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Abstract: The oxidation chemistry of 2'-deoxyinosine (1) has been studied in the pH range
2.13-11.06 at pyrolytic graphite and glassy carbon ¢lectrodes. The oxidation occurred in a
single pH dependent step (6e, 6H", 1) at both the electrodes. The initial course of the
electrode reaction has been deduced to involve a 2e, 2H" reaction to give 8-hydroxy-2'-
deoxyinosine which is further oxidised in a 2e, 2H" reaction to give 2.8-dihydroxy-2'-
deoxyinosine. The 2e, 2H" oxidation of dihydroxy derivative then gives a diimine species,
which undergoes a series of chemical reactions to give different products. In a parallel
pathway initial 1e, 1H" oxidation also occurs to give a free radical, which leads to the
formation of dimers. The products of the clectrode reaction were separated by HPLC and
characterized by m.p., 'HNMR, IR and GC-Mass. A tentative mechanism for the formation
of the products has also been suggested.
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Introduction

2'-Deoxyinosine (1) is a nucleoside comprising of hypoxanthine and deoxyribose sugar and formed
from inosine by washed cell suspension of a vitamin B, requiring strain of Lactobacillus leichmannii
(Miyvazawa ef al., 1966) and also from 2'-deoxyadenosine in the presence of enzyme adenosine
deaminase (Hoffman et al., 1990). It has also beenisolated from the butanol fraction of the 95% ethanol
extract of the starfish Astrias rollestoni (Li ef al., 2004). 2'-Deoxyinosine and its derivatives play an
important role in enhancing the stability of DNA duplexes and triplexes (Kubota ef af., 2004;
Cubero et al., 2001; Ueno ef al., 2004) and also the antiviral drug activity (Ciuffreda ez a/., 1999).
Deoxyinosine has been found to exhibit antiprotozoal activity (Moorman ef &f., 1991), antitumor
activity (Ciccolini ef af., 2000; 2001), antileishmanial activity (Wataya et af., 1984) and inhibitory
effect on human lymphocytes (Ochs ef @l., 1979; Carson ef af., 1977). It also exhibit antiallergic
activity (Kashima er ., 1995) and its demvative 2',3'-dideoxyinosine inhibits the replication of
HIV (Human immunodeficiency virus) (Kewn et af., 1999). Catabolism of deoxyinosine occurs in intact
WISH cells {cell line derived from human ammnion epithelium) (Carta et af., 2001) and also get
metabolized in human erythrocyte cells (Lionetti ef af., 1966). Deoxyinosine residues deal with the
group specific identification of Polioviruses by PCR (Kilpatric ef af., 1996; 1998) have been found to
prolong the motility of chick sperm (Sahashi ef al., 1968). Deoxyinosine has been found to exhibit
selective toxicity against deoxyadenosine sensitive cells (Parsons et af., 1986) and its N-1 adduct plays
a role in butadiene induced carcinogenicity (Kowalczyk e af., 2000). Nanomolar accumulations of
deoxyinosine have also been identified in uremic patients (Weismann ef /., 1984).
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As electrochemical oxidation reactions of biomolecules at solid electrodes provide unique insights
into the redox chemistry of biomolecules (Goyal, 1989). In view of the limited information available
on the oxidation behaviour of 2’-deoxyinosine at solid electrodes, it is considered desirable to study
oxidation chemistry of 2'-deoxvinosine to obtain information on the primary ¢lectrode reaction. The
electrode surface that affects the electron transfer process is a question of fundamental importance in
electrochemistry and continues to be the focus of considerable research. Therefore, it is considered
necessary to study the electrochemical behaviour of 2°-deoxvinosine at two different carbon electrodes,
viz., Pyrolytic Graphite Electrode (PGE) and Glassy Carbon Electrode (GCE). It is expected that the
results of these studies will throw light on the mechanism of possible oxidation of 2'-deoxyinosine in
biological systems.

