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approaching 180°, as in the Cram29 and Cornforth30 models. 
Transition structures approaching Felkin-Anh geometry may also 
be conceivable since at effects may not be highly angle-sensitive.31 

Although aldol reactions are known to proceed through complex 
aggregated species'8'32 where enolate-aldolate species also 
sometimes dictate the stereochemical outcome,33 our rate effects 
depend almost exclusively on substituent field/inductive param­
eters. Mechanistically, these results make clear that observed 
nonchelation facial selectivities in aldol reactions of a-alkoxy 
aldehydes and ketones12"14 result at least in part from very high 
acceleration of the nonchelation mechanism by a-alkoxy sub-
stituents, not just from an inefficient chelation mechanism! The 
large magnitude of these rate enhancements (Cl » OR > SR » 
Me) makes a-heteroatomic substitution a very useful synthetic 
strategy for regioselective intramolecular competitions. Exper­
iments are in progress to determine the nature of the interactions 
in a-chiral systems, whether observed stereochemistries which are 
consistent with chelation control truly result from chelation 
mechanisms, and whether chelation can be made operative under 
different experimental conditions. 
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A popular approach for the experimental detection of elec­
tron-transfer pathways in organic reactions involves the use of 
intramolecular rearrangements. If an appropriate structural probe 
is incorporated into the substrate, the intermediacy of a radical 
or radical ion can often be inferred by the appearance of rear­
ranged products. For free radicals, these rearrangement processes 
are well-documented,1'2 and in several cases, their absolute rate 
constants are known.3 In the case of radical ions, however, it 
is often assumed implicitly that the same structural features will 
also lead to rearrangement. This notion is based upon the precept 
that the driving force for rearrangement of a radical and a radical 
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Table I. Summary of Data Pertaining to the Electrochemical Reduction 
of Phenyl Cyclopropyl Ketones 1 - • 4 

compd 

1 
2 
3 
4 

E]/2" vs 
Ag/Ag+, 

V 

-2.420 
-2.435 
-2.435 
-2.24* 

^A/B 

2.0 
1.7 
1.9 
i 

SEf/6 
log M,c 

mV/decade 

g 
g 
-17.3 
-33.4 

hEJh 
log ( C A ) / 

mV/decade 

g 
g 

19.4 
4.2 

fcobKl.' 
M-' s"1 

4.5 
13.1 

180. 
i 

Ej 
kcal/mol 

10.2 
8.3 
7.4 
i 

"All experiments were carried out at a planar gold electrode in DMF 
with B-Bu4NBF4 as supporting electrolyte; Ag/Ag+ (0.1 M in CH3CN) 
reference. */?A/B = [* '°g ("c)/^ '°8 (CA)] + 1> determined by derivative 
cyclic voltammetry (see text). 'Variation in peak potential (Ej) as a func­
tion of sweep rate, determined by linear sweep voltammetry. "Variation in 
peak potential (£p) as a function of substrate concentration (CA), deter­
mined by linear sweep voltammetry. 'Overall rate constant at 20 0C, de­
termined by &(ECDIM) = 0.1 m(F/RT)v0.s/CA (refs 21 and 22) and digital 
simulation (refs 31 and 32). /Apparent activation energy, determined by 
observing the effect of temperature on cc and fitting In (1/PC) = ("^1/ 
R)(\/T) + C (refs 21 and 22). 'Reaction kinetics too slow for LSV anal­
ysis. *Peak potential at 50 mV/s; no anodic wave observed. 'Reaction 
kinetics too fast for DCV analysis. 

Table II. Theoretical LSV Response for a First-Order and a 
Second-Order Radical Anion Decay" 

hEJi log (»),« &EJ6 log ( C A ) / 
rate law mV/decade mV/decade 

U B ] 1 ^ OO 
W B ] 2 ^ ^l 

a-bEf/b log M = 1/(1 + A)[In (\0)](RT)/nF) where b is the reac­
tion order in B (refs 21 and 22 and Scheme I). b-bEJi log (CA) = (a 
+ b - \)/(b + I)[In (XO)](RTInF), where a and b are the reaction 
orders in A and B, respectively (refs 21 and 22 and Scheme I). 

ion are likely to be quite similar. In this communication, we 
provide evidence that demonstrates that while this assumption may 
be valid, these radical ion probes have not yet reached the level 
of reliability of their free radical counterparts, and consequently, 
extreme caution should be exercised in their use as diagnostic 
probes in mechanistic studies. 

