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the procedure of Nicholson et al. (8). This procedure 
was carried out for dimethyl  fumarate  and c innamoni -  
trile in the region where ipa/ipc is most sensitive to 
variat ions in k2. The ipa values for fumaroni t r i le  were 
too small  to allow precise calculations from cyclic 
vol tammetr ic  data. The results and some intermediate  
factors used in the calculations are shown in Table 
III. The k~ values obtained for d imethyl  fumarate  and 
c innamoni t r i le  are 1.6 • 102 and 7.9 • 102 l i ters /mole-  
sec, respectively. 

Discussion 
The results obtained here support  the previous 

studies (1) and point to the major  pathway in the 
electrohydrodimerization of these compounds as in-  
volving ini t ial  production of the anion radical  fol- 
lowed by a coupling step. Other aspects of the mecha-  
nism, the protonat ion steps, the na tu re  of the poly-  
merization reaction, and the reactions at the later  
waves, which sometimes lead to secondary radicals 
(10), still await  elucidation. 

In examining  the results, we see that  d imethyl  fuma-  
rate, which undergoes dimerization at the slowest rate 
of the three compounds, shows the most scatter in 
the k2 value calculated from RRDE results and only 
fair agreement  with that obtained by cyclic vol tam- 
metry.  Several  factors contr ibute  to this. Because the 
radical ion disappearance is slow on the RRDE t ime 
scale, NK values are close to those for an unper tu rbed  
collection efficiency, and the observed slopes are rather  
insensi t ive to small  changes in XKTC. Moreover, the 
small  value of k2 necessitates use of high dimethyl  
fumarate  concentrations,  which increases the polymer-  
ization side reaction. 

The RRDE results for c innamoni t r i le  fall  into the 
sensit ive NK vs. CONI region for our electrode and the 
reaction is unper tu rbed  by polymerization. The k2 
values determined by RRDE measurements  over a 
wide range of C and for differing • show good precision 
and agree very well with the value determined by 
cyclic vol tammetry.  This good agreement  between a 
s teady-state  and t rans ient  technique also is suggestive 
of lack of involvement  of adsorption of parent  or in ter -  
mediates in the reaction mechanism. 

The fumaroni t r i le  RRDE experiments  were per-  
formed near  the upper  l imit  of determinable  102 values 
with our RRDE. For this reaction, for concentrat ions 
of 0.4 to 4 raM, NK values of only 0.020-0.006 (CONI 
----- 1) were found. For both the c innamoni t r i le  and 
fumaroni t r i le  reactions the data suggest some con- 
t r ibut ion from a reaction of the anion radical with 
parent, al though in  both cases this contr ibut ion w a s  

re la t ively small. It  is interest ing that  even this small  
contr ibut ion can be noticed and accounted for in the 
analysis of the data, al though other processes removing 
anion radical, such as a first order ECE reaction lead- 
ing to RH2, may also account for the small deviations 
from a close fit to mechanism I. 
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Rotating Ring-Disk Electrodes 
IV. Dimerization and Second Order ECE Reactions 
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ABSTRACT 

Digital s imulat ion techniques have been employed to compute the steady- 
state currents  at the rotat ing r ing-d isk  electrode (RRDE) as functions of a 
rate parameter  exhibi t ing explicit dependence on concentrat ion of parent  
species (A) and rotat ion rate and also as functions of the flux at the disk for 
those cases in which the disk generated product  (B) undergoes a following 
dimerization EC reaction (2B -~ products) or a second order ECE reaction 
(B ~- A -* C, where C may be electroactive at the disk potential)  and nuances 
thereof. Diagnostic criteria are given for using RRDE results to dist inguish 
among possible reaction mechanisms and working curves are provided to 
allow calculation of the rate constants of the homogeneous reactions. 

