 2H + oxidation step in the pH range
of 1.35-10.71. As alloxan and acetamidine are identified as products below pH 6.84, a tentative mechanism, given in Scheme 1, can be proposed for electrooxidation of 1 in this pH range. The 2e, 2H + oxi-
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dation of 1gives diimine species (II). The unstable diimine (II) is then readily attacked by water to give a dihydroxy compound. The short half-life of diimine
and its rapid hydrolysis was observed at around 228
nm during UV/visible spectral study of 8-methylxanthine. The dihydroxy intermediate then decomposes
to give alloxan (IV) and acetamidine (V) as the final
products.
It is evident from the above results that 8-methylxanthine (I) undergoes 2e, 2H + oxidation atleast in the
pH range of 1.35-9.7. The higher dEldpH
value in
the pH range of 9.8-1O:~1 indicates the involvement
of larger number of protons and I can undergo oxidation by mechanism different than at pH > 9.8.
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