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Abstract

Acylsilanes with terminal a-stannyl bromide or
xanthate functionalities are prepared. a-Stannyl
radicals generated from these acylsilanes undergo
intramolecular cyclizations to give cyclic silyl enol
ethers regiospecifically. The radical processes
involve radical cyclization, Brook rearrangement, and
b-fragmentation in sequence. Tributylstannyl group
serves as the radical leaving group. The newly
formed s-bond and p-bond are located between the
same two carbon atoms. This approach is limited to
the formation of five-membered ring. In another
route, w-bromo-a-phenylsulfonylacylsilanes  are
synthesized.  The radica cyclizations of these
a-sulfonylacylsilanes also give cyclic silyl enol ethers.
The phenylsulfonyl moiety is the radical leaving group
in this system.  Furthermore, the newly formed
s-bond and p-bond are located at adjacent positions
sharing a single carbon atom. The latter approach is
effective for both fivee and six-membered ring
formation.

Keywords: Acylsilanes, Radical cyclization, Silyl enol
ethers
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Intramolecular cyclizations of radicals with carbonyl
groups are known to be reversible process&.l To
drive these reactions toward the cyclization side, there
aretwo general strategies. Oneisto trap the cyclized

alkoxy radical intermolecularly using excess tributyltin
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hydri de,2 silanes3 or organophosphorous
compounds.4 The use of large excess of

triethylborane also improves the cyclization
effici ency.5 This may be attributed to the trapping of
the cyclized alkoxy radical by triethyl boraneSP  The
other route relies on the presence of some
intramolecular processes such that the cyclized alkoxy
radicals are diverted to give other products in an
irreversible way. The most notorious application in
this direction is the

ring expansion of

2-oxocyclopentylmethyl radical and systems alike
pioneered by research groups of Beckwith and
Dowd.57 Radical cyclizations of acylgermanes give
rise to cyclic ketones through b-scission of b-germyl
alkoxy radicas8  Thio- and sdlenoesters aso
undergo similar reactionsd  The complementary
acylsilane cyclizations10 give cyclic acohols in the
form of silyl ethers through irreversible radical-Brook
radical

rearrangementslo_12 of b-silyl akoxy

intermediates. In the case of tributyltin
hydride-mediated pinacol coupling developed by Hays
and Fu,13 the cyclized gtributylstannyloxy akoxy
radical was trapped via an intramolecular homolytic
substitution at tin. A 1,3-stannyl shift from carbon to
oxygen is the driving force for the intramolecular
cyclizations of a-stannyl radicals with formyl
group.14

Among the intramolecular radical cyclization reactions
of carbonyl compounds, the acylsilanel5 cyclization
system is unique, in which a new carbon radical is
generated after the radical-Brook rearrangement of
b-silyl akoxy radical. By introducing additional

structural  features, one may utilize the newly



generated carbon radica in useful ways. One

possibility involves a pre-existing radical leaving
group X at the b-position of the carbon radical. A
b-scission will occur to generate a silyl enol ether in a
regiospecific fashion. In principle, there are two
possible approaches. Route-a starts from the
generation of radical with the radical leaving group
attached at the carbon carrying the initia radical. In
this direction, we found that the tributylstannyl group
served well as the desired radical leaving group.16
An aternative approach (route-b) is to put the radical
leaving group at the a-position of the carbonyl group.
We found that this route can be realized by the use of
phenylsulfonyl group.17 In this project, we
accomplished our full investigation of the use of these
two approaches in the regiospecific formation of silyl

enol ethers.18

In this study, we have successfully developed two
routes in the synthesis of regiospecific cyclic silyl enol
ethers employing intramolecular radical cyclizations of
acylsilanes. Both approaches involve
b-fragmentation of the cyclized a-silyloxy radical
intermediates. The cyclizations of acylsilanes

carrying termina  a-tributylstannyl bromide or
xanthate functionalities adopt the tributylstannyl group
as the radical leaving group for the b-fragmentation.
This approach works only for five-membered ring
formation. The other  approach  uses
a-phenylsulfonylacylsilanes as the substrates. The
a-phenylsulfonyl group serves as the radical leaving
group. Although the latter approach works well for
both five- and six-membered ring formations, the
concomitant formation of phenylsulfinic acid causes
some trouble. This side product can be removed by
the use of excess (15 equiv) sodium bicarbonate
powder.

Interestingly, the a-sulfonylacylsilane

approach is analogous to the ionic chemistry of

acylsilanes in the synthesis of regio- and
stereochemically defined silyl enol ethers developed
by Reich et. a/.19

Due to the difference in the direction of bond

formation, the two radical approaches are

complementary regarding the regiochemistry of cyclic
silyl enol ether formation. Within the same route,
tuning the position of the substituents on the acylsilane
backbone will also lead to the formation of the desired

regioisomer.
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Radical cyclizations of acylsilanesin organic
synthesis

Yeun-Min Tsai
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Taipei, Taiwan 106, ROC

Radical additions to carbonyl compounds are
potentially useful reactions. However, it is
well known that this type of cyclizations is
reversible in favor of the reverse reactions.
On the contrary, radical cyclizations of
acylsilanes of acyldslanes resulted in the
formation of b-silyl akoxy radicals. A
radical-Brook rearrangement occurs
immediately to give silyloxy group
substituted carbon radicals. These new
cabon radicals can be trapped
intramolecularly by double or triple bonds to
construct bicyclic skeleton. Several tandem
radical cyclizations will be discussed. In
the case of wusing triple bond as
intramolecular  radical  terminator, an
interesting hydrogen atom transfer occurs
between the methyl group on silicon and the
vinyl radical intermediate. Thisis followed
by a third intramolecular cyclization to give a
tricyclic compound. Structural  factors
affecting the formation of the tricyclic
product will be discussed.
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