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Kinetic studies were carried out on the dimer
forming reactions of 9-diazofluorene (F1=N,) anion
radical generated at electrodes in both acetonitrile
and N,N-dimethylformamide (DMF). The principal
difference found between the behaviour in the two
different solvents is that the heterogeneous rate
constant is significantly greater in acetonitrile. This
fact explains why the oxidation of the anion radical
can be resolved from oxidation processes involving
further reaction products in acetonitrile but not in
DMF allowing direct kinetic measurements to be
made in the former case. The reaction was observed
to conform to rate law (i) which is consistent with
either simple irreversible dimerization or reversible
dimerization followed by unimolecular decomposi-
tion of the initially former dimer. The simple

Rate=k,,, [FI=N; J? @)

irreversible dimerization mechanism was ruled out
by a temperature study; the apparent activation
energy was found to be only 2.2 kcal/mol. The
apparent rate constant was dependent upon the
tetraalkylammonium cation of the electrolyte, de-
creasing progressively as the cation became larger.
The apparent heterogeneous rate constant was ob-
served to be greatest when Et,N* was the counter
ion, and to decrease progressively in the order
Pr,N*>Me,N*>Bu,N*. The cation effect on
the apparent rate constant for dimerization was
explained by assuming that the degree of ion pair
formation is inversely related to the cation size and
that ion association enhances the rate of dimeriza-
tion by decreasing the charge repulsion between the
anion radicals in the transition state.

Diazoalkane anion radicals have recently been
proposed to be sources of carbene anion radicals
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in solution.? ™3 On the basis of a cyclic voltammetric
investigation? it was proposed that the initially
formed diazoalkane radical anion rapidly loses
nitrogen in a unimolecular process giving the
related carbene anion radical, which then either
attacks a molecule of diazoalkane or abstracts a
hydrogen atom from the medium. A further
proposal is that the carbene anion radical from
diazofluorene (FI=N,) is sufficiently stable to be
observed as a part of a reversible redox couple
during cyclic voltammetry at low sweep rates (75
mV s™!). The latter proposal was shown to be
unlikely when it was found that the redox couple
assigned to the oxidation and reduction of fluore-
nylidene anion radical and the parent species is
actually a part of a two consecutive one electron
redox system, which if the original interpretation3
were correct would require that fluorenylidene
dianion be stable in solution as well.® Kinetic
studies were carried out by linear sweep vol-
tammetry (LSV) on the reaction in acetonitrile and
the results indicated that the kinetics are consistent
with rate law (1) which suggested that a simple

Rate=k,, [FI=N;"]* )

irreversible dimerization of FI=N,~ (2) was the
probable reaction pathway. This work was reported

2 Fl=N;~ — dimer 2)

as a preliminary communication of the present
investigation.

The mechanisms of ion radical dimer forming
reactions have recently been drawn into focus by

2
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the reports that ion radical —substrate coupling
takes place preferentially to ion radical dimeriza-
tion in a number of cases. The first conclusive
evidence for the latter mechanism was found for
the reactions of 4,4'-dimethoxystilbene cation
radical in acetonitrile.” This reaction had previously
been investigated by cyclic voltammetry,® spectro-
electrochemistry® and rotating ring disk electrode
voltammetry.'® The kinetic investigations resulted
in the proposal that the primary step in the dimer
forming reaction is the coupling of ‘cation
radicals.”'® For many years electrohydrodimeriza-
tion (EHD) of activated olefins has been considered
to go by the anion radical dimerization mecha-
nism.!' 714 However, when proton donors are
effectively removed from the reaction media, kinetic
data show that the anion radical —substrate cou-
pling mechanism predominates.!*!® Furthermore,
the EHD reaction in the presence of proton donors
follows kinetics which are inconsistent with the
simple dimerization.!”

Our observation of rate law (1) for the reaction
of FI=Nj;™ in acetonitrile suggested that this system
might serve as a model for anion radical dimeriza-
tion reactions. As yet, no reliable activation param-
eters are available and a simple anion radical
dimerization mechanism has not been demonstrated
rigorously in any case. In this paper we report the
details of our kinetic investigation of the second
order reaction of FI=N," in acetonitrile.

