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The unusual properties and reactivity of highly strained
molecules have interested chemists for quite some time (1).
Presently there 1s a great deal of interest and research activity
in cycloproparene chemistry™Cyclo foparenes possess some
or e highest ctran energies known¥\: the narent camnound
1 has a strain energy of 68 kcal/mol™&). As a result, the
electrochemical oxidation and reduction potentials of the
neutral molecules are lower than those of most other electro-
active hydrocarbons. « #t ', .

Even more highly strained and unushal alkylidene derivatives
f I have been reported (4): the diphenylmethviene (I and the
|-phenylethyhidene (IV) denvatives have been synthesized. as
well as the corresponding naphthalene analogs V and VI
Compounds [f and V are stable in air and in aprotic soivents
aganst rapid oxidation. The nethylenecycloproparene parent
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compound 11 has not been successfully 1solated, but attempts to
synthesize this species continue.

The possibility of charge separated resonance forms contnbu-
ting to the stabulity of the neutral molecule V was suggested by
an inal spectral charactenzation. We have recently reported
the results ¢! an electrochemcal and spectroelectrochemical
study of V (5), and in an effort to further charactenze and
understand the nature of the special properties of these mole-
cules we have undertaken an clectrochemical and spectro-
electrochemical investigation of IIE. One questton 1s how {arge
4 role does the aromatic moiety ot the cycloproparene ning play
in the stability of the 1on radicals compared to the substituents un
the methylene group. The naphthalene analog 1n the previous
study was shown to form a stable anion radical (on the timescale
of the expeniment) when electrochermically reduced in oxygen-
Tree acetonitrile solution. When oxygen s present the anion
radical reacts rapidly with O, at a rate approaching the diffusion
limit. Addiuonally. the compound was shown to form a quast
stable cation radical when electrooxidized. In the present study,
compound HI has beea found to behave simarly. In addution,
the homogeneous rate constant for the decay of the cation
radical i1n acetonutnile solution has been computed from spectro-
electrochemical transient data.

Experimental
Chemicals und reagents

The preparation of 111 has been descnbed in detail (4, i4) A stirred
solution of cyclopropabenzene in dry THF was cooled to = 70°C under
oxygen-free nutrogen; n-butylhthium in hexane was added siowly,
while the bath temperature was allowed to rise to ~4G°C. After | S h
the solution was again cooled w —70°C. and tnmethylsilyl chlonde
was added dropwise untl the deep orange solution had become
colorless. The reaction mixture was allowed to warm slightly for | h
and then cooled again to —70°C, at which time the above metallation
procedure with n-butyilithium was repeated. Quenching of the gener-
ated a-silyl carbanion was attained with benzophenone in THF. and
the resulting clear yellow solution was allowed 1o warm to ruvom
temperature. After 1.5 h aqueous sodium bicarbonate was added after
which the mixture was extracted with dichloromethane. The combined
organic extracts were washed wih water, dried with magnesium
sulfate. and concentrated 10 an orange oil under reduced pressure s
o1l was then passed through a silica gel column (petroieum ether. cthyl
acetate. 9:1) and fractions of the must mobiie component, {-1diphenyl-
methylenejcyclopropabenzene, were collected as a yellow ol which
soliditicd on standing at —20°C. Recrystallization from petroleum
cther gave yellow needle-like crystals. mp 89-91°C.

The preparation of tetra- n-butylammonium tetrafluoroborate (TBAF)
has been described previously (6). This supporting clectrofvie was
prepared (rom the metathesis of sodium tetrafluoroborate and tetra-n-
butylammonium hydrogen sulfate. The crude product was washed with
ice water, dissolved in a minimum amount of methylene chloride, and
precipitated with cold diethyl ether. Afler a second recrystatlization,
the product was air dried and stored 1n a vacuum oven at 75°C for 24 b
before use.