Materials and Methods

2'-Deoxyinosine was obtained from Fluka (Buchs, Switzerland) and was used as received.
N,O-bis(trimethylsilyltriflourcacetamide and silylation grade acetonitrile were obtained from Sigma
(USA). The seperation of products was achieved by using Agilent 1100 series HPL.C with C-18
column (7.8>300 mm column) attached to a precolumn. Linear and ¢yclic sweep voltammetric studies
were performed on a BAS CV 50W voltammetric analyzer. Controlled potential electrolysis was
carried out in a three-compartment cell using a pyrolytic graphite plate {area 6x1 ¢m?®) as working
electrode, cylindrical platinum gauze as auxillary electrode and Ag/AgCl as reference electrode. The
pyrolytic graphite electrode (PGE) (~6 mm?) was prepared in the laboratory by reported method
(Miller et ai., 1963). The electrode surface of the PGE was cleaned by rubbing it on an emery paper
before recording each voltammogram to remove the adsorbed material. As the surface area available
changed each time, an average of at least three muns was taken for determining peak current values. The
glassy carbon electrode (GCE) (~7.04 mmmm?) used for the voltarmmetric experiments was obtained from
BAS, USA and its surface was renewed each time by first washing with 95% ethanol and then with
chloroform as suggested by Chan and Fogg (Chan and Fogg, 1979). The surface was then touched onto
tissue paper dipped in chloroform and finally dried with clean adsorbent tissue paper.

A stock solution (2 mM) of 2-deoxyinosine was prepared in twice distilled water.
Voltammograms were recorded in phosphate buffers (Christian and Purdy, 1962) of pH range
2.13-11.06. All potentials are reported with reference to Ag/AgCl electrode at an ambient temperature
of 25+£2°C. UV-Vis spectral studies and kinetic studies of the decomposition of the UV absorbing
intermediate were carried using a Perkin-Elmer Lambda 35 UV/Vis Spectrophotometer.
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Procedure

The solutions for voltammetric experiments were prepared by mixing 2.0 mL of the stock solution
of 2'-deoxyinosine with 2.0 mL of buffer of desired pH (= 1.0 M) so that the overall ionic strength
of the solution became 0.5 M. The solutions were deaerated by passing a stream of nitrogen gas for
8-10 min before recording the voltammograms. Controlled potential electrolysis was carried out in a
three-component cell using a pyrolytic graphite plate as working electrode, cylindrical platinum gauge
as auxillary electrode and Ag/AgCl asreference electrode. The value of ‘n” number of electrons involved
in oxidation was determined by connecting a coulometer in series.

The progress of the electrolysis was monitored by recording spectral changes at different time
intervals. For this purpose, 2-3 mL of electrolyzed solution was transferred each time to a 1.0 cm
quartz cell and the spectrum was recorded in the range 200-400 nm. In the next set of experiments, the
circuit was opened when the absorbance at 4., was reduced to ~50%. Spectra at different times were
then monitored to detect the wavelength region in which the UV-Vis absorbing intermediate was
generated. The change in absorbance with time was monitored at selected wavelengths. The values of
the rate constant k were calculated from the linear log (A-A,) versus time plots.

Analysis of the oxidation products

For product identification, 20-25 mg of 2'-deoxyinosine was exhaustively electrolysed at the
desired pH by applying a potential corresponding to the oxidation peak I, at alarge PGE. The progress
of clectrolysis was monitored by recording spectra at different time intervals. When the absorbance
at the maximum in the spectrum completely disappeared, the exhaustively electrolysed solution was
removed from the cell and lyophilized. The colourless material obtained after freeze-drying was
extracted with methanol (210 mL} and the methanolic extract was concentrated to get the products.
The TLC of the products at silicagel-G plates using benzene + methanol (80:20) indicated three spots
with Ry~ 0.30, 0.42 and 0.48 and thus suggested the formation of three products. High performance
liquid chromatography (HPLC) of mixture of electrooxidised products was performed on Agilent 1100
series with C-18 reversed phase column (7.8%300 mm colummn). The mobile phase used for HPLC
experiment was gradient svstem of methanol (A) and water (B). The following gradient system was
used at a flow rate of 1.5 mL min™', for the time 0-3 min 100% B, 5-6 min 90% B, 8-10 min 80% B,
11-12 min 75% B, 12-15 min 60% B and from 16-19 min 50% B. Three major peaks were observed
in the HPLC Chromatogram. Several injections of 500 pl. were made to collect enough products. After
repetitively collecting volume under individual HPLC peaks, the solutions were lyophilized. The
components eluted under these peaks were lyophilized and the freeze-dried material obtained were
characterized by m.p., IR, 'HNMR. For determining the molar mass of the products they were
converted to trimethylsilyl derivatives and the silylated derivatives were then analyzed by GC-MS.
For carrying out GC-Mass studies (EI mode: 70 eV), the mixture of produets (50 ug) was treated with
BSTF A-acetonitrile {100 uL each) in a sealed 3 mL vial and heated at 110°C for 10-15 min in an oil
bath. The wial was then cooled to room temperature and 2 ul. of the mixture was then injected in
GC-Mass spectrometer. In the second set of silylation, the temperature was increased to 140°C which
caused removal of deoxyribose units in the products and the molar mass peaks observed further
supported the proposed structure.

