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Summary

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

tail and head-to-head CH2Li2

means of ab initio molecular orbital calculations using the

RHF/STC-3G minimal basis method. Split valence basis RHF/4-31G
»

single point calculations indicated VIII, with fou

dimer structures were optimized by

lithium
atoms bridging two perpendicular CH2 units, to be the most
stable geometry for (CH2Li2)2. The dimerization energy at this
level of theory, 37 kcal/mole, is alreadv considerable;

1t
trime

3

should be even larger with higher association. Possible

and polymer structures are suggested.

Introduction

When solvent-free methyl lithium is heated to 2507, methane is
lost and dilithiomethane remains as a light brown amorphous
powder[1]. Although useful synthetically{2,3], polymeric
dilithiomethane has not been studied to any significant extent
physicallyl4], and the structure is unknown. Recent ab initio
molecular orbital calculations on CHZLi monomer have revealed
remarkable features: the cis-planar form (I) is found to be
only 2-10 kcal/mole less stable than the "tetrahedral' (C,,)
gecmetry (II)[5,6,7]. In contrast to methane, where the planar
inversion barrier is inaccessibly high[5], monomeric CHzLié
‘should undergo rapid stereomutation even at room temperature.

To investigate the structure of polymeric dilithiomethane, it
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is desirable to have some indication of the structure of small
oligomers and the nature and strength of the interaction. Also,
‘the association with neighboring molecules may favor either the
piénar or the tetrahedral arrangement. In this paper, we
p”éseﬁt the results of an ab initioc molecular o”bita7 study of
the structure of the dimer, (CH iz)z’as a first step in
answering these questions.

.

Epmputationél Methods -

All calculations were carried out using the Gaussian 70 series

of programs[8a]. The minimal basis RHF/STO-3G method[9] was .
mployed for full geometry optimization; single point calculations
were then made at these geometries using the extended-basis
RHF/4-31G method (5-21G for lithium)[10]. An SCF damping

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

allowance was made: for electron correlation.

Dimer Structures

Two types of dlmer structures were con31aered.'Tn the flrsn ae51gnatec
"hezd- to-La1l" the iiuhlum atoms of one. mo1ecu1e 1nteract with

the hycﬂocens of tne utne We have conswcered 1—om" sucn -

structures (ILI—VT), each wwtn C symmetry. ILI has

+etraheqral arrangements “at both carbons, IV ‘has Dlanar

arrangenents, anq V and” VI are’ mlxed Dlanar—tetﬂahedraT
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species. In the second dimer type the four lithium atoms are
adjacent. For these "head-toc-head" species we first considered the
D

=24
planar molecules). It should be noted that VII and VIII are

structures VII (two tetrahedral molecules) and VIII (two

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 intermediate structure in such a conversion.
Structures X and XI can be obtained from IX first by brin

CH, groups into one plane (X, 2?h) and then by rotating t©

Li

Li
Ho 20N M N
Hi ™ || > H Li

¥ H Li

IX X X1

by 459 (X1, QZh)‘ X and XI correspond to an ethylene, the CH2 groups
which are separated by rings of four lithium atoms.

h

o
' The dimer structures III- XIwere completely optimized within
the imposed symmetry constraints at the RHF/ST0-3G level. The
resulting geometries are summarized in Table 1. The total and
relative energies (optimized RHF/ST0-3G and single-point RHF/4-
313G values) are listed in Table 2. The last two columns give
the dimerization energies relative to two monomers in the most

stablé:(tetrahedral) conformation (II). Geometry optimization

(Continued on p. 332)



-RHF/STO 3G Optlmlzed StpugfuiéélaffcgéLié_:* ars®?

Mo;ecule,201nt:group<Péfamépéﬁ ;ﬁfétéﬁceﬁ 2§£éﬁéf¢p;”'Angié w'