The rotat ing r ing-d isk  electrode (RRDE) has been 
used to study electrogenerated intermediates  which 
react by different schemes (1). Past  papers in  this 
series (2-4) have discussed the use of digital s imula-  
t ion techniques to treat  the currents  at the disk and 
the r ing of the RRDE and discussed methods for 

* Electrochemical  Society  Act ive  Member.  
Key words: digital s imulation,  hydrodimerizat ion reactions,  rotat-  

ing disk electrode,  e lectrode reactions.  

extract ing kinetic informat ion about the reactions of 
the disk-generated species. In  this paper results of 
the digital s imulat ion of reaction mechanisms in  which 
the disk generated species can couple with itself 
(dimerization) or with the parent  compound are pre-  
sented. Many examples of actual electrode reactions 
which proceed by mechanisms such as these can be 
given; part icular  current  interest  centers around re-  
ductive coupling reactions of activated olefins or elec- 
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t rohydrodimerizat ions  [see (5-6) and references con- 
tained therein].  

The following mechanisms are considered: 

I. Dimerization EC (e lec t rochemica l -chemica l ) -  
Species B, which is generated at the disk electrode by 

A + n l e - - ,  B [1] 

dimerizes to a nonelectroact ive product  I 

k2  lla 

2B ~ X [2] 
IIb 

At the ring electrode A is regenera ted  f rom B by the 
react ion 

B -- nle --, A [3] nc 

II. Second order ECE.--Species B, produced at the nd 
disk as in Eq. [1], reacts with parent  

I I I  
�89 

B + A ) C [4] 
I 

where C is immediately reduced at the disk 

C + n2e -* Z [5] 

At the r ing electrode ei ther (a) B alone is oxidized, 
as in Eq. [3], or (b) both B and C are oxidized. Nu-  na 
ances of ECE mechanism IIa (7-8) consider (c) the 
i r revers ible  reaction represented in Eq. [4] or (d) 
the revers ible  react ion 

B+A~-C KEq. [6] 

fol lowed by an i r revers ible  oxidat ion-reduct ion  charge IIb 
t ransfer  react ion 

k2' 
B+C >Z+A [7] 

III. Second order EC.--Species B, produced at the 
disk as in Eq. [1], reacts with parent  to form a non-  nc 
electroact ive product  

k2 
B + A > Y [8] 

Again at the ring B oxidizes to A via Eq. [3]. 
Note that these three mechanisms represent possible 

paths f rom A to a coupled product (X, Y, or Z). The iid 
t rea tment  below is aimed at computing how the collec- 
tion efficiency, NK, 

NK = [ i r / id l  [9] 

where  ir and id are the ring and disk currents,  respec- 
t ively,  varies wi th  concentrat ion of parent,  C, rotation m 
rate, ~, id, and the rate  constants of the reactions con- 
suming B and at establishing cr i ter ia  for distinguishing 
be tween  these mechanisms. The application of the 
RRDE to the elucidat ion of the mechanism of electro-  
hydrodimerizat ion of d imethyl  fumarate ,  c innamoni-  
trile, and fumaroni t r i le  is demonstrated in the accom- 
panying paper  (9). 

Digital Simulation 
The general  approach to the simulations and the 

notation to be used has been described in the previous 
communicat ions (2-4). Two different types of exper i -  
ments were  simulated. In the first the disk was as- 
sumed to be held at a potential  where  the concentra-  
t ion of A at the disk surface was always zero and 
for mechanism II, the concentrat ion of C at the disk 
surface was also zero. A second simulat ion concerned 
a constant current  mainta ined at the disk, so that  the 
flux of A (or the sum of the fluxes of A and C in 
mechanism II) was held constant at the disk. In both 
cases the boundary condition at the ring electrode was 
that  the concentrat ion of B was zero at the ring. In 
mechanism IIb, the concentrat ion of C was also held at 
zero at the ring surface. Surface boundary conditions 
for the different exper iments  and mechanisms consid- 
ered are  given in Table I. As in previous simulations, 
the results are specific for the par t icular  RRDE geome- 

