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Summary. Ab initio HF/6-31G* and MP2/6-31G* //HF/6-31G™* methods were used to calculate
the structure optimization and conformational interconversion pathways for all-(Z)-cyclododeca-
1,4,7,10-tetraene. This compound adopts the symmetrical crown (Cy4,) conformation. Ring inversion
takes place via symmetrical intermediates, such as boat-chair (BC, C;) and twist (C,y,) conformers
and requires about 22.3kJ - mol . The calculated strain energies for BC and twist conformers are 5.9
and 13.5kJ-mol™". The results of semiempirical AM1 calculations for structural parameters and
relative energies of the important geometries of the title compound are in good agreement with the
results of ab initio methods.
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Introduction

All-(Z)-Cyclododeca-1,4,7,10-tetraene (1) has been isolated from the intramolec-
ular cyclization of all-(Z )-dodeca-3,6,9-trienedial under McMurry conditions [1, 2].
Compound 1 is of special interest as a tetrahomo-87-system with maximum inter-
action of all m-bonds which is guaranteed in the crown (Cy4,) conformation. The X-
ray structure analysis of 1 at 120K [3] confirms the crown conformation in the
solid state. The fact that 1, in contrast to cyclooctatetraene, prefers a conformation
in which all double bonds are coplanar, is attributed to the absence of a homo-
antiaromatic destabilization [3, 4].

This study was undertaken to investigate the structural optimization and con-
formational interconversion pathways of the twelve-membered ring by comparing
the geometries (HF/6-31G*) and conformational energies (MP2/6-31G*//HF/
6-31G™). The results from MP2/6-31G*//HF/6-31G™ calculations are used in the
conformational energies discussions below.

* Corresponding author. E-mail: isayavar@yahoo.com



300 1. Yavari and M. Esnaashari

(Y

1 Crown, Cyy

Results and Discussion

All-(Z)-Cyclododeca-1,4,7,10-tetraene (1), with four ethylenic chromophores al-
ternatively inserted in carbon—carbon bonds of cyclobutane, could experience 8-
electron cyclic interactions of the in-plane 7 bonds of the four ethylenic moieties,
and might exhibit homoantiaromaticity [5,6]. This ‘expanded cyclobutane’ is
expected to manifest special conformational properties, since the torsional strain
and transannular van der Waals repulsion, which play such a crucial rule in deter-
mining the relative energies of the various conformers of cyclobutane, will be
greatly reduced [7]. X-Ray crystallographic data [3] obtained for 1 are interpreted
in terms of a crown conformation in which all four double-bonds are coplanar.
Five geometries (three energy minima and two transition states) were found to
be necessary for a description of the conformational properties of 1. The most
stable conformation of 1 is the crown (Cy4,) geometry, in agreement with available
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Fig. 1. Calculated MP2/6-31G* //HF/6-31G* strain energy (kJ - mol ') profile for the conforma-
tional interconversion of 1
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experimental data [3]. The calculated energy for the second energy minimum, the
plane-symmetrical boat-chair (BC, Cy), is 5.9kJ - mol ™! above that of the crown.
Crown and boat-chair conformations are important because they are expected
to be significantly populated at room temperature. As the twist (C,,) form is by
13.5kJ -mol ' higher in energy than the crown conformation, it is not expected to
be significantly populated at ambient temperature unless the calculations are rather
seriously erroneous (see Fig. 1 and Table 1).

The simplest conformational process and that with the lowest barrier is the
degenerate interconversion of the crown conformation with itself via symmetrical
intermediates such as boat-chair and twist (Fig. 1). If this process is fast, the time-
averaged symmetry of the crown conformation becomes Dy, which is the maxi-
mum symmetry allowed by the constitution of 1.

Having found the conformational transition states and intermediates for the
ring inversion of 1, it is still necessary to determine whether the potential energy
surface affords the lowest path. Since the potential energy surface is highly multi-
dimensional, it is not possible to explore all possibilities, but we have carried out a
sufficient amount of calculations to feel confident that the lowest path, or some-
thing close to it, was obtained.

Selected data for various geometries of 1 are given in Table 1. A comparison of
bond lengths and bond angles shows fairly small differences. The internal angles
are close to the unstrained values in energy-minimum conformations, but are ex-
panded in transition-state geometries.

In summary, HF/6-31G™ calculations provide a picture of the conformations of
1 from both structural and dynamic points of view. Compound 1 is predicted to
exist as a mixture of two symmetrical conformations, crown (Cy,) and boat-chair
(Cy). Ring inversion in 1 takes place via boat-chair and twist (C,,) intermediates
and requires about 22.3kJ-mol .

Methods

An initial estimate of the geometry of 1 was obtained by the molecular mechanics program
PCMODEL (88.0) [8] followed by full minimization using the semiempirical AM1 method [9] in the
MOPAC 6.0 [10,11] computer program implemented on a VAX 4000-300 computer. Optimal
geometries were located by minimizing the energy with respect to all geometrical coordinates and
without imposing any symmetry constraints. The structures of the transition-state geometries were
obtained using the optimized geometries of the equilibrium structures according to the procedure of
Dewar et al. [12] (keyword SADDLE). All geometries were characterized as stationary points. True
local energy minima and transition states on the potential energy surface were found using the keyword
FORCE. All energy-minimum and transition-state geometries obtained in this work were calculated to
have 3N-6 and 3N-7 real vibrational frequencies, respectively [13, 14].

The AMI1 results were used as input for the ab initio calculations which were carried out using the
GAUSSIAN 98 [15] program. The geometries of all structures were fully optimized by means of
analytical energy gradients using the Berny optimizer without geometrical constraints [16, 17]. The
restricted Hartree-Fock calculations with the split-valence 6-31G™ basis set, which include a set of d-
type polarization functions on all non-hydrogen atoms, were used in these calculations [18]. Single
point energy calculations at the MP2/6-31G* //HF6-31G* level were used to evaluate the electron
correlation effects in the energies and order of stability of conformers. Vibrational frequencies were
calculated at the 6-31G* level for all minimum energies and transition states, which were confirmed to
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have zero and one imaginary frequency, respectively. The frequencies were scaled by a factor of 0.91
[19] and used to compute the zero-point vibrational energies.
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