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Acetylene (Dth and its simple derivatives prefer linearity strongly.1 Doubly bridged
Do, acetylene (1) is calculated to be 196.9 kcal/mole (optimized geometry RHF/STD-BG)2’3
and 158.9 kcal/mnle (RHF/4-31G using the ST0-3C geometry)Bb less stable than the linear
form. Our recent findings that lithium is remarkably effective in stabilizing unusual
5tructures,4 suggested that the bridged form (3) may be preferentially stabilized by

lithium substitution.

Most organolithium compoupds display strong tendencies toward complex formation with
n-donor solvents and toward self-aggregation, which persists even in the gas and nat
just 1n the condensed phases.S Monomeraict organoclithium compounds are thus difficult to
study experimentally; ab 1initio calculations are the best methods currently available
for the investigation of such species. We therefore studied computationally the

structure and relative energies ot linear (Z2) and doubly bridged (3) dilithicacetylenes.
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Initial calculations were carried out at the restricted Hartree-Fock (RHF) level using

the ab initio SCF-MO Gaussian 70 series of programs.S Both structures were fully

3a and the split valence 4—31Gab'c

Single point calculations at the 4-31C geometries were then done with the polarized
3c,/

6-31G% basis set

optimized using both the minimal ST0-3C basis sets.

to assess the influence of adding d-functions to the basis. Single
point caleculations were also carried aut using MAller-Plesset perturbation theory to
second order starting with the RHF/4-31G wave function [RMP2/4-SWGJ.B This allows us

to assess the role of correlation in determining the energy difference. The traiplet

forms of 2 and 3 and other possible structures of dilithioacetylens were also calculated

3923



3924 No. 43

but found to be significantly less stable than either singlet 2 or singlet 3,

Table. Calculated Energies and Structural Parameters for

Linear (2) and Bridged (3) Dilithiocacetylens.

Calculational Total Energies Relative Energies Optimized Structural
Method {hartrees) (kcal/mole) Parameters (R)
2 3 2 3 2 3

cC-C C-La C-C C-La
RHF/STO-36  -89.37134% -89.40403% 20.5 0.0 1,221 1.815 1.269 1.914
RHF/4-31G -90.44360% -90.436169 0.0 4.7 1,240 1.886  1.260 2.058
RMP2/4-316  -90.6393c® -90.83747% 0.0 1.5 - - - -
RHF/6-316%  -90.551077 -g0.58188° 6.8 0.0 - - - -
RHF/ST0-36  -89.21222° -89.21722° 3.1 0.0 - - - -

aFully optimized geometries. deluulated using the RHF/4-31G geometry. CExcludlng all
2p orbitals on lithium and using the RHF/STD-36 optimized structure.

The Hartree-Fock relative energies of Z and 3 (Table) are basis set dependent but at all
levels the energy differsnces are much smaller than the corresponding differences in

the acetylene structures. At the RHF/6-31G% level, which should approximate the situation
at the Hartree-Fock 1limit, 3 is found to be 6.8 kcal/mole more stablie than 2. The
inclusion of correlation energy apparently favors the bridged structure further. With

the 4-31G basis, both RHF and RMP2 theory give 2 to be most stable but the differences

15 3.2 kcal/mole lower 1f correlation is included. Consequently, both i1nclusion of d-
functions and of correlation stabilize 3 more than 2. We therefore predict tnat monomeric
dilithioacetylene has a double bridged, D2h structure (3) 1n the ground state.

The only experimental data with which this prediction may be compared at present is the
structure of lithium carbide.9 This 15 known to be polymesric. Although the orthorhombic
structure (space group Dgi—lmmm] 18 certainly affected by sirong crystal forces, 1t

does show some similarities to 3. Carbon atoms are strongly associated 1n pairs with
neighboring lithium atoms in bridging positions. The observed nuclear separations

[RCC 1.20R and RCLi - 2.27B) are in reasonahle agreement with our predictions for the
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isclated molecules 3 (1.26R and 2.06R respectively].qa

The conformational preference of dilithivacetylens can be partially understood by

examining the Flgur812 which represents the three highest cccupied molecular orbitals

2 and of 3.
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Figure. Corresponding molecular orbitals of linear (2) and of bridged (3]

dilithicacetylene.

The cyclic nature of 3 and the availability of Zp orbitals on lithium allow the 1b2u
orbital to benefit from 2n electron aromatirity and furnish i1ncreased C-L1 bonding

in the 2b3U orbital. Both of these MO's are lower in energy than the corresponding
1nu orbitals of 2. [he energy of the 46 orbital of 2 remains almost unchanged when
correlated with 4a_ of 3, but 3€é of 2 (not shown) 1s higher in energy than 3ag of 3.
When the 2p orbitals on lithium are eliminated from the calculation, 3 1s still

3.1 kcal/male (RHF/STO0-3G) more steble than 2 andicating that sigma effects alsao

are important and may actually be dominant. lhis conclusion 1s also supported by
RHF/ST0~3C zalculations which indicate that HBe-C=C-BeH prefers linearily strongly,
10B

although beryllium is a better n-acceptor than lithium.
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