RESULTS

Cyclic voltammetric studies of the reduction of
Fl=N, in acetonitrile and DMF. In our preliminary
report! we pointed out that attempts to carry out
LSV kinetic studies during the reduction of FI=N,
in DMF were unsuccessful. This was due both to
the irreproducibility in the response and to the
apparent interference of heterogeneous charge
transfer kinetics. We have now carried out a
qualitative cyclic voltammetric study of the reduc-
tion of FI=N, in acetonitrile and DMF under
identical conditions with Me,NBF, as supporting
electrolyte. The voltammograms measured in ace-
tonitrile at 50, 5 and 0.5 V s™! are illustrated in
Fig. 1. At the highest sweep rate, a high recovery of
substrate by oxidation of the anion radical is
observed at O,. In addition O,, about 200 mV
more positive than O,, is observed, due to the
oxidation of an intermediate of further reaction.

—
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Fig. 1. Cyclic voltammograms for the reduction of
F1=N, in acetonitrile containing Me,NBF, (sat.)
at 50 (a), 5 (b) and 0.5 V s~ (c). Upper and lower
potential limits, —0.62 and —1.62 V vs. Ag/Ag™,
respectively.

Decreasing the sweep rate to 5 V s~ ' was accom-
panied by a decrease in the peak height for oxida-
tion of FI=N,~ but not an increase in the height
of O,. This means that O, is not due to a stable
reaction product. At 0.5 Vs™!, both O, and O, are
greatly diminished in height. When the solvent was
DMEF, the peak for the oxidation of F1=N,~ (O,)
was broadened by a shoulder due to O,. At 5V s™?,
O, and O, are evident but overlapped. At 0.5V s™!
only O, is seen on the reverse scan. Two conclu-
sions can be drawn from the voltammograms; (i)
The reactions following charge transfer are similar
in the two solvents and (ii) charge transfer to F1=N,
is slower in DMF which brings about the merging
of the peaks for oxidation of FI=N,~ (O,) and the
oxidation of the intermediate (O,). The first con-
clusion is strongly supported by the fact that
fluorenone azine (FI=N—-N=Fl) and the corre-
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sponding anions are the species which can be
identified by cyclic voltammetry at low sweep rates
in both solvents.!-3-® The overlapping of oxidation
peaks leading to the second conclusion precludes
the use of direct kinetic methods to study the
mechanism in DMF.

Supporting electrolyte cation effects on hetero-
geneous charge transfer. Slow heterogeneous charge
transfer has a distorting effect on cyclic voltammo-
grams.'® The rate of charge transfer during the
reduction of a number of organic molecules has
been observed to be significantly increased in going
from large to small tetraalkylammonium ions as the
supporting electrolyte counter ion.'®2% The effect
of the nature of the supporting electrolyte cation
on the reduction of FI=N, is demonstrated by the
data in Table 1. Cyclic voltammetric peak potential
separations were determined by derivative measure-
ments?! at four different voltage sweep rates for
solutions of FI=N, (1.0 mM) in acetonitrile con-
taining either Bu,N*, Pr,N*, Et,N* or Me,N*.
Since charge transfer is followed by a rapid chemical

Table 1. The effect of the supporting electrolyte
cation on the rate of heterogeneous charge transfer
to F1=N, in acetonitrile.®

v/Vs! AE?/mV (ky)app"/cms ™!
Buy,N*

10 91.7(0.3)

20 108.8(0.2)

50 145.4(0.4)

100 . 180.8(0.3) 0.066
Pr,N

10 69.4(0.4)

20 69.3(0.1)

50 753(0.2)

100 84.7(0.3) 031
Et,N* 64.6(0.2)

20 63.3(0.4)

50 65.0(0.4)

100 . 69.1(0.2) 0.76
Me,N

10 71.4(0.2)

20 71.4(0.4)

50 78.6(0.3)

100 88.3(0.5) 0.27

“The counter ion was BF, in all cases and the
supporting electrolyte concentration was 0.1 M except for
Me,/NBF, (sat.). Measurements at 13.0 °C by derivative
cyclic voltammetry according to Ref. 21. ® Calculated from
the peak separation at 100 V s ™! assumming the diffusion
coefficient of FI=N, to be 107% cm? s~
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Fig. 2. Cyclic voltammograms for the reduction of
F1=N, in DMF containing Me,NBF, (0.1 M) at
50 (a), 5 (b) and 0.5 V s™* (c). Upper and lower
potential limits, —0.62 and —1.62 V vs. Ag/Ag*,
respectively.

reaction, the data obtained at the highest sweep rate
are the most reliable to use in estimating the
heterogeneous charge transfer rate constants. The
values estimated using the theoretical data derived
by Nicholson!® are listed in the last column of
Table 1. Two noteworthy features of the data are
(i) the apparent heterogeneous rate constant (k,),,,
is significantly lower with Bu,N* as the counter
ion than with any of the other tetraalkylammonium
ions and (ii) the value for Me,N* appears to be
somewhat lower than would be expected from the
trend observed with the other cations.