Acetonitrile was hpic grade (Baker Chemicals, 0 001% nomunal
water content) and was used as received . Deoxygenation of the reaction
mixture was accomplished by purging with dry helium gas immediately
prior to the experiments.

The reference electrode was a silver wire immersed 1n 0.01 M silver
nitrate and 0.10 M TBAF in acetonitriie. We repon all potentials with
respect to this reference.

Elecirochemistry and spectroelecirochemistry

A three clectrode potentiostat and a waveform generator (JAS
Instrument Systems, Inc.) provided the control of electrode potential
Cyclic voltammetry was conducted in a three-electrode kinetic vell
wherein a platinum wire working electrode surrounded by a cylindncal
platinum foil secondary eiectrode was mounted. A Luggin capillary
reference electrode tip was situated within about | mm of the working
electrode. Although the geometry of the setup s cylindncal, the
experiments were cartied out on a timescale where inear diffusion 1s
observed. See ref. 7 for precise details. For spectroclectrochemical
experiments, a cell was used that heid a 7 mm diameter platinum mirror
disk working electrode with a planar Pt foil counter electrode situated
opposite, providing good linear diffusion charactenistics for up to 10s.
Two quartz windows were mounted to enable passage of incoming and

wgoing uv/vis mdiati~e at a 457 angle of incidence and reflect [oe
A Luggin refercnce probe was pusiioned ciose 0 the working
electrode so as not to obstruct the optical path. Exact details have been
described previously (8).

The spectroelectrochemical cell was d on an optical bench,
and the optical beam from a monochromator (GCA McPherson model
302) was directed onto the electrode surface. and reflected onto a
photomultiplier tube (RCA model 31000A}. The signal from the PMT
was digitized by an oscilloscope (Tekiromx model 52233 this datum
was transmitted over a GPIB interface 10 a computer (IBM PC/AT).
The computer signal averaged digitized data from single reflectance
transients’ the background intensity was controlled so that the value
of the relative reflectance could be calculated as described in ref. 8
The MSRS techmque used in this work was implemented by hrst
maintaining the potential at a value where no electrochenucal reaction
occurred. The potential was then stepped to a value where clectro-
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ouddation ur electroreduction was furced into ditfusion control.
and the spectroelectrochemical reflectance transient response of the
elevtrogencrated species was recorded un the digitizing osculluscope us
a function of time after the poteniial pulse was applied  Alternately,
the potential was also modulated at 4 high trequency 130 Hz) and the
resuling ac reflectance change momtored with a lock-in ampiiner
scanning wavelength simultancously provided uv-vis difterence spec-
wé of the reactants, intermediates, and products (8)

Results and discussion

Voltammertry

A Amons

At a platinum electrode, the voltammetnic reduction of a
blank solution containing only supporting electrolyte showed no
faradaic current (<0.1 wA cm™ ) over the range of potentials
studied. Cyclic voltammetry of Il at negative potentials
oxygen-free acetonitnile solution 1s shown in Fig. 1a. A one-
electron wave due to the reduction of the neutral molecule to the
anion radical at the platinum working electrode is observed. The
voltammetric response indicates electrochetnical reversibility at
this (S0mV s ') and faster sweep rates: the voltammetric peak
separation 15 60 mV, and the ratio of cathodic to anodic peak
currents 1s unity. The half-wave potential is —2.32 V vs.
Ag/Ag”. There is no evidence of anion radical decay on the
expenmental timescale (ca. 1 min): the anion radicaj is quite
stable. as is that of the naphthyl cycloproparene analog (5).