The FT-IR spectrum of the products were recorded on a Perkin Elmer 1600 series FT-IR
spectrophotometer using KBr pellets and '"HNMR spectra were measured in appropriate deuteriated
solvent (DMSO-d,, D,0O) with TMS as internal standard by using Bruker AC-300F, NMR
Spectrometer (300 MHz).
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Molecular orbital calculations were performed using the INDO method of Pople and Beveridge
(Pople ef al., 1970), using the routines provided in the Guassian’98 (Frisch ef al., 2002) programme
suite. Initial geometries based on approximate estimates of bond length and angles were input and the
geometry optimized during INDO SCF cycles. The values of atomic charges and Hartee-Fock total
energies were obtained at the optimum geometry from these calculations.

Results and Discussion

Linear and Cyclic Sweep Voltammetrey

Linear sweep voltammetry of 2'-deoxyinosine at a sweep rate of 20 mV s™, exhibited a single
well-defined oxidation peak between pH 2.13-11.06 at pyrolytic graphite electrode (PGE). At glassy
carbon electrode (GCE) the oxidation peak was observed only in the pH in the range 2.13-9.12. AtpH
> 9.12 the oxidation peak T, merged with the background current at the GCE. The peak potential of the
oxidation peak I, was dependent on pH and shifted towards less positive potential with increase in pH.
The plots of E, versus pH were linear (Fig. 1) and the dependence of E, on pH for peak I, at PGE and
GCE, respectively, can be expressed by the relations

E, (pH 2.13-11.06) = [1677.8-53.385 pH] in mV versus Ag/AgCl-—----At PGE
E, (pH 2.13-9.12) = [1550.9-56.47 pH] in mV versus Ag/AgCl--—----- At GCE

having correlation coefficients 0.981 and 0.983 at PGE and GCE, respectively. The E, values at GCE
were 50-70 mV less positive in the entire pH range studied than observed for PGE. The dE /dpH
values at both the electrodes were essentially simmilar and close to 59 mV indicating thereby that the
number of protons and electrons involved in the oxidation of 2'-deoxyinosine are same.

In cyclic sweep voltammetry at a sweep rate of 100 mV s7, a well-defined oxidation peak (1.}
is observed at both the electrodes in the entire pH range studied. However, in the reverse sweep
different behaviour was noticed. At the PGE, in the reverse sweep no cathodic peak was obtained,
however, further reversal of the sweep direction towards positive potentials a new well-defined
oxidation peak (I1,) was observed in the pH range 5.11-9.12. The peak potential of peak 11, was less
positive than that of peak 1,. The peak potential of peak 1T, was also dependent on pH and shifted to

2000- y =-53.385x+1677.8
R*=0.9808
1500

1000

E/mV —p

5004  y=-54.47x+1550.9
Ri=0.9825

0

0 5 10 15
pH —»

Fig. 1: Observed variation of peak potentials with pH for 1.0 mM 2'-deoxyinosine with a sweep rate
of 100 mV s~ at PGE (#) and GCE (4}
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Fig. 2: Cyclic voltarrmograms of 1.0 mM 2'-deoxyinosine at pH 7.24. Sweep rate 100 mV s~ at {a)
PGE (b} GCE c¢lectrode

0 1 1 T

0 0.5 1.5 2

1
Conc. (mM) —»

Fig. 3: Observed dependence of peak current (i) for the oxidation peak I, on the concentration of
2'-deoxyinosine at pH 7.24 at PGE (s ) and GCE (#)

less positive potential with increase in pH. The nature of the plot of E; vs. pH was linear. The
dependence of E, of peak II, on pH can be expressed by the relation

E, (5.11-10.07) = [957.22-38.81 pH] in mV versus Ag/AgCl

having correlation coefficient 0.9294. At GCE, in the reverse sweep no cathodic peak was obtained.
Further reversal of sweep direction towards positive potential also did not exhibit any new peak.
Typical cyclic voltammograms of 2'-deoxyinosine at PGE and GCE at pH 7.24 are shown in Fig. 2.
The peak current of peak [, increased linearly with increase in 2'-deoxyinosine concentration at both
the electrodes in the concentration range 0.1 to 0.7 mM and then attained a practically constant value
at concentrations greater than 0.7 mM (Fig. 3). This behaviour indicated that 2'-deoxyinosine strongly
adsorbed (Wopschall ef af., 1967) at the surface of PGE as well as at GCE.