The sluggish charge transfer in the presence of
Bu,N* is further demonstrated by the cyclic
voltammograms shown in Fig. 3. In the presence
of Pr,N* (a), the voltammogram has the expected
appearance for a well-behaved quasi-reversible
system while in the presence of Bu,N* (b) the
reduction reaction is accompanied by a distorted
voltammetric peak.
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Fig. 3. Cyclic voltammograms for the reduction of
Fl=Nj, in acetonitrile containing Pr,NBF, (a) and
Bu,NBF, (b) at 100 V s~!. Upper and lower
potential limits, —0.90 and —1.50 V vs. Ag/Ag*.
Supporting electrolyte concentration was 0.10 M.
Substrate concentration 1.0 mM.

Since the homogeneous reactions following
charge transfer are relatively rapid during the reduc-
tion of F1=N,, no attempts were made to refine the
heterogeneous charge transfer kinetic measure-
ments.

Homogeneous kinetic methods. The methods used
are the newly developed ones which do not require
first assuming a mechanism and then fitting ex-
perimental to theoretical data based upon the
proposed mechanism as is conventionally done.
The methods are based on eqn. (3) which states

Observable=f(kC Z/V) 3

that the transient observable is a function of the
apparent rate constant, the substrate concentration
(C3) to the appropriate power and the experimental
variable V.21'22 When the transient technique is
derivative cyclic voltammetry (DCV) or double
potential step chronoamperometry (DPSC), the

observables are Rj and R, defined as the ratio of the
derivative peak heights on the reverse and forward
scans of a cyclic voltammogram or the normalized
(by dividing by 1—27%) current ratio measured at
27 and t where the latter is the pulse width. The
variables V are the voltage sweep rate (v) and
(1/r). A value of the observable which is con-
veniently measured is chosen and held constant by
making the appropriate changes in V while some
other parameter of interest; substrate concentra-
tion, temperature, isotopic content of the reactants,
etc., is changed. When Rj and R, are held constant
at 0.500, the corresponding variables are v;,, and
(1/7),,, and the rate constants can be evaluated from
these when the mechanism is one of the standard
ones. 2123

The reaction order, R, 5, which takes into account
participation of both B (which is always the case)
and A in the reactions following charge transfer (4)
is an important mechanistic quantity and is

A+e 2B 4

defined 2! by (5) and can conveniently be evaluated
by the value of z necessary for (6) to hold.

Ryp=1+z ©)

Vy/2 C&* = constant (6)

Reaction order analysis during reduction of
Fl=N,. Analyses were carried out using both
DCV and DPSC on the reactions of Fl=N;~
generated in acetonitrile. DPSC was used for
analysis of the reaction carried out in the presence
of Me,N* and the data are summarized in Table 2.
The concentration of F1=N, was varied from 0.25
up to 2.0 mM and the third column shows that (6)
holds with z=1. This result can then be used to
obtain the reaction order R, =2. Results reported
in our preliminary communication indicated that
both d(EP)/d (log v) and d(EP)/d (log C,) for the
reaction when the supporting electrolyte cation
was Bu,N* in acetonitrile were very close to 19.7
mV/decade at 298 K. Linear sweep voltammetry
(LSV) slopes have more recently been directly
related to reaction orders by linear equations.?* In
the present case, the abbreviated eqns. (7) and (8)
where a and b are the reaction orders, R, and Rg,
respectively, indicate that R,=0 and Rz=2. Thus,

d E°/dlog v=1/(b+1) In 10 RT/nF @)

Acta Chem. Scand. B 35 (1981) No. 10



Diazoalkane Anion Radical Mechanisms 695

Table 2. Effect of substrate concentration on the rate of dimerization of FI=N," in acetonitrile.®

[F1=N,]/mM (z,/ms)® (1/1,Ca/M 1571 (1073 /M1 5!
0.25 1393 287 247
0.50 7.51 266 2.29
1.00 3.61 277 2.38
2.00 2.07 242 2.08
2.31(0.17)

“In the presence of Me,NBF, (sat.) at 23 °C. ® Pulse width during double potential step experiments necessary for the

normalized current ratio, R,, to equal 0.500.