When only oxygen is present in solution a voltammogram
such as that in Fig. 15 sesults. The first cathodic wave at
~1.60V (vs. Ag/Ag") corresponds (o the reduction of oxygen
10 superoxide. which is a kinetically siow electron transfer (5).
On the return excursion an anodic peak at ~0.78 V due to the
reoxidation of superoxide is seen. The diffusion-controlled peak
for the formation of superoxide 1s thus 750 mV less negative
than the peak potential for the formation of the anion radical of
[I1 at a sweep rate of SO0 mV/s. (At glassy carbon the reduction
ot oxygen is kinetically more reversible: the separation between
the cathodic peak due to the formation of superoxide and the
corresponding oxidation peak is reduced from about 820 mV at
platinum at 240 mV on carbon at these sweep rates. )

Plots of cathodic peak current versus square root of sweep
rate for both dioxygen and isolated II are linear for sweep fates
of up to 500 mV/s; the plots intersect the origin. This is the
expected result for an electrochemical reaction where there are
no complicating side reactions involving reactants or products,
and where there are no complications due to adsorption of
species undergoing electron transfer. Uncomplicated electro-
chemical formation of the anion radical of 111 and of superoxide
is thus consistent with observations; both reductions are simple
one-electron transfers.

However, solutions containing both {11 and oxygen demon-
strate more complicated voltammetry than that of the individual
systems described above (Fig. 2). As in Fig. 1, the first
reduction wave at —1.60 V cosresponds to the formation of
superoxide. We observe, however, that the magnitude of the
current in the second wave at —2.35 V. due to the formation
of the anion radical of IIl is larger than that for the simple
one electron transfer as was observed in the single component
Il system. There are several possible explanations for this
behavior.

One possibility is the case where an electroactive product 1s
formed whose reduction potential is less negative than that of
IIL. In the present case, this would most likely be due to
the reaction of the anion radical of I{f with diffusing oxygen
or superoxide:

mh+0,—w

W+ ne” =X
or

Mm+0,”—»Y

Y+ne =2

(The second reactica is unlikeiy, as it is unfavorable energeti-
cally.) However, bulk electrolysis of I1I at potentials up to and
less negative than —2.35 V yielded no evidence of the expected
products of either of the proposed reaction schemes. Addition-
ally, if such an electron transfer — chemical step — electron
transfer scheme were indeed occurring, the height of the second
cathodic wave would imply the involvement of more than one
electron in the reduction of W or Y which, though possible,
is unlikely.

Voltammetric experiments revealed no cvidence of the
reaction of unreduced IIF with oxygen. Upon deoxygenation
with helium purging of the mixed (both 11f and O. present)
solution, the uncomplicated electrochemical behavior shown in
Fig. la could be reproduced. Aiso. if in the mixed system,

:
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a cyclic voltammogram was run to 2 swilching potential past
the peak for oxygen reduction but prior 1o the cathodic wave
cuTesponding to reduction of LI the reverse sweep jielded an
ovudation peak for superoxide which was uncomphcated. as
per Fig. 1b. This is evidence that superoxide dues not react
chemically to any appreciable extent with [1I, although Fig. 2
shows a depletion of available total radical amon of I{ in the
ditfusion layer: the oxidation peak at —2.29 V 15 reduced in
magnitude when O, is present. Al of the above possibilities
suggest that a product of the addition of HI and oxygen should
be observed, but exhaustive clectrolyses at or beyond the second
reduction wave gave no significant yields of any product of 111
except the anion radical.

Another possible explanation for the unusuaily high current
seen 10 the second reduction wave (1n the mixed system) is the
catalyuc regeneration of LIl by reaction of oxygen with the
anion radical to form HI and superoxide:

HIT + O, =1l + O,

{n tum, superoxide reacts with the anion radical to form HJ and
peroxide in the presence of a proton donor:

HS + 1T + O;” =S~ + HI + HO,”

Whereas O, is not a strong enough base t0 react with HS in dry
acetonitrile (O, is stable in dry acetonitrile for about 40 min),
electron transfer from I+ to O~ would form a base (5)
such as O that is now strong enough to react with HS (the
solvent). These results imply that electrochemical reduction of
superoxide to peroxide is thermodynamically feasible at poten-
uals where [l is reduced, but that the electrode reaction is
very slow. The formation of peroxide in acetonitrile has been
previously observed (9), where superoxide 1 the presence of
any available proton donor was reported to disproportionate to
peroxide and oxygen. Bulk electrolysis of the mixed systemata
potential of —2.40 V did indeed give rise to solutions whirh
were found to contain peroxide ion, as evidenced by testing with
Fenton's reagent. Thus. if 11 is regenerated continuously in the
presence of oxygen, the cathodic current at the electrode. which
is diffusion limited, will be expected to increase as observed,
without the production of any other organic product of I
(except the anion radical).

