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where disubstitution at each terminal carbon may well
give rise to slightly higher rotational barriers and lower
frequency factors for rotation,® making kcye > kyor.

The intermediate or set of intermediates formed in
this reaction, however, cannot be only the same type as
those produced from the 2,5-dimethylpyrazolines,?!!
despite the superficial structural similarity, since the
pyrazolines apparently produce diradicals which do
undergo electrocyclic closure. Models indicate that
decomposition of a pyrazoline is likely to directly
produce the large central bond angle intermediate
predicted®® to undergo such closure, while this inter-
mediate may well be inaccessible starting from a
cyclopropane.

Finally (assuming that optically active 2T isolated
from the kinetic experiments is formed by tertiary-
tertiary rather than secondary-tertiary bond cleavage
in (—)-2C'%) our optical correlation indicates that
rotation is not insuperably faster than cyclization, and
that rotation of a methyl-substituted carbon about a
single bond is slightly more rapid than rotation of an
ethyl-substituted carbon.
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Allene Epoxidation. Isolation of a
1,4-Dioxaspiro[2.2]]pentane Derivative
Sir:

We have recently postulated the existence of allene
oxide 1a and spiro dioxide 2a as unisolated reactive
intermediates in the peracid oxidation of tetramethyl-
allene. These species were invoked to provide a ra-
tional basis for the array of products (3a—6a) which was
obtained from this reaction. Substantial supporting
evidence for this proposal is herein presented by virtue
of the isolation and characterization of 5-z-butyl-2,2-
dimethyl-1,4-dioxaspiro[2.2]pentane (2b), an example
of the unique spiro dioxide structure.? Thus, buffered

(1) J. K. Crandall and W. H. Machleder, Tetrakedron Lert., 6037
(1966); J. K. Crandall and W. H. Machleder, J. Amer. Chem. Soc.,
90, 7292 (1968).

(2) An early claim for this ring system has been shown to be incorrect
by G. B. Hoey, D. O. Dean, and C. T. Lester, ibid., 77, 391 (1955).
A more recent assignment of this heterocyclic nucleus to the product
from an allene epoxidation [V. I. Pansevich-Kolyada and Z. B. Idelchik,
J. Gen. Chem. USSR, 24, 1601 (1954)] is based solely on rather poor

peracetic acid oxidation! of 2,5,5-trimethyl-2,3-hexa-
diene®* with 2 equiv of oxidant led to 2b smoothly and
in high yield. This material isomerized upon attempted
glpc purification, but distillation through a spinning
band column afforded a pure sample, bp 40° (2 mm).
The homogeneity of this material was attested to by
its well-resolved nmr spectrum: 7 6.63 (s, 1, epoxide
proton), 8.54 (s, 3, CHj), 8.56 (s, 3, CH3), and 9.03 (s,
9, t-Bu). The chemical shift of the ring hydrogen is
downfield about 0.5 ppm from those of simple epox-
ides,® undoubtedly owing to the effect of the neighbor-
ing oxide ring. The molecular formula of 2b is as-
sured by its elemental analysis (Found: C, 69.09; H,
10.18) and an accurate mass determination on the mo-
lecular ion in its mass spectrum (Found: m/e 156.1151).
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The mass spectrum (70 eV) showed important frag-
ments at m/e (relative intensity) 156 (1), 128 (8), 113
(8), 100 (29), 98 (21), 83 (46), and 70 (100). The in-
frared spectrum was devoid of absorption in the hy-
droxyl and carbonyl regions but had a number of strong
bands in the 8-14-u region. A puzzling feature of the
spectrum was the presence of a medium-intensity ab-
sorption at 6.10 u. Interestingly, this band was absent
in the Raman spectrum of 2b.¢

Treatment of spiro dioxide 2b with hydrochloric acid
in methylene chloride produced in good yield a 1:1
mixture of two isomeric compounds identified as ox-
etanone 3b and unsaturated ketone 4b. A variety of
other acidic or thermal conditions including glpc
readily effected this conversion. 4-s-Butyl-2,2-di-
methyl-3-oxetanone (3b) shows: ir 5.50 u; nmr = 5.04
(s, 1, CH), 8.56 (s, 3, CHjy), 8.64 (s, 3, CHj), and 9.02
(s, 9, +~Bu). 4-Hydroxy-2,5,5-trimethylhex-1-en-3-one
analytical data. Our own experience leads us to severely doubt that
a spiro dioxide derivative would have survived the conditions described.

(3) This allene was prepared from 2,4,4-trimethyl-2-pentene by con-
version to the dibromocarbene adduct with bromoform-potassium
t-butoxide and subsequent treatment of the adduct with methyllithium
[L. Skattebel, J. Org. Chem., 31, 2789 (1966)].

(4) All new compounds gave acceptable microanalytical data.

(5) For example, the methine proton in propylene oxide is found at
ca. 7 7.1: NMR Spectra Catalog, Varian Associates, Palo Alto, Calif.,
1962, Spectrum 32. .

