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The conformations of saturated five-membered
rings containing IV, V and VI main group ele-
ments have been studied by a number of meth-
ods. 12 It has been confirmed that such rings are
non-planar, and may pseudorotate with a barrier
depending on the endo- and exocyclic substi-
tuents. The main factor leading to deviation from
planarity of the ring with eclipsed bond orien-
tation is the torsional moment around the single
bond. This torsional moment may be compen-
sated for by a decrease in the bond angles leading
to a non-planar form. Such conformations may
be described by a number of different param-
eters, but for stereochemical studies dihedral an-
gles are the preferred ones. A large dihedral an-
gle in a five-membered ring corresponds to a
large torsional moment around this bond, the
latter being also correlated with the inherent bar-
rier of internal rotation.

By successively replacing one CH, group of
cyclopentane by NH and O, respectively, one
should expect a gradual change in the pseudoro-
tation barriers, parallelling the situation for non-
cyclic systems provided the torsional moment is
the decisive factor. However, the most recent ab
initio molecular orbital calculations for cyclopen-
tane,’ pyrrolidine* and oxolane (tetrahydrofu-
ran)® showed that there is no regular change in
the pseudorotation barriers for these molecules
(the numerical values are 0, 1.66 and 0.74 kcal
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mol~!, respectively). It should be pointed out,
however, that the higher value for pyrrolidine
may in part be attributed to the fact that the
calculations for this compound were carried out
with a 4-21G basis set augmented with polar-
ization functions on the nitrogen only. Further-
more, pyrrolidine is found to have an energy
minimum for a C; (“envelope”) conformation
with an axial N—H bond,* whereas for the case of
oxolane a C, conformation (“twist”) is preferred.
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Table 1. Energies (in a.u.) for imidazolidine and 1,3-dioxolane. Numbers in parentheses are energy differences

(in kcal mol~").

Imidazolidine 1,3-dioxolane

Cs CZ Cs CZ
3-21G//3-21G —225.8630 —225.8632 -265.3103 —265.3113
n.of imag-freq. 0 0 1 0
6-31G*//3-21G —227.1249 —227.1246 —266.7863 —266.7870
MP2(6-31G*)/HF/3-21G —227.8375(0) —227.8365(0.6) —267.5227(0) —267.5238(—0.7)
3-31G*//6-31G* —227.1280 —227.1276 —266.7923 —266.7926
MP2(6-31G*)/HF/6-31G* —227.8398(0) —227.8388(0.6) —-267.5237(0) —267.5240(—0.2)

We report here the results of ab initio calcula-
tions for a related pair of molecules, viz. imidazo-
lidine (1) and 1,3-dioxolane (2) (Scheme 1).
These molecules contain two heteroatoms (N—H
or O in 1,3 positions) and consequently only one
C—C bond. Since a C—C bond in acyclic mole-
cules has a larger barrier to internal rotation than
a C—N or C—O0 bond,’ our choice of molecules
should provide a simple model system for testing
the importance of this rotation.

The calculations were performed using the
Gaussian 86 computer programme.® The geome-
tries were optimized using the gradient method
with a 6-31G* basis set. In the end points of
geometry optimizations, single-point calculations
have been carried through at the MP2(6-31G*)

level. The energies are reported in Table 1, which
also gives the corresponding energies at the 3-
21G level. As is seen from the table, the C, and
C, forms are quite close in energy for both mole-
cules, with a slight preference for C, for imidazo-
lidine and for C, for 1,3-dioxolane.

Table 2 gives the calculated geometries for the
two symmetries for both molecules, and illustra-
tions are given in Fig. 1. For imidazolidine, only
the axial forms at the nitrogen atoms were ob-
tained as stationary points. It should be noted
that the pseudorotational potential surface also
contains several other forms (e.g. “half-twist”);
these have been omitted in the present work
which has focused on the highest symmetry
forms. For 1,3-dioxolane, comparison is made

Table 2. Geometry parameters (in A and degrees) as calculated at the 6~31G* level. The numbering of atoms

is given in accordance with Scheme 1.