Figure 3 shows a plot of the normalized (1o the square root of
the sweep rate} current magnitude as a function of the sweep rate
for the aromatic hydrocarbon-oxygen system. The lowest plot
(1) 15 that for the oxygen reduction peak. Plot 1l is that for the
uncomplicated one electron reduction peak of I to its anijon
radical in the absence of oxygen. Plot 111 is for the cathodic peak
at —2.35 V when both 111 and oxygen are present in comparable
amounts. The reduction peak in plot {11 is the sum of the currents
for the reduction of III to its anion radical and the reduction
of electroactive products formed from the :eaction of the anion
radical with oxygen and superoxide, which the data suggest 1o
be more regenerated I as proposed in the preceding paragraph.

It should be noted that in the mixed system, a subsequent
cathodic excursion following cyclic voltammetry from 0 to
—2.5V vs. Ag/Ag" gave rise to no additional reduction waves
at lower potentials than that for 11} reduction. This is further
evidence that no long-lived organic products of the reaction of
the anion radical with O, and superoxide other than II are
generated. Though shont-lived products of this reaction cannot
be ruled out, the fact that the cathodic peak at —2.35 V grows
in companson with the anodic peak at —2.29 V is certainly
consistent with regeneration of additional I11.

The half wave potential for the reduction of Il is 400 mV
more negative than that for the reduction of V (5). This is the
expected result in view of the greater delocalization of the extra
electron possible in the larger = orbital system: the stability of
the naphthyl anion is greater than that of the benzy! analog, just
as it is known to be in naphthalene and benzene. We have
performed simple Hiickel calculations on [1l and V and find that
this assumption is in line with the results of those calculations.

B. Cations

In deoxygenated acetonitrile solution, a voltammetric sweep
to positive potentials gives rise to single electron oxidations of
111 to uts radical cation and of its radical cation to dication
(Fig. 4). The second reduction is irreversible: the hifetime of the
dicauion is very short on the experimental timescale. On the
other hand, the anodic and cathodic peak potential separation
(corresponding to oxidation of HI and reduction of IH*",
respectively), approach 60 mV when sweep rates are increased
to 500 mV s~ ', suggesting electrochemical reversibility at this
sweep rate; the half-wave potential there is +0.68 V. However,
up 1o 500 mV s ™', the anodic peak current (oxidation of UII) is
greater than the cathodic peak current treduction of HI**), and
the ratio of cathodic to anodic peak current increases with sweep
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rate (Fig. 5). These observations are consistent with a reversible
electron tansfer followed by kinetic decomposition of the
resutting cation radical (5). If the potential 1s swept immediately
to more negative values following the oxidation of Il to its
cation radical. a new peak appears at about —0.7 V (Fig. 4),
this peak 1s due to the reduction of protons formed in the
decompasition of the cation radical. if the potential is swept
posiuve enough to form the dication, and then immediately
swept negative to potentials where the anion radical is formed,
no peak for the reduction of the dication 1s observed; only the
reduction due to the protrons is evident.

