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Summary 

327 

As models for polymeric dilithiomethane, a number of head-to- 

tail and head-to-head CH2Li2 dimer structures were optimized by 

means of ab initio molecular orbital calculations -asing the - 
RHF/STO-3G minimal basis method. Split valence basis RHF/4-31G 

single point calculations indicated VIII, with four lithium 

atoms bridging two perpendicular CH 
2 

units, to be the most 

stable geometry for (CH,Li,),. The dimerization energy at this 

level of theory, 37 kcal/mole, is already considerable; ii 

should be even larger with higher association. Possible trimer 

and polymer structures are suggested. 

Introduction 

When solvent-free methyl lithium is heated to 250°, methane is 

lost and dilithiomethane remains as a light brown amorphous 

powder[l]. Although useful synthetically[2,3], polymeric 

dilithiomethane has not been studied to any significant extent 

physically[4], and the structure is unknown. Recent ab initio - 
molecular orbital calculations on CH Li 

2 2 
monomer have revealed 

remarkable features: the cis-planar form (I) is found to be 

only Z-10 kcal/mole less stable than the "tetrahedral" (Cqv) 

gecmetry (II)[5,6,7]. In contrast to methane, where the planar 

inversion barrier is inaccessibly high[S], monomeric CH2Li2 

should undergo rapid stereomutation even at room temperature. 

To investigate the structure of polymeric dilithiomethane, it 
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IS desirz-ble to have some indication of the structure of small 

oligomers &nd the nattire and strength of the interaction. Also, 

the associationkth neighbboring molecules may favor either the 

planar or the tetrahedral arrangement. In this paper, we 

present the results of an ab lnitio molecular orbital study of - 
the structure of the drmer, (CH2Li2)2,as a first step in 

answering .-these iuestions. 

Computation& Hethods - 

All calculations were carried out using the Gaussian 70 series 

of programs[& Ii The m'inimal basis RHF/STO-36 method[9] Gjas 

emgloyed for full geometry opttiization; single point calculations 

were then made at these geometries using the extended-basis 

RHZ/c-31G methcd (5-216 for lithium)[lO]. An SCF damping 

routine was used to achieve convergence in many cases[8b]. No 

allowance was made-for electron correlation. 

Dim+ Structtires 

Twq tmes of dimer structures were considered. In the first, designated 

"head-to-tail", the Xthium atoms of one m&lecule interact with 

the hydrogens of the other. We have. considered four such 

structu&s <III-VT), each with C _ _-z; syk%try. IX.1 has 

tetrahedral arrkgements'at both carbons, IV.has planar 

arrangements-, arid V and.~VI are-mixedlDlanar-t~etrshed_~al- 



species. In the second dimer type the four lithium atoms are 

adjacent. For these "head-to-head" species we first considered the 

I)2d structures VII (two tetrahedral molecules) and VIII (two 

planar molecules). It should be noted that VII and VIII are 

interconvertible by moving the pairs of lithium atoms past each 

other. IX, in which all four lithium atoms lie in a single 

plane, is -an in termediate structure in such a conversion. 

Structures X and XI can_ be obtained from. IX first -by bringing the 

CH DrOuns into one plane (X, 2 a_ I)3h) and then by rotating the Li, ring 

IX X XI 

by 45O (XI, I&h>- X and XI correspond to an ethylene, the CR2 groups 

of which are separated by rings of four lithium atoms. 

The dimer structures III- XIwere completely optimized within 

the imposed symmetry constraints at the RHF/STO-3G level. The 

resulting geometries are summarized in Table 1. The total and 

relative energies (optimized RHFSSTO-GG and single-point RHF/4- 

31-G values) are listed in Table 2. The last two columns give 

the dimerization energies relative to two monomers in the most 

stable <tetrahedral) conformation <II). Geometry optimization 

(Continued on p. 332) 
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a ZCstencek in _%zstrEms ad angles Tn dizgrees- 2 InYthe.structures 

TII-IX- the-atoms belonging -to -the.CHiLi2 ilnit shown-at the-left zre 

labelled a and those & right 2. :: .~ 
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of VLI _trads~directly .to.the other D2d structure (VIII).- 

. 

