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Many organic compounds can be
eledrochemicdly oxidized o reduced in a
series of stepsand it isnormally foundthat
removal or insertion d eledrons becomes
progressvely more difficult on moving from
one step to the next. However, there ae
examples where, for example, atwo-electron
reduction accurs with the standard paentia for
the seaond step being more positi ve than that of
thefirst. In ather words, insertion d the second
eledron accurs more readily than the first. Such
behavior has been called paential inversion?

In most cases such pdential inversions
are caused by structural changes that usually
follow theintroduction d the first electron
though the detail s of the timing of electron
transfer and structural change ae often olscure.
It isaso commonthat the structural change
relieves deric aowding in the moleaule so the
driving forceis understandable. It wastherefore
quite surprising to find an ealy report of
apparent potential inversion in the reduction o
trans-2,3-dimethyl-2-butene® because there ae
no obvous geric fadors influencing the
structure of the neutral, radicd anion a dianion
(seebelow).

O,N CH, “O,N CH,
HsC NO, HsC NO5~
Initial studies of the reduction d trans-
2,3-dimethyl-2-butene in acedonitrile reveded
some surprises. A two-eledron reduction was
observed bu the dianion undrwent arapid
followup reaction, ore of the products of which
was nitrite. We suppase that adoulde deavage
readion accurs giving 2-butene and two nitrite
ions.
When condtions more dosely
resembling those of the first report were used,

viz., 80% agueous carbonate/bicarbonate buffer,
20% acdonitril e, the dianion was gable on the

voltammetric time scde but the readions were
eledrochemicdly irreversible when a glassy
caboneledrode was used, the pek separation
being abou 0.8V at 0.2V/s. When amercury
drop eledrode was used, the pe&k separation
deaeased to 42mV under the same cndtions.
The dedron-transfer kinetics are unusually
sensitive to the nature of the working eledrode.

All additional measurements were made
with a hanging mercury drop eledrode and with
amixed solvent of 83% aceonitrile, 1726 water
with 0.10M BusNPFg as suppating e ectrolyte.
Under these condtionsthe dianionis dableon
the voltammetric time scde. The earlier report
demonstrated that protonation daes not occur
but our results show that thereis considerable
stabili zation d the dianion and radical anion by
hydration as demonstrated by a positi ve shift of
the overall two-eledron standard paential of
about 0.4V ongoing from pure aetonitrile to
the mixed solvent. We suppacse that the
hydration is also resporsible for the small er
deay rate of the dianion in the mixed solvent.

Cyclic voltammograms at mercury in the
mixed solvent show clea evidence of potential
inversion. The data ae well acourted for by
digital simulations using E° =-0.600V and E®,
=-0.515V vs. the standard paential of the
ferrocene/ferrocenium couple. E°; isthe
standard paential for the neutral/radical anion
coude and EX; isthe patentia for the radical
anior/dianion coupe. Thus, the extent of
potential inversionis85mV.

The cause of the inversion may be
related to structural changes that are predicted to
acompany or follow electrontransfer. Semi-
empiricd moleaular orbital cdculations (AM1)
indicate that the planar neutral (N-C-C-N
torsional angle =0 = 180°) twists abou the
central C-C bondin the radicd anion (8 = 158°)
and even morein the dianion (6 = 125°). These
changes are associated with alowering of the
LUMO energy, afador that has been previously
shown to underlie potential inversion. Twisting
abou the central bondclealy does naot relieve
steric cowding. The originsfor this dructural
change ae purely electronic.
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