At a glassy carbon electrode, virtually identical behavior was
observed tor LI at alt applied potentials except the cathodic
peak at ~0.7 V disappeared, which confirms that this wave
corresponds to the reduction of protons formed in the first
anodic wave. Also, oxygen had no effect on the electrochemis-
try of the cation radical or dication; the very same voltammetry
as descnibed above was observed even if oxygen was present in
solution.

it is interesting to note that the half wave potential for the
oxidatton of the benzy!l derivative Il is about 130 mV fess
positive than the half wave potential for the oxidation of the
naphthyl derivative V (5). This surprising result is not explained
by simply considering the stabilities of the ions as was possible
in the case of the reduction of these two compounds. The result
can be explained for both oxidation and reduction if one
assumes that there is a large difference in the ground state
energies of the two neutral compounds Il and V. and lesser
differences in the electronic energies of their respective cation
radicals. If neutral V is energetically more stable than I1, it will
be more difficult to oxidize than III, given that the cations of
each are closer in energy than are the neutral species. This trend
was indeed indicated in the Hickel calculations; the overail
stabilization energy of V was predicted to be greater than that of
111, whereas the electronic energy difference between the cation
radicals is less than the energy difference between the neutral
species.

—END OF FILE | —
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_ C. Structural considerations
The consideration of the possible structures of the electro-

chemically formed 1on radicals 1s of interest. The reversible
behavior ot 111 upon oxidation and reduction indicates that no
opeming ol the three-membered ring occurs when either the
cauon radical or the aniun radicai 1s formed. The compound is
reduced at shghtly less negative potentials than many other
acomatic hydrocarbons 1n acetomitnie. The half-wave potennal
for the reduction of Il was seento be ~2.32V vs Ag/Ag”
This value compares with half-wave potentals of =29 V
for naphthalene, —2.5 V for tetraphienylethylene, —2.5 V for
pyrene, —2.4 V tor diphenylanthracene. and —1.93 V tor
diphenylmethylenecyclopropal b Inaphthalene. Compound 111
is oxidized at somewhat less posttive potentials than many other
aromatic hydrocarbons in this soivent. It has a half-wave
potential of +0 68 V tor oxidation to the cation radical. For
naphthalene this value 1s +1.40 V., for pyrene +1.06 V, for
tetraphenylethylene + 1.0 V. for diphenylanthracene +0.92 V,
for anthracene +0 91 V, for diphenylmethylenecyclopropal b- N
naphthalene +0.81 V. and for perylene +0.66 V. \
On formation of the radical ions, it is most likely that the
olefinic double bond 1s broken. This release of strain would
yield a reduced free energy of 1on formation. The anion would
be then formed at less negative potentials and the cation formed
at less positive potentials than whit might be predicted from
Y haif-wave potentials of vther aromauc hydrocarbons. Proposed -
structures iu. the anion radical are: -t ¢./7' 5
=

while possible structures for the radical cation might be: ~ '@7

It is not possible from our voltammetric data to conclude for
etther species which resonance structure contributes most to the
lowest overall energy state.

Spectroelectrochemistry

A. The union radical

Modulated specular reflectance spectroscopy (MSRS) in the
visible range was performed on solutions containing 111 (1 mM)
in acetonitrile in the absence of oxygen. The potential was
stepped from O to —2.50 V and the frequency of modulation
was 40 Hz. The MSRS technique is described more explicitly
in refs. 8 and 12. A single peak (Ap, = 587 nm) due to
absorption by the radical anion was observed. Reflection
spectroelectrochemical transients for the formation of the anion
radical were then obtained at this wavelength using the same o o
potenuals. Figure 6 shows the transient for radical anion ,,'/ ‘/ o :
formation of I at the platinum mirror electrode in the absence ,
of oxygen Composite transient data from 100, 200, 400, and ~—
1000 ms transients were combined to examine the lineanty of
the optical response with the square root of time over an
extended period. Lineanty indicates anion radical stability over
the examined timescale, if the amplitude of AR/R s kept
smal). The plots of —~AR/R vs. ' ? were indeed linear with a
correlation coetficient of 0.99885. showing the radical anion to
be very stable for times of at least 1 s. This also demonstrates the
reproducibility and accuracy of this transient techmque.

