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Monocyclic 2- and 4-pyrones, being resonance hybrids
of covalent and dipolar structures (I, Ia, II, Ila), are known
to have large dipole moments (1,2). The dipole moments
of pyranopyrandiones formed by fusion of two 2- and/or
4-pyrone rings, may therefore be expected to vary accord-
ing to the relative orientations of the component rings.
Thus measurement of electric dipole moments should
afford information not only about the gross structures of
the pyranopyrandiones but also the extent of interaction
between the m-electron systems of the two rings,

The moments of 4,6-dimethyl-2H-pyran-2-one (111) and
2,6-dimethyl-4H-pyran-4-one (IV) and of five methyl
derivatives (V-IX) of threc pyranopyrandiones, with dis-
tinctly different orientations, have now been determined
in dioxan solution.

EXPERIMENTAL

The preparations of the compounds have been described (3,4,
5,6). Dielectric constants, densities and refractive indices were
determined by standard procedures (7,8). The detailed results are
summarised in Table I, using standard notation (8). Dioxan was
refluxed in excess sodium until the sodium remained bright. Iis
density, refractive index and dielectric constant were determined
afresh for each sct of measurements.

Discussion

The dipole moments expeeted for the localised covalent
structures (I-1X) can be computed by vector summation
of bond and group moments (9) (C=0, 2.72; C-0, 1.66;
C-Me, 0.40; C-H, 0.30 D). 7 Moments can he calculated
from values of m charge densities obtained by the simple
Huickel molecular orbital (HMO) approximation. These
can be further improved by application of the w technique
to the HMO method. Semi-cmpirical molecular orbital
theory may also be applied in the form of the CNDO/2
approximation to compute overall moments arising from
the distribution of 0 as well as 7 charge densities in the
molecule. In making these calculations, each pyrone ring
is assumed to have the shape of a regular hexagon with all
bond lengths equal to 1.40 &; other bond lengths required
are: C=0, 1.18; C.C, 1.53 and C.-H, 1.09 A, assuming

tetrahedral valencies for extra-nuclear carbon atoms. Table
IT summarizes the results of all these calculations.

If mesomeric effects were absent, the observed dipole
moments of the compounds listed in Table I would
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approximate closely to the corresponding values calculated
from group and bond moments i.e. we would expect Ay to
be close to zero. However, we see from Table 11 that Au
has unusually large values in the case of compounds 11 to
VI1. This strongly suggests that appreciable delocalisation
of the 7 electrons occurs in these molecules, in agreement
with other physical observations (10) and with the fact
that these molecules can be formulated in terms of a large
number of dipolar resonance structures. Among these,
the ones with the positive charge on the ethercal oxygen
such as those shown below, are of special importance as
they would be stabilised by the presence of at least one
ring having the benzenoid structure.

CNDO/2 calculations of dipole moment were also per-
formed to see whether reasonable agreement with observed
values could be obtained for these large molecules. From
Table 11, we find that with the exception of V and VI, the
CNDO/2 dipole moments agree well with those found by
direct measurement, including the case of the prototype
molecule, 4-pyrone (1I). The CNDO/2 moment for 2-
pyrone (1,4.9 D) is also close to the estimated experimental
value of 5.0D. In view of this moderately good agreement,
it is surprising that large discrepancies should occur in the
case of V and VI where the net atomic electronic charges
appear to have been overestimated. It is possible that the
errors which cancelled out in the neglect of all two-electron
integrals which depend on the overlapping of charge densi-
ties of different atomic basis orbitals, have failed to do so
in the case of V and VI.
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