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The Michael addition reaction of tin(II) enolates with a,B-

unsaturated ketones proceeds smoothly by the use of chlorotrimethyl-

silane as an activator to give the corresponding addition products

in good yields.

The Michael addition reaction is a basic carbon-carbon bond forming reaction

which is widely employed in organic synthesis.l)

The reactions in which metal

enolates are employed as nucleophiles are of particular interest with great
potentiality as a versatile method for the stereoselective synthesis of acyclic

systems. However, in the reaction between metal enolates and o,B-unsaturated
ketones, in most cases the problems of competitive 1,2-addition along with some
polymerization of enones limit the application of metal enolate nucleophiles to

the Michael addition.z)

In connection with the results in previous papers3) where
diastereoselective and enantioselective aldol reactions by the
tin(II) enolates, in this communication, we wish to report the
tin(II) enolates in the Michael addition reactions.

First, we examined the reaction between cyclohexenone and

we demonstrated
efficient use of
utilization of

the tin(II) enolate

generated from 3-propionyl-2-oxazolidone. No reaction was observed when cyclo-
hexenone was added to the tin(II) enolate at -78 °C. Therefore, the addition of
several activators to this reaction was studied in order to enhance the reactivity

of the enone. (Table 1)

0o 0 Sn(OTf) actlvator 2-cyclohexen-l-one
\\’JLPQ ( 2 il > JLC)+
\_P N
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Table 1.
Activatora) Yield/$ A : B4)
1) none 0
2) SnCl4 0 —_—
3) Me,SnCl 0 _
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w 8



792 Chemistry Letters, 1987

4) BF3-0Et2 28 69:31
5) Ph2BC1 17 53:47
6) TMSC1 84 62:38

a) Molar ratio of Sn(OTf)jy:N-ethylpiperidine:3-acyl-
2-oxazolidone:activator:2-cyclohexen-1l-one =
1.0:1.2:0.8:1.2-1.5:0.6.

As shown in Table 1, the addition of Lewis acids such as BF3-OEt2 and thBCl,
did indeed promote the reaction. Moreover, in the presence of chlorotrimethyl-
silane (TMSCl), the reaction was promoted dramatically to give the desired Michael
addition product in 84% yield.7) The reaction was also effectively activated by
other silyl compounds, such as chlorodimethylsilane, dichlorodimethylsilane and
trimethylsilyl triflate.

The results of the reaction of tin(II) enolates with various enones are shown
in Table 2. 1In all cases the reaction is effectively promoted by the silyl
compound and the desired Michael addition product is obtained in moderate to good
yields. Furthermore, it is noted that the diastereomer ratio of the products
obtained was dependent on the activator employed and in some cases either dia-
stereomer could be obtained predominantly by choosing either TMSCl or chlorodi-
methylsilane as activator. It is also noted that various enolates derived from
ordinary ketones could be successfully employed in the present reaction.

\RR Sn(OTf))z activator RQ"R? RJO'\’\"'EIOL ' R

Et-N >,C"'2Clz,'78 °C anti syn
Table 2.
R Acceptor Yield/%c) anti:syn4) Activatora)
1 -r\L/o ’Q‘APh 77 8:92 A
2 " “ 78 71:29 B
0
3 ve M 56 95: 5 A
4 ' " 56 71:29 B
0
5w PRAA 85 75:25 A
6 o Q:o 84 62:38 B
0
7 -Et Pﬁxv9\ 72 b A

a) Activator A; chlorodimethylsilane, B; chlorotrimethylsilane.
b) Diastereomer ratio not determined.
c) In all cases, no 1l,2-addition product was observed.
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Regarding the mechanism of this reaction, the following two pathways are
feasible. 1In one possible pathway, the nucleophilic species is the tin(II)
enolate, with the activation of the acceptor by TMSCl. The other possibility is
that the nucleophile is the silyl enol ether, formed by silylation of the tin(II)
enolate by TMSCl, and the enone is activated by the tin(II) species. (Scheme 1)

0SnOTf R,RAR,, mscl | SI0 R0

J§,/ - "F{ R

TMSCI 0Si< ﬂl’sw'ﬁ
\ . &/ R’Qf\R"

Scheme 1.

R

Although, at present, the latter pathway cannot be completely eliminated, the
following experimental results suggest that the nucleophilic species is in fact
the tin(II) enolate and not the silyl enol ether.

The reaction between the silyl enol ether of propiophenone and phenylpro-
penylketone did not proceed in the presence of tin(II) triflate-chiral diamine.

On the other hand, the addition of chiral diamine to the tin(II) enolate of
propiophenone, followed by the addition of phenylpropenylketone and trimethylsilyl
triflate gave an optically active Michael addition product. These results
indicate that, in the presence of a diamine, tin(II) triflate is not strong enough
as a Lewis acid to promote the Michael reaction between silyl enol ether and o,B-
unsaturated ketone, and the reaction proceeds predominantly via the tin(II)
enolate. Although the presence of diamine renders an exact comparison impossible,
these facts imply that the tin(II) enolate is the active nucleophile in the
present reaction.

Also, the special ability of silyl compounds to effectively promote this
reaction should be noted. We believe this exemplifies the specific interaction
between tin(II) and silyl compounds reported in a previous communication.e)

A typical procedure is described for the reaction of 3-propionyl-2-
oxazolidone with phenylpropenylketone: To a suspension of Sn(OTf)2 (343 mg, 0.82
mmol) and N-ethylpiperidine (116 mg, 1.03 mmol) in 2 ml of dichloromethane was
added 3-propionyl-2-oxazolidone (97 mg, 0.67 mmol) in 1.5 ml of dichloromethane at
-78 °C under argon with stirring. After stirring for 1 h, phenylpropenylketone
(77 mg, 0.53 mmol) and TMSCl (107 mg, 0.99 mmol) were added successively to the
reaction mixture. The reaction was further stirred for 2 h at -78 °C, then
quenched with 10% citric acid solution, and the organic materials were extracted
with dichloromethane three times. To completely hydrolyze the trimethylsilyl
ether product, the crude Michael adduct obtained after evaporation of the solvent
was dissolved in methanol and to this solution was added citric acid. After
stirring for 1 h the reaction was quenched with pH 7 phosphate buffer. The
organic layer was extracted three times with dichloromethane and the combined
extracts were dried over anhydrous Na2804. After evaporation of the solvent, the
crude product was purified by preparative thin layer chromatography to afford the
desired product (120 mg, 79%).

Thus, the Michael addition reaction of tin(II) enolates and o,B-unsaturated
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ketones proceeds smoothly by the use of TMSCl as activator to give the corre-
sponding addition products in good yields. Further studies directed towards
clarification of mechanism as well as further applications of this reaction are

currently in progress in our laboratory.
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