Figure 7 shows the transient that results when oxygen 1s
present in solution together with HI. MSRS data data of this
system at the same potentials of modulation still revealed a
single peak at the same wavelength as that for the oxygen-free

® system, demonstrating that superoxide does not absorb at this or

at any nearby frequency. We stiil observe the formation of the
radical anion during the forward potential step although the
reflectance is somewhat less. When the potential is reversed to
its base value, however, to where only neutral Il and O, are
stable, the refiectance, which is proportional to absorbance at
low values of AR/R. is observed to decay rapidly to zero.
Clearly. the anion radical of I reacts rapidly with oxygen.

Regeneration of Il is suggested by the observed reflectance -
time profile during the forward applied potential pulse; the
shape of the transient 1s still a linear function of the square root
of ume. II1 © diffuses from the electrode surface into the oxygen
and superoxide rich solution, neutral HI is formed and can
therefore diffuse back to the clectrode and undergo another
reduction.

The results are consistent with the following proposed
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mechanisit 1o the cathudic reducon ot §1itl
IN THE ABSENCE OF OXYGEN
MWre =W:  E =-2nV
[

In oxygen-free soluuon a simple electron transfer occurs
reversibly (¢ form the anion radicasl from neutral HL

(N THE PRESENCE OF OXYGEN
O; +e” =0y El = -118V
Hl+#e =HI5 E[ = -2V
0, « T =0, + 1
HS + 0:7 + (17 =287 + HOy™ + Il

Here the mean ot the oxidation and reduction peak potentials
for dioxygen have been taken to be the standard potential.
Duning the forward potential step, the rate of production of the
anion at the electrode 1s limited by the diffusion of the neutral
species to the surface. Reaction of anion with oxygen and
superoxtde regenerates the neutral molecule, so more of 111
1s available to diffuse to the intertace. Because of this. the
sbsorbance of the radical anion in oxygen-containing solutnon is
not much lower than 1t 1s 1n the solubion in which oxygen is
not present. Dunng the reverse potential pulse, however, the
uxygen consumes the anion while the regenerated starting
matertal cannot react electrochemically to form more amion
to replace that which is consumed. The reflectance therefore
fails rapidly 1n companson to the case in an oxygen-free
environment.

The supporuing electrolyte cation, TBA ', probably acts as
a proton donor in the proposed scheme. The peroxide dianion
most likely abstracts a proton from the background electrolyte.
Further studies on this possibility are underway and will appear
elsewhere.

Evidence for the greaser stabiity of the anion radical of V
than that of I11 is apparent from the MSRS experiment. The
wavelength of maximum absorption for the anion radical of {11
appears at 587 nm, whle that for the anion radical of V s
observed at 529 am (5); the energy of the electronic transition
for the naphthyl decivative anion radical 1s higher than thu for
the benzyl derivative anion radical. Energy levels pred.cted
from the Hickel calculations appeared at relative energies
which are consistent with these data.

B. The cation radical

A reflectance transient spectrum was obtained as before for
the cation radical formation from LI, by stepping the electrode
potential (chronoamperometric expeniment) fromOto +0.9 V,
which causes diffusion-controlled mass transport of neutral
I to the elecurode. The current response indicated a simple
one-electron transfer. The wavelength of maximum AR/R
was found at 473 nm for the formation of the radical cation.
Identical spectra resulted whether O; was present or absent in
the solution. Spectroelectrochemical transients for the anodic
oxidation of 1Y 10 its radical cation were then taken at the above
Amax 1O pulse lengths of ™1, 40, 100. 200, and 400 ms duration;
a typical transient is shown in Fig. 8. Such transients were
identicai whether O, existed 1n solution or did not, suggesting
no cation radical reaction with oxygen. The composite data
from the above transients of different length were plotted as
before (AR/R vs. 1'°2) (Fig. 9). The plot is linear up to times of
about 10C ms, and thereafter we see a fall-off region; the cation
radical is stable for a short period before it undergoes decay.

