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Abstract—In air and water, trialkylphenyl- or trialkylvinylstannanes react with o,fB-unsaturated esters and ketones to give the
corresponding conjugated addition products in high yields in the presence of a rhodium catalyst. © 2001 Published by Elsevier

Science Ltd.

Recently, we have been interested in developing transi-
tion-metal catalyzed carbon—carbon bond formations
under the quasi-nature conditions of air and water.!
Such reactions have the advantages that (1) water-solu-
ble substrates such as carbohydrates can be used
directly without derivatization; (2) the aqueous catalyst
solution can be recycled easily, and (3) it is more
convenient for operations without the need for using an
inert gas atmosphere. A general requirement for per-
forming such reactions is that the reagent is air- and
water-stable.

The use of tin and organotin compounds for synthetic
purposes has been growing in scope.? This is due to
their relatively high stability and the ability of tailoring
chemo-, regio-, and stereoselectivities by combination
of these reagents with appropriate catalysts. Widely
recognized reactions attributed to the use of tin include
tributyltin hydride based radical chemistry,® the Stille
reaction,* allyltin chemistry,’ and tin enolate chem-
istry.® More recently, transition-metal catalyzed car-
bonyl addition and conjugated additions involving
organotin compounds were studied by Oi’ and
Yamamoto® under an inert gas atmosphere and anhy-
drous conditions. In particular, Oi’® and co-workers
reported a conjugated addition of arylstannanes to
unsaturated carbonyl compounds in dried THF, under
nitrogen, in a sealed Schlenk tube, catalyzed by
[Rh(COD)(CH;CN),]BF, at 60°C, and was quenched
by adding water.

* Corresponding author.

On the other hand, the decreased reactivity and the
relatively higher stability towards air and water of these
reagents provides opportunities for performing reac-
tions in aqueous media, such as the allylation® and
aldol-type condensation,'® and in air.!"!'> An important
method for forming carbon—carbon bonds is through
the conjugated addition of an organometallic reagent to
unsaturated carbonyl derivatives.'*»'* Recently, we
reported that o,B-unsaturated esters and ketones react
with triphenylbismuth in aqueous media to give the
corresponding conjugated addition products under an
air atmosphere in the presence of a rthodium catalyst."
While the reaction provides the desired product effec-
tively under the desired reaction conditions, it is not
economical as three phenyl rings are involved in the
triphenylbismuth reagents. Decreasing the amount of
triphenylbismuth lowered the yield of the desired
product considerably, which was in part due to the
formation of biphenyl. In addition, most bismuth com-
pounds are not readily available and are unstable
towards air and water, which limits the application of
the method. In order to overcome these problems,
herein we found that the readily available and stable
trialkylaryl- or trialkylvinyltin reagents 2 can be added
efficiently to unsaturated carbonyl compounds 1, gener-
ating the desired product 3 (upon the catalysis of
rhodium) in air and water (Eq. (1)).'®
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Table 1. Rhodium-catalyzed conjugated addition with aryl and vinylstannanes in aqueous media
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All reactions were carried out at 50°C and yields were isolated ones after column chromatography on
silica gel. Yields in parentheses are the ones reported by ref. 7b in anhydrous THF at 60°C under N,.
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Scheme 1. Tentative mechanism for the rhodium-catalyzed conjugated addition of aryl and vinylstannanes to unsaturated

carbonyl compounds in air and water.

When trimethylphenylstannane was stirred with ethyl
crotonate and a catalytic amount of a Rh,(COD),Cl, (5
mol%) at 50°C in water, a smooth reaction occurred to
give the conjugated product in 65% isolated yield.
Unlike the triphenylbismuth reaction, virtually no
biphenyl product was observed with the tin reagents.
Various conjugated carbonyl compounds were thus
examined under the same reaction conditions with
Rh,(COD),Cl, (Table 1). Simple ethyl acrylate also
reacted to give the desired product (entry 1), which is in
sharp contrast to the previous method’® in dried THF,
where essentially no product was obtained on a similar
substrate. In the triphenylbismuth reaction, only a very
small amount of the desired product was obtained.
Both ketones (linear and cyclic) and esters were effec-
tive as the electron-withdrawing functional groups.
Compounds bearing a hydroxyl group reacted as
expected and did not require any protection (entry 12).
Scheme 1 outlines a tentative mechanism in which
rhodium serves as a catalyst for the conjugated addition
of vinyl and aryltin reagents. In conclusion, a conve-
nient rhodium-catalyzed conjugated addition of o,pB-
unsaturated carbonyl compounds was developed by
using trialkylvinyl- and trialkylphenylstannanes in air
and water. The scope, mechanism, and synthetic appli-
cations of this novel reaction are under investigation.

A typical experimental procedure is as follows: A mix-
ture of cyclohex-2-en-1-one (100 mg, 1.04 mmol),
trimethylphenylstannane (275 mg, 1.14 mmol), and
bis(1,4-cyclooctadiene)dirhodium dichloride (25 mg, 5%
mol) in 4 mL of water was capped and stirred at 50°C
(oil bath temperature) for 12 h. Upon cooling, the
reaction mixture was extracted with ether. The com-
bined organic fractions were dried over MgSO, and
concentrated. The residue was purified by column chro-
matography on silica gel (eluent: hexane/ethyl acetate =
20:1-10:1) to give 3-phenylcyclohexanone (138 mg, 76%
yield).
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