1.850 = <Li,C_Lii"  '80.9

III‘;,“ _929 V-C§L§a7 et SPraratTa o
CaHar 1i088', '<HaCaHa;‘ ,‘1ou.o
,Cble 1.?63 §L}beL1b 106.5
Cbe 1.102 {Hbehb 7 112.4-
CaCb 3.&?4 ) - _
iv QZV CaLla ;.798 <Llacap%a 79.1
C_H 1.104 <H_C_H ' 100.2
a a . aaa_
. Cble 1;?99 <L1beL1b 190.1
Cbe 1.104- <HbeHb 107.5
c_.C 3.453 .
a’b : .
v 02 C_Li 1.9689 <Li C_Li st 4
—=2v aTa a’a "a
C_H 1.088 - <H_C_H i04.0
aa a’aa
Cble 1.817 <HbeL1b 87.7
Cbe 1.105 <HbeHb 105.6
c_C 3.347
a’v
.p— r - - -
VI Cov C Li, 1.787 <Li_C_Li, 77.3
Caha 1.103 <H§Caﬁa. 100.4
Cble 1.94n <h1beL1b 108.7
Cbhb i1.094 <HbeH5 1i4.2
C_C. 3.604
a’b
T - . -
VIIiT 22d CaLla 2.041 <LlaCaLla 83.3
CaHa 1.104 <haCaHa ,97-3
c_C 2.978
5 a"b , . .
IX 22d CaLla 2f117 <LlaCaL;a 89.8
C_H 1.101 <H_C_H_ .- 97.8
a’a aa’a - -
CaCb 3.001
X 22h CaLla 2.103 <L1a¢aL1a 88.S
CaHa 1.101 <HaCaHa 7‘Q7.1
Cacb 3.002 ,
Xz EZh CaLla 2.1086 <L1aCaL1a :38.9
caHa‘ 1.100 <HaCaHa o ?757.
CaCb ‘3i00§:

= Distances in: gngstroms and angles - in degrees.VE-In tne structures
ITI -IX- the atoms belonglng ‘to the CH2L12 unit shown;at the "left are
-abel-ed a and those to rlght b. - SR I
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§£ VZZ'iéa&s]difepﬁi&:tojthejothéf de structurer(VIIiT;"

At bo;n Wevels of theo”y, the most stab1e head to-tall dlmer is
fTTT,'co“respond_ng to the 1n;eractlon c_ two tetrahedral
olecuTes. The strenggh of’ this 1nferactvon (17 -7 kcaT/mule

with tna T 31G ba31s) is due partly.to dipole- clbole forces and

£

ﬂtly to clrect bOanﬂ° between Ll —--H and L1 --—C.. The'

irect bonding is indicated by the total Mulllken overlap

'U o1 'U

pulations of»0.0ijorrLi ---Hy and 0.08 for Li_---C_ (using

a .
the STO—3G basis). One significant structural feature is the
the Li_-C_-Li_ angle from 119.8° in the tetrahedral
moromer II to 80.9° in the dimer IIT. This presumably increases

the divect bonding to H and C

'_a
0
p.: .
ju]
fija]
h

b*

‘The head-to-head dimers have CLJ.2 groups facing eath other. Of
the structures studied, VIII is the most stable. At the higher
level of theory (RHF/&—SlG), the dimerization energy is 37.0
kcal/mole (18.3 kecal/mole more than for the best head-to-tail
structure). This result strongly suggests that VIII represents
the lowest energy structure for (CH d-z)z, but it must be

emphasized that ail pDossible geometrical arrangements were not

[ah

consider

The geometrical parameters for VIII are significant. The Lia—

C_-Li_ and Ha-Ca—Ha angles are only 63.39 and 97.30, respectively;

tius,cthe dimer structure resembles closely the interaction of
two planar monomers with square-planar geometries. As noted
iously, if two tetrahedral monomers approach head-to-head
to give a 22& structure VII, no minimum is found and the energy
continues downward as the lithium pairs pass each other
(structure 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/mcle above VIIT (REF/k-31G). Thus, even though
the-optimizéd structure VIII can be considered to be & head-to-
head dimer of planar monomers, the distinction between "planar"
and "tetrahedral® nearly vanishesj; the carbon nuclei. are

2.0:18 from the "near" and 2.1668 from the Yfar" lithium atoms.
From,a conventional viewpoint, VIIT has a remarkable structure
indeed! The CH, groups compriéeAa perpendiculgr‘ethylene,'but
one whosa ccmponents have been éeparéted by a girdle of four
bridging lithiums to the peint where the difectriﬁteractiqn
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‘between .carbons has essenfially vanished. Rotation of one of the

CH2 groups-in IX leads to X which is only 6.4 kcal/mole (4-31G/5-21G
level) higher in energy than IX. Rotation of the girdle of 1lithiums in
X by 1459 leads to XI with relatively little change in energy; the
lithium ring rctation is esséntially free. We have not checked if X
and XI represent local minima on the potential energy surface.

