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A remarkable deuterium isotope kinetic effect, ranging
from 2.70 to 2.55 between 15 and 35 °C, has been recently
ascribed to the one-electron transfer from 1-benzyl-1,4-
dihydronicotinamide (BNAH2, BNAD2) to 9-fluorenyliden-
emalononitrile, 1 (Scheme 1).1

Unlike in previous reports2 of such deuterium isotope
kinetic effects in similar reactions involving synthetic
analogues of NADH, the effect was ascribed to a one-
electron transfer between the tittle compounds, deemed
to be the first, and rate-determining, step of the stepwise
overall transfer of a hydride ion (viz. D-) from BNAH-
(D)2 to 1 (Scheme 2).3 This assignment was based on the
assumption that the cation radical is a strong acid and
that the BNAH(D)‚ radical is unstable, thus rendering
steps 2 and 3 irreversible, and, on the appearance of the
red-colored anion radical, characterized by its UV and
ESR spectra, during the course of the reaction.

These results are puzzling in view of the estimations
that may be made of the thermodynamics of reaction 1.
The equilibrium constant, K1, is related to the standard
potentials of the two redox couples according to eq 1.

where E0
BNAH2

‚+/BNAH2 ) 0.78,4 and E0
1/1‚- ) -0.660 V vs

SCE.5
It follows that K1 ) 3.5 × 10-25. The rate constant of

the reverse step is at most equal to the bimolecular
diffusion limit, i.e., k-1 e 109.9 M-1 s-1, 4 and thus, k1 e
4 × 10-15 M-1 s-1, thus making it clear that the observed
deuterium isotope kinetic effect does not concern the
electron transfer from BNAH(D)2 to 1 (at the highest
BNAH(D)2 concentration used in ref 1, the half-reaction
time would be of the order of one million centuries). A
one-step hydride transfer (reaction 4 in Scheme 3) is a
much more likely alternative endowed with a reasonable
value of the standard free energy of reaction as will be
seen later on. It remains to understand the reason of the

appearance of red anion radical of 1 in the course of the
reaction.

In the reaction of BNAH2 with 1, the consumption of
1, the production of BNAH+, and possibly, the production
of the radical anion of 1 may be readily monitored by
means of ultramicroelectrode voltammetry used in a
steady-state regime.6 These three species are indeed
expected to give rise to the following responses: an anodic
plateau current proportional to the concentration of
radical anion of 1 at potentials above -0.5 V vs SCE; a
cathodic plateau current proportional to the concentra-
tion of 1 at potentials below -0.8 V vs SCE and a cathodic
plateau current proportional to the sum of 1 and BNAH-
(D)+ concentrations below -1.1 V vs SCE. As shown in
Figure 1, 1 does react with BNAH2, one molecule of
BNAH+ being produced per each molecule of 1 consumed.
We, however, never detected any anodic current, indicat-
ing the formation of the radical anion of 1, nor did we
observe its characteristic red color. However, it is impor-
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Figure 1. Reaction of 1 (1 mM) with BNAH2 (19 mM) in
acetonitrile + 0.1 M TBAPF6, under an argon atmosphere,
monitored by means of 10 µm-diameter carbon fiber microdisk
electrode. T ) 20 °C.
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tant to note that the red color did appear when a small
amount of air was admitted in the reaction vessel, which
is normally deaerated with argon before the experiment,
and maintained under argon during the whole experi-
ment. The appearance of the radical anion results from
the oxidation of the hydride 1H- (electron-transfer
coupled with deprotonation). Admission of more oxygen
results in the regeneration of the pale yellow 1.

Another possible source of the radical anion of 1 should
be examined, namely the coproportionation of 1H- and
1 (Scheme 4).

As shown later on, the equilibrium constant for reac-
tion (-7) is smaller than 3 × 10-10. Reaction 8 should
therefore be very downhill if any appreciable amount of
the radical anion of 1 is to be formed by this mechanism.
This is in fact not the case since 1L- is a weak base.
There is an additional manner to rule out the formation
of the radical anion of 1 by this mechanism, namely, the
fact one molecule of BNAL2 is consumed each time one
molecule of 1 is consumed, instead of the 2-to-3 stoichi-
ometry predicted with the coproportionation mechanism
(Scheme 4).

The rate constant k4 ) 2 × 10-2 M-1 s-1, derived from
our experiments, is not significantly different from the
value reported in ref 1. We may now check that the
thermodynamics of reaction 4 makes its, unlike reaction
1, a likely event. The equilibrium constant may be
estimated according to the following procedure.

Cyclic voltammetry of 1 shows two reversible one-
electron waves (Figure 2) corresponding to the two
standard potentials:5

Upon addition of an acid, the first wave tends to
become irreversible and to double in height. In the
experiments in Figure 2, the acid was introduced into
the solution as two different buffers containing 3-meth-
ylpyridine (3-MePy). These observations point to the

occurrence of a classical disproportionation7 mechanism
triggered by the protonation of the anion radical which
gives rise to a neutral radical that is easier to reduce than
the starting molecule (Scheme 5). Simulation of the
voltammograms according to this mechanism, using the
Digisim© package (Bioanalytical Systems Inc.), 8 led to
K6 ) 2 × 10-6 and k6 ) 4 × 103 M-1 s-1 and showed that
K7 g 3 × 109. The pKa of potential of the 1H-/1 + H+ +
2e- redox reaction is given by the following equation:

It follows that E0
1H-/1,H+ g -0.17 V vs SCE. The

standard potential of the BNAH2/BNAH+ + H+ + 2e
redox reaction is 0.022 V vs SCE.4 The equilibrium con-
stant of reaction 4 may thus be expressed as K4 ) 10-15.2,
K7 g 2 × 10-6, using the values of Ka, 1H‚, E0

1/1‚- and the
lower limit of K7 that have been determined earlier. It
follows that k-4 ) k4/K4 e 104 M-1 s-1. The values found
for the rate constants k-4, k4 and a kinetic isotope effect
of 2.7,1 are consistent with those found for various
examples of one-step hydride transfers from NADH
analogues to other NADH analogues,2d quinones,9,10

carbonyl compounds and carbon-carbon double bonds.2c

In conclusion, the deuterium isotope kinetic effect pre-
viously assigned to the one-electron transfer from BNAH2
(BNAD2) to 9-fluorenylidenemalononitrile, actually occurs
during one-step hydride transfer between the two reac-
tants.11 The electron transfer step is predicted, based on
its thermodynamics to be exceedingly slow and the
appearance of the anion radical of the electron donor was
due to incomplete deoxygenation of the reaction mixture.
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Figure 2. Cyclic voltammetry of 1 (1 mM) in acetonitrile +
0.1 M TBAPF6 at a 3 mm-diameter glassy carbon disk
electrode. Full lines: no buffer added. Dotted lines: in the
presence of 3-MePy (45 mM)/3-MePyH+ (5 mM) buffer. Dashed
lines: in the presence of 3-MePy (5 mM)/3MePyH+ (45 mM)
buffer. T ) 20 °C.
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