The sweep rate studies were carried in the range of 3-900 mV s7! and it was found that
the peak current of oxidation peak I, of 2'-deoxyinosine increased with increase in sweep rate
at both the electrodes. The peak I, showed a tendency to merge with the background at a sweep rate

110



Asian J. Biochem., 1 (2): 106-124, 2006

c L) T 1
0 1 2 3
logv(mVs ) —»

Fig. 4: Observed variation of the peak current function (i,v ) for peak I, with the logarithm of the
sweep rate for 0.5 mM 2'-deoxyoinosine at pH 7.24 at PGE
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Fig. 5: Observed variation of peak potential (E)) for the oxidation peak (I} with log v for 1.0 mM
2'-deoxyinosine at PGE at pH 7.24

>800mV s~'. A typical plot of i /v versus log v obtained at PGE is presented in Fig. 4 and indicated
that the value of the peak current function increased with an increase in the logarithm of sweep rate.
A similar nature of i,/v'v versus log v was also observed at GCE. This behaviour indicated strong
adsorption of the reactant at the surface of PGE as well as at a GCE. However, in both the cases the
value of E shifted to more positive potentials with the increase in sweep rate. The plots of E, versus
log v at PGE and GCE were lincar with a correlation coefficient of 0.9952 at GCE and 0.9917. A
typical E, versus log v plot at PGE is depicted in Fig. 5 and this behaviour is consistent with the EC
nature of the electrode reaction in which the electrode reaction is coupled with an irreversible follow
up chemical steps (Goyal ef al., 2001). A plot for surface bound species was plotted betweeni, versus
v, it was found to be linear with a correlation coefficient 0of 0.9914.

Coulometric Studies

The controlled potential electrolysis of 2'-deoxyinosine was carried out at a at peak potential of
2'-deoxyinosing at pH 7.24. The peak current (i,) was found to decrease exponentially with time. The
plot of log i, vs. time was straight line for the first 15 min of electrolysis after which a large deviation
from the straight line was noticed. Such a behavior indicated involvement of competitive chemical
reactions (Cauquis and Parker, 1973). The experimental value of ‘n’ for the 2'-deoxyinosine was found
to be 5.92+0.40 in the entire pH range.
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Spectral Studies

The UV-Vis spectra of 0.2 mM solution of 2'-deoxyinosine were recorded at different pH. In the
entire pH range studied, 2'-deoxyinosine exhibited two well defined A,,,, at 208 and 250 nm indicating
that the same species of 2'-deoxyinosine exhibited in the entire pH range. The progress of electrolysis

‘max

was monitored by recording UV-Vis spectral changes during electrooxidation of 2'-deoxyinosine at
different pH to detect the formation of UV-visible absorbing intermediates. Curve 1 in Fig, 6 is the
initial spectrum of 2'-deoxyinosine at pH 7.24 just before electrooxidation. Upon application of a
potential corresponding to peak [, the absorbance in the wavelength region 235-285 and 200-215 nm
decreased while the absorbance in the wavelength region 215-235 nm and 285-400 nm increased as
shown by curves 2 to 8 in Fig. 6. Three clear isosbestic points at 215, 235 and 285 nm were noticed.
The spectral changes observed during electrooxidation of 2'-deoxyinosine at pH 5.11 and 9.12 were
essentially similar to that observed at pH 7.24.

In the second set of experiments, the circuit was opened when the absorbance at A, was reduced

to ~ 50% (curve 4 in Fig. 6). Spectral changes at different times were then monitored to detect the
wavelength region in which the UV-Vis absorbing intermediate is generated. It was found that the
absorbance at the wavelength 225 and 250 nm decreased on open circuit relaxation. The resulting
absorbance versus time plots were found to be exponential in nature (Fig. 7). The values of the pseudo
first order rate constant were determined at different pH, using linear log (A-A,) versus time plots
(Fig. 7). The values of k calculated at different pHs are presented in Table 1. It was found that the
values of k were in the range 0.54-0.59x107% s™!. As the k values did not show significant variation,

it is thus concluded that the same UV-Vis absorbing intermediate is generated in the entire pH range.

