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CARBUN-CARBON BOND FORMATION BY CUORDINATION
OF CARBOCATIONS WITH CARBANIONS.

Edward M. Arnett® and
E. B. Troughton

Department of Chemistry
Duke University
Durham, North Carolina 27706

Direct attack of resonance-stabilized carbenium ions and carbanions can be regulated to
provide a wide range of rates and equilibria for the study of carbon-carbon bond formation.

The simplest of all polar synthetic reactions should be that between carbenium ions and
carbanions. Such a process should be valuable for studying the structure-reactivity behavior of
electrophiles and nucleophiies since covalent bond formation is not complicated by the expulsion
of a Teaving group. Although carbenium ions and carbanions are usually considered to be very
reactive interinediates, there are many familiar charge-delocalized examples of both types which
are stable in the same region of the pH scale. It should be feasible to examine conveniently
the kinetics of carbenium ion-carbanion coordination and, if both species are stabilized
sufficiently, the covalent and ionic mixture could be equilibrated so that the kinetics and
thermodynamics of bond formation could be studied.

Ample support for the feasibility of such rate and equilibrium studies of carbocation-anion
reaction may be cited (1-4) using inorganic anions and variously stabilized carbenium ions to
yield ion pairs and covalent species. However, we have found no clear precedent for the work
presented here using reaction of a graded series of carbanions and carbenium ions.

Table I reports qualitative rate observations for the bleaching of tetrafluoroborate salts
of crystal violet, malachite green and tropylium ion by lithium and potassium salts of four
enolates of varying basicity and (presumably) nucleophilicity. These reactions confirmed a wide
range of coordination rates which were reasonably related to the stabilities of both ions as

expressed by the pKps of the carbenium ions and the pKas of the conjugate carbon acids of
the enolates.
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Table I.

Results of Reacting Cations and Carbanions in Solvents Shown at Room Temper.}ture.
COV = Covalent Coordination Product. Dimer = Dimerization Product from Radical
of Carbanion
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A quantitative examination of the reaction of crystal violet BF4 (CV) with the Tithium
and potassium enolates of dipivaloylmethane in DMSO gave clean second order reactions by
following the disappearance of the 602 nm. band of CV. The results indicate clearly the effect
of the concentration and nature of the alkali cation as it affects ion-pairing of the enolate (5).
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The activation parameters derived for reaction of CV with the potassium enolate (AH*=12.5
+ 0.7 kcal/mole, ASF=-18.2 gibbs/imole) can be compared with Ritchie's values (2) for
reaction of CV with cyanide ion in water at 25° (AH#=14.8 kcal/mole AS*=-15

gibbs/mole.

It was more difficult to find a system that yielded an equilibrium mixture of free ions or
jon-pairs and a neutral covalent product with clean formation of a carbon-carbon bond. Since
enolates are ambident nucleophiles we chose substituted phenylmalononitrile salts as a series of
carbanions which were more likely to react at carbanion carbon (6) and which could also provide
a series of m- and p-substituted ions for structure-reactivity studies. Since triarylmethyl
cations can suffer attack on the benzene rings as well as the central carbon (7) we also tried
tropylium and substituted cyclopropenium ions.

Table I indicates that other reaction channels are available in addition to the originally
proposed coordination route. Thus, electron transfer appeared to be involved in several cases
as manifested by the precipitation of the geminate product from the radical of the anion. Redox
potentials of separate solutions of cations and anions could be examined and also of some
mixtures. Thus, the quantitative relationships between carbon-carbon bond formation through
coordination and electron transfer channels may be compared. There is also precedent for the
formation of cnarge-transfer complexes (8).

The equilibrium between trianisyliethyl cation and nitrophenylmalononitrile anion with
their covalent product could be monitored by NMR and was clearly dependent on the polarity of
the medium, as might be expected (Table II).

Table I7. Solvent Effect on an lon = Covalent Equilibrium
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Dielectric constants for undeuterated solvents.
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In summary, we have demonstrated that the reactions of resonance-stabilized carbenium ions
and carbanions should provide an excellent opportunity to study rates and equilibria for
ion-pair and covalent bond formation through direct reaction between organic electrophiles and
nucleophiles free of leaving groups. The relation between cation-anion charge annihilation and
electron transfer should also be readily examined.
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