The Photoelectron Spectra of Cyclic Peroxylactones
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Lone-pair - Lone-pair Interaction, Semiempirical Calculations
The He(I) photoelectron spectra of the five-membered and six-membered peroxylactones
1 and 2 have been recorded and are analyzed on the basis of MINDO/3 calculations. A
strong destabilization of the peroxo w-combination due to the adjacent carbonyl group
is found. In 2 the usual peroxide sequence (n_ on top of n_) is reversed.

Recently the nature of the lone pair-lone pair
interaction in cyclic and bicyclic peroxides as well
as in ozonides has been investigated by means of
photoelectron (PE) spectroscopy [1-8]. As anticipated from model calculations on simple peroxides [1, 6, 7], there is a correlation between the
torsional angle of the R - O - O - R unit and the
splitting of the first two bands [5-8]. To investigate
the influence of factors other than geometrical ones
on the lone pair-lone pair interaction, we have
measured the He(I) PE spectra of the peroxylactones 1 and 2. In both compounds the peroxide bond
should be strongly influenced by the adjacent carbonyl group.
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In unsubstituted cyclic peroxides with a
R - O - O - R dihedral angle, 6 , of 0° the four highest
occupied MO's correspond to the irreducible representations A2, B 2 , AI and Bi shown below
schematically.
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In 1,2-dioxolane (3) a dihedral angle, 0, of 50°
has been determined by electron diffraction studies
[8], while for 1,2-dioxane (5) and its tetramethyl
derivative (6) values for 0 between 75 and 90° have
been suggested [1-8].
PE Spectra of 1 and 2

The PE spectra of 1 and 2 are shown in Fig. 1
and the vertical ionization potentials I v j of the first
three bands are collected in Table I. To assign these
bands we assume the validity of Koopmans'
theorem [9] ( — £ j = I v , j ) - The orbital energies, £j,
were taken from MINDO/3 calculations [10] on 1
and 2. Because the precise structures of 1 and 2 are
not known, their geometries [12] were optimized
within the MINDO/3 scheme using a modified
Fletcher-Powell search procedure [13]. Both PE
spectra show three distinct maxima in the lower
energy region, followed by a series of overlapping
bands starting at about 12 eV. The band maxima
of the /5-peroxylactone 1 should be compared with
the first two ionization potentials of the 1,2-dioxolanes 3 and 4. The first two vertical ionization
potentials are for 3: Iv,x = 9.86 Iv>2 = 11.13 eV [1];
and for 4: I v ,i = 9.26, IV)2 = 10.47 eV [1,5]. A comparison between 1 on one side and 3 and 4 on the
other shows a decrease of the energy difference between the first two bands from AI = 1.3 eV for 3
and Al = 1.2 eV for 4 to Al = 0.5 eV for 1. This
decrease is unexpected on first glimpse because the
dihedral angle 0 should be about 20° for 1 on the
basis of X-ray data on ethylene carbonate [14],
while for 3 and 4 a dihedral angle of 50° has been
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Table I. Comparison between measured vertical ionization potentials (I v , j) of 1 and 2 and the calculated
MINDO/3 orbital energies gj. All values in eV.
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— 9.61
—10.28
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— 9.61
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found [8]. Thus, a larger interaction between the
lone pairs of the peroxide group in 1 is expected.
The replacement of one sp3 carbon center in 3 or 5
by a carbonyl group exerts, besides decreasing the

I.P. (eV)

ej

dihedral angle, a strong inductive and conjugative
effect upon the energy levels. Both effects are indicated qualitatively in Fig. 2. Due to the inductive
effect, the a^n..) and b2(?i_) levels are lowered; due
to the conjugative effect between the lone pair on
the carbonyl oxygen and the b2(w_) linear combination, the energy gap between the two highest occupied MO's is decreased.
These qualitative arguments are in line with
MINDO/3 calculations on 1 and 2. According to
these calculations the highest occupied MO's of 1
are l l a " and 18a'. From their contour diagrams
given in Fig. 3 their relation to a2(7r_) and b2(w_)
can be recognized. Especially in the case of 18 a'
the strong interaction with the lone pair on the carbonyl oxygen is evident. A comparison between the
contours for 18a' and 15a' of 1 (Fig. 3) and 15a' as
well as 13 a' of 1,2-dioxetanone [15] shows some
resemblance. The essential feature of these calculations is that the interaction between the lone pair
of the carbonyl group and b2(%_) overrides the torsional effect.
The destabilization of the highest occupied a
orbital ("n_") leads even to a switch in the MOsequence in case of 2 where the highest occupied
MO is predicted from our calculations to be the
"n_" combination followed by the ^-orbital. In line
with this prediction is the observation that the first
two bands in the PE spectrum of 2 are separated
by 0.6 eV while in 5 and 6 the energy difference between the first two bands amounts to 0.2 and 0.3 eV
[1, 5]. In view of the large interaction with the
carbonyl group and the dihedral angle of 0 » 85°
for 5 and 6 reasonable explanation for this larger
splitting of the bands is an inversion between
and"w_" in case of 2.

Fig. 1. He(I) PE spectra of 1 and 2.

The experimental findings on peroxylactones 1
and 2 can be summarized by saying that in peroxylactones with a small dihedral angle, 0, of the
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Fig. 2. Qualitative interaction diagram
between a peroxy moiety and a carbonyl
fragment.

might manifest itself in the chemical behaviour of
peroxylactones 1 and 2.
Experimental

Fig. 3. Contour diagrams for the MO's 11a", 18a' and
15a' of 1.

The peroxylactones 1 [16] and 2 [17] were prepared
as described in the literature. The He(I) P E spectra
were recorded on a PS 18 photoelectron spectrometer (Perkin Elmer Ltd., Beaconsfield, England).
The P E spectra were calibrated with Ar and a
resolution below 30 meV of the Ar line was obtained.

C - O - O - C moiety the energy, e.g. 1, gap between
and
is decreased. If 0 is enlarged, e.g. 2, a level
inversion between n_ and n_ leads to a change in
the nature of the-HOMO. This essential difference
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