1.15
1.1
1.0
0.9

0.8
T 0.7]
8
2 0.6
k=
205
<

0.4

0.3

0.2

0.1

-0.02¢ ; ; . o P T S
200 220 240 260 280 300 320 340 360 80 400
Wavelength (nm) —p

Fig. 6: Observed spectral changes with time during the electrochemical oxidation of 0.2 mM
2'-deoxyinosine at pH 7.24 at E; specira recorded after (a) 0, (b) 5, (¢) 10, (d) 15, (¢) 15, ()
30, (g) 30, (h) 60 min of electrolysis
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Table 1. Observed pseudo first order rate constants for the decomposition of UV/Vis absorbing intermediate during the
electrooxidation of 2'-deoxyinosine

pH A (nm) (k1073 s™""
5.11 225 0.54

250 0.59
7.24 225 0.57

250 0.54
9.12 225 0.56

250 0.56

*average of atleast three replicate determinations

1.3
1.2951 Time (min) —p
129+ i
1.285+4
1.284
1.275+
1.274
1.265+
1.264
1.2554
1.25

15 50 100

Absorbance —»

0 10 20 30 40 50 60 70 80 90
Time (min)—p

Fig. 7: Observed plots of absorbance versus time and log (A-A,) vs. time (inset) for the decay of the
UV-absorbing electroactive intermediate generated during the electrooxidation of 0.2 mM
2'-deoxyinosine at pH 7.24

Product characterization

The principal aim of the study reported here was to characterize the intermediates and products
and elucidate the mechanism of oxidation of 2'-deoxyinosine at around physiological pH. Therefore,
bulk electrolysis of 2'-deoxyinosine was carried at pH 7.24.

The exhaustively electrolysed solution of 2'-deoxyinosine at pH 7.24 on freeze-drying gave a
colourless material. The lyophilized material was analysed by GC-Mass after silylation at 110°C. The
GC-MS of the electrooxidised product of 2'-deoxyinosine showed the presence of three major
components having retention times at 4.12, 5.03 and 6.12 min. The molar masses corresponding to
these peaks were found to be 707 (M+H"), 878 (M*) and 966 (M"), respectively.

The molar mass of m/z =707 (M+H", peak at R, 4.12 min) indicates the formation of allantoin
(12) having deoxyribose unit attached to it. The molar mass of this compound was further confirmed
by carrying out silylation at higher temperature (~ 140°C) at which the deoxyribose unit underwent
hydrolysis. The intense molecular ion peak observed in GC-MS at m/z = 5319 (M+H", 6.80%), further
supported the formation of allantoin as one of the products of oxidation of 2'-deoxyinosine and
removal of deoxyribose unit was confirmed by the appearance of peak at m/z 351 (M+H"; 2.49%)

The molar mass corresponding to m/z = 878 (M", peak at R, 5.03 min) indicates the formation
of C-O-N dimer (18) of 2'-deoxyinosine in which oxygen atom at position 8 of one moiety is linked
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to N, of the second unit. This dimer (18) has five silylable sites, which can undergo
silylation with BSTFA/Acetonitrile. The replacable hydrogens on silylation in this molecule
will lead to a molar mass of m/z= 878. The molar mass of 878 was further confirmed by carrying
out silylation of the mixture of products of exhaustively electrolyzed solution of 2'-deoxyinosine at
140°C. The deoxyribose unit hydrolyses at this temperature and a molecular ion peak corresponding
to molar mass of m/z = 503 (M+H", 2.45%), was clearly noticed. This experiment further supported
that the molar mass of peak at R, 5.03 min is 878. The relative abundances of various high mass peaks
observed is presented in Table 2 and their formation in the fragmentation pattern is depicted in

Scheme 3.
o 0
IVIt:,Si—k I O—N '
\N IQ'N
MeSi—0-HC o o CH—0—SiMe,
H
H}y—fH H
Me,Si-O H (18) H 0—8iMe,
(m/z = 878)
0
HN
N I
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Ho—H,T 0
H
HO H
(m/z=518)
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Me,5i
'z = 502)
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0SiMe,
MeSi—0~HC o |

SiMe,

H
MeSi O H
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Table 2: Relative abundances observed for various fragments of the peaks observed in the GC-MS

R, m/z Relative abundance of different fragments Compound identified
4.12 707 640 (4.12), 606 (4.91), 559(1.27), 512
(M+H*) (4.12), 464 (4.91), 433 (7.68), 386 (7.38) 12
(3.72%)
5.03 878 822 (1.01; M*-2(CQ)),
(MY 520 (2.74; 822-CsNoOsH; (SiMes),), (18
(1.55%) 483 (1.71; M*-CyN,OH(SiMe3)y),

410 (6.20; 483-SiMes),

395 (1.54; M*-CioN.H;0s(SiMes)s),
354 (2.48; 410-2(CO)),

134 (5.91; 395-CsH,05(SiMes)y)

