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Preparing organocuprates from CUI in the mid 1960’s, 
House, Whitesides,la Posner, and Coreylb pioneered the 
resulting avalanche of applications in organic synthesis. 
House subsequently introduced CuBrDMS as a precursor 
for organocuprates with improved stability and reactiv- 
itya2 In 1981, Lipshutz employed CuCN as the source of 
Cu(1) and showed that the cuprate reagent prepared from 
2 equiv of alkyllithium and 1 equiv of CuCN provided 
high yields in the alkylation of secondary alkyl  chloride^.^ 
In spite of the fact that others had previously exploited 
R3CuLi2 compositions for improved yields and enhanced 
stereo~electivity,~ “R2Cu(CN)Li2” was proposed as a 
fundamentally new type of reagent and named a “higher 
order” mixed cuprate. Although no definitive spectro- 
scopic or structural evidence was presented then or since, 
the postulate of a tricoordinate, dianionic copper a-bound 
by cyanide5 continues to decorate the literature.6 Evi- 
dence to the contrary has come from NMR,7 EXAFSF and 
theoretical ~ t u d i e s . ~  The latter investigations not only 
underscore the absence of a metal-ligated cyanide, but 
also present specific, low-energy alternatives for the 
structure of the reagent. In an attempt to counter this 
body of work, Lipshutz and James have recently amended 
the “higher-order” cuprate concept by suggesting the 
existence of a complex in which the cuprate is Jc-bonded 
to cyanide 1.l0 
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To examine the updated Lipshutz proposal, a series of 
calculations employing density-functional theory (DFT) 
in combination with relativisitic pseudopotentials on 
copper have been performed. DFT can provide equlib- 
rium geometries, vibrational frequencies, bond dissocia- 
tion energies, and reaction energies in excellent agree- 
ment with experiment.l’ For first row transition metals, 
the relatively inexpensive B3LYP functionaP outper- 
forms MP2 and has been suggested to be the method of 
choice for small transition metal systems.13 The Gauss- 
ian 92/DFT B3LYP implementati~n’~ was used in the 
present work as BBLYPMLBDZ. For methylcopper 
the method yields a bond length of 1.927 A and a zero- 
point energy corrected dissociation energy of 49.9 kcal/ 
mol. Agreement with results a t  the triple 5 correlated 
level is excellent (1.936 A and 49.0 kcal/mol, respec- 
tivelyls). Optimization of the dimethylcuprate anion 
results in a bond length of 1.988 A, slightly overestimat- 
ing the X-ray determined values of 1.9361ga and 1.9411gb 
A for the uncomplexed anion. 

Features of the ncomplex of acrolein and lithiated 
dimethylcuprate 2 include a molecule of water coordi- 
nated to the lithium cation as a first solvation sphere 
surrogate for the ether solvent ordinarily employed in 
cuprate chemistry. The MezCuLi.(OHz) moiety lies in a 
plane containing the olefinic carbons and orthogonal to 
the average plane of the conjugated system. Though 
copper lies over the center of the C-C bond, the Cu-C 
bond lengths are sli htly asymmetric (r(Cu-CH2) 2.085; 

levels of t h e ~ r y . ~ ~ , ~ ~  The complexation energy is 14.9 kcal/ 
mol relative to  the sum of the energies for the isolated, 
optimized fragments. 
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Not coincidentally, structure 6 corresponds to the 
global minimum found previously in the examination of 
a more complete set of isomers of M~~CU(CN)L~~. (OH~) .~"  
The absence of copper-bound cyanide in THF at -78 "C 
by NMR,7 and XANESsb not only rules out a 
higher-order cuprate, but also 8. Boltzmann populations 
(-78 "C) derived from the DFT energies concur: 6 (87%), 
7 (7%), 8 (6%). 

A complementary comparison furnishes additional 
support for the Li2(CN)+ bridged linear dimethylcuprate 
6 as a prime candidate for the solution structure of Me 
Cu(CN)Li2.9 EXAFS measurements suggest a 0.04 
increase in the average Cu-C bond length upon passing 
from the latter to the It-complex formed with methyl 
trans-cinnamate. The corresponding calculated increase 
in the same direction for 2 and 6 is 0.12 A. Given the 
differences in enone structure between experiment and 
theoretical model, the bond lengthenings are mutually 
supportive. 