Whether this decay involves an electron transfer or not, a
chemical step is certainly involved; it is the product of this decay
which appears at cathodic potentials upon reverse sweep to
negative values in the cyclic voltammetry described earlier.
Assuming first or pseudo first order kinetic behavior, we can
compute the homogeneous rate constant for the decay of the
radicai cation from the spectroelectrochemical data utilizing the
technique described in refs. 12 and 13, where the rate constant

-], -]
1%

Here { —AR/R)y is the change in reflectance which would be
obtained at time  if the absorbing species does not decay, and
[ —AR/R],is the change in reflectance where decay occurs with
a first order rate constant k. Computation of this k value was
performed from data from various transients in excess of 100 ms
length, and a mean homogeneous first order rate constant of
1.99 s~' was determined for the degradation of the cation
radical.

The data are consistent with the following mechanism for the
oxidation of III, either in the presence or absence of oxygen:

k=

< ﬁéu
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It was not possible from the spectroelectrochemical data to
determine between an EC or an ECE mechamism where the
second electron transfer could not be observed (vide infra)

The electrochemical and spectroelectrochemical (vide infra)
evidence 1s for an EC type of reaction mechantsm: subsequent
clectron transfer reactions are not indicated after the niual
chemical reaction product is tormed. If the concentration of
the hydrocarbon s increased. the rate constant for react:on of
the cation radical does not increase when the solution 1s very
dry. indicaung that in this solvent of low nucleophiicity,
dehydrodimenzation reactioas to form the bipheny! or uther
Jdimer products with starting material o5 other cation radicals
1s not the major chemical reaction of the cation radical. The
reaction also 1s not dependent on the nature or concentration of
supporting electrolyte as long as the solutions are of sufficient
conducuvity to allow for rehable electrochemical measure-
ments; [ithium perchlorate, tetrabutylammonium tetratluoro-
borate. and tetracthylammomum perchlorate all gave similar
results at 0.05, 0.10, and 0.25 M concentrations. Water
ada.tion at the 1-2C mM level in all of these solutions did not
lead to changes in the rate of cation radicai reaction.

Other possible pathways (13, 1|S) for hydrocarbon cation
radical reaction< are well known. They proceed generally by an
ECE type react un, such as loss of proton to give the free radical
with subsequent loss of another electron to give the carbenium
species, which reacts with any nucleophile to give stable pro-
ducts. Disproportionation reactions occur much less frequently,
and these are also overall two electron transter reactions. The
most plausible reaction is that there ts a proton loss ( vide supra)
to form the free radical of [11, which is (@) either electrocherm:-
cally more difficult to oxidize than the starting material (this s
indicated by the Hiickel calculation), and/or (b) because of
the slow rate of production from the cation the free radical
species wiil be concentrated at a distance far from the electrode
compared to the size of the reaction layer of the radical. The
radical reacts away (probably by radical-radical dimenzation)
before 1t can be transported back to the electrode to undergo
another electron transfer (cf. (a)).

MSRS spectra for the cation radicals of III and V gave
similar wavelengths of maximum absorption: 473 and 480 nm,
respectively. This indicates that the cation radicals have similar
ground state electronic energies. The HOMO- LUMO elec-
tronic transition energies calculated with the Hiickel programs
were also consistent with these observations.

Conclusion

The voltammetric and spectroelectrochemical studies of the
title compound suggest significant etectrontc ditferences in both
Il and V as well as their respective anion radicals, while
indicaning that the caticn radicals of the two species are ener-
geticaily simlar. Studies on neutral aikylidene cycloproparenes
(14) have shown the stability of the cyclopropabenzene deriva-
tives 1o be less than that of their naphthyl homologs. Simple
Hiickel molecular orbital calculations gave results which were
consistent with these observations.

Acknowledgements

S.P. thanks the Office of Naval Research for support of part
of this work, and John Metlor for valuabie discussions regarding
the electrochemical results. P.J.S. acknowledges the support of
the National Science Foundation (CHE84-19099). K. A. thanks
Carol Karzeniewski for the use of her Hiickel programs. S.1.8.
thanks the NZUGC for a postdoctoral fellowship.

