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PHENYLTHIO RADICAL MEDIATED SYNTHESIS OF SUBSTITUTED 3-VINYLCYCLOHEXANONES.
INTERRUPTION OF THE RING-OPENING POLYMERIZATION OF 1,3-DIOXOLAN-4-YL RADICALS.
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Abstract: Substituted 3-vinylcyclohexanones result from the radical mediated combination of
functionalized alkenes with a vinylcyclopropyl-1,3-dioxolane reagent.

The phenylthio radical mediated combination of substituted vinylcyclopropanes with either
functionalized alkenes or alkynes furnishes a broad spectrum of vinylcyclopentanoid products.! Attributes of
this [3-atom + 2-atom] addition process include tolerance to a wide range of functionality, complete
regioselectivity, and in favorable cases, moderate levels of stereoselectivity upon bond formation. Extension of
this transformation to include four atom components might provide access, upon addition with appropriate
olefinic partners, to an analogous collection of highly functionalized vinylcyclohexane products. We have
developed a novel vinylcyclohexanone synthesis based on this strategy, which utilizes the vinylcyclopropyl
1,3-dioxolane species 1 as a precursor to the four atom component, eq (1). Preliminary experiments which probe
the scope, limitations, mechanism, and stereochemistry of this multistep free radical mediated transformation are
described herein. Q
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Initial attempts to effect vinylcyclohexane synthesis by direct analogy with the successful

vinylcyclopentane studies utilized the vinylcyclobutane 4 as a substrate. However, screening experiments with
representative alkenes were not fruitful-presumably, an inability to generate the requisite bishomoallylic radical
§ under the reaction conditions thwarted this simple approach.? Therefore, an alternative strategy for generating
a bishomoallylic radical related to 5 was developed, which ultimately resulted in the successful
vinylcyclohexanone synthesis described in eq (1). This strategy relied on coupling successful vinylcyclopropane
chemistry! with the ring opening polymerization chemistry of l,3-dioiolan-4-yl radicals 7 recently reported by
Endo,? eq (2). Use of the "modified" vinylcyclopropane 1 permits interruption of the dioxolane polymerization
process, and allows interception of a key bishomoallylic radical (vide infra) by an alkene, leading to the desired
vinylcyclohexanone product 3.
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® The vinylcyclopropyldioxolane 1 was prepared from the alkenyldioxolane 6> as shown in eq (3).
Immediate methylenation of the very sensitive aldehyde formed by oxidation of alcohol 10 was critical for
successful preparation of the substrate 1. The phenylthio radical catalyzed addition of alkenes 2 to the
vinylcyclopropane 1 proceeded with equal facility either in benzene (15 mM, Seq. alkene, sealed tube) at 135°C,
or in refluxing chlorobenzene* (Table). The product vinylcyclohexanones 3 were chromatographically isolated
and their stereochemistry was ascertained by an analysis of coupling constants and DNOE data.5

Table Vinylcyclohexanones formed from the addition of alkenes 2 to reagent 1.

alkene vinylcyclohexanone products® yieldb
o] (o]
a) 2a R=CH, 3a 1.1 1 3b 46 %
b) 2b R=t-Bu 3¢ 19 1 3d 51%
¢) 2¢ R = 1-adamantyl RO,C 3s 18 1 3f 50 %
. O
0
d) 2d R=0Bu I 3g 22 1 3h 46 %
e) 2e R =0COt-Bu Vann 3i 14 1 3] 48 %
f) 26 R=Ph R 3k 11 1 3l 52 %
g/ 2g R=S0,Ph : m 27 17 3n : 42 %
R -
(o) o] 0 (o}
36 %
COLCHy CO,CH, CO,CH, Co,CHy
30 13 3p 1 3q 5 3r 13
0 o}
j 2 Q vé 38 16:1 v% 3t 17 %
o Ty
o o

aj All reactions were run under the conditions described in footnote 4. b) All yields refer to isolated, chromatographically

and spectroscopically pure material.’
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An examination of the results reported in the Table reveal several notable characteristics of this
transformation. The reaction appears tolerant of electron deficient, electron rich and conjugated alkenes, and
works with either mono- or 1,2-disubstituted olefinic addends. Unfortunately, only moderate yields were
obtained with all alkenes, although no other characterizable compounds could be isolated from the reactions.
Furthermore, stercoselectivity is negligible in many cases and does not appear responsive to the steric bulk of the
alkenyl substituent (compare entries a, b, ¢, f).5¢ Nevertheless, the ease of synthesis of substrate 1, and the ready
conversion to functionalized vinylcyclohexanones which might otherwise be difficult to prepare in a concise
manner, suggests that this chemistry may find application in the synthesis of appropriately functionalized natural
products.

A mechanistic proposal, which combines established vinylcyclopropane chemistry!-68< with the
dioxolane chemistry described in eq (2), is shown in Scheme. Salient features of this proposal include 1)
conversion of the homoallylic radical 12 into the desired bishomoallylic radical 13 via benzophenone extrusion,
and 2) selectivity for alkene addition only to radical 13 under the defined experimental conditions.* Evidence
consistent with this scheme was obtained by examining the products formed under alternative experimental
conditions. Thus, reaction with methacrylate in refluxing benzene, rather than chlorobenzene, led to isolation of
the vinylcyclopentane product 15. In this instances, interception of radical intermediate 11 prior to successful
generation of the bishomoallylic radical 13 accounts for formation of the cyclopentanoid products. Product
stereochemistry is established during the cyclization of the substituted 6-heptenyl radical 14. Without an
equational "anchor" at another site along the carbon backbone, the minimal selectivity observed upon formation
of the vinylcyclohexanone products is in accord with much experimental evidence’< and computational’®
predictions. Scheme
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In summary, we have developed a simple synthesis of substituted 3-vinylcyclohexanones which relies on
a combination of functionalized alkenes with a vinylcyclopropyldioxolane reagent 1. This transformation is
believed to proceed through a multi-step mechanism featuring several free radical intermediates. Tolerance to a
range of electronically dissimilar functional groups and complete regiochemical control of bond formation may
ultimately provide convenient access to structurally related natural product targets.
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