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ON THE CHEMISTRY OF LITHIUM DIALLYL CUPRATE 
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Abstract: The anomalous addition reactions of lithium diallyl cuprate with enones 
and an amino vinyl sulfone are shown to not result from ally1 lithium in equilibrium with 
ally1 cuprate. A mechanism involving anT 5, 18-electron cuprate is proposed. 

In the course of our research on the functionalization of vinyl sulfone 1 we have 

observed that organolithium reagents undergo conjugate-addition at -78'C to afford 

--adducts 2a_d in high yield,2 while organocuprate reagents undergo an amine-directed 

conjugate-addition' at approximately -2O'C to afford c& adducts 4a_c. 1 Both reactions 

occur with excellent stereocontrol as assayed by quaternization and elimination of the 

amine moiety to produce a- and cis vinyl sulfones trans-3a-d and cis-3a-c, - 

respectively.1'2 

Thus, we were initially quite surprised to discover that reaction of "lithium diallyl 

cuprate 3" with amino vinyl sulfone 1 yielded the same adduct (2d) as was obtained with 

ally1 lithium.3*4 
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Lithium diallyl cuprate has been reported to be a less well-behaved cuprate than 

other members of this important family of reagents.5 For example, in reactions with enones 

it has been found that increased substitution at the G-position results in a shift away 

from the expected 1.4-addition mode in favor of the 1.2-adduct.‘-’ 

In his seminal paper on this subject, House has raised the question of whether an 

equilibrium exists between diallyl cuprate and ally1 copper plus ally1 lithium.7 Clearly, 

the finding of 1.2-addition products from those substrates whose 1,4-addition pathway is 

more sterically encumbered is well in accord with such a postulate. Additionally, the 

isolation of z in the above vinyl sulfone reaction is formally consistent with an ally1 

lithium hypothesis. Finally, we have found that lithium diallyl cuprate 2 gives a strongly 

Positive Gilman testlo and also rapidly adds to acetophenone fi at -78’C to afford homoallyl 

alcohol 2 in 82% isolated yield.11V12 
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However, several additional experiments are totally inconsistent with invoking ally1 

lithium as the nucleophilic species responsible for the aformentioned allylation reactions: 

1) The reaction of ally1 lithium with vinyl sulfone 1 is complete within 15 minutes at 

-78’C but 1 is recovered in >95% yield after reaction with lithium diallyl cuprate for 30 

minutes at -78’C: and 2) Ally1 lithium (0.9 eq) reacts with 1.0 eq each of vinyl sulfone 

1 and acetophenone fi to afford a 1:l mixture of adducts z and 2, but lithium diallyl 

cuprate (0.9 eq) reacts with 1.0 eq each of vinyl sulfone 1 and acetophenone 5 to only 

afford adduct 7, the vinyl sulfone being completely recovered.13 
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Faced with the unsuitability of the above equilibrium hypothesis one must apparently 

find the source of the unusual reactivity of ally1 cuprate in the structure of the reagent 

itself The Pearson dimeric D2h cuprate model14 is supported by NMR15 16 
-* and X-ray studies, 

although calculations by Whangbo17 favor non-bridging ligands. The situation has been 

shown to be even more complex by Lipshutz,” who has recently demonstrated that the 

structure of the parent dinethyl cuprate reagent is profoundly dependent upon its mode of 

generation. 

Thus it is proposed that the ‘abnormal’ reactivity of lithium diallyl cuprate is a 

specific manifestation of the four-electron ally1 ligands. By utilizing the olefin 

x-orbitals lithium diallyl cuprate can exist in the 3q1B-electron configuration s. This 

species is coordinatively saturated and would not be expected to undergo the oxidative 

insertion reactions associated with normal ll-electron cuprate reagents whose coordination 

sphere is completed by solvent molecules. Such a species could, however, undergo direct 

allylation reactions with ketones, enones. and vinyl sulfones. l8 Equilibration of @ with 

6&, a 16-electron 
l2 species capable of undergoing oxidative insertion would provide a 

pathway for the 1,4-addition reactions observed with non-hindered enones.” 
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