(6) This behavior appears to rule out the possibility that the absorp-
tion is C=C stretching. The nmr contraindicates the possibility of
appreciable contamination by an impurity and, furthermore, the likely
impurities are incompatible with the spectrum observed. The infrared

band is not an overtone, but the possibility that it is an exceptionally
strong combination band is not incompatible with the spectrum.
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(4b) has: ir 2.8, 5.98, and 6.13 u; nmr 7 4.17, 4.24 (m,
2 total, C=CH,), 5.56 (s, 1, CH), 6.92 (s, 1, OH), 8.11
(m, 3, CH;), and 9.12 (s, 9, t-Bu). In the presence of
acetic acid 2b leads to 3b (35 97),4b (59 97), and 4-acetoxy-
2-hydroxy-2,5,5-trimethyl-3-hexanone (8b, 6%): ir
2.8, 5.74, 5.81, and 8.0 u; nmr 7 4.57 (s, 1, CHOAc),
6.82 (s, 1, OH), 7.95 (s, 3, OAc), 8.67 (s, 3, CH3), 8.74
(s, 3, CH;),and 9.00 (s, 9, t-Bu).”

Reaction of the allene with 1 equiv of peracid was also
examined in an attempt to isolate the first intermediate,
allene oxide 1b. However, even when the peracid solu-
tion was added slowly to the allene solution, the product
consisted of unreacted allene (509%), spiro dioxide 2b
(40%), and 2-acetoxy-2,5,5-trimethyl-3-hexanone (6b,
897): ir 5.74, 5.79, and 8.0 u; nmr 7 7.71 (s, 2, CH,),
8.03 (s, 3, OA0), 8.61 (s, 6, CH3), and 8.99 (s, 9, #-Bu).

The above studies fully support our earlier conten-
tion! that 2a was an intermediate in the conversion of
tetramethylallene to its dioxidation products 3a, 4a, and
5a, since isolated 2b independently yields an analogous
series of transformation products. Furthermore, iso-
lation of 2b provides the best evidence to date for the
real existence of allene oxide intermediates, since only
this species appears to be a reasonable precursor for 2b
and its homologs. In the reaction utilizing equivalent
amounts of allene and oxidant, a small proportion of 1b
is evidently trapped by acetic acid to give 6b, in compe-
tition with attack by a second molecule of peracid.
However, the addition of acetic acid to both 1b and 2b
is much suppressed relative to the corresponding tetra-
methylallene intermediates, probably because of the
steric influence of the #-butyl group.

The illustrated stereochemistry of 1b and 2b is as-
signed on the assumption that peracid attacks the more
heavily substituted double bond from the direction re-
mote from the r-butyl side chain. The importance of
substituents on the rate of olefin epoxidation is well
established,® and our qualitative observations with a
series of allenes suggest that alkyl substituents simi-
larly enhance the reactivity of cumulative double bonds.
Support for reaction at the disubstituted double bond is
available by the formation of 6b if it is assumed that this
product is generated directly from the allene oxide inter-
mediate.® Examination of models reveals that the
t-butyl group substantially shields one side of this ole-
finic unit. The stereochemistry of 1b necessarily de-
termines that of 2b.

It is apparent that allene oxide 1b reacts with peracid
much faster than the allene itself. The reactivity of 1b
can be attributed to the resonance interaction of the
substituent oxygen atom which increases the nucleo-
philicity of the double bond in 1b. Analogy is available
in the very facile reaction of enol ethers with peracid.
This conclusion suggests that special circumstances will
be required in order to isolate an intact allene oxide
from peracid oxidation of an allene. The results of

(7) The magnetic nonequivalency of the methyl groups undoubtedly
is a result of the proximate asymmetric center in 5b: R. H. Bible, “In-
terpretation of NMR Spectra,” Plenum Press, New York, N. Y., 1965,
p75.

(8) D. Swern, Org. Reactions, 7,380 (1953).

(9) The possibility that 6b is formed by the reaction of acetic acid
with a cyclopropanone intermediate derived from an allene oxide by
isomerization cannot be excluded.

(10) C. L. Stevens and J, Tazuma, J. Amer. Chem, Soc., 76, 715
(1954).
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one approach to this problem are discussed in the ac-
companying communication, !
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Allene Epoxidation. Isolation of a Cyclopropanone

Sir:

In continuing our synthetic efforts?? directed toward
the isolation of a representative allene oxide (e.g., 1),
we have examined the peracid oxidation of 1,1-di-z-
butylallene® with the idea that allene oxide 1 might
possess a measure of kinetic stability owing to the
shielding effect of the bulky #-butyl substituents.®
However, the sole product obtained from buffered per-
acetic acid treatment of this allene with 1 equiv of oxi-
dant in methylene chloride® was the exceptionally stable
cyclopropanone 2. 2,2-Di-t-butylcyclopropanone is a
waxy solid, mp 41-43°, with distinctive infrared ab-
sorption at 5.48 (C=0) and 10.5 x and nmr bands as
sharp singlets at = 8.56 and 8.90 (1:9). The ultraviolet
spectrum (hexane) shows a maximum at 345 nm (e 52).
These rather distinctive spectral characteristics are in
excellent agreement with those reported for other cyclo-
propanones.®” The mass spectrum of 2 displays im-
portant fragments at m/e (relative intensity): (70 eV)
168 (0.4), 126 (25), 112 (24), 111 (55), 97 (75), 69 (53),
and 57 (100); (10eV) 168 (3), 153 (2), 140 (2), 126 (100),
112 (78), 111 (31), 97 (45), 85 (11), 84 (23), 57 (30), and
56 (29). An accurate mass determination on the mo-
lecular ion (found, 168.1514) confirmed the molecular
formula. This cyclopropanone possesses substantial
stability which allows it to be manipulated without any
special precautions to exclude air or hydroxylic solvents,
and it could even be purified by preparative glpc on a
freshly prepared 5-ft column of 1597 Carbowax 20M
on Chromosorb W when the entire glpc system was
maintained below 110°. The nmr of 2 does not change
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