Table I. Surface boundary eo.ditions 

B o u n d a r y  c o n d i t i o n s  (x  = 0) 

t _ ~ 0  t<0 

Mechanism Disk  a n d  r i n g  Disk R i n g  

A. C o n t r o l l e d  d i sk  potential 
CA = CA ~ CA = 0 CA = CA' 
CB =0 CB = C,i ~ CB =0 
CA=CA ~ CA =0 ca=CA' 
CS = 0 CB = CA ~ CS =0 
Cc= 0 Cc= 0 Cc= Cc" 
CA = CA ~ CA = 0 CA = CA' 
CB = 0 CB = CA ~ Cs = 0 
Cc = 0 CC =0 CC = 0 
CA = CA ~ CA = 0 C, = CA' 
Cs = 0 Cs = CA ~ C~ = 0 
Cc = 0 Ce =0 CC =Cc' 
CA = CA ~ CA = 0 CA = CA' 
CB = 0 CB = CA ~ CI~ = 0 
CC = 0 Cc = 0 CC = Co' 
CA = CA ~ CA = 0 CA = CA' 
CB = 0 CB = CA ~ CB = 0 

B. C o n t r o l l e d  d i s k  c u r r e n t  

CA = CA' 
CA = CA ~ Dax O--'m---'~=o nFA 

CB =0 
CB = 0 --DB\~--X i~_-o = ~FA 

CA = CA ~ DA\~x ]z: o+ CA = CA" 

CS=0 
Cs = 0 Dcx-~--xlz=o = nFA 

(0CB  
= CC = Cc' 

CC = 0 --DB\~--X I~=o nFA 

( cA] 
CA = CA ~ DAx-~-z /r + CA = CA" 

(OCc _' 
Cs =0 

CB = 0 Dcx-~x-x/~_-o nFA 

= Cc =0 
Cc = 0 --DB\~'-X/$_-o nFA 

(0CA) 
CA = CA" DAx-~rr/r + C~ = Ca' 

Cs =0 
CB = 0 Dcx-~-I Iz_-o = nFA 

= CC = Co" CC = 0 --Dsx~--x/~:o nFA 

(oc ] 
CA = CA ~ DAx-0-~X/~__ a- + Ca = Ca' 

[ 0Cc h 
cB : o D c L - ~ - ~  ) , : 0  = n F A  C~ = 0 

= CO ---- Cc' Cc = 0 --DB\-~--m/r nFA 

(sea) 
= Ca ---- CA' 

CA = CA ~ DA\'~'--m/,_-o nFA 

= CB =0 
Cs = 0 --DBx~--X /~_-O n F A  

t ry  considered. The electrode under consideration here 
had IR1 = 94, IR2 = 100, and IR3 ---- 166, where  IR1, 
IR2, and IR3 are the number  of s imulat ion boxes 
necessary to represent  the radius of the  disk electrode, 
and the radii  to the inner and outer edge of the r ing 
electrode, respectively;  these values yield a collection 
efficiency in the absence of kinetic per turbat ions of 
0.555. Values of id, ir, and NK were  calculated as func-  
tions of the dimensionless pa ramete r  X K T C  in the 
controlled 

X K T C  ---- (0.51) -~/3vl/3D-1/3CA~ [10] 

potential  s imulat ion and as functions of X K T C  and the 
flux at the disk in the constant disk current  simulation. 
Because a basic assumption of mechanism II is that  
species C is more easily reduced than species A, it 
was first necessary to establish in the constant current  
simulation if the total  flux at the disk, as defined by 
the current,  was grea ter  or less than the m a x i m u m  
flux possible for species C. If  greater,  a fract ion of 
the total  current  was allocated sufficient to maximize  
the concentrat ion gradient  of C at the  disk surface 
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XKTC 

Fig. i. Collection efficiency (NK) vs. XKTC for the EC dimeriza- 
tion mechanism (I), the ECE radical-parent coupling mechanisms 
(lla and lib), and the EC radical-parent coupling mechanism (Ill). 

[FC (1,1) ---- 0] whi le  the remaining  current  diminished 
the concentrat ion of A. If less, a finite concentrat ion of 
C remained  at the surface and the concentrat ion of A 
was not a l tered by the passage of current.  In every  
instance the diffusion coefficients of species A, B, and 
C were  assumed equal, a l though provision is included 
in the program for introducing a different value  for 
each species. 