Table 3. Derivative cyclic voltammetric kinetics of the dimerization of FI=N,~ in acetonitrile in the

presence of Et,N* ion.*

[FI=N,]/mM (vy/V s~y (v4/CA/V M1 571 (1075) kM1 571
0.40 ' 10.8 270 122
0.80 225 2811 127
1.60 46.5 291 131
3.20 91.0 28.4 128
127 (0.03)

“In solvent containing Et,NBF, (0.1 M) at 13 °C. ® The voltage sweep rate necessary for the derivative current ratio R;

to equal 0.500.

d E?/d log C,=(a+b—1)/[(b+1)In 10 RT/nF (8)

a value of 2 for R, is consistent with the LSV
study.!

Data obtained by DCV in the presence of
Et,NBF, are summarized in Table 3. Here again,
v1;2/Ca is constant indicating that R, is 2. As
before, in order to be consistent with the LSV
study, reaction orders R,=0 and Rz=2 must be
assigned.

The last columns in Tables 2 and 3 give the
apparent rate constants, assuming rate law (1). The
mean values are 2.31 x 10° M~ ! s™! when Me,N*
was the supporting electrolyte cation at 23 °C and
1.27x10° M~! s7! when Et,NBF, was the sup-
porting electrolyte at 13 °C.

Cation effects on the homogeneous reaction rate.
In order to have a direct comparison of the apparent
rate constants under conditions where only the
supporting electrolyte cation was varied, DPSC
studies were carried out at ~11 °C. The apparent
rate constant was observed to increase progressively
as the tetraalkylammonium ion became smaller
over an order of magnitude range of k,,,. The data
are summarized in Table 4.
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Table 4. The effect of the nature of the supporting
electrolyte cation on the rate of dimerization of
F1=N3;" in acetonitrile.”

R,N* t/°C 1y/ms (1073 k/M~1s7!
Bu,N* 106 403 0214

Pr,N* 11.1 7.04 1.22

Et,N* 11.5 5.53 1.56

Me,N* 11.1 4,02 2.14

“The counter ion was in all cases BF,; and the
supporting electrolyte concentration was 0.1 M in all cases
but Me,NBF, (sat.).

The effect of temperature on the rate of reaction
of FI=N;". Apparent second order rate constants
for the reaction of FI=N,™ in acetonitrile con-
taining Me,NBF, (sat.) were obtained over a 40
degree temperature interval. As shown in Table 5,
the apparent rate constant was only slightly af-
fected by the temperature. Linear regression anal-
ysis of the data resulted in E,=2.2 kcal/mol with a
correlation coefficient of 0.976.



696 Parker and Bethell

Table 5. The effect of temperature on the rate of
dimerization of Fl=N," in acetonitrile.”

t/°C 7,/ms (1073 kM~ 157!
-0.2 4.79 1.80

11.1 4.02 2.15

21.0 3.32 2.59

31.0 297 290

41.1 291 296

“In solvent containing Me,BF, (sat.) with substrate
concentration equal to 1.0 mM.

DISCUSSION

The data presented in this study along with the
previous LSV work! and the low temperature
cyclic voltammetry © on the reactions of FI=N;" in
DMF and acetonitrile so clearly rule out the
proposal by MacDonald and Hawley and co-
workers of unimolecular decomposition to the
carbene anion radical (eqn. 9)>~%, that little ap-
pears to be gained by prolonging that discussion.
However, it should be pointed out that the data on
which the erroneous conclusions were based were
obtained under unfortunate choices of reaction
conditions. The work was carried out at room tem-
perature in DMF. If the temperature had been
varied especially to lower values it would have been
discovered that the redox couple proposed® to
involve fluorenylidene anion radical (F1'™) was