6.12 966 038 (3.72, M*-CO),
M) 866 (3.72; 938-H,C =SiMey), (15
(2.36%) 800 (3.04; 938-C5N;H(SiMes)),

785 (2.36; S00-CHy),
677 (3.04; 938-C;H;04(SiMes),

11,509

u
h
L
12577

5.863

@ © ®

— [ %] ¥} (]
h =2 o =2
1 1 1 1

Area (m AU} —p»

5
L
944

N
%.é
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Time (min) —p
Fig. 8: HPLC chromatogram of the product mixture obtained following controlled potential
electrooxidation of 2'-deoxyinosine at pH 7.24

The molar mass of m/z =966 (M", peak at R, 6.12 min) indicates the formation of-O-O-(peroxide)
linked dimer (15). The presence of peroxide group in the product was also confirmed by the test
suggested in the literature (Vogel’s textbook 1994; Swern, 1971) in which 1.0 mL of 10% acidified
potassium iodide solution was added to a small amount of the product. A few drops of starch solution
were then added and a blue black colour was observed in~1 min. This dimer is likely to be formed by
the dimerisation of C-8 oxygen free radical. Such a structure has six silylable sites in which two are
present in hypoxanthine part of the dimer and four are present in two deoxyribose sugar moieties. The
replacable hydrogen on silylation in this molecule will lead to a molar mass of m/z = 966 as observed
for peak at R, 6.12 min. To firther confirm that the molar mass of this peak is 966, silylation at 140°C
was carried out. An infense molecular ion peak at m/z = 591 (M+H", 7.80%). due to the hydrolvsis
of two deoxyribose units in the dimer 15 together with a peak of deoxyribose (m/z = 350) supported
the proposed molar mass of dimer 15. The relative abundance of high mass peaks observed is presented
in Table 2 and is in accordance with the fragmentation pattern expected.
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For firther characterization of the products of electrooxidation of 2'-deoxyinosine the lyophilized
material obtained after exhaustive electrolysis was separated by using HPLC. The HPLC
chromatogram showed three major peaks A, C, D at R, ~ 5.86, 11.51, 12.58 with two minor peaks at
8.94 and 15.41 min respectively as shown in Fig. 8. In order to collect sufficient amount of products,
the repetitive 500 pl. injections of the products solution were made and the volume eluted under the
peaks was collected and lyophilized.

The volume collected under liquid chromatography component A was a white powder and had
am.p. of 276°C. The dimer exhibited a clear molecular ion peak at m/z = 518 (4.89%). GC-MS of this
component after silylation with silylating reagent BSTFA/Acetonitrile gave a single peak in a
chromatogram at R, ~ 5.76 min, which corresponded to intense molecular ion (M") peak m/z = 878
(7.20%) [C-O-N linked dimer (18 in reaction scheme) calculated m/z = 878]. The IR spectrum of this
material showed important bands at 3700 (N-H); 3426 (O-H); 1688 {cyclic >C=0) actual IR stretching
for cyelic >C=0 appear at 1715 em™ but the stretch is low because the carbonyl belongs to an amide;
1478 (C-H), 1256 (C-C); 1022 (C=N)} and 805 (C-N) cm™. The 'HNMR spectrum of this material
exhibited signals at & =7.16 {d, 1H), 7.20 (s, 1H), 7.24 (s, I|H) and 7.46 (d. 1H) and multiplets arc
obtained in the range of & = 1.68-2.22 and 3.77-4.64 comresponding to the 18 H’s (protons) of
deoxyribose units of dimer (18) and thus, confirmed the product as C-O-N dimer.

HOILC o CH,-OH

H
H

HO H OH
(m/z=518)

)

The component C eluted in HPLC at R, ~ 11.51 min was white coloured powder. Thin layer
chromatography (TLC) of the component B in benzene-methanol (80:20) exhibited a single spot with
R;~0.30. This material had a m.p. 232°C and 'H NMR spectrum of the material exhibited signals at
& = 5.28(d, 1H); 5.8 (s, 2H); 6.89 (d, 1H); 8.04 (s, 1H) and multiplets are obtained in the range of
0 =1.46-2.17 and 3.80-4.66 corresponding to the 9 H’s (protons) of deoxyribose unit of (12) (structure
in reaction scheme) hence suggested the structure as allantoin containing deoxyribose moiety.