At both levels or' -he&y, the most s-table head-to-tail dimer is 

III; corresponding to the interaction of two tetrahedral . 
;solecules. The strength of this interaction. (17.7 kcal/mole 

with the U-31G.basis) is due partly.to dipole-dipole forces and 

p.z”t7~ to direct bonding between Li 
a 
---Hb and Li ---C 

a b' 
The 

direct bonding is indicated by the total Mulliken overlap 

populations of 0.05 for Li,---Eb and 0.08.for Li,---Cb (using 

the STO-3G basis). One significant structural feature is the 

closing of the Li -C -Li a angle from 119.8 o 
a a 

in the tetrahedral 

m.onome;- II to 80.9O in the dimer III. This presumably increases 

the direct bonding to Fib and Cb. 

The head-to-head diners have CLi2 groups facing eath &her. Of 

the structures studied, VIII is the most stable. At the higher 

level-of theory (F.I-iF/U-31G), the dimerization energy is 37.0 

kc&/mole (la-3 kcal/mole more than for the best head-to-tail 

structure), This result strongly suggests that VIII represents 

the lowest energy structure for (CEf2Li212, but it must be 

emphasized that all possible geometrical arrangements were not 
-_ _ 

conslaerea. 

The geometrical parameters for VIII are significant. The Li,- 

Ca-Lia and R,-C,-H, angles are only 93.3O and 97.3O , respectively; 

thus, the dimer structure resembles closely the interaction of 

two planar monomers with sauare-planar geometries. As noted 

previously, if two tetrahedral monomers approach head-to-head 

to give a 22d structure VII, no minimum is found and the energy 

continues downward as the lithium pairs pass each other 

(srructure IX>, a minimum finally being reached at VIII. In 

fact, the four lithium atoms in VIII are only slightly removed 

from planarity. Structure IX, which is not a local minimum, is 

only 1.3 kcal/mole above VIII <SHF/&-31G). Thus, even though 

the optimized structure VIII can be considered to be a.head-to- 

head dimer of planar monomers, the distinction between "p.lanar" 

and "tetrahedral" nearly vanishes; the carbon nuclei- are 

S.OU& from the "nearW and 2.1663 from the rrfar'f lithium atoms. 

From a conventional viewpoint, VIII has a remarkable structure 

indeed! The CH2 groups comprise a perpendicular ethylene, but 

one whose ccmponents have been separated by a girdle-of four 

bridging lithiums to the point where the direct kteraction 
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between-carbons has essentially vanished. Rotation of one of the 

CH2 groups in IX leads to X which is only 6.4 kcal/mole (4-316/s-216 

level) higher in energy than IX. Rotation of the girdle of lithiums in 

x by 45.O leads to XI with relatively little change in energy; the 

lithium ring rotation is ess&tFally free. Fe have not checked if X 

and XI represent local minima on the potential energy surface. 

The electronic configuration of VIII 

electrons only) is: 

If the Z-axis .is chosen to lie along the line joining t‘ne.two 

'-D2d 
symmetry) <valence 

carbon atoms, the highest occupied molecular orbitals 2e 

represent "n-bonding" between 2~ _x and 2p 
Y 

on carbon and 

appropriate combinations of lithium orbitals. The lower 

molecular orbital lb2 would be antibonding if only 2s functions 

in lithium were included, but it becomes greatly stabilized by 

participation of lithium 2ps orbitals (Scheme 11. The overlap 

Scheme 1. Representation of the lb2 molecular orbital of VIII- 

population between a pair of lithium atoms equidistant from one 

carbon is antibonding (-90.26 at STO-3G) indicating the absence 

of a three-center -two-electron bond among the CLi 2 groups which 

characterizes the electronic structure of I [5,6,7]. However, 

positive overlap population (0.15) is found between lithium 

atoms not equidistant from one carbon. These changes presumably 

reflect increased three-center bonding C--Li--C through 

molec)Aar orbitals such as lb 
2' 

The theory predicts that stereomutation of the tetrahedral 

monomer II can occur without activation through diner formation. 

This is because structure IX, with all lithium atoms equidistant 

from both carbons, lies on the path from two monomers to the 

most stable dimer structure. 



Conclusions 

The head-to-head structure YIII is indicated by RHFf4-31G 

molecular orbita. calculations to be the most stable arrangement 

for the CH2Li2 dimer. A-tendency for lithium to bond to both 

carbon atoms is the dominant feature in the association[Il,l2]. 

On this basis, structures such as XII and XIII are likely candidates 

ZOT the trimer; similar bridging would be possible in polymeric 

structures XIV or XV. A number of polylithium co&ounds with 

gem-dilithio groupings are known[l31; perhaps these associate 

by similar head-to-head bonding. 

_- 
XIV XIV 
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