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The photoelectron spectra of 1- and 2-methyl-cyclopropyl 
ketones are reported. It is found that the shifts in the MO 
energies of Jext.as. and Zlext.s. MO's of the three membered 
ring are parallel to the predictions based on the perturba­
tion of the Walsh orbitals and on the MINDO/2 calcula­
tions.

The interaction of the cyclopropyl group with the 
unsaturated aliphatic moieties may be described in 
terms of a second order perturbation of the Walsh 
molecular orbitals (MO's) and the aliphatic 
n-MO's 1. Theoretical perturbation treatments 1 and 
experimental photoelectron spectroscopic measure­
ments 2 done for some aliphatic cyclopropyl deriva­
tives showed that these interaction energies are of 
the magnitudes common to the aliphaltic-aliphatic 
interactions. The perturbation treatment enabled 
the explanation of the appearance of a A-n* elec­
tronic absorption band in the spectra of cyclopropyl 
ketones3' 4. To study the influence of the C = 0 
group on the energies of the Walsh MO's in the 
cyclopropyl ketones we have measured the PE 
spectra of the following molecules; (a) cyclopropyl- 
methyl ketone, (b) 1-methyl-cyclopropyl-methyl ke­
tone and (c) 2-methyl-cyclopropyl-methyl ketone. 
The obtained ionization potentials and the calculated 
MINDO/2 MO energies are discussed in the follow­
ing text.

we relate these bands to the following MINDO/2 
MO's: n-MO (9.53 eV), Aext.as. (10.52 eV), Aexts. 
(10.68 eV) and ti-MO (10.62 eV) respectively 
(Figure 1). The order of the 1st 3 MO's is similar 
to that predicted recently on the basis of the pertur­
bation treatment 3.
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Fig. 1. RE ionization energies and MINDO/2 (MO ener­
gies) of cyclopropyl-methyl ketone; 1-methyl-cyclopropyl- 
methyl ketone and 2-methyl-cyclopropyl-methyl ketone com­

pared with the energies of cyclopropane.

Experimental

Synthesis and analysis values of the ketones were 
published recently 3. The PE spectra were recorded 
on a PS 18 instrument (Perkin Elmer Ltd.) at the 
Institut für Organische Chemie, T.H. Darmstadt, 
W.-Germany.

Results and Discussion

The 4 highest bands in the PE spectrum of 
cyclopropyl-methyl ketone correspond to the follow­
ing ionization energies; 9.46 eV, 10.58 eV, 11.33 eV 
and 12.64 eV. According to Koopmans theorem5
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The MINDO/2 calculations show that the n-MO 
is partly delocalized over the three membered ring. 
Its main contributor is the Op,z AO. The second 
higher, zJext.as., MO is negatively combined with the 
C = 0  ti-MO. The third, A ext.s. i MO is negatively 
combined with the C — O a-MO. The jt-MO extends 
over the H3C — CO group. Figure 2 shows the 
distribution diagrams of the 4 MO's.

Introducing a methyl group to the Cx atom of 
the ketone causes an inductive shift in the energies 
of all 4 MO's. The new ionization energies (and 
MINDO/2 MO energies) are: n-MO 9.3 eV (9.43 
eV), Aext a8 10.13 eV (10.02 eV), Aexts 11.13 eV 
(10.22 eV) and tt-MO 12.4 eV (11.39 eV). The 
comparison with the MO energies of cyclopropyl- 
methyl ketone shows that the ^ext.as. MO undergoes 
the biggest shift (AI = .45 eV) due to the methyl
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parallel to the size of the MO coefficients at C2 . 
zfext.s. has a bigger coefficient at C2 than the /lext.as. 
MO (Figure 5). The MINDO/2 calculation results 
show a considerable derealization of the oxygen 
lone pair orbital in the three membered ring. 
Similar but weaker inductive shifts are expected for 
this MO. In fact the PE spectra show an increase 
in the orbital energy of 0.16 eV due to Q  methyla- 
tion and only 0.08 eV due to C2 methylation.
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Fig. 2. Diagrams of the 4 highest MO's of cyclopropyl- 

methyl ketone as calculated by the MINDO/2 method.

introduction. This finding may be attributed to the 
big MO coefficient of ^ext.as. and the small zlext.s. 
MO coefficient at C1 . The shapes of the MO's are 
similar to those of the cyclopropyl-methyl ketone.
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Fig. 3. PE spectrum of 1-methyl-cyclopropyl-methyl ketone.

Introducing a methyl group to the C2 atom af 
the ketone causes an inductive shift in the energies 
of all 4 MO's too. The new ionization energies and 
(MINDO/2) MO energies are: n-MO 9.38 eV (9.43 
eV), Zlextas 10.13 eV (10.18eV), Aexts 11.05eV 
(10.22 eV) and tt-MO 12.26 eV (11.37 eV). These 
values, compared with those of 1-methyl-cyclopro- 
pyl-methyl ketone show a smaller shift for the 
^ext.as. MO and a bigger shift for the ^ext.s. MO. 
The alteration in the magnitudes of the shifts is
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Fig. 5. Energy shifts of the Walsh MO's in methyl-cyclo- 
propyl-methyl ketones vs. MO coefficients at the methylation 

site.
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Fig. 4. PE spectrum of 2-methyl-cyclopropyl-methyl ketone.
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