H
0 N
I-IZN —
N
H n
(m/z =274)
(1)
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The volume collected under liquid chromatography component D was white powder and had a
m.p. of 282°C. GC-MS of this component after silylation with silylating reagent BSTFA/Acetonitrile
gave a single peak in a chromatogram at R, ~ 6.65 min, which corresponded to intense molecular ion
(M) peak of mvz =966 (5.62%) [C-O-O-C linked dimer {15 in reaction scheme) calculated m/z = 966].
The IR spectrum of this material showed important bands at 3705 (N-H); 3428 (O-H), 1676 (cyclic
>C=0) actual IR stretching for cyclic >C=0 appear at 1715 cm™ but the stretch is low because the
carbonyl belongs to an amide; 1460 (C-H); 1250 (C-C); 1020 (C=N}and 826 (C-N) cm . The 'HNMR.
spectrum of this material exhibited signals at 6 = 7.18 (d, 1H, 2 x C,H), 7.49 (d, 1H, 2 x N H) and
multiplets are obtained in the range of &= 1.43-2.13 and 3.78-5.09 corresponding to 18 H's (protons)
of deoxyribose units of dimer (15) and thus, confirmed the product as C-0-O-C linked dimer.

0 Q
N
S
k\N NN
HO-IC o CH, OH
H
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(14
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H

The HPLC peaks B and E were relatively minor component and the material collected under them
was never enough to permit their characterization.

Intermediate characterization

The intermediates generated after 1, 2 and 3 h of electrolysis of 2'-deoxyinosine were also
characterized at pH 7.24 by carrying out GC-MS studies of the silylated samples. For this purpose
about 2.0 mL of the solution during bulk electrolysis was taken out from the electrolysis cell at desired
time and immediately lyophilized. All the samples gave three peaks in GC-MS at R, ~ 4.31, 5.76 and
6.78 min which corresponded to parent compound i.e., 2'-deoxyinosine (1) (molar mass of m/z = 468,
M+H", 2.30%), either 2-hydroxy-or 8-hydroxy-2'-deoxyinosine (2) (molar mass of m/z = 556, M+H",
3.74%) and 2,8-dihydroxy-2'-deoxyinosine (4) (molar mass of m/z =644, M+H", 7.90%). Thus, it is
clear that the oxidation of 2'-deoxyinosine proceeds through the formation of 2,8-dihydroxy-2'-
deoxyinosine.

Reaction scheme

The results presented in Schemes 1 and 2 indicate that the oxidation of 2'-deoxvinosine proceeds
in a mechanism involving close to 6H', 6e. The formation of the observed products can be explained
by two different pathways. Scheme 1 suggests the breakdown of pyrimidine ring leading to the
formation of allantoin whereas alternate pathway involves the free radical formation and combination
of several radicals lead to the dimers.

The initial oxidation of 2'-deoxyinosine (1) in a 2H", 2e reaction can give either 8-hydroxy-2'-
deoxyinosine (2) or 2-hydroxy-2'-deoxyinosine. It is difficult to say at this stage with certainty
that which of these products is formed. However, on the basis of oxidation of hypoxanthine
where initial 2H*, 2e oxidation is reported to proceed through the formation of 8-hydroxyxanthine
(Conway ef al., 1981), it seems reasonable to conclude that initial oxidation would occur at positions
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to give 8-hydroxy-2'-deoxyinosine. The oxidation potentials of hydroxypurines have been found to be
less positive in comparison with simple purines (Yao et al., 1978). The 2H", 2e oxidation of
8-hydroxy-2'-deoxyinosine will give 2.8-dihydroxy-2'-deoxyinosine (4). The appearance of peak II,
in the second cycle in the CV is due to this oxidation. The oxidation of 2,8-dihydroxy-2'-deoxyinosine
would be easier due to presence of two hydroxy groups. Thus further 2H, 2¢ oxidation then gives a
diimine species (5). One would expect that 2e, 2H" oxidation peak of 2,8-dihydroxy-2’-deoxyinosine
should also be observed in the CV. However, no peak for this oxidation step was noticed. One of the
probable reasons for this behaviour is that due to too positive potential of 2,8-dihydroxy-2'-
deoxyinosine it will be easily oxidizable and hence will not be available at the surface of electrode. The
formation of diimine species is common and has been reported during oxidation of several purines
(Brajter-Toth et al., 1981). The increase in absorbance in the region 285-400 nm during spectral study

118



Asian J. Biochem., 1 (2): 106-124, 2006

Scheme -2
0
HT/\J(N> H-e N AN (19+1) " Ny
S RSO G,
II'\‘ N N I
@ (19 (1e) R
HO | .2H--2e ‘ Dimar:i;z)e with
~ See.
HN AN | 0—N \>
IQN | }on K\N ; gN |
: . i
2 (17)