Results 
Controlled disk potential  resu l t s . - -The  results  of s im- 

ulations where  the disk potent ial  is main ta ined  on the 
l imit ing current  plateau for react ion [1] and the r ing 
mainta ined at a potent ial  where  [3] occurs at the mass 
t ransfer  control led rate are shown in Fig. 1. [Mecha- 
nisms IIc and IId are not shown in Fig. 1 because of 
NK's dependence on two parameters  (equi l ibr ium con- 
stant and ra te  constant)  instead of one for the mecha-  
nisms as shown but qual i ta t ive ly  they would  show the 
same sort of behavior.]  Al l  curves yield a value of NK 
= N = 0.555 as X K T C  approaches 0 (k2C approaches 
0, or ~ approaches infinity) and all show a similar  
decrease of NK wi th  increasing X K T C .  While  these 
N K - X K T C  curves are indicat ive of kinetic pe r tu rba-  
tions and could be used to de termine  k2 values once 
the  mechanism is known, they  are c lear ly  not ve ry  
useful in dist inguishing among the various mecha-  
nisms under  consideration. Further ,  the dependence of 
the disk l imit ing current  on X K T C  (Table II) is of 
value  only in dist inguishing case III  f rom cases I and II. 
Case II, categorized as an ECE type, is unl ike  the s im- 
ple ECE case in that  n, the number  of electrons per 
molecule  of s tar t ing material ,  A, electrolyzed, equals 
one independent  of the rota t ion rate. Case III, how-  
ever,  undergoes  a change in n f rom n ---- 1 to n ---- 2 
wi th  increasing rotat ion ra te  and thus, exhibits  a de- 
pendence of disk l imit ing current  wi th  vary ing  X K T C  
values. 

Controlled disk current  resu~ts . - -Experiments  in-  
volv ing  disk currents  at values below the l imit ing one 
are more diagnostic in deciding among the various re-  
action schemes under  considerat ion here, because the 
re la t ive  fluxes of A and B f rom the disk can be  varied. 
Simulat ions in this case are of NE at different values 
of the re la t ive  disk current,  CONI, where  

CONI -- id/id.1 [11] 

and id.l is the l imit ing disk current,  and for different 
values of X K T C .  In this case a separate NE vs. CONI 
curve  must  be given for each value  of X K T C .  Results 
for the mechanisms under  considerat ion here  are g iven 
in Fig. 2-7. Note that  for a first order decomposit ion 

Table II. Dependence of disk limiting current on XKTC 

M e c h a n i s m  X K T C  NK Z R  4 Z D  b 

I 0.5 0.360 0.279 0.776 
1.0 0.281 0.218 0.776 
1,5 0.235 0.183 0.776 2.0 0.205 0.159 0.776 
3.0 0.165 0,128 0.776 

na 0.0 0.556 0.432 0.776 
1.0 0.305 0.236 0.776 
2.0 0.194 0.151 0.776 
3.0 0.135 0.105 0.770 

I I b  1.0 0.430 0.333 0.776 
2.0 0.366 0.284 0.776 
3.0 0.326 0.253 0.776 
4.0 0.298 0.231 0.776 6.0 0.260 0.202 0.776 
8.0 0.234 0.182 0.776 

I I I  1.0 0.344 0.236 0.688 
2.0 0.235 0.151 0.643 
3.0 0.170 0.i04 0.615 
4.0 0.128 0.076 0.596 5.0 0.100 0.058 0.581 8.0 0.052 0.029 0.551 

~r 
.ZR : 

(0.51) 1/~'tFAdCA ~ -I /~ 
id 

b ZD 
(0.51)II31tFAdCA ~ 

of B, NK is independent  of CONI, at a given value of 
X K T ,  because both the veloci ty  of the fol lowing reac-  
tion and the amount  of B reaching the ring are propor-  
t ional to disk current.  The t rend of NE wi th  CONI is 

Nk ~ 
0.5  b 

0.4 

0.3 

0.~ 

0.1 

mechanism T 

I I I I L 
0 .0  0.2 0.4 0.6 0.8  1.0 

1-CONI 

Fig. 2. Collection efficiency (NE) vs. 1-CONI for mechanism I 
and XKTC equal to (a) 0.1, (b) 0.5, (c) 2.0, and (d) 10.0, where 
CONI = id/id,z and XKTC ~- (0 .51) -2 /3v l13D-1 /3~- lk2C.  

