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addition to elucidating the mechanism of COHED, our results 
provide strong support for the existence of an enol intermediate 
in metal-dependent /3-decarboxylase reactions. 
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The use of configurationally defined organolithium reagents 
in ether solvents has only been possible for the exceptional cases 
of vinyl,2 cyclopropyl,3 a-alkoxyalkyl,4 and more recently a-sel-
enoalkyl,la'5a and a-aminoalkyl6 lithium reagents.7"9 Although 
early studies by Letsinger10 and Curtin" showed that even sec
ondary alkyllithium reagents lacking such structural features can 
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Figure 1. Formation, equilibration, and trapping of axial and equatorial 
lithium reagents 2a and 2e formed from la and Ie. The points are the 
ratios of isolated methyl sulfides 3a and 3e. The lines are best fit pseu
do-first-order calculated ratios, using the rate constants shown ([1] = 36 
mM). 

be prepared in optically active form if conditions are mild and 
a hydrocarbon solvent is used, they made the discouraging ob
servation that the rate of racemization was greatly accelerated 
by small amounts of ether. Higher configurational lability of 
normally isomerically stable vinyllithium2bc" and cyclopropyl-
lithium reagents12 in the presence of polar solvents has also been 
reported. 

We report here that axial and equatorial cyclohexyllithium 
reagents83 can be formed with high isomeric purity in THF and 
maintain configurational integrity long enough for laboratory time 
scale trapping experiments. We chose the lithium/tellurium 
exchange reaction13 for this study, since it is among the fastest 
of all Li/M exchanges (only slightly slower than the Li/Ilb,d), and 
tellurides have advantages over iodides in ease of preparation and 
lower reactivity in a- and ^-elimination. 

The axial and equatorial isomers of l-(phenyltelluro)-c/>3,5-
diphenylcyclohexane (1) were easily prepared from the corre
sponding alcohols by mesylation and SN2 substitution with sodium 
phenyltellurolate.14 Treatment of la with at least 3 equiv of 
sec-butyllithium resulted in fast (<30 s) cleavage of both C-Te 
bonds at -78 0C to give solutions of predominantly the axial 
lithium reagent 2a, as indicated by trapping with dimethyl disulfide 
to form 3a and 3e in combined yields of 80% or better. Di-sec-
butyl telluride and phenyllithium were also formed, and some 
unreacted .rec-butyllithium remained. Apparently inductive 
withdrawal by the phenyl substituents provides some stabilization 
of 2 relative to sec-butyllithium. However, if less than 3 equiv 
of seobutyllithium was used, significant amounts of \-sec-bu-
tyltelluro-3,5-diphenylcyclohexane remained in the reaction 
mixture. 

The solution of 2a formed in this way isomerized to 2e with 
a half-life of «9 min at -78 0C, reaching the equilibrium mixture 
of 8/92 2a/2e in 1 h.8a The equatorial telluride Ie similarly gave 
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a preponderance of equatorial lithium reagent 2e and equilibrated 
to the same 8/92 mixture of 2a and 2e (see Figure 1). These 
results represent the first example of a non-cyclopropyl hydro
carbon alkyllithium reagent with useful configurational stability 
on the laboratory time scale in THF or any ether solvent. 

The rate of equilibration was accelerated by lithium iodide and 
was strongly dependent on the total organolithium concentration.126 

Reasonable pseudo-first-order kinetics were obtained when the 
concentration of sec-butyllithium was optimum (36 mM, /1/2 = 
9 min), as shown in Figure 1. At 96 mM, tl/2 was 3 min, at 24 
mM, approximately 18 min, but considerable scatter was observed 
at both the higher and lower concentrations, the former because 
the rate was too fast, and the latter because the concentration of 
RLi was too low for accurate work. 

A reasonable interpretation of this concentration dependence 
is that the inversion process involves an aggregation state higher 
than that present in THF. If 2, like sec-butyllithium,15 is largely 
monomeric in THF, then the inversion may involve a dimer (this 
fits our rate data best) or a higher aggregate. The concentration 
dependence of primary Grignard reagent inversion has been ra
tionalized by invoking aggregate formation.16 An aggregate may 
provide mechanistic opportunities for moving a cation from one 
face of a carbanion to the other not available to a monomer, for 
example, by formation of a rapidly inverting free carbanion 5 or 
a triple ion intermediate such as 4 with a symmetrically dilithiated 
planar carbanion,17 or by related pathways as explored theoretically 
for methyllithium dimer.18 

_ Lvt,H R" 0 - RLi2
+ 1J RLi2* 

•&K •$&» = ^ -
We have tested the aggregation hypothesis. A complexing agent 

that effectively prevents dimerization might enhance the config
urational stability of 2a by preventing aggregate-based lithium 
exchange. The tridentate ligand AW/V./V'.yV'-pentamethyldi-
ethylenetriamine (PMDTA) is uniquely suited for the purpose: 
it is a strong complexing agentlc19 and is capable of occupying 
the three free coordination sites of a monomeric organolithium 
reagent, thus inhibiting dimerization.15,20 

The cleavage of the tellurides la and Ie was repeated in the 
presence of PMDTA (1/3/15 ratio of telluride, sec-butyllithium, 
and PMDTA), with the results shown in Figure 1. The isom-
erization rate was reduced by a factor of 20, with a half-life for 
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equilibration longer than 2 h. The equilibration constant was not 
significantly affected by the presence of PMDTA (a ratio of 7/93 
3a/3e was obtained at -45 0C). Furthermore, the rate of isom-
erization was unaffected by an 8-fold increase in the concentration 
of sec-butyllithium, provided that at least a 5-fold excess of 
PMDTA over lithium was maintained.21 Under optimum con
ditions at -78 0C with short reaction times, la gave 94% axial 
sulfide 3a, and Ie gave 98% equatorial sulfide 3e. In contrast, 
the rate of epimerization increased when run in ether/THF 
mixtures compared to pure THF (most lithium reagents form 
higher aggregates in ether than in THF). The bidentate com
plexing agent tetramethylethylenediamine (TMEDA, 5 equiv per 
RLi) produced no significant change in the rate of isomerization 
of 2a.22 

We believe that this is the first example in which configurational 
isomerization of a lithium reagent was slowed by increase in the 
strength of lithium coordination.23 However, the configurational 
isomerization of neohexylmagnesium chloride16" and 3-cyclo-
hexenylmagnesium bromide is slower in diglyme and THF than 
in ether.I6a We speculate that there may be two "islands" of 
relatively high configurational stability for alkyllithium reagents 
as solvent polarity is changed. One is in hydrocarbon solvents 
in which the charge separation needed for C-Li bond reorgani
zation is energetically costly, and a second is in more polar solvents 
containing predominantly monomeric species where aggregate-
assisted isomerization is inhibited, as proposed in the current study. 
One might anticipate that further increases in solvent polarity 
could again facilitate isomerization by stabilizing separated ion 
pairs, the mechanism usually invoked for polar-solvent-accelerated 
isomerizations.2b'c'6ac'12 
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We report here the reduction of C60 slurries by solvated electrons 
(es~) generated electrochemically in liquid ammonia and the cyclic 
voltammetry (CV) of the C60" solution produced. Waves corre
sponding to both soluble and insoluble forms of C60^ were ob
served, with n spanning the range 0-6 (depending on the sup
porting electrolyte used). C60 in solvents in which C60 and its 
reduced products are soluble, e.g., CH2Cl2, benzene, and toluene, 
showed up to five CV waves,1"4 and by use of mixed solvents at 
low temperature, the presence of six CV redox waves for Ie" 
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