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Summary

SCF energies have been obtained for various geometries of pentadienyl-
lithium using STO/3G atomic orbitals. In agreement with experiment, the
“W”-form of the pentadienyl anion is shown to be the most stable. For the
covalent molecule, the strong chelating ability of the lithium atom favours
a non planar structure.

The geometry of pentadienyllithium has been investigated in relation to
the problem of base-catalyzed olefin isomerization [1]. The pentadienyl
anion is the intermediate in such reactions and the stabilities of its various
stereoisomeric forms are thought to determine the stereochemistry of the iso-
merization. Consideration of the symmetry of the » molecular orbitals led
Hoffmann [2] to conclude that the U-form (c) of the pentadienyl anion is
more stable than the sickle (b) and W-forms (a) (Fig.1).
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Fig.1. Conformations of the pentadienyl 10n.

In contrast PMR [3] and CMR [4] spectroscopic investigations on
pentadienyllithium derivatives showed conclusively that the W-form of these
molecules is favoured in THF. For these reasons, we felt it worthwhile to
reinvestigate the problem theoretically.

We report below the results of SCF computations on this molecule
performed with STO/3G atomic orbitals [5]. Since the nature and polarity
of C—Li bonds may be strongly affected by interaction with solvent molecules,
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we have considered two limiting models of pentadienyllithium; (i) the ionic
model with lithium ion infinitely separated from the molecule; (ii) the ‘‘covalent
model”” with the C—Li hond length determined variationally. A limited number
of dihedral angles have been also determined by variational treatment. All

bond distances and angles were assumed fixed at their standard values [6].

The ionic model

The W-form is computed to be more stable than the sickle and U-forms
by 5 and 160 kcal/mol respectively. Thus the SCF energies agree with the
results of the experimental analysis in refs. 3 and 4, in contrast to the results of
the previous semi-empirical treatment [2].

Among the internal coordinates of the U ion, the gradual helical folding
of the molecular skeleton around each carbon—carbon bond was determined
variationally, since this coordinate may reduce the steric effects, and this could
in principle, have a moderate effect on the delocalization of the r electrons.
The variational treatment leads to a tbrsional angle as high as 20° with an
energy of the U ion 30 Kkecal/mol higher than the W ion. The latter result indicates
that the arguments presented in ref. 2 based on I1 orbital energies cannot be
applied to the acyclic pentadienyl anion in the U-form because of the large
steric interaction between the two terminal methylene groups.

The covalent model

For the planar forms in Fig.1 the relative stability of the W isomer with
respect to the sickle and U-forms is 5 and 80 kcal/mol, respectively. The energy
of the U isomer is especially sensitive to rotation around the C,—C: (« angle) and
C,—C; (8 angle) bonds. In particular, the lowerning of the molecular energy with
decrease in & may be interpreted in terms of the chelating properties of the Li
atom. When the C—Li bond is in the plane of carbon atoms, the highest occupied
molecular orbitals in the molecule may be approximately written in terms of
localized molecular orbitals:

N, =a—m2+nrCH, Z =0C-Li

where 7, and 7, are the bonding orbitals for the two » bonds of the molecule,
oc—Li is the o-bonding orbital for the C—Li bond and =gy, is a combination
of the 7 orbital on C, and 1s orbitals of the methylene hydrogen atoms [2].
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Fig. 2. Conformational energies.
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In Fig.2 the corresponding orbital energies are represented for different
values of the internal coordinates of the molecules. Deviation from planarity
leads to interaction between the = and Il orbitals, which is important since the
Li p-orbitals may accept small amount of = charge. Consequently, the separation
of the two MO’s of highest energy 1s an indication of the chelating properties of
the metal atom.

The splitting is therefore higher in the U-form when the L1 is in the region
between the two terminal atoms (Fig.2d) and for g = 90° (Fig.2e) where the Li
approaches one double bond of the molecule. In this form the reduction of the
steric effecis and the strong chelating properties of the metal compensate for the
rupture of the n conjugation of the diene. The resulting molecular energy for the
geometrical model in Fig.3 is 12 kcal/mol lower than that of the W isomer and
is the lowest of the computed energies.
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F1g 3 Geomelry of conformation 2e

From our SCF computations we conclude (a) the pentadienyl anion is
more stable in the W-form and (b) in the covalent form of the lithium salt the
large bonding interaction between the Li atom and the r electron system and
the steric effect between the two terminal methylene groups favour a non-planar
structure. In terms of the stereochemistry, the latter form could be very similar
to the U-form, and could be invoked to explain the sigmatropic hydrogen shifts
observed in certain alkylpentadienyllithium derivatives [7] and the hydrolysis
of these derivatives to cis-1,3-pentadienes [8].

One of the authors (P.P.) thanks Dr. W.J. Hehre for making available a
6600 CDC version of the Gaussian 70 program.

References

R.B Bates, R.H. Carmughan and C.E. Suaples, J. Amer. Chem. Soc., 85 (1963) 3031 and refs. therein.
R. Hoffmann and R.A. Olofson. J. Amer. Chem. Soc.. 88 (1966) 943
R._B. Bates, D.W. Gosselink and J.A. Kaczynski, Tetrahedron Lett., (1967) 205.
.W.T. Ford and M. Newcomb, J. Amer. Chem. Sac., 96 (1974) 309.
W.J. Hehre, R.F. Stewart and J.A. Pople, J. Chem. Phys., 34 (1969) 2657.
6 J.A. Pople and M. Gordon, J. Amer. Chem. Soc., 89 (1967) 4253, L. Radom. W.J Hehre and
J.A. Pople, 1bidem,. 93 (1971) 289
7 R.B. Bates, S. Brenner, W.H. Detnes, D.A. McCombs and D.E. Potter. J. Amer. Chem. Soc., 92
(1970) 6345.
8 R.B. Bates, D.W. Gosselink and J.A. Kaczynsky, Teuwahedron Lett., (1967) 199.