N K 

0.4 

0.~ 

0.2 

0.1 

I 
o.0 0.2 0.4 0.6 o.8 1.0 

1 -001t l  

Fig. 3. Collection efficiency (NK) vs. 1-CONI for mechanism Ila 
and XKTC equal to (a) 0.1, (b) 0.5, (c) 1.0, and (d) 2.0. 
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N k 
0.~ a 

o.4 : ~  
0.3 

0.2 ~ 

0.1 
~ d  

mechanism IT b 

I I I I [ 
oo 02 04 0.6 0.8 10 

1-CONI 
Fig. 4. Collection efficiency (NK) vs. 1-CONI for mechanism lib 

and XKTC equal to (a) 0.1, (b) !.0, (c) 5.0, and (d) 10.0. 

N K 
0.5 a 

0.4 ~ 

0.3 

o-~ ~ 

I 1 I I I 
o.o 0.2 0.4 0.6 0.8 i~o 

1-GONI 

Fig. 7. Collection efficiency (NK) vs. 1-CONI for mechanism III 
and XKTC equal to (a) 0.1, (b) 0.5, (c) 2.0, and (d) 5.0. 

NK b 

c 
0.4 

o.~ 

o.~ ~ 

0.1 

mechanism l~c 

I 1 I I 
O.O 0.2 0.4 0.6 0.8 

1- C O N I  

Fig. 5. Co l lec t ion  e f f ic iency  ( N K )  vs. 1-CONI for mechan ism I Ic,  
XKTC2 equal to 1000 and XKTCI  equal to (a) 0.001, (b) 0.010, (c) 
0.10, and (d) 1.0, where XKTC1 and XKTC2 describe the reactions 
represented in Eq. [4] and [7],  respectively. 

N K 
O~5 

0.4 

0.3 

0.2 

0.1 
mechanism lid 

I I I ] 
0.0  0.2 0.4 0 .6  0.8 

1 - C O N I  

Fig. 6. Collection efficiency (NK) vs. 1-CONI  for mechanism lid 
and (a) CK ~ 10 -4  , XKTC ---- 105; (b) CK -~ 10 -3,  XKTC -~ 
104; (c) CK ~ 10 -2  , XKTC ~- 103; (d) CK ~ 10 -1  , XKTC 
102, and (e) CK ~ 10 -3,  XKTC ~ 103. 

quali tat ively different for cases I and IIa (or IIb, IIc, 
I II) .  For  mechanism I, the dimerization EC reaction, 
the velocity of the following reaction only depends on 
B concentration. Hence, as id becomes smaller (CONI 
approaches 0), the B concentrat ion at the disk de- 