Cyclopropylcarbinyl type rearrangements of ketyl anions have 
been utilized frequently in mechanistic studies.4"8 However, there 
are several conflicting reports in the literature regarding the 
integrity of a cyclopropyl ring in radical anions.4 ,9-18 Because 
of the disparity of these observations and because aryl cyclopropyl 
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Scheme II Scheme III 

ketones (in particular) have been utilized in several mechanistic 
studies, we began a detailed study of the chemistry of their 
corresponding ketyl anions." 

Utilizing derivative cyclic voltammetry (DCV), we examined 
the mechanisms of the electrochemical reduction of 1-4. For a 
reversible electrochemical process coupled with rate-limiting 
homogeneous kinetics (Scheme I), the "reaction-order approach", 
reviewed extensively by Parker,20"22 provides a means of assessing 
the rate law for radical anion decay. In the DCV experiments, 
the anodic/cathodic derivative current ratio (/?DCV)

 was the ob­
servable. 

1 (R1 = R2 = H) 

2 (R, = CH3; R2 = H) 

3 ( R 1 = R 2 = CH3) 

4 (R, = Ph; R2 = H) 

At several concentrations of substrate, the sweeprate (v) was 
adjusted to keep /?DCV constant. A plot of log (vc) vs log (CA) 
yields a straight line whose slope is related to the combined reaction 
order in A and B: RA,? = 1 + [5 log (vc)/& log (CA)].21'22 

Deconvolution of the individual reaction orders in A and B was 
accomplished via linear sweep voltammetry (LSV). The results 
appear in Table I. Theoretical data for first- and second-order 
radical ion decay are summarized in Table II.21,22 

The only system found to be first order in radical anion was 
4. Controlled-potential coulometry yielded 1,4-diphenyl-l-buta-
none (7) as the only observed product (66% yield with 17% re­
covered starting material) with the net consumption of 2 faradays 
of electricity.23 These results are consistent with the mechanism 
presented in Scheme II: cyclopropylcarbinyl ring opening of 4*", 
followed by rapid reduction of the ring-opened distonic radical 
anion 5.24 Because the conversion 4" -» 5 is the rate-determining 
step, it is impossible to assess whether the second electron-transfer 
step is heterogeneous (ECE, 5 + e" -* 6) or homogeneous (ECEh, 
4 - + 5 — 4 + 6).25"27 
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In contrast, 1", 2", and 3 " exhibit second-order decay. 
Furthermore, increased alkyl substitution increases the apparent 
rate of decay of the radical anion, 3 " > 2" > 1", suggesting that 
electronic rather than steric factors govern the rate. For systems 
without the cyclopropyl group, which decay by a dimerization 
mechanism (e.g., 2Ph(C=CT)R — (DIMER)2-),28"30 steric effects 
are important and we observe an opposite trend: R = CH3 > 
CH2CH3 » CH(CH3)2 > C(CHj)3. 

These observations are completely explained by the mechanism 
presented in Scheme III: Radical anion 8 ring-opens reversibly 
to distonic radical anion 9, which is subsequently trapped by 
ring-closed species 8. The composite rate constant for this reaction 
(̂ obsd) reduces to (kx/k-x)k2, assuming that the second step is rate 
determining. Rate constants Ik0^) and activation energies were 
determined for 1-3 (Table I). It is important to note that the 
relative magnitudes of ^1, k.\, and k2 are unknown at this time. 

Controlled-current electrolysis of 1 (1 Faraday electricity) 
yielded 14% recovered starting material, dimers 10 and 11 in 41 
and 7% yields, respectively, and trimer 12 (11%). Similar products 
were also obtained for the reduction of 2 and 3. 

In conclusion, aryl cyclopropyl ketyl anions whose only sub-
stituents on the cyclopropyl ring are alkyl or hydrogen undergo 
a reversible ring-opening process. The consequence of these results 
for mechanistic studies is clear: Because the ring opening is 
reversible, these substrates are unreliable probes for electron-
transfer processes. 
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