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Proposal for the Mechanism of Inversion of Alkyl-lithiums 

By TIMOTHY CLARK and PAUL v. R. SCHLEYER* 
(Institut f u r  Organische Chemie der Universitat Erlangen-Nurnberg, D-8520 Erlangen, West Germany) 

and JOHN A. POPLE 
(Department of Chemistry, Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213) 

Summary  The experimentally observed inversion at  the 
RCH2Li carbon within alkyl-lithium aggregates is 
indicated by ab initio molecular orbital calculations on 
model compounds to involve novel RCH2Li, fragments 
in which two lithium atoms stabilize a planar RCH, 
group. 

THE inversion barriers in primary alkyl-lithiums, RCH,Li, 
are known experimentally to be unusually low (ca. 63 kJ 
mol-1, 15 kcal mol-l), and appear to be independent of 
so1vent.l s 2  A dissociation-recombination mechanism (SE1) 
via carbanions has been considered as a possibility,l but can 
be ruled out on energetic3 and experimental grounds.2 
Although lithium substitution has been shown by ab initio 
molecular orbital theory to be remarkably effective in 
reducing the tetrahedral-planar energy difference in 
tetraco-ordinate carbon compounds,* planar methyl-lithium 
monomer ( C 2 J  is calculated to be 147.9 kJ mol-I (35.3 kcal 
mol-1) less stable than the normal form (C,,),5 a value 
too high to be consistent with the experimentally observed 
result. Fraenkel's n.m.r. line-shape analysis2 indicates that 
inversion occurs within the strongly associated alkyl 
lithium aggregates,s which are found both in solution7 and 
in the gas phase.3b We therefore have used ab initio 
molecular orbital theory to investigate the effects of 
aggregation on alkyl-lithium inversion barriers. 

Although the magnitude of alkyl-lithium aggregation 
energiess precludes a mechanism whereby inversion occurs 
in the monomers, we first considered the effect of alkyl 
substitution on the inversion of the carbon bonded to 
lithium in such species. As the planar-tetrahedral energy 
difference for ethyl-lithium (equation 1) (200-1 and 163-1 kJ 
mol-l at  the minimal STO-3Gg and split valence 4-31G1° 
basis set levels on STO-3G geometries, respectively) is 

calculated to be 15-19 kJ mol-I less than that for MeLi 
(219-3 and 177.7 k J mol-l; Table), we believe that methylcan 

safely be used to model the behaviour of the primary alkyl 
groups which have been used in the experimental studies.13 

We next examined the methyl-lithium dimer, optimizing 
five geometries a t  the RHF/STO-3G level. The C,, 
structure (I) is the most stable conformation of (MeLi),.ll 
To investigate a structure close to a possible inversion 
transition state, we chose the C, structure (11) in which one 
methyl group is constrained to lie in a plane bisecting the 
LiC-Li angle. Single point RHF/4-3 1G calculations were 
performed on these geometries. The results show that (11) 
is only 60.5 and 97.3 k J mol-l (14.5 and 23.3 kcal mol-l) a t  
STO-3G and 4-31GI respectively, less stable than the C2h 
structure (I). Thus, even this degree of association is 
sufficient to lower the tetrahedral-planar energy difference 
of a Me group to a value compatible with the experimental 
results. 

Stabilization of planar methyl groups in structures of 
type (111) appears to be a general phenomenon. The 
carbon p ,  orbital of the planar methyl group interacts with 
an antisymmetric combination of lithium s-orbitals as in 
(111). The resulting molecular orbital is favoured by a 
planar methyl group, as the overlap of the carbon p ,  
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orbital is more effective than that of a 7~ CH, orbital of a 
pyramidal methyl group. The weak Li-Li bond found in 
(I) (Li-Li overlap population = +0-221) is destroyed by 
the increase in Li 2s coefficients for the antisymmetric 
combination (111), and the two lithiums in (11) become 
antibonding (overlap population = - 0.501). Ultimately 
this type of bonding results in the stable Dsh MeLi2+ ion.12 

TABLE. Total energies and reaction enthalpies a t  the RHF/STO-3G optimized geometries for alkyl-lithium species. 

Symmetry, 
Formula Structure 

C,,, planar 

Cs, C planarb 

MeLi c,v 
EtLi C8, staggeredb 

(MeLi), D a d  (I) 
cs (11) 

(MeLi), Tar eclipsed 
T d ,  staggered 

Total energy/a.u." 
h 

RHF/STO-3G RHF/4-31G 
-46.4215g4 - 46*959624 
- 46.338054 -46.891924 
- 84.99605 - 85.92765 
- 84.91983 - 85.86552 
- 92.90686 - 93.98554 
- 92.88380 - 93.94847 

r 

- 185.88464 - 
- 185.85778 - 

Relative energy/(kJ mol-l) 
> r  h 

RHF/STO-3G RHF/4-31G 
> 

0.0 0.0 
219.3 177-7 

0.0 0.0 
200.1 163.1 

0.0 0.0 
60.5 97-32 
0.0 - 

70.5 - 
8 A.u. = 2625.4 k J mol-l. b See equation (1). 
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The most important consequence for alkyl-lithium inver- 
sion, however, is that the planar methyl group should be 
preferentially stabilized by association with a Li-Li edge, 
rather than a Li, triangular face. 

Alkyl-lithium tetramers and hexamers consist of trian- 
gular Li, faces with attached pyramidal alkyl groups.' 
Alkyl-lithium hexamers have eight such Li, faces associated 
with the roughly octahedral arrangement of the six lithium 
atoms, but these are occupied by only six alkyl groups.13 
Inversion might take place during migration of one of 
these alkyl groups via an Li-Li edge to a vacant Li, face. 
This process would appear to be less favourable in tetramers 
(tetrahedral or approximately so) which have no vacant 

faces, although concerted centre-to-edge movement of 
three of the four methyls (via a CaU transition state) is 
possible. The proposed inversion mechanism should be 
specific to methyl and primary alkyl-lithiums since a t  least 
two hydrogens are required on the a-carbon. Thus, 
because of steric problems secondary and tertiary alkyl- 
lithiums should have higher barriers to inversion by this 
mechanism.14 3x6 
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