BSTFA/acetonitrile

.

|
MeSi-O-H,C 0o
S
MesSi—O H H  O—SiMe,
(18)
{m/z = 878)

o. CH;~O—SiMe,

seems to be due to the formation of highly conjugated diimine species. It has been already reported in
the literature that diimine generated during oxidation of purines had short half life (~ 50 ms) at different
electrodes (Goyal et al., 1982; Teresa et al., 1988). Hence, it is expected that the diimine formed from
2,8-dihydroxy-2'-deoxyinosine will be unstable and readily attacked by the water molecules to give 4,5-
diol species (7). The attack of first water molecule on the diimine (Goyal ef al., 1991) would occur
almost instantly because of the unstable nature of diimine to give imine alcohol (6). However, the
attack of second water molecule would be slow and the decay of imine alcohol (Roth ef al., 1998) to
give 4,5-diol has been monitored spectrophotometrically and the value of k represents this step.
Simultaneous attack of H* and loss of H,O molecule from (7) leads to the formation of carbocation (8).
The breaking of bond and migration of H" will then generate a protonated isocyanate specie (10).
Further attack of water will lead to decarboxylation and generate the ultimate product allantoin (11).
The formation of allantoin has been observed in GC-MS after silylation corresponding to m/z = 706,
at R, ~ 4.12 min. along with CO,.

Oxidation of 2'-deoxyinosine also follows a parallel pathway in which 1H", 1¢ oxidation of (2)
produces an oxygen free radical (13), which rapidly undergoes dimerization and leads to the formation
of peroxide linked dimer (14). The dimer (14) on silylation exhibited a molar mass peak at m/z = 966,
(R, ~ 6.12 min). The dimer (17) can be obtained by 1H", le oxidation of 2'-deoxyinosine (1) to give Cq
radical (19). Such a removal of an electron from position-8 is well documented during oxidation of
purine nucleoside (Subramanian ez al., 1987). The free radical (19) on further reaction with (1) at
electrode surface generates N, radical (16), which combines with radical (13) to give C-O-N linked
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dimer (17). The formation of dimer (17) was confirmed by its silylation. The silylated (17) eluted at

R, 5.03 min in GC-MS and exhibited a molar mass at m/z = 8§78.

Conclusions

The present studies reveal that the electrooxidation of 2'-deoxyinosine occurred in a single 6e, 6H"

peak. The peak potential was dependent on pH. The oxidation proceeds in two parallel pathways
leading to the formation of-O-O-linked and-C-O-N-dimers and allantoin riboside which have been
characterized by IR, "THNMR, m.p. and GC-MS. A comparison of electrooxidation behaviour of
inosine and 2'-deoxyinosine has also been made. In both the cases oxidation occurred in a single
oxidation peak and the products allantoin,-O-O-linked and C-O-N linked dimers were obtained.
However, several tetramers were obtained as products in the case of inosine, whereas in the case of
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2'-deoxyinosine no tetramers were obtained. Thus, it appears that the free radical reactions are more
prominent in inosine leading to the formation of tetramers along with dimers and allantoin riboside. In
the case of 2'-deoxyinosine oxidation stops at the dimer stage. This difference in behaviour is probably
due to the applied potential during Controlled Potential Electrolysis (CPE). In case of inosine, slightly
higher potential than peak potential was applied to achieve faster electrolysis, whereas, in
2'-deoxyinosine the peak appeared close to background current and hence the applied potential was
selected as peak potential. Thus, it appears that the applied potential plays a role in product
distribution.

Another reason for the behaviour could be the presence of ribose or 2'-deoxyribose at N, position.
This fact has been further confirmed by the molecular orbital calculations. The atomic charge values
calculated for N, position of inosine and 2'-deoxyinosine by INDO method have been found as
-0.291304 and -0.287396 respectively. These values indicated that electron density in case of inosine
is more than 2'-deoxyinosine hence, it seems that free radical pathway followed to much more extent
in case of inosine in comparison to 2'-deoxyinosine. Thus, it can be concluded on the basis of these
investigations that 2'-deoxyinosine and related micleosides are also oxidised in biosystems leading to
the formation of several dimeric products. It is likely that these dimers may exhibit toxicity as has been
reported for-O-O-linked dimer of guanosine (Goval ef af., 1997) and may lead to DNA damage. It must
be realized that Scheme 1 and 2 depict one of the most probable routes for the formation of products
out of several possible pathways.
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