
Cycloheptatrienyl Oxyallyl. An Observable Oxyallyl?

B. Andes Hess, Jr.

Department of Chemistry, Vanderbilt UniVersity, NashVille, Tennessee 37205

Received October 11, 2001

Oxyallyl (1) is thought to be a reactive intermediate in a wide
range of organic1 and biological2 reactions that involve the
rearrangement of allene oxides and cyclopropanones. For example,
oxyallyl has been suggested as an intermediate in the rearrangements
of allene oxide (2) to cyclopropanone (3)3 and in the formation of

cyclopentenones formed from vinyl allene oxides (4) in the
biosynthesis of prostaglandins.4 Two important questions about

oxyallyl are whether it should be considered to have diradical (5)
or zwitterionic (6) character and whether its incorporation into a

larger system might affect its characteristics. Both questions have
implications with regard to the stability of oxyallyls, particularly
in biological reactions where the oxyallyl is normally formed in
solution and is also part of a larger system.2 Borden et al.5 have
examined the effect of solvent on the ring opening of cyclopro-
panones to oxyallyl and concluded that oxyallyl is best described
as a diradical rather than a zwitterion. With the exception of simple
alkyl substitution,5,6 the effect of substitution on oxyallyls that might
favor its potential zwitterionic form has not been studied.

Examination of the calculated relative energies of appropriately
substituted allene oxides, oxyallyls, and cyclopropanones would
allow one to probe the electronic structure of oxyallyl. Recently
Schepp et al.7 have reported the synthesis and reactions of
fluorenylideneallene oxide and were able not only to observe allene
oxide in solution but also to measure the kinetics of its conversion
to cyclopropanone. This suggested that one might take advantage
of the cyclic delocalization present in the odd-membered conjugated
cyclic carbocations to stabilize oxyallyl. Fusion of allene oxide to
unsaturated three-, five-, and seven-membered rings would give
structures7-9 capable of ring opening to the substituted oxyallyls
10-12.

If the oxyallyl is stabilized by polarization to the zwitterions10
and12, this stabilization should be reflected in the energy of the
oxyallyl, relative to the corresponding allene oxides (7 and9) and
cyclopropanones (13 and15), due to the aromatic stabilization of
the cyclopropenium and tropyllium ions. However, for8 polariza-

tion should result in destabilization of oxyallyl11 due to the
antiaromatic nature of the cyclopentadienyl carbocation.

We have previously shown that the DFT method is reliable for
the description of oxyallyls, since DFT results were essentially
identical to the CASPT2/CASSCF results for the parent allene oxide
system (1-3), despite the wave function of oxyallyl (1) having
significant spin contamination (S2 ) 0.805).3 Therefore, DFT
calculations8-10 were performed for the rearrangement pathways
of the conversion of the allene oxides7-9 to their respective
cyclopropanones13-15. Transition structures linking the oxyallyls
to the corresponding allene oxides and cyclopropanones were also
located. Figure 1 depicts the DFT results for the three systems
studied. For comparison, the previously published results3 for the
parent allene oxide system are also shown in Figure 1.11

It is immediately apparent from Figure 1 that fusion of the
cyclopropenyl (10) and tropyllium (12) rings to oxyallyl has the
dramatic effect of significantly stabilizing these intermediate
oxyallyls. In both cases the oxyallyl is much lower in energy than
its allene oxide (10.9 kcal/mol for10 and 10.7 kcal/mol for12).
This is in direct contrast to the parent system, where oxyallyl (1)
is higher in energy than allene oxide (2) by 16.2 kcal/mol.
Furthermore, in the case of the tropyllium oxyallyl,12 is calculated
to be oflowerenergy than both allene oxide9 and cyclopropanone
15 by -10.7 and-5.3 kcal/mol, respectively. Hence, oxyallyl12,
in the absence of nucleophiles, should be observable, since there
is no driving force for it to rearrange to cyclopropanone15.
Preparation of oxyallyl12 might allow its spectroscopic identifica-
tion and characterization.

The bond distances (see Figure 2) in oxyallyl12 support
significant delocalization of a positive charge into the seven-
membered ring. They show less alternation than one would have
expected for alternating double and single bonds in a cyclohep-
tatriene and significantly less than in either9 or 15. While the long
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exo C-C bond (1.504 Å) in12 might also be used as evidence of
significant tropyllium ion character in12, it might also be ascribed
to the steric repulsion between the oxygen atom and the nearby
hydrogen of the seven-membered ring. Further support for the
zwitterionic character of oxyallyls10 and12 is provided by their
high calculated dipole moments (8.10 and 6.49 D, respectively)
relative to those of the parent oxyallyl1 (3.98 D).

From Figure 1 it is seen that even the fusion of the cyclopen-
tadienyl ring to allene oxide (8) stabilizes oxyallyl11. However,
this stabilization does not occur to the point that11 is lower in
energy than the allene oxide8. At first sight this is surprising, since
presumably the anti-aromatic cyclopentadienyl ring should have
the opposite effect, of destabilizing the oxyallyl intermediate relative
to the parent system. It is possible that the stabilizing effect of the
five-membered ring in this system is due to stabilization of the
diradical via resonance:

In fact this might have been expected, since the bond dissociation
energy of an allylic hydrogen in cyclopentadiene is 82 kcal/mol,
which indicates that it is a reasonably stable free radical.12

Examination of the bond distances in the five-membered ring of
11 (see Figure 2) also indicates that there is significant delocal-

ization of the radical into this ring. Its low calculated dipole moment
(3.70 D) is also suggestive of diradical rather than zwitterionic
character.

It is thus apparent that oxyallyls may potentially be stabilized
by groups that stabilize free radicals as well as those that stabilize
positive charges, though the latter appears to be the more effective.
Hence, oxyallyl appears to be a versatile intermediate capable of
“adapting itself to its environment”. This may very well explain
why, even though vinyl allene oxide (4) is predicted4 (gas-phase
calculations) to proceed through a concerted reaction to cyclopen-
tenone, results of biological experiments are best explained by the
zwitterionic pathway.2 A combination of solvent effects and
stabilization of the oxyallyl by the vinyl group are likely involved
in favoring the zwitterionic pathway over the concerted pathway.

Finally, the DFT results suggest that the cyloheptatrienyl oxyallyl
12, being the lowest minimum of those considered on its potential
surface, might be observable in an appropriate environment.

Supporting Information Available: Cartesian coordinates, total
and zero-point energies, and frequencies for structures7-15 and
transition structures linking these (see Figure 1) (PDF). This material
is available free of charge via the Internet at http://pubs.acs.org.
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Figure 1. Relative energies with zero-point energy corrections (in kcal/
mol) of the stationary points on the rearrangement pathways of allene oxide,3

7, 8, and9.

Figure 2. Bond distances (in Å) calculated for the three oxyallyls.

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 124, NO. 6, 2002 921


