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ENOL VARIANTS OF THE COPE REARRANGEMENT OF C/5-2,3-DIVINYL EPOXIDES
AND THE FURTHER FUNCTIONALIZATION OF THE OXEPIN NUCLEUS

‘Whe-Narn Chou and James B. White*
Department of Chemistry, Box 19065, The University of Texas at Arlington, Arlington, Texas 76019

Summary: The Cope rearrangement cis-2,3-divinyl epoxides containing a silyl enol ether or enol triflate leads to
4,5-dihydrooxepins that are functionalized to allow for the further elaboration of the oxepin ring.

We recently reported a five step synthesis of 4,5-dihydrooxepins from enynols, the key step being the
[3,3] sigmatropic rearrangement of cis-2,3-divinyl epoxides (equation 1).I One notable feature of this
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approach is that the enol acetate moiety is not destroyed in the rearrangement, since a new enol acetate is
regiospecifically generated in the oxepin product. Enol acetates have limited usefulness,2 but alternative enol
derivatives such as silyl enol ethers3 and enol triflates# would be useful in the further functionaliztion of the
oxepin nucleus following the rearrangement. Given that our methodology would easily allow for the preparation
of such enol derivatives, it was of interest to see if they would also undergo the Cope rearrangement. We report
herein the preparation and Cope rearrangement of such alternative enol derivatives along with a preliminary
investigation into their chemistry.

The enol derivatives 2a-b were readily prepared by quenching the lithium enolate of epoxy ketone 11 (3
equiv LIN(TMS)3, THF, -70 °C) with an excess of the appropriate electrophile.3-8 Like its enol acetate
counterpart, silyl enol ether 2b underwent smooth Cope rearrangement upon heating (CCl4, 0.1-0.4 M) to give
the corresponding 4,5-dihydrooxepins 3a in good yield. However, the Cope rearrangement of the enol triflate 2b
was at first problematic, as on several occasions the reaction would suddenly turn black with the complete loss of
both 2b and 3b. This decomposition may have arisen from the presence of a small amount of water, which led to
the generation of an exiguous amount of CF3503H from the partial hydrolysis of either enol triflate 2b or 3b. By
simply adding two equivalents of triethylamine, the Cope rearrangement of enol triflate 2b proceeded reproducibly
to give the 4,5-dihydrooxepin 3b. These results are summarized in Table I, along with those from enol acetate
2¢.1 In comparing the relative ease of the Cope rearrangements of 2a-¢, there did not appear to a large
substituent effect at C.2 of the 1,5-diene, although the substrate with the most electron-withdrawing group, the
enol triflate 2b, rearranged under the mildest conditions.

The availability of 3a provided the opportunity to study the chemistry of its silyl enol and the possibility
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Table |I. Preparation and Rearrangement of
Enol Ethers of cis- 23 -Divinyl Epoxides
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§Q>: 1) LIN(TMS)3 ﬁ _CCly Q
OM
2) TMSCVEtsN or A 12h
(CF3802),0 or T™S
3a-c

™S 4 (CH3CO,)20 MS 2a-¢
entry M Yieldot 2 (%8 T(°C) Yieldof3 (%)3
a ™S 76 120 78
b T 66 9P 77
c¢ Ac 70 135 94

solated yield after flash chromatography on either silica gel or Florisil. See reference 7. bThe rearrangement of
2b was conducted in the presence of two equivalents of EtaN. CData for 3a and 3b from reference 1.

of selectively functionalizing C.2 of the oxepin ring. Such silyl enol ethers are virtually unprecedented in oxepin
chemistry,%2 and few strategies for the generation of a nucleophilic center at C.2 of a 3-oxoperhydrooxepin
exist.9< In a preliminary study, it was found that the Si-O bond of the TMS enol ether can be selectively cleaved
with methyllithium (3 equiv MeLi, -25 °C, 20 min) to give the corresponding lithium enolate. This enolate, in
turn, underwent directed aldol condensation !0 with a series of aldehydes (2 equiv ZnCly, THF, -60 °C, 5 min; 3
equiv RCHO, -60 °C, 30 min) to give the B-hxdroxyketones 4-6. The relative stereochemistry of the aldol
products has not been determined, but the diastereoselectivity was modest. For 4 and 5, two diastercomers were
isolated in ratios of 8:1 and 3:1, respectively. 6 was isolated as a mixture of four diastereomers, indicating less

facial selectivity of crotonaldehyde for this enolate.
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Replacement of the triflate group in enol triflates by organocopper reagents or in reactions mediated by
palladium catalysts has made this functional group very useful in organic synthesis.# Eno! triflate 3b has been
found to undergo a variety of these substitution reactions, allowing for the easy functionalization of C.3 of the
oxepin ring.1! For example, reaction of enol triflate 3b with 2-BuzCuLi or the mixed cyanocuprate 812 gave
oxepins 7 and 9, respectively. Alternatively, oxepin 9 was prepared by the palladium-mediated allylation with
allyltributylstannane.!3 The use of tributylstannane in this latter reaction led to substimtion of the triflate with a
hydrogen to give oxepin 10.74 Carboxylation of the triflate led to the ester 11,15 while a Teck reaction with
methyl acrylate led to ester 12.16
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In conclusion, the incorporation of a silyl enol ether or eno! triflate into the 1,5-diene of a cis-2,3-divinyl

epoxide significantly extends the utility of their Cope rearrangement, as the rearranged enol derivatives allow for

the

subsequent functionalization of the oxepin ring at C.2 and C.3. Further studies are in progress, and will be

reported in due course.
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