In conclusion, the supposition of a n-complex between 
the metal in dialkylcuprates and the cyanide anion is 
supported by neither experiment nor theory. Quantita- 
tively, formulation 1 is at  least 25 kcal/mol higher in 
energy than other topologies such as 6-8. Qualitatively, 
this can be understood as a problem in charge separation. 
In the absence of other strong influences, a collection of 
charged particles will arrange itself to minimize repulsion 
between like charges and maximize interactions between 
unlike ones. The highly ionic species MeaCu(CN)Liz = 
MezCuLi-LiCN containing three anions and three cations 
clearly prefers monocyclic 6 with CN nitrogen flanked 
by a pair of lithium cations. At the level of theory 
employed here and el~ewhere,~ the Li2CN bridged dial- 
kylcuprate Gilman structure is the favored arrangment 
assuming that the six particle aggregate is a discrete 
species in THF solution. Although the electron repulsion 
principle applies equally well to monomers or oligomers, 
indirect support for the assumption of monomers is found 
in the molecular weight determination for Me3C~Li2,~~ 
the participation of both MesCuLi2 and MesCuzLi in 
detectable e q ~ i l i b r i a , ~ ~ , ~ ~  the mediation of copper ligand 
exchange by Me3C~zLi~~ and the insolubility of MejCu3- 
Li2,4b all in THF. NMR studies on Me(R)Cu(CN)Liz in 
THF, though not definitive, are likewise consistent with 
monomeric s t r ~ c t u r e s . ~ ~ ~ ~ ~  

Finally, the answer to the question "If the cyano ligand 
is not on copper, then where is it?"lo is clear. It is on the 
lithiums. 
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Structure 2 was modified to 3 by replacing acrolein 
with CNLiOH2 and NCLiOH2 in two separate experi- 
ments; the copper positioned directly over the center of 
the C=N bond in both. Optimization with BSLYP/ 
LANL2DZ causes a no-barrier rearrangment character- 
ized by the loss of n-complexation and by the association 
of the cyanide bonded lithium cation with one of the 
cuprate methyl groups. The resulting structures 4a,b 
are best described as two dimensional ladders with three 
rungs. Similar topologies have been observed for lithium 
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amides21 and lithium phosphanides22 in the solid state 
by X-ray crystallography. A particularly apt analogy is 
the three-rung mixed aggregate of lithium diisopropyla- 
mide and lithium chloride (WZ3 The second ladder rung 
is a relatively long Li-C1 bond, as is the corresponding 
Cu-CH3 bond in 4a [r(Cu-C) ladder rail 2.071 A, ladder 
rung 2.270 A]. Barrierless reorganization of the n-com- 
plexes to 4 can be attributed to electron repulsion 
occasioned by attempting to bring the lithiated but 
nevertheless highly ionic cyanide and cuprate aggregates 
together in intimate association. 
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L" 

Coulombic repulsion can be mediated by moving the 
lithium cations between the anions to give topological 
isomers 6-8. Not only are the negative centers sepa- 
rated in space relative to 4, but both anions within the 
complex benefit by energy-lowering interactions with 
both cations. The optimized structures are calculated to 
be 21.7,20.6, and 20.5 kcal/mol, respectively, more stable 
than 4a. The result that the latter asymmetric bicyclo- 
L2.2.01 system is a local minimum stands in contrast to 
the findings for analogous symmetric R2CuXLi2 bicycles 
treated at  a similar level of t h e ~ r y . ~ ~ , ~ , ~ ~ , ~ ~  In those cases, 
the [2.2.01-structures spontaneously ruptured the central 
ladder bonds in a smooth downhill process to give 
monocycles similar to 6. Constraint of the central 
connection to average bond distances led to optimized 
structures from 15-20 kcal/mol above the latter. The 
even higher energy of 4 relative to 6 suggests that 
bicycles 4a,b reside in very shallow energy minima. 
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