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PHOTOOXIDATION OF 1-ACETOXY-3,5-CYCLOHEPTADIENE

David M. Floyd* and Christopher M. Cimarusti
The Squibb Institute for Medical Research
P.0. Box 4000, Princeton, New Jersey 08540

Summary: A method for the preparation of cis oxygenated cycloheptyl systems has been
developed. Photooxidation of 3 gives mainTy 4, resulting from attack syn to the acetoxy
substituent. The acetate function of both 4 and 5, the minor anti-product, appears to affect
the rate of endoperoxide to diepoxide rearrangement.

We have been concerned with developing methods for the facile preparation of cis oxy-
genated polyacetate units suitable for further elaboration. Unlike the analogous poly-
propionate systems, very little control of stereochemistry could be expected from acyclic
precursors.’ To our knowledge the only highly stereoselective method for cis 1,3-induction in
unbranched systems is Bartlett's "phosphate extension".2 Our inability to readily convert the
epoxyphosphate 1 to the diepoxide g? led us to consider alternative approaches.

We have examined the addition of photo-generated singlet oxygen to 3,5-cycioheptadiene-
1-01 (11) and its derivatives.4 At this time, we wish to describe the photooxidation of the
acetyl derivative §§ and the facile rearrangement of the minor endoperoxide product 5 to
diepoxide 6 under both photolytic and thermal conditions.
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The reaction of 3, under standard conditionse, was complete in 4.5 to 5 hours and af-
forded three major products. Analysis by 13C and ]H nmr demonstrated that the mixture con-
tained 65% of endoperoxide 4 (40% isolated by crystallization from ether)7 and 35% of 5 and
6 combined. The ratio of 5 to 6 varied, perhaps due to variations in the amount of hemato-
prophyrin hydrochloride (Hem*HC1) used in individual experimentss.
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Structural assignments were initially made by 13C and T nmr9 and, in the case of the
endoperoxide isomers 4 and 5, confirmed by single crystal X-ray ana1ys1‘s]o of 1-0-acetyl-1,3,6-
cycloheptatriol 8 obtained by hydrogenation of 4. Confirmation of structure 6 was obtained by
comparison of its 13¢ spectrum to that of the diepoxide 7 formed by thermolysis of g.(160°C,
toluene, 3.25 hours; 50% as an oil from plc on silica). Structural and chemical studies on 5
were performed on a ca. 1:1 mixture of 4 and 5, obtained after crystallization of 4 and column
chromatography on silica of the mother 1iquor to remove 6. A1l relevant 13C and ]H nmr data
are listed in the Table. The chemical shifts of H, andC4are consistent with Titerature
assignments in related systems.9

We were initially surprised to observe significant amounts of a diepoxide arising under

11

the reaction conditions' ', especially since both endoperoxides appeared to be stable for weeks

at room temperature. The selectivity of the rearrangementwas demonstrated by re-subjecting a
1:1 mixture of 4 and 5 to the reaction conditionse. After 10 hours a clean mixture of 4 and 6,
with only traces of 5 remaining, was isolated. Further study showed that the mixture of 4 and
5 was unchanged by stirring in methanol (with and without added Hem*HC1) at ambient temperature
and that 5 was only slowly rearranged to 6 when subjected to the light source in the absence of
Hem*HC1. However, photolysis in the presence of Hem'HC1 under an argon atmosphere effected the
rapid isomerization of 5 to §:8 If relatively large amounts of Hem-HC1 are employed, 4 will
also rearrange to the corresponding diepoxide 7. In fact, ]3C nmr analysis of crude 5 obtained
from preparative reactions showed it to contain 3-4% of 7.

Similar results were obtained under thermal conditions. Heating endoperoxide 4 in toluene
at reflux took approximately 96 hours to effect complete conversion of 7 and some minor pro-
ducts. Under identical conditions, 5 completely rearranged to diepoxide 6 in less than 5 hours.
As a point of reference, the thermal rearrangement of 2-cyc10heptene-1,4—endoperox1‘de12 {9) to
diepoxide 10 was examined. Comparing the extent of reaction of 4, 5 and 9 in refluxing toluene
for 6 hours showed conversions to the corresponding diepoxides 7, 6 and 10 to be 11%, ~100%
and 71% respectively. Thus, it appears that while the anti-acetate group of 5 is definitely
facilitating the rearrangement of 5 to 6, the syn-acetate of 4 is retarding the rearrangement
of 4 to 7. At this time, it is not possible to differentiate between the interaction of the
pendant acetoxy function with some diradical 1'nte\r'med1ate8’]3 and the effects on the confor-
mation of the cycloheptene ring that the acetoxy substituent imparts.
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In terms of our synthetic goal, we have observed a highly stereoselective singlet
oxygen addition to the parent alcohol 11. Thus standard conditions gave an 80% yield of an
89:11 mixture of the desired exo-isomer 12 to the endo-isomer 13 after column chromatography
on silica. Only trace amounts of bis-epoxide products were observed by 13¢ and Ty nmr analysis
of the crude reaction mixture. Formation of the acetoxy derivatives {AcCl, pyr., CHpCl,, 0°C)
and recrystallization from ether afforded pure 4 in 60% overall yield from 11.
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The results of chemical transformation of 4 and its analogs as well as further work on
the substituent effects on the endoperoxide to diepoxide rearrangement will be reported in due

course.
NMR Data in CDCl13 (ppm) OAc
HO OH
Assignment 4 5 6 7 8

C-1 67.9 68.8 67.8 67.7 69.5

C-2 36.9 38.4 32.4 31.3 44.8

C-3 72.9 74.4 51.3 51.5 68.8

Cc-4 128.5 130.4 52.9 52.7 31.8

H-1 ca. 4.958 5.436

(quintet) (quintet)
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