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AN EPISULFONIUM ION MEDIATED RING EXPANSION OF
1-ALKENYLCYCLOALKANOLS'
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Korea Advanced Institute of Scilence & Technology, Seoul 130-012, Korea

Summary : It has been found that TBDMS ethers of l-alkenylcycloalkanols are
readily rearranged to the ring expanded o- (l-phenylthicalkyl)cycloalkanones
in high yields wvia episulfonium ions,

The importance of ring expansion methods in organic synthesis has been
well recognized.l Much effort has been made to improve existing methods and
to develope new ones, especially having the ability to introduce a hetercatom
substituent together with the ring expansion.Z2 Recently, we have reported
that (phenylthio)nitromethane can serve as a useful one carbon and o-
hetercatom source in the alkylidenesulfonium ion mediated ring expansion.3 We
have examined the possibility of a ring expansion via an episulfonium ion?
using P-nitroethyl phenyl sulfide,5r6 as shown in Scheme 1. However, this
approach failed to give the ring expanded ketones by treatment with various
Lewls acids such as aluminum chloride and stannic chloride. In all cases,

the corresponding tertiary halides were obtained in high yields.
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We have found that t-butyldimethylsilyl (TBDMS) ethers of l-alkenyl-
cycloalkanols,7 upon successive treatment with PhSCl and AgBF4 gave the ring

expanded cc—(1-—phenylthioalkyl)cycloalkanones8 in high yields. 1-Alkenyl-
cycloalkanols were easily prepared from cycloalkanols and wvinyl magnesium
bromide in tetrahydrofuran in high yields. The preliminary study was done

tDedicated to professor G. Just on the occasion of his 60th birthday.
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with trimethylsilyl (TMS) ether (1) using several binary systems, which has
been known to generate an episulfonium ion from the double bond, %, 10 Among
several reagent systems tested in this study,ll PhSC1/AgBF4 gave the best
result, although it gave the undesired byproduct (4) derived from the
rearrangement of the epoxide (3),12 as shown in Scheme 2., The side reaction
was completely suppressed by introducing TBDMS group. Thus, the ring
expansion of the corresponding TBDMS ether proceeded cleanly, yielding a-
(phenylthiomethyl)cyclohexanone (2) in 80% yield.

The silylation of l-alkenylcycloalkanols was normally carried out with
1.5 equiv of TBDMSOTf and 2.5 equiv of 2,6-lutidine in dichloromethane at
room temperature13 and the TBDMS ethers were isolated in high yields, as
shown in Table 1. However, this method reaches a limit with 1-
isopropenylcycloheptanol (5). Under the present condition, the dehydrated
diene was obtained as a major product along with a small amount of the TBDMS
ether (6) probably due to the acidic environment. Thus, generation of an
alkoxide with n-BulLi and treatment with TBDMSOTf gave the desired TBDMS
ether (6) in 31% yield along with 64% of the tetrahydrofuran insertion
adduct (7)), as shown in Scheme 3. The use of other solvents such as
dimethoxyethane, ether and hexane gave no improvement in the yield of the
desired TBDMS ether.
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Table 1. Ring Expansions of cycloalkanones to o-(1-Phenylthioalkyl) Ketones®

ketone substrate (yield, %) temp, °C /time, h product® yield, %

1

R
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o SPh
“ TBDMSOf >JLR, t R' o
R'«H (75) 0/1 85°
R' = CH, (65) 410 /1 80°
0 O  SPh
TBOMSO
(55) 25/2 58

2All reactions were carried out in CH,Cl, by successive treatment with 1.0 equiv of benzenesulfenyl chioride (1.0 M in CHaCly)

at -78°C and1.5 equiv of silver tetrafluoroborate (1.0 M in CH3NO,) at -40°C, and stirring under given conditions. POverall yield

for isolated product from starting ketone. “The steraochemical outcome of the products has not baen fully determined. “Yields are
based on TBDMS ethers of 1-alkenylcycloalkanols. °Pure regicisomer by "H NMR. 'Mixture of regioisomers (97:3) by GLC analysis
after Raney nickel desulfurization.
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The ring expansion reaction was performed on various structurally
different TBDMS ethers of l-alkenylcycloalkanols using PhSC1l/AgBF4. Table 1

summarizes our experimental results and illustrates the efficiency,
applicability, and scope of the present method. The 4- and 5-ring adducts
are cleanly rearranged to the ring expanded ¢-(l-phenylthicalkyl)cyclo-
alkanones in high yields irrespective of the substitution at double bonds
and carbocyclic rings, whereas somewhat low efficiency was observed with the
6-ring adduct. It is noteworthy that the compound (7) underwent a ring
expansion with much less efficiency. For unsymmetrical ketones, the most

highly substituted alkyl group migrated preferentially,l?
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