creases and the kinetic per turbat ion  of the following 
reaction becomes less. Hence, for case I, NK -> N as 
CONI --> 0 and NK approaches its m i n i m u m  value as 
CONI --> 1. For cases IIa, IIb, IIc, or III, which involve 
coupling with the parent,  the rate of the following 
reaction is a function of both A and B concentrat ion at 
the disk. Hence, as id approaches id,1 (CONI approaches 
1) the A concentrat ion decreases and the following 
reaction rate decreases. For  these cases NK approaches 
its max imum value at a given value of X K T C  as 
CONI -> 1. As CONI approaches 0, the concentrat ion 
of A is essentially constant and the reaction of B ap- 
proaches pseudo-first order conditions. When product  
C is also electroactive at the r ing electrode (mecha- 
nism IIb) ,  the t rend is the same as for mechanism IIa 
but  the N~ values are larger because ir is larger. 
Although case IId exhibits qual i ta t ively different be-  
havior depending on the value of the equi l ibr ium con- 
stant for [6] and the rate constant  for [7] as shown 
in Fig. 6, some trends are evident. For values of CK 
(CK = bulk  concentrat ion of A • equi l ibr ium con- 
stant (K) for reaction [6]) greater than  or equal to 
0.10 and X K T C  values resul t ing in collection efficien- 
cies in the normal  working range for the simulated 
RRDE (0.02 ~ NK ~ 0.54), NK approaches its max imum 
value as CONI --> 1. As CONI -> 0, the concentrat ion of 
C is essentially constant and the reaction consuming 
B approaches pseudo-first order behavior. For CK 
values less than or equal to 0.001 (e.g., K ----. 1 when  
C ---- 1 mM),  the NK var ia t ion with CONI is qual i ta-  
t ively similar to case I because the velocity of the 
following reaction assumes an over-al l  second order 
dependence on B concentration. Transi t ional  behavior, 
exemplified by curves b, c, and e (Fig. 6), occurs at 
intermediate  values of CK. Quanti tat ively,  the behavior  
of case IId differs from that  of case I, for all values of 
CK, because the product of the appropriate d imen-  
sionless s imulat ion parameters  for case IId (i.e., CK 
and X K T C ) ,  which defines the velocity of the reactions 
consuming species B (and thus the magni tude  of NK) 
has a squared dependence on the bulk  concentrat ion of 
A, whereas for case I, the reaction velocity is de- 
scribed by only one dimensionless s imulat ion rate 
parameter,  XKTC.  

Discussion 
The results show that  the RRDE should be useful in 

studying different mechanisms of following reactions. 
Since RRDE studies involving steady-state NK mea-  
surements  are relat ively free from adsorption and 
double layer charging effects, the exper imental  results 
will be subject to fewer complications than t ransient  
methods. Digital s imulat ion methods are capable of 
t reat ing ra ther  complex reaction schemes involving 
higher order chemical reactions. Variations of the 
mechanisms considered here, such as the simultaneous 

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 130.203.136.75Downloaded on 2016-09-16 to IP 

http://ecsdl.org/site/terms_use


Vol. 119, No. 7 R O T A T I N G  R I N G - D I S K  E L E C T R O D E S  837 

occurrence of two of the  react ion paths,  can be t rea ted  
by  s t r a igh t fo rward  extensions of the descr ibed p ro -  
grams. Fo r  example ,  in studies of hydrod imer iza t ion  
react ions wi th  the  RRDE (9) it  was sometimes neces-  
sa ry  to consider  the  poss ib i l i ty  of pa ra l l e l  react ion 
pa thways  of the  in t e rmed ia te  radica l  ion (equiva lent  
to substance B here)  by  both coupl ing and ECE mecha-  
nisms. The resul ts  in tha t  w o r k  provide  exper imen ta l  
confi rmat ion of these theore t ica l  results.  
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ABSTRACT 

Al lopur ino l  (1H-pyrazolo  [3,4-d] py r imid in -4 -o l )  is e lec t rochemical ly  re- 
duced at the  d ropping  mercu ry  e lect rode by  w a y  of a single po larographic  
wave.  Above pH 2, the e lectrode reac t ion  is a 2e-2H + reduct ion of a l lopur inol  
to give 6 ,7-dihydroal lopur inol  as the  sole product .  At  lower  pH (i.e., pH 0) the  
single po larographic  wave  involves 4e and is due to reduct ion  of a l lopur inol  to 
2,3,6,7-tetrahydroal lopurinol .  Under  the  condit ions of pro longed e lec t ro l -  
ysis, however ,  the l a t t e r  product  s lowly decomposes to give 4-carbamido-5  
aminopyrazol ine  (2,3). The mechanism of these react ions have been e lucidated 
by  polarography,  coulometry ,  cyclic v o l t a m m e t r y  at  the  pyro ly t ic  g raph i t e  
electrode,  mass  e lectrolysis  and isolat ion of products .  The products  have been 
identif ied by  u.v., IR, NMR, mass spect rometry ,  and e lementa l  analysis.  