1. A. GREENBERG and J. |. LIEBERMAN. Strained organic molecules.
Academic T'ress, New York. 1978.

2. W E BitLups. Acc. Chem. Res. 11, 245 (1978).

3. B HaLtoN. Ind. Eng. Chem. Prod. Res. Dev. 19, 349 (1980)

4 B. Hatron, C. J RaNDaLL, and P ). STANG. J. Am Chem.
Soc. 106, 6108 (1984).

§. K. Asdiey, J. K. Fotey, Q. Mei. J. GHOROGHCHIAN. F.
SarFaRAZL, J. CassiDy, B. HALTON, P.J. STANG. and S PONs.
J. Org. Chem. 51, 2089 (1986).

6. D B Cuark, M. FLEISCHMANN, and D PrLETCHER | Chem
Soc Perkin if, {578 (1973)

? )} Cassioy. Ph.D. Thesss, Umiversity of Utah 1985

8. S PonsandS. B KHoo. J. Am. Chem Soc 104, 3R45 (1982)

9 T A Lomenzoia, B. A Lorez. and M. C. GIORDANA ]
Electrochem. Soc. 130, 1359 (1983)

10. H. SieGERMAN. In Technique of electroorganic synthesis Part []
Edited by N. L. Weinberg. Wiley, New York 197§

11. A ) Barb and H. Luno (Ediors). Encyclopedia of electro-

24




chemustry of the elements Vol XI-1 Marcel Dekker, New York
iy7R

12 s B Knoo Ph D Thess, University of Aiberta. 1984

13 A Bewick.d M. MELLOR. and B § Pons Electruchem Acta,
25,931 41980}

14 B. HaALTON, C J RANDALL. G.J GAINSFORD. und P J STANG
J Am. Chem Soc In press.

1S L Esersonand) H. P UTLEY /a Organic electrochemistry
Edired by M. Baszer Marcet Dekker, New Yurk (983

Fic | Cyche voltammetry for (a) I mM [[f and for (6) dioxy gen
in U 1S M TBAF, acetonutnle soluton at a piatinum electrode The
sweep rate was 50 mV s™' Potenuals are vs the Ag/Ag” (001 M
AgNO:n 0 1 M TBAF in acctomitnie) reference electrode.

Fic 2 Cyclic voltammetry of the mixed system of the components

in Fig 1 Parameters the same as in Fig |

Fig 3 Plots of the normalized peak current vs sweep rate tor the
Jutain Frgs. | and 2 (1))s that for the reduction peak tin Fig. 15, (1h s
that for the reduction peak tn Fig. 1a: (11D 1s for the reduction peak at
~235 Vin Fig. 2 Except for the sweep rate. the parameters are the
same as thuse in Fig. 1.

Fic. 4 Cychc voltammetry of | mM 1L in acetonunle. Potential
program was 0 0 V to positive potentials, then reversing (0 negative
putentials, then returming to zero. Parameters the same as in Fig. |

Fic 5 Cychic voltammetry of | mM 1l 0 acetonutrile as a function
of sweep rate. Parameters the same as in Fig. |

Fic 6 Reflectance spectroelectrochemical transient at 587 am tor
the amion radical of I in the solution described a Fig la (The
solution 1s oxygen-free.)

Fig 7 Retflectance spectroelectrochemicat transient at S87 nm for
the anon radical of I in the solution described in Fig. 2 (The solution
Contains oxygen.)

Fig 8. Reflectance spectroelectrochemical transient at 473 nm for
the cation radical of Il in the solution described in Fig. 4

Fic 9. Reflectance vs. square root of ime plot for the formation

of the cation radical from transients of duranon: +, 20 ms: 3. 40 ms.
<. 100 ms; %, 200 ms; G, 400 ms. Solution is that described n Fig. 4
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