FI=N; >FI'~ +N, )

actually associated with another reversible redox
couple® which would require that F12~ be stable
as well. Only Bu,N* was used as the supporting
electrolyte cation. Use of tetraalkylammonium ions
smaller than Bu,N™* during cyclic voltammetry at
high sweep rates would have shown that the reac-
tions following the quasi-reversible charge transfer
can be “out-run” and that direct kinetic methods
could be applied. Most of the conclusions were
based on reactions conducted in DMF. Our results
indicate that not only is the electrochemical re-
sponse more reliable (in this case) in acetonitrile
than in DMF but the charge transfer rate is also
enhanced making direct kinetic studies possible.
Our kinetic data only pertain to the initial reac-
tions of FI=N,". It is obvious from the low tem-
perature cyclic voltammetry study® that several

intermediates are formed before the final products,
FI-N=N-Fl and the corresponding anions.
Thus, our discussion will necessarily be incomplete,
a situation usually encountered in the discussion
of the mechanisms of complex reactions. However,
we will attempt to construct the mechanism in
detail and to indicate what aspects remain specula-
tive. Two intermediates of the reaction remain
unidentified and we will refer to them as I-1 and
I-2. The first, I-1, was observed only at low tem-
peratures during CV of FI=N, in DMF® and was
shown to be a precursor of the second, I-2. The
intermediate previously proposed to be FI'™ by
McDonald and Hawley 3 is I-2.

A pertinent point is whether the initial dimeriza-
tion of FI=N,;" is reversible or not. We are able to
answer this question from the kinetic data. If reac-
tion (2) were irreversible as written, an Arrhenius
activation energy characteristic of the dimerization
of ion radicals is to be expected. No direct data
exist for comparison although Bard, Maloy and
coworkers 112 suggest that 4 kcal/mol is a reason-
able value for a reaction with a second order rate
constant of 102 M~! s~1. However, that interpreta-
tion has been criticized '¢!” and the data in ques-
tion shown not to refer to an anion radical
dimerization. The dimerization of 4-methoxybi-
phenyl cation radical has been established as an
authentic case of an ion radical coupling reaction.?*
Based on that model and our k,,, for the reactions
of F1I=N," in acetonitrile of the order of 10° M ™!
s~!, E, is expected to be of the order of 10 kcal/mol
providing that irreversible reaction (2) is the rate
determining step. Our data are clearly inconsistent
with this. An apparent E, of 2.2 kcal/mol was ob-
served. This value would appear to be too low to
account for any single step irreversible reaction.
Diffusion controlled reactions generally have E,
values of the order of 3 — 4 kcal/mol.2® Furthermore,
the linearity of the Arrhenius plot is poor. Non-
linear and inverse temperature effects on electrode
processes have recently been discussed and attrib-
uted to complex mechanisms involving equilibria.?’
Thus, we conclude that the dimerization of FI=N;"~
is probably reversible and followed by irreversible
rate determining reactions.

Related dimerizations have recently been
studied.?® It was found that the reversible dimeriza-
tion of anion radicals of anthracenes substituted in
the 9-position with electron attracting substituents
(AN—Z") follow a mechanism involving an inter-
mediate (10). The structure of the intermediate is
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2AN-Z " 2(AN-Z "/AN-Z )2

(Z—AN—-AN-2)*" (10)

not known but it was proposed to be a complex in
which bonding between the two aromatic moeities
has not yet taken place. It is conceivable that such
an intermediate is also involved in the dimerization
of FI=N;".

Based on the information at hand, we can suggest
a mechanism for the formation of Fl—-N=N-F12~
from F1=N, as outlined below:

Kll
2 FI=N;~ == (FI=N; /FI=N;")

(11)

- o kia
(F1=N, /F1=N;") 23 -1 (12)
1 —I2+N, (13)

FI 2—

\
[2— N=N (14)
\
FI

The kinetic studies provide the evidence for reac-
tions (11) and (12) while reactions (13) and (14) can
be inferred from the low temperature cyclic vol-
tammetric study.®

Some elaboration of the evidence presented S for
the structures of intermediates I-1 and I-2 is in
order. Electrolytic reduction of !SN-labelled sub-
strate (I) resulted in 8 9 of the product containing
two SN atoms (2). This was suggested to be con-

N
:515
Fl N=N
NN5—N1S | |
S NN
, 2 FF “¥r

sistent with the initial generation of dimers at the
electrode with possible structure 3 which then
initiate the homogeneous chain decomposition of
Fi=N,, a process which had previously been
shown to produce singly labelled product.?® There-
fore, it is likely that 2 represents the products
formed by the second order dimerization of anion
radicals of 1. The subsequent chain reaction which
accounts for the predominant amount of product
under the conditions of preparative electrolysis
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Fig. 4. Schematic diagram of the redox behaviour
of the products from dimerization of FI=N," .

produces anion radical in concentrations too low
to undergo dimerization.