The electronic configuration of VITI ¢ symmetry) (valence

P24
electrons only) is:

2 2 4 2 2 L
(1a1) (1b2) (1e) (Zal) (2b2) (2e)

If the Z-axis is chosen to lie along the line joining the two
carbon atoms, the highest occupied molecular orbitals 2e
represent "n-bonding" between 2p, and 2p on carbon and
appropriate combinations of lithium orbitals. The lower
molecular orbital 1b, would be antibonding if only 2s functions
in iithium were included, but. it becomes greatly stabilized by

participation of lithium 2p, orbitals (Scheme 1). The overlap

Q<O
e PO
<O

Scheme 1. Representation of the 1b, molecular orbital of VIITI.

population between a pair of lithium atoms equidistant from one
carbon is antibonding (~0.26 at ST0-3G) indicating the absence
of a three-center two-electron bond among the CLi2 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

molecular orbitals such as 1b2.

The theory prediéts,that stereomutation of the tetrahedral
moncmer II can occur without activation through dimer formation.
This is because structure IX, with all lithium atoms eguidistant
from both carbons, lies on the path from two monomers to the

‘most stable dimer structure.
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Conclusions

The head-to-head structure VIITI is indicated by RHF/4-31G
moiecular orbital calculations to be the most stable arrangement
for the CH,Li, dimer. A‘tendency'for lithium to bond to both
carbon atoms is the dominant feature in the association{ii,12].

On this basis,; structures such as XII and XIII are likely candidates
: - Yy

H

or the trimer; similar bridging would be possibie in polymeric
structures XIV or XV. A number of polylithium compounds with
gen-dilithio groupings are known[13]; perhaps these associate

by similar head-to-head bonding.

F{ f4 H H j": ' 7' vll
X1V XV

Ackncwledgment

This work was supported at Erlangen by the Fonds der Chemischen
Industrie and at Carnegie-Mellon by the National Science . - :
Foundation, ahd‘was'facilitatedrbyra'NATOfGrant.



335
References

1 K. Ziegler, K. Nagel, and M. Patheiger, Z. Anorg. Chem., 282

| (1955) 3u5.

2  P. Krohmer and J. Goubeau, Chem. Ber., 10u (1871) 1347.

G. Grebér, Makromolekulare Chem., 52 (1962) 178.

P. Krohmer and J. Goubeau, Z. Anorg. Allg. Chem., 369

(1969) 238.

5 J. B. Collins, J. D. Dill, E. D. Jemmis, Y. Apeloig,
P. v. R. Schleyer, R. Seeger, and J. A. Pople, J. Amer. Chem.
Soc., 98 (1976) 5419.

6 E. W. Nilssen and A. Skancke, J. Organometal. Chem., 116 (1976)
251.

7 (&) R. Janoschek, "The Jerusalem Symposium on Quantum Chemistry
and Biology," Vol. X., 1977, private communication; (b) R. Ahlrichs,

£+ w

private communication.

8 (&) W. J. Hehre, W. A. Lathan, R. Ditchfield. M. D. Newton and
J. A. Pople, Program No. 236, Quantum Chemistry Program-
Exchange, Indiana University; (b) We thank Dr. D. Poppinger
for the SCF damping program used in this study.

9 W. J. Hehre, R. F. Stewart, and J. A. Pople, J. Chem. Phys.,

51 (1969) 2657. .

10 (a) R. Ditchfield, W. J. Hehre, and J. A. Pople, J. Chem. Phys.
54 (1971) 724; (b)) W. J. Hehre and J. A. Pople, ibid., 56 (1972)
4233; (e¢) J. D. Dill and J. A. Pople, ibid., 62 (1975) 2921.

11 J. D. Dill, P. v. R. Schleyer, J. S. Binkley, and J. A. Pople,

J. Amer. Chem. Soc., 99 (1977) 6159.

12 T. Clark, P. v. R. Schleyer, and 4. A. Pople, Chem. Commun.,
(1977) 137. )

i3 E.g., E. D. Jemmis, D. Poppinger, P. v.R. Schleyer, and J. A. Pople,
J. Amer. Chem. Scc., 939 (1977) 5796 and references cited therein.



