
Cycloundeca-1,2,4,5,7,8,10-heptaene (2), with three allenic
moieties and an olefinic group, could experience six-electron
cyclic interactions of the in-plane and eight-electron interactions
of the out-of-plane π bonds.1–5 This expanded cyclooctatetraene
is expected to manifest special configurational features. 

Conceptually, 2 may be regarded to be constructed by insert-
ing a carbon atom in three of the carbon–carbon double bonds
of cyclooctatetraene. This structural feature suggests that com-
bination of three allenic units of the same chirality yields an
enantiomeric pair (RRR and SSS) of C2 symmetry for the E- or
Z-isomer. Combination of the same chirality and a unit of
opposite chirality yields two units of two diastereoisomers

(RSS and RSR) for E- or Z-isomer (see Scheme 1). The calcu-
lated axial symmetrical RSR isomer was shown to be the most
stable geometry for the Z-isomer and the least stable geometry
for the E-isomer. 
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Scheme 1



As compound 2 has not yet been synthesised, the structural
and energetic properties of this compound alone with its six
possible configurations were investigated computationally
using ab initio and DFT calculations.

Calculations

Ab initio calculations were carried out using HF/6-31G* level
of theory with the GAUSSIAN 98 package programs [6]
implemented on a pentium-PC computer with a 300 MHz
processor. Initial structural geometries of the compound 2
were obtained by a molecular mechanic program
PCMODEL(88.0) [7] and for further reoptimisation of
geometries, the PM3 method of the MOPAC 6.0 computer
program was used [8,9]. GAUSSIAN 98 package program
was finally used to perform ab initio calculations at HF/6-
31G* level. Energy minimum molecular geometries were
located by minimising energy, with respect to all geometrical
coordinates without imposing any symmetry constraints.

The nature of the stationary points for compound 2 has been
determined by virtue of the number of imaginary frequencies.
For minimum state structures, only the real frequency value
and in the transition state, only a single imaginary frequency
value (with negative sign) was accepted [10].

The structure of the molecular transition state geometries
were located by using the optimised geometries of the equi-
librium molecular structure according to the procedure of
Dewar et al. (keyword SADDLE) [11]. These geometry struc-
tures were then reoptimised by QST3 option at the HF/6-31G*
level. The vibrational frequency of ground states and transi-
tion states were calculated by keyword FREQ. 

Results and discussion

Corrected zero-point (ZPEc) and total electronic (Eel) energies
(where E0 = Eel + ZPEc) for the six configurational diastereoiso-
mers of cycloundeca-1,2,4,5,7,8,10-heptaene (2), as calculated
by HF/6-31G* level of theory are shown in Table 1. For single-
point energy calculations both ab initio MP2/6-31G*//HF/6-
31G* and DFT method (B3LYP/6-31G*//HF/6-31G*) were
used. The axial symmetrical configuration constructed by a
combination of two units of the same chirality and a unit of
opposite chirality with a cis π bond (Z-RSR or Z-SRS) was
found to be the most stable geometry of 2, as calculated by
HF/6-31G*//HF/6-31G*, MP2/6-31G*//HF/6-31G* and
B3LYP/6-31G*//HF/6-31G* methods. Also, HF/6-
31G*//HF/6-31G*, MP2/6-31G*//HF/6-31G* and B3LYP/6-
31G*//HF/6-31G* calculations showed that the other
configuration of this family, namely Z-RSS, with C1 point
group, is only 2.99, 4.20 and 5.32 kcal/mol above the Z-RSR
diastereoisomer, respectively. The least stable configuration of
the Z-isomer was constructed by a combination of three allenic
moieties of the same chirality (Z-RRR, C2), which is about
5.61,7.17 and 6.55 kcal/mol above the Z-RSR isomer, as calcu-
lated by HF/6-31G*//HF/6-31G*, MP2/6-31G*//HF/6-31G*
and B3LYP/6-31G*//HF/6-31G*, respectively.

The most stable configuration of the E-isomer was the E-RRR
configuration (with C1 symmetry) which is 18.61, 14.99 and
17.20 kcal/mol less stable than the Z-RSR isomer, as calculated
by HF/6-31G*//HF/6-31G*, MP2/6-31G*//HF/6-31G* and
B3LYP/6-31G*//HF/6-31G* methods, respectively. Also, the
other possible configurations of E-isomer, namely E-RSS and E-
RSR are less stable than the E-RRR configuration by 5.31and
10.64 kcal/mol using HF/6-31G*//HF/6-31G*, 1.92 and 8.92
using MP2/6-31G*//HF/6-31G*, 0.31 and 6.23 kcal/mol accord-
ing to B3LYP/6-31G*//HF/6-31G* methods, respectively.

In the E-family, the E-RRR configuration (with C1 point
group) is flexible and can be converted to the C1

/ structure via
an axial symmetrical transition state with C2 symmetry. The
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energy barrier of this conformational interconversion is about
2.39, 4.27 and 4.20 kcal/mol, as calculated by HF/6-
31G*//HF/6-31G*, MP2/6-31G*//HF/6-31G* and B3LYP/6-
31G*//HF/6-31G* methods, respectively.

The carbon–carbon bond lengths for various configurational
diastereoisomer of 2, as calculated by the HF/6-31G* level,
are given in Table 1. Computed bond lengths of the
C(sp2)–C(sp) double bonds and C(sp2)–C(sp2) single bonds
fell in comparatively restricted regions: 1.296-1.305 and
1.475-1.505 °A, respectively (see Table 1). Internal angles and
torsional parameters for configurational diastereoisomers of 2
are shown in Fig. 1. The C=C=C fragments are bent in various
configurations of 2 and are slightly contracted from the nor-
mal value of 180° (see Fig. 1).

The C(sp2)–C(sp2)–C(sp2)–C(sp2) arrangements in the
allenic moieties of the twist and crown configurations are
fairly twisted (1.6–33.8°) from their minimum energy states
(with a corresponding angle of 90°) as a result of ring strain.

In conclusion, HF, MP2 and B3LYP calculations provided
useful information concerning both energetical and structural
properties of the possible configurations of 2. HF/6-
31G*//HF/6-31G*, MP2/6-31G*//HF/6-31G* and B3LYP/6-
31G*//HF/6-31G* calculations showed that the most stable
Z-isomer is 18.61, 14.99 and 17.20 kcal mol–1 respectively,
more stable than the most stable E-isomer. This fact could be
explained by greater torsional strain in the most stable config-
uration of E-family (E-RRR, C1), in which the dihedral angles
(formed by C(sp2)–C(sp2)–C(sp2)–C(sp2) arrangements) in
the allenic units are twisted from there minimum energy state
(with a corresponding angle of 90º) by 20º, 7.3º and 29.3º,
while in the most stable configuration of Z-family (Z-RSR,
C2), these dihedral angles are twisted from their minimum
energy state by only 8.1º, 20.9º and 8.1º. 
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Fig.1 Calculated HF/6-31G*//HF/6-31G*, MP2/6-31G*//HF/6-31G* and B3LYP/6-31G*//HF/6-31G* profile for conformational inter-
conversion of E-RRR configuration, with C2 symmetry.