The cyclic voltammetric redox behaviour of the
stable reaction product, s-trans-fluorenone azine
and the intermediates I-1 and I-2 are summarized
by the schematic diagram shown in Figure 4. The
intermediate observed only at low temperature, I-1,
is oxidized in an irreversible process of which I-2
is the product. The potential at which I-1 is
oxidized is close to that for fluorene anion® and
suggests that the intermediate contains uncon-
jugated F1™-groups. Structure 3 was suggested as a
candidate for I-1 since the behaviour of 3 would be
expected to be consistent with the voltammetry and
it has the necessary bonding between labelled
nitrogen. However, we have reservations about the
intermediacy of 3 since considerable strain must
be involved in the formation of the four-membered
ring and it is difficult to find electronic arguments
which would predict its formation. It is just as
likely, perhaps more so due to the strain argument,
that 2 is formed from a linear head-to-head dimer
via transition state 4. Either structure 3 or transition

IN E N\

’ \) o
°NQ»/_ .oN\ )
Ft Fl

3

state 4 suggest a likely structure for I-2 to be the
dianion of s-cis-fluorenone azine.
The question remains as to whether or not the
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redox behaviour observed for I-2'is consistent with
that species. The pertinent observation is that
redox couples 1 and 2 observed for I-2 are of the
order of 300 mV less negative than those for s-trans-
fluorenone azine. The reversible potential of a
redox couple gives a measure of the energy difference
between the species of differing oxidation states. In
this case the potential differences observed indicate
that the reduced species of both redox couples 1
and 2 are more stable than the oxidized species by
about 300 mV in comparison to the corresponding
s-trans-fluorenone azine couples. Providing that
I-2 is the s-cis-fluorenone azine system, the latter
requires that the steric interactions present in the
cis-structures are less severe in the reduced than in
the oxidized species. There appears to be only one
model system for which data is available for com-
parison. The reversible reduction potential of cis-
stilbene in DMF has been reported to be about 60
mV more negative than that for trans-stilbene.?®
Predictions based on this model would be opposite
to that observed for I-2 in comparison with the
trans-azine. However, we must consider the special
situation represented by the fluorenylidene group.
In the neutral azine, the F1=groups are conjugated
through overlap of the pi systems with the p
orbitals on nitrogen. Total conjugation surely
cannot be achieved since it is virtually impossible
for the two ring systems to exist in the same plane
in the s-cis-structure. Uptake of electrons gives rise
to the aromatic substituents, F1~-, which would be
expected to show a decreased need for conjugation
to achieve stability. The neutral substituent, FI -
would not be expected to have any unusual stability
and would surely require conjugation. This argu-
ment then predicts that the reduced species of
couples 1 and 2 would be energetically favored
relative to those in the trans-isomer due to the
relief of strain accompanying the lower degree of
conjugation. Thus, in our opinion, this qualitative
argument can be used to support the previous®
assignment of the s-cis azine structure to inter-
mediate I-2.

In conclusion we call attention to the apparent
discrepancy in the relative rates of heterogeneous
charge transfer with the different tetraalkylammo-
nium ions. One might have expected that (Ks)app for
the case where the supporting electrolyte cation
was Me,N*, should have been the largest. How-
ever, we must also consider the effect of ion associa-
tion on the reversible potential for the reduction of
Fl=N,. The change in the reversible potential,

AE,.,, brought about by the ion pairing equilibrium
(15) is given by (16).3' The overall effect is that

K
FI=N;” +R,N* = (FI=N; /R,N*) (15)
AE,.,=(RT/nF) In (1+K,5|RN*|) (16)

when K, s is significant E,., becomes less negative
than the thermodynamic potential, E°. The greater
the latter difference, the lower (k,),,, will be if all
other factors remain unchanged. Thus, if K, is
greater for Me,N* than for Et,N*, this could
account for the apparent descrepancy in the
relative rate constants.

EXPERIMENTAL

The instrumentation, electrodes, cells and data
handling procedures as well as solvent and elec-
trolyte purification were the same as recently
described.3? 9-Diazofluorene was prepared by a
standard method.3?
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