Pyrazolo  [3,4-d] pyr imid ines  have  found consider-  
able  appl ica t ion  in cl inical  b iochemis t ry  as carcino-  
static agents. Al lopur ino l  (1H-pyrazolo  [3,4-d] p y r i m i -  
dine  4-ol)  is a w e l l - k n o w n  inhib i tor  of the  enzyme 
xan th ine  oxidase  (1), and, hence, inhibi ts  the forma-  
t ion of uric acid by  oxidat ion  of pur ines  in organisms 
conta ining this enzyme (2, 3). This p r o p e r t y  of a l lo-  
pur ino l  makes  i t  possible to use lower  doses of o the r -  
wise h igh ly  toxic 6- th iopur ine  in the  t r ea tmen t  of 
l eukemia  (4). Al lopur ino l  also subs tan t ia l ly  a l ters  p y -  
r imid ine  metabol i sm (5).  

Because of the impor tance  of unders tand ing  the 
ox ida t ion- reduc t ion  behavior  of b iological ly  impor tan t  
compounds which  in terac t  wi th  ox ida t ion- reduc t ion  
enzymes, we have  begun a deta i led  and systemat ic  
s tudy of the e lec t rochemis t ry  of the al lopurines.  The 
s t ruc ture  of a l lopur inol  and the number ing  employed  
in this pape r  is tha t  used in "Chemical  Astracts ,"  and  
is shown below. 
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Experimental 
Chemicals.--Allopurinol was obta ined f rom Aldr ich  

and was found to be chromatograph ica l ly  homoge-  
neous. The other  chemicals  were  of reagen t  grade.  
Argon  (Linde)  used for  deoxygena t ing  was  equi l i -  

Key WOrds: 1H-pyrazolo [3,4-d] pyrimidin-4-ol, bioelectrochem- 
istry, 6,7-dihydroallopurinol, 2,3,6,7-tetrahydroallopurinOt. 

bra ted  wi th  water ;  no other  purif icat ion was necessary.  
Buffer solutions used had  an ionic s t rength  of 0.5M 
except  sulfuric  and acetic acid solutions which were  
1M in s trength.  

Apparatus.--The elect rochemical  appara tus  has been 
descr ibed e lsewhere  (6-8).  Al l  potent ia ls  are re fe r red  
to the  SCE at 25~ The dropping  me rc u ry  electrode 
had normal  m and t values.  

Ul t ravio le t  absorpt ion spec t ra  were  recorded on a 
P e r k i n  E lmer -Hi t ach i  Model 124 spectrophotometer .  
In f r a red  spectra  were  recorded  on a Beckman IR-8 
using K B r  pellets.  NMR spect ra  were  recorded on 
Var ian  Model T-60 spectrometer .  Mass spect ra  were  
recorded on a Hi tachi  Model  RMU-6E spectrometer .  

Coulometry and macroscale electrolysis.--For cou- 
lomet ry  a measured  vo lume (usual ly  1O0 ml)  of back-  
ground solut ion was in t roduced  into the  work ing  e lec-  
t rode  compar tmen t  of a three  compar tmen t  cell. This 
solut ion was e lect rolyzed at  the  appropr ia t e  potent ia l  
unt i l  an electronic cur ren t  in tegra tor  gave a constant  
and smal l  count. Then a weighed amount  of a l lopur inol  
was in t roduced into the work ing  e lect rode compar tmen t  
sufficient to make  the  solut ion ca. 1 raM. Af te r  dis-  
solut ion electrolysis  was  recommenced  at  the  same 
potential ,  s t i r r ing  rate,  and flow ra te  of argon. Many 
macroscale  e lectrolyses  were  car r ied  out in the  same 
fashion except  tha t  solutions were  ca. 5-6 mM in a l lo-  
pur inoI  and an in tegra tor  was not  employed.  Comple-  
t ion of the  e lectrolysis  was confirmed by  d i sappear -  
ance of the  character is t ic  u.v. absorpt ion  and pola ro-  
graphic  wave  of al lopurinol ,  and  by  character is t ic  cy-  
clic vo l t ammet r i c  behavior  at the  pyro ly t ic  g raphi te  
electrode. 
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