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Interest in cyclic carbonates is related to specificity
of their structure and useful properties [1-7]. The pres-
ence of an sp*-hybridized carbon atom in the 2-posi-
tion gives rise to considerably different stereochemical
behavior of cyclic carbonates as compared to other
1,3-dioxanes. Estimation of this effect is an important
problem in conformational analysis of six-membered
saturated oxygen-containing heterocycles. For this pur-
pose, approaches based on quantum-chemical calcula-
tions are quite appropriate. We previously showed [8]

by semiempirical quantum-chemical methods that the
potential energy surface (PES) of 1,3-dioxan-2-one
contains a minimum (energy-degenerate sofa confor-
mation S) and a maximum (2,5-twist conformer 2,5-T).
In the present study we examined conformational
behavior of 4-methyl-1,3-dioxan-2-one (I) in the gas
phase in terms of empirical (MM+) and nonempirical
[RHF//STO-3G, 3-21G, 6-31G(d), 6-31G(d,p), and
MP2//6-31G(d,p)] quantum-chemical approximations
using HyperChem software package [9].
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Energy minima and maxima on the potential energy surface
of 4-methyl-1,3-dioxan-2-one (I) and minima on the poten-
tial energy surface of 4-methyl-1,3-dioxane (II) (kcal/mol)

Method AE} AEY" | AET* | AAE}
MM+ ° 0.8 2.4 - -
MM+ ¢ 1.1 2.8 - -
RHF//STO-3G 1.3 26 (2034 14
RHF//3-21G 0.8 24 |[1.1-15]| 04
RHF//6-31G(d) 1.6 46 |[2239| 1.7
RHF//6-31G(d,p) 1.7 34 2239 1.7
MP2//6-31G(d,p) 1.4 34 [2035] 15

®

Relative to the energy of the equatorial conformer.
With account taken of bond dipole moments.
With account taken of partial charges on atoms.
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We found that, depending on the calculation meth-
od, minimum on the PES of compound I is occupied
by chair (C.y, STO-3G) or sofa conformer (S.,, all
other methods) with equatorial methyl substituent (see
table). The second minimum corresponds to chair (C,,
STO-3G) or half-chair conformer (HC,,, all other ap-
proximations) with axial methyl group. The difference
between the energy minima (AE) ranges from 0.8 to
1.6 kcal/mol, i.e., it is smaller than the corresponding
difference for 4-methyl-1,3-dioxane (II) by a factor of
2-3 (see table).

Ay _.;—o

It is known that, unlike 2-oxo analog, potential
energy surfaces for 1,3-dioxanes imply two-step transi-
tion from equatorial to axial chair conformer and con-
tain additional intermediate minima which correspond
to 1,4- and 2,5-twist structures [8, 10]. Thus introduc-
tion of an oxo group into the 2-position considerably
reduces the AE value. Nevertheless, the calculated
energy differences between conformers of I suggest
that the contribution of the axial conformers should be

insignificant, which is confirmed by experimental data
[7]. On the other hand, the calculated activation barrier
(AE?) to conformational transformation of molecule I
is 2-3 times lower than that calculated for unsubsti-
tuted 1,3-dioxane in terms of the same approximation
[10]. Furthermore, the PES of cyclic carbonate I, as
well as PESs of 4-substituted 1,3,2-dioxaborinanes
[11], contain two maxima occupied by unsymmetrical
boat conformers HB,, and HB,, (STO-3G) or 2,5-twist
conformers 2,5-T,, and 2,5-T,. (other methods); the
corresponding energy differences (AAE?) range from
0.4 to 1.7 kcal/mol.

The above results indicate higher conformational
mobility of six-membered cyclic carbonates in com-
parison to 1,3-dioxanes due mainly to the lack of addi-
tional steric interactions in the heteroatom fragment of
the ring.
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