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Summary: The dimethyldioxirane oxidation of a series
of allenyl carboxylic acids with varying numbers (0-3) of
carbons between the two functions leads to highly func-
tionalized lactones derived from cyclization of intermediate
diepoxides. The regiochemistry is generally controlled so
as to give v- and é-lactones.

We have reported recently! that application of the di-
methyldioxirane oxidation protocol® provides a general
method for the conversion of allenes into their diepoxides,
1,4-dioxaspiro[2.2]pentanes.®* Addition of nucleophiles
to these spirodioxides completes a two-step process for the
introduction of functionality at each of the three carbons
of the original allene unit. This addition can occur with
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high regiochemical and stereochemical selectivities with
appropriately substituted allenes. Subsequent work® has
demonstrated that a variety of allenic alcohols are con-
verted into oxygen heterocycles by this type of oxidation,
presumably via intermediate diepoxides which undergo
spontaneous cyclization to the observed tetrahydrofuran
and tetrahydropyran products. We now disclose that ox-
idative cyclizations of allenic carboxylic acids proceed
similarly to give highly functionalized lactones of consid-
erable interest as synthetic intermediates.

Oxidation of the fully methylated a-allenyl acid 1 with
10 equiv of dimethyldioxirane (2) in acetone yielded
crystalline v-lactone 87 in 73% yield. This transformation
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logically proceeds through the diepoxide species 4, which
cyclizes under the reaction conditions. Interestingly,
trapping of the intermediate allene monoepoxide by the
neighboring carboxylic acid group is not competitive with
the second epoxidation step.

In a similar manner the $-allenyl acid 5% was converted
by 2 into the crystalline é-lactone 6 (96% yield).® Early
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attempts to purify this material by chromatography on
silica gel were unsuccessful owing to its propensity to un-
dergo ketol transposition'® to the isomeric lactone 7.1

o 0
>= ) 2 -
=>< J OH o
HO,C HOLC )
5 : 15 12
| e

(o] \ [o]
K 1 I
HO,C
[o} (o]
13 6

anti 15 syn 1§ 7

Essentially complete conversion of 6 to 7 could be effected
by stirring with a slurry of silica gel in THF, indicating
that 7 is significantly more stable than 6. The disubsti-
tuted S-alleny! acid 8a!2 was converted in 84% yield to a
2:3 mixture of diastereomeric lactones 9a, which could be
separated by HPLC into the major trans isomer and the
minor cis isomer.’® The minor isomer was assigned as cis
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on the basis of a long-range coupling across the carbonyl
(4J = 1 Hz).1* The analogous acid 8b!® gave a similar 2:3
mixture of the diastereomers of 9b in 76% yield.'® Finally,
B-allenyl acid 10a!” was converted into é-lactone 118 (87%
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A dramatic change occurred when acid 5 was converted
to its salt with NaHCO; prior to the addition of 2. In this
case the oxidation product consisted of a mixture of §-
lactone 6 (44% isolated yield), the isomeric 8-lactone 12
(11%),'® and the nonhydroxylated é-lactone 13 (11%).20
Treatment of 12 with triethylamine in CDCI; resulted in
its disappearance with the formation of considerable
amounts of 6.2 Lactone 13 undoubtedly arises from
carboxylate anion trapping of monoepoxide 14. Indeed,
lactone 13 was the only product observed (76% yield) when
oxidation was performed by adding 5 to an in situ prep-
aration of dioxirane 2 (Oxone, acetone, aqueous NaHCO,).
Small amounts of 13 (<5%) were also observed in the
reaction of the free acid 5 described above. Thus, intra-
molecular cyclization of intermediate 14 can be competitive
with further epoxidation under the appropriate conditions.

Interestingly, the oxidation of 5 in the presence of p-
toluenesulfonic acid or either cesium or potassium carbo-
nate gave 6 containing a small amount of 13. In a control
experiment the reaction mixture of 6, 12, and 13 was found
to be unchanged upon stirring with acetic acid in wet
acetone-dg. On the other hand, the same mixture in the
presence of potassium carbonate in wet acetone-dg showed
a decrease in the ratio of 12:6, suggesting preferential
decomposition of 8-lactone 12 under these more basic
conditions.

The overall regiochemistry of the intramolecular reaction
of spirodioxide 15 depends on the reaction conditions in
a subtle manner. In the experiments using NaHCO; to
buffer the reaction conditions, the presence of the car-
boxylate anion appears to be the important feature. Al-
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though the stereoselectivity of spirodioxide formation may
be changed by this difference at the neighboring acid
group, the main influence is surely in the cyclization
process itself. Under the NaHCOg-buffered conditions, the
intramolecular addition probably takes place via an Sy2
mechanism and, consequently, only the diastereomeric
spirodioxide with the acid side chain situated anti to the
oxygen of the remote ring is able to give é-lactone 6. The
B-lactone is, however, accessible by the alternate mode of
exo ring closure from either spirodioxide geometry. Under
acidic conditions, the cyclization may well take place by
a carbocationic mechanism which permits é-lactone for-
mation from either diastereomer of the spirodioxide.

As anticipated, allenes with more remote carboxylic acid
functions cyclize in an exo fashion. Thus, the y-allenyl
acid 10b?? was transformed by 2 into y-lactone 16b? in
82% vyield. Similarly, 5-lactone 16¢% (71% yield) was
generated by the oxidation of é-allenyl acid 10¢.%8

In conclusion, oxidations of allenyl acids by dimethyl-
dioxirane provide an interesting synthetic route to highly
functionalized lactones. The lactones should prove to be
useful synthetic intermediates; for example, in the prep-
aration of unusual monosaccharides.
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