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An eight-membered ring was conveniently appended onto a cycloalkene carboxylate by employing a facile radical cyclization—fragmentation
reaction of an e-bromoalkyl spirocyclobutanone, which was readily accessible by the Kulinkovich cyclopropanation and subsequent electrophilic
addition to a 3-bromoalky! acetal.

In the past two decades, free radicals have emerged a
versatile reaction intermediates in the construction of the Scheme 1
carbon-carbon bonds in the presence of other functional H

groups! Particularly useful is a free radical fragmentation COM 1. Kulinkovich ©
. . . ; . 2Me cyclopropanation (
(ring-opening) strategy of spiro- and fused-strained rings to
bring about ring expansion for preparing medium-sized N 2. w-bromoalkyl acetal H
carbocycles. For example, sequential application of an inter- . _ L OMe
. L . 1:n=2 3. radical cyclization/ 3n=2
or intramolecular [2+ 2] photocycloaddition and a radical 2:n=1 fragmentation An=1

fragmentation reaction of the resulting, typically fused
cyclobutane derivative has provided a convenient method
for generating medium-sized rin§sNe herein report an Our approach to the requisite-bromoalkyl-tethered
expedient annulation of an eight-membered ring onto a cyclobutanones was built upon the Kulinkovich reaction of
cycloalkene carboxylate by relying on facile radical frag- cycloalkene carboxylates and subsequent condensation of
mentation of a spiro-cyclobutanone (Scheme 1). 1-cycloalkenylcyclopropanols withw-bromoalkyl acetals
(Scheme 2). The original Kulinkovich cyclopropanafion
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above-mentioned resultsQaand10bwere obtained in 51%

Scheme 2 yield in a 1.3:1 ratio from condensation &fwith 3-bromo-
R propionaldehyde dimethylacetal. Again, free radical-mediated
Ti(0-£Pr), cyclization—fragmentation oflO0a and 10b took place
4:n=p  CHaCHaMgBr smoothly to affordlaand4b (84~93% yield), respectively,
: TR .
2n=1 86-95% n as the sole product in each case.
:f ::n:zf As outlined in Scheme 3, the reaction sequence is likely
TMSOTf < ' to involve 6-exo-cyclization of the initially formed primary
88% 7:R=TM§ n=2 radicalA to the cyclobutanone functionality to generate the
8 R=TMS,n=1 OMe
51-75% MeO Br
TiCla Scheme 3
Q 3ab.m=1
n-BusSnH 4ab:m=0
3abn=2 AIBN
4abn=1 84-99% . Br . ] n-Bn,SnH
OMe m Hb
OMe o) H o
9ab:n=2 A Ha 1,5-H
10ab:n=1 m=0, 1 (
A
presence of titanium isopropoxide afforded the corresponding / c D
cyclopropanols and6 in 95 and 86% yields, respectively. o)
Vinyl cyclopropanols and silyl ethers can be viewed as !

vinylogous enols and enol silyl ethers, and their synthetic
utility in electrophilic addition reactions was first demon-
strated by the Wasserman and Trost groups and, more
recently, in our laboratory.° Following standard silylation o) OMe
(88% yield), a vinylogous Mukaiyama condensatfoof 7 Ha

with 3-bromopropionaldehyde dimethylacetal by the action
of TiCl, gave a 5:3 mixture 09a and9b (71% vyield) that
were epimeric at the methoxy stereocenter. The ring junction

stereochemistry 0®a and 9b was assigned on the basis of f strain in the f bered ri ffords the fused bicvcli
the stereoelectronic requirements for electrophilic addition, of strain in the four-membered ring, artords the fused bicyclic

whereas the relative configuration of the methoxy substituent "adical C. The ring-annulated radical is anticipated to
could not be ascertained. Other Lewis acids such as TM- Suffer 1,5-hydrogen transfer leading to the stabilizeacyl
SOTf, BR+EtO, and E4AICI were ineffective in effecting radicalD, which finally undergoes hydrogen abstraction from
coupling with an acetal. tributyltin hydride to furnish the bicyclic ketone products

Slow addition ofn-tributyltin hydride and AIBN to a  3aband4a,b. By analogy to a related system examined by
solution (14 M) of 9a in refluxing benzene afforded Dowd  the preferential formation of the trans isomers would
cyclooctenon@aas a single isomer in 99% yield. Similarly, seem more favorable than the alternate cis ring junction
free radical-mediated cyclizatierfragmentation oBb also ~ isomers, arising from 1,5-hydrogen transfer of (ds H)
proceeded efficiently to provid@b in 91% yield. The (i.e., C over C'). Apparently, the methoxy configuration
identical annulation sequence was also evaluated by startingexerted negligible influences on the stereochemical course,
with 6, especially because the resultant bicyclo[6.3.0]- which might be attributable to its small A value.

undecane skeleton is commonly found in an increasing Tq confirm the presumed reaction mechanism involving
number of bioactive natural productsin parallel to the 1 5 hydrogen transfer, the deuterium labeling experiment
using tributyltin deuteride and also the radical allylation
reaction by allyltributyltin were undertaken next (Scheme
4). Reduction of9a with tributyltin deuteride afforded.1
having the deuteriuntt to the carbonyl group as a 4:1
diastereomeric mixture (94%). Similarly, separate treatment
of 9aand9b with allyltributyltin resulted in grafting an allyl
group adjacent to the carbonyl group to gi2and13in

96 and 95% yields, respectively; in both cases, two diaster-
eomers were obtained in-a6:1 ratio. The stereochemistry
of 9a,b and 11—13 was tentatively assigned as shown in
Scheme 4 primarily by analogy tt0a,band14—16 (vide

alkoxy radicalB. Ring opening, which is driven by the relief
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From individual radical allylation ofl0a and 10b with
allyltributyltin, 14 (as a 5:1 diastereomeric mixture) ahél
(as a 7:1 diastereomeric mixture) were obtained in 52 and
70% yields, respectively. The full stereochemistryl6f,b
and16was unequivocally determined by single-crystal X-ray
analysis of carbamatt7 that was prepared from the major
diastereomer ol6 having the allyl group in thé-config-
uration by reduction with NaBH followed by acylation of
the major alcohol witlp-bromophenylisocyanate. The X-ray
structure ofl7 is depicted in ORTEP presentation (Figure
1)'12

Figure 1.

infra), along with the'H—'H COSY, difference NOE

measurements, and mechanistic considerati$ins.

In the same fashion, treatment @bb with tributyltin
deuteride furnishedi5 as a 2:1 diastereomeric mixture (69%).
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In summary, a convenient method for appending an eight-
membered ring to cycloalkene carboxylates has been devel-
oped by employing a facile radical cyclizatiofragmentation
reaction of bromoalkyl-tethered spirocyclobutanones. The
requisite substrates for ring expansion were readily accessible
by a modular approach involving the Kulinkovich cyclo-
propanation of cycloalkene carboxylates and subsequent
electrophilic addition of the resulting alkenyl cyclopropanols
to a 3-bromoalkyl acetal.
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