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Recent interest in the preparation of allene oxidesl and the unknown extent to which
these novel heterocycles are involved in the resctions of cyclopropanones,2 prompt us to
report the results of our przliminary attempts to 1solate these seemingly unstable compounds.

Irradiation (Pyrex filter) of a 0.1 M solution of epoxy ketone .Jc3 in dry methanol
followed by glpc analysis revealed the presence of three products in addition to unreacted
starting material., Isolation of these produc‘csl‘L by preparative glpc yielded cis-acetal g
(55%), trans-acetal 3 (31%), and 2,2, 3, 3-tetramethyleyclobutanone (12-14%). 1In a subsequent

experiment, infrared analysis of the gases above the photolysate revealed the presence of
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carbon monoxide. The tetramethyleyclobutanone (5), therefore, probably arises from
oxaspiropentane &5, vwhich in turn is formed by decarbonylation of 1. The stereochemistries

of acetels 2 and 3 were determined by the presence and absence respectively of an intremolecular
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O-H stretch in the infrared spectra of their derived aleohols. These alcohols were
obtained by reductive ring-opening with lithium aluminum hydride.6
Further evidence for the complete absence of cycloelimination products wes obtained by
our inability to detect methyl isobutyrate (dimethylketene-methanol adduct) or methoxy
ketone é (dimethylallene oxide-methanol adductlc, by analytical glpe.
0
OCPI3
&
It is noteworthy that the thioepoxy snalogue of 1 similarly gave the thio analogues of
2, 3, and U4t when photolyzed in methanol. |
Reduced pressure sublimation of 1 through a 30 cm quartz hot tube (quartz chip packed;

650°C) effected complete conversion, and analysis of the product mixtureh (40% mass recovery)

revealed the presence of dione 7 as the major product with lesser amounts of B,f-dimethyl-
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acrolein, §) and tetramethylethylene. Examination of the crude pyrolysate by infrared spectro-
scopy immediately after pyrolysis also revealed the presence of dimethylketene (2119 cm-l;
bright yellow color). A mechanism proposed to account for the observed products involves

initial C-0 bond homolysis of the oxirane ring. Opening of the back C-O bond followed by a

1,2-alkyl migration leads to dione 1 while opening of the internal C-O bond followed by
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1,2-hydrogen migration leads to ketoaldehyde 9 which can then undergo subsequent thermolysis
at 650°C to 8 and dimethylketene.

In order to assess whether different fragmentation modes may became important at
temperatures higher than 650°C, we investigated the flash vacuum pyrolysis8 (FVP) of L.

9

Mass spectral monitoring” of the pyrolysate under conditions where highly reactive species
can normally be detected revealed that thermal fragmentation of 1 at temperatures above 750°C
gave fregments having m/e 96, 84, 82, 80, 55, and 42. The appearance potential of m/e 8k,
which corresponds either to the parent g[s of tetramethylethylene or the desirad allene
oxide, was 9.9 eV; authentic tetramethylethylene had IP 8.6 =V which compares favorably with
the literature valuelo (8.53 ev).

The FVP of 1 under conditions where products can be isolated allowed for the firm identi-
fication of the major thermal fragments at 950°C; these were tetramethylallene (m/e 95),
tetramethylethylene (m/e 8L4), and isobutylene (m/e 56). A number of other minor products
were observed which were all apparently hydrocarbons having parent m/e 82, 80, 72, 68, and
L2 on the basis of glpc-mass spectrametry. No products containing oxygen could be unequivo-
cally detected.

Although these results indicate that a different pyrolysis reaction does indeed occur
at elevated temperatures, it most probably does not involve cycloelimination to allene oxide.

We propose the following scheme to account for most of the observed products:
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Neither photolysis nor pyrolysis of 1 led to cycloelimination products. Instead, both

modes of decomposition resulted in the predominant formation of ring expanded products. Tne
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formetion of acetals 2 and 3 fram 1 is another example of the photochemical ring expansion

reaction of cyclobutanonesll, while thermal rearrangement to 7 is analogous to the acid’

catalyzed Tiffeneau ring expansion reaction.
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