Parameter Imidazolidine 1,3-Dioxolane

G C, G, G C,4exp) C>(exp)
X1-C2 1.465 1.454 1.395 1.387 1.423(1),, 1.430(2)
X1-C5 1.460 1.463 1.404 1.404 1.415(2)
C4-C5 1.530 1.559 1.519 1.543 1.542(6) 1.530(4)
(C-H),, 1.084 1.083 1.083 1.083 1.106 1.095(4)
X-H 0.995 1.001
£X1C2X3 108.1 107.7 107.8 106.5 108.7(24) 107.6(5)
£C2X1C5 106.5 104.2 108.3 107.0 105.8(24) 106.7(4)
£CC X1 103.7 105.7 102.3 104.0 101.0(4) 102.1(23)
tX3C4C5X1 37.6 0 21.3 0 41.8(31) 38.4(6)
ZLXCX-XCCX 35.11 33.7

aFrom Ref. 7. °From Ref. 8.
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Fig. 1. Plots of molecular structures of C; and C,
forms of imidazolidine and 1,3-dioxolane.

with recent electron diffraction results by Hilder-
brandt and coworkers’ and unpublished data of
Hedberg.® The overall comparison is reasonably
good, although our computed data give C—O
distances somewhat shorter than the experimen-
tal ones. These distances are critically dependent
on the basis set, and calculations with the smaller
3-21G basis set give C—O bond distances 0.04 A
longer. There is an interesting discrepancy in the
C-C distances, since our computed C—C dis-
tance for the C, form is shorter than the experi-
mental value for the C, form; this latter value is,
however, in good agreement with our C—C dis-
tance for the C, form (as expected, these non-
polar bonds are less basis set dependent, the 3-
21G set giving values about 0.015 A longer). No
experimental structural information is available
for imidazolidine.

For 1,3-dioxolane, one of the recent electron
diffraction studies’ has shown that there is a very
low barrier (~0.3 kcal mol ™) for pseudorotation,
and the C, form of the molecule corresponds to
an energy minimum. However, the electron-dif-
fraction data were little sensitive to the different
conformations, the value for pseudorotation was
fixed and the two C—O bonds were assumed
equal. There is an earlier ab initio calculation of
oxolane,’ but in the latter calculation certain ge-
ometry parameters were fixed and correlation
energy was not included. Nevertheless, the re-
sults of this calculation are in good agreement
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with experiment, yielding a C, conformation and
a pseudorotation barrier of 0.79 kcal mol™.

In an attempt to establish the nature of the
stationary points, we have calculated analytical
frequencies at the level HF(3-21G)/HF/3-21G
(see Table 1). On the basis of these calculations,
both the C, and the C, forms are at energy min-
ima for imidazolidine. At our highest calcula-
tional level, the former conformer is the more
stable by 0.6 kcal mol~'. However, the existence
of one low frequency for each form indicates a
very small barrier to internal rotation. For the C,
form, this is found to be 61 cm™' (A'’ symmetry)
and for the C, form 44 cm™! (B symmetry). For
1,3-dioxolane, one imaginary frequency of A"
symmetry (114.2i) is found for the C, form, which
is therefore found to be at an energy maximum.
The C, form of 1,3-dioxolane is more stable than
the C, form by 0.2 kcal mol~!. The small barrier
to pseudorotation may be responsible for the
longer C—C bond encountered in the experimen-
tal work.

In conclusion, we have found a consistency in
trends giving smaller barriers for the disubsti-
tuted systems imidazolidine and 1,3-dioxolane
than has been found for pyrrolidine, oxolane and
the parent cyclopentane. This is in accordance
with what would be expected if the C—C torsion
is the decisive factor in the magnitude of the
barrier. Although our energy differences are
small, they are supported by the frequency calcu-
lation. Table 1 also gives data for calculations at
the MP2(6-31G*)/HF/3-21G, and it is seen that
the same qualitative conclusion would be reached
at this level.

The conformational preference of pyrrolidine
and imidazolidine (the N-containing pair) is the
envelope (C,), while oxolane and 1,3-dioxolane
(the O-containing pair) both prefer the twist (C,)
conformation.

A molecular mechanics calculation (MM2) by
Ngrskov-Lauritsen and Allinger® predicts the C;
form of 1,3-dioxolane to be the more stable, but
this result hinges critically upon the data chosen
for parameterization. In the case of a system
having two functional groups which may interact,
the parameterization scheme becomes particu-
larly important, and unfortunately the experi-
mental material available for such parameteriza-
tion is scarce.
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