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Planar Tetraco-ordinate Carbon Candidates : MNDO Calculations on 
Substituted Phenyl-lithium Dirners 

By JAYARAMAN CHANDRASEKHAR and PAUL VON RAGUE SCHLEYER* 
(Insti tut  fur Organisch,e Ch.emie der Friedrich-A lexander- Universitat Erlangen-Niirnberg, Henkestrasse 42, 

0-8520 Erlangen, Federal Republic of Germany) 

Summary MNDO calculations indicate the dimer of 2,6- 
dihydroxyphenyl-lithium (a model for the dimethoxy 
derivative) to prefer a geometry with two planar tetraco- 
ordinate carbon atoms ; extended aromatic n-delocalisa- 
tion, stability of multicentre 0 bonds involving lithium, 
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and ‘intramolecular solvation’ (chelation) are responsible 
for this preference. 

THE vanadium complex (1) is the first structurally character- 
ised compound with planar tetraco-ordinate carbon atoms.’ 
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(Partial s t r u c t u r e  ) 

Reasons for this remarkable stereochemical preference are 
apparent ; each planar tetraco-ordinate carbon atom is part 
of an aromatic system and is bound to two metals; these 
metals additionally are co-ordinated to  the oxygen atoms of 
the ortho-methoxy substituents. We have emphasised the 
importance of the first two features in stabilising planar 
tetraco-ordinate carbon over tetrahedral alternatives2 
Unlike tetrahedral carbon which forms four 2-centre 2- 
electron bonds, planar tetraco-ordinate carbon contains only 
six electrons in the a-framework and has a lone pair of elec- 
trons in an MO with n symmetry. Substantial stabilisation 
is possible only if the substituents have a propensity not only 
to delocalise this lone pair, but also t o  participate in multi- 
centre a-bonding. Electropositive subsituents are ideally 
suited for this purpose. The n-MO can be stabilised by the 
n-acceptor character of such substituents ; involvement in an 
aromatic system is especially effective. Compounds (2) and 
(3), which have been calculated to prefer anti-van’t Hoff 
geometries, are illustrative.293 

Taking the hint provided by ( I ) ,  we have now examined 
analogous, but simpler, systems computationally. Semi- 
empirical MNDO calcula tions4 were first carried out on 
phenyl-lithium dimer.5 The planar geometry (4a) (AHfO = 

- 141.0 lc J mol-l) is calculated to be 24.7 li J mol-l more 
stable than the ‘tetrahedral’ form (4b). The phenyl rings 
display aromatic bond lengths in both the planar (4a) and 
‘tetrahedral’ (4b) geometries. The lithium atoms are bound 
to the carbons through 3-centre 2-electron bonds in both 
forms,6 but such niulticentre bonds are preferred in the planar 
structure (4a). Additionally, (4a) is stabilised by n- 
interaction between the vacant lithium orbitals and the 
occupied phenyl rr-orbitals. 

(4d, D2,, (4b1, D2,, 

Bond lengths are given in pm in all the structures (4)-(6). 

The X-ray structure of the tetramethylethylenediamine- 
complexed phenyl-lithium dimer, however, corresponds to 
tetrahedral co-ordination about C( 1) .7 This change in 
stereochemistry is most likely due to solvent co-ordination 
to lithium which utilises the metal orbitals responsible for the 
preference for structure (423). To confirm this hypothesis, 
calculations were carried out on model systems : phenyl- 
lithium dimers ‘solvated’ by the oxygen atoms of water 
molecules. Only two H20 molecules are enough to reverse 
the stability order of planar and tetrahedral forms. Tetra- 
hedral (5b) (AHfO = - 725.4 k J mol-l) is 56.0 k J mol-l more 
stable than planar (5a). Solvent co-ordinated lithium has 
reduced a-donor and r-acceptor abilities and thus is less able 
to  stabilise the planar tetraco-ordinate carbon geometries. 
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In  the dimer of 2,6-dihydroxyphenyl-lithium (6), a model 
for the corresponding dimethoxy compound, the intrinsic 
preference of the phenyl-lithium dimer unit to adopt a 
planar geometry is reinforced through ‘intramolecular 
solvation’ (chelation). Planar (6a) is calculated to be con- 
vincingly more stable than tetrahedral (6b) ( h H f o  = - 942-1 
and - 820.0 k J mol-l, respectively). The 0-Li distance of 
224pm in (6a) is remarkably similar to the corresponding 
distances in H20-co-ordinated phenyl-lithium dimer [238 pm 
in (5a), 216 pm in (5b)l. The geometry in (6a) must be 
nearly ideal for lithium-oxygen intramolecular chelation.8 
According to our calculations, additional co-ordination to 
two external H,O units does not increase the stability of this 
form. Tetrahedral (bb), on the other hand, profits signifi- 
cantly from the two additional H20 molecules. However, 
the ‘internally solvated’ (6a) remains the most stable 
geometry. 
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Although the present calculations are necessarily over- 
simplified in the treatment of solvent effects, some general 
principles are revealed. In addition to strain and to aro- 
matic n- and multicentre o-stabilisation,2 a fourth effect, 
viz. intramolecular co-ordination, may be effective in pro- 
ducing a preference for planar tetraco-ordinate carbon 
geometries. Crystalline 2,6-dimethoxyphenyl-lithium and 

similar intramolecularly chelated lithium derivatives are 
easily ~ r e p a r e d . ~  X-Ray studies of such compounds are 
currently underway in our laboratories.10 

These principles are not restricted to aryl-lithium dimers . 
Dimers of vinyl-lithium5 with cis$ electronegative sub- 
stituents may adopt similar planar tetraco-ordinate carbon 
geometries. Fluoro, chloro, methoxy, and related vinyl- 
lithium derivatives, known experimentally,g~ll deserve 
detailed structural investigation. Besides lithium and 
vanadium, other metals should function similarly. Rota- 
tion of aryl groups, through planar transition states possess- 
ing planar tetraco-ordinate carbon, has been observed 
experimentally in o-tolylcopper tetramer and in related 
Ar4M4 and Ar4M,M’, group 1B metal clusters.6 
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