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SHORT COMMUNICATION

Stereoselective Reduction of a-Substituted
p-Keto Esters by Hydrostannane/Organotin

Triflate
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Stereoselective reduction of a@-substituted f-keto
esters is achieved by the combined use of
hydrostannane/organotin triflate. syn-Aldols are
obtained with more than 90% selectivities.
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Stereoselective reduction of a-substituted S-keto
acid derivatives is of great synthetic value because
the aldol reaction between a ketone and an ester
enolate is not always satisfactory.”-? In this con-
text, hydrogenation®> as well as metal hydride

reduction with various borohydrides
[ZH(BH4 )2 ,6—12 I(Et3I3I"I,13 Ca(BH4 )2 ,M and
NaBH,/*] and LiAIH,” was invoked.

Moreover, Group 14 metal hydrides are also
promising. Hiyama and coworkers have reported
stereoselective reduction of a-substituted S-keto
amides by means of hydrosilane/F~ and
hydrosilane/H* reagents.’** A hydrostannane,

Bu,SnH, was employed for reduction of a-
methylacetoacetate ester under polar or radical
reaction conditions by Quintard and Pereyre.”
Unfortunately, however, low selectivities were
attained under both conditions. In the course of
our study on organotin triflates as synthetically
useful Lewis acids,”>? we have found that the
stereoselectivity of hydrostannane-based reduc-
tion of a-substituted f-keto esters is dramatically
improved by combination with an organotin
triflate.

As shown in Table 1, treatment of 8-keto ester
1 (1 equiv.) with (¢-C,H;;),SnH, (2a) (2 equiv.)
gives rise to little stereoselectivity (experiment 1).
Yet, upon addition of (c-C¢Hj, ),Sn(OTf), (3a),”
the syn-selectivity is improved and the use of 2
equiv. of 3a results in 99:1 selectivity (experi-
ments 2—4); the stereochemistry was assigned by
NMR according to Heathcock®?. Combination
of the butyltin compounds 2b and 3b is also
effective but the selectivity is somewhat lower
than that with the cyclohexyl analogues (experi-

Table1 Reduction of S-keto esters by organotin hydride/organotin triflate

o o R%,SnH, (2)-R%;Sn(0TE), (3) oH o )o:/loL
R OR? R OR®+ R' ~Y” “OR®
R? toluene, room temp R? R?
1 4a 4b
Reaction Yield

Experiment R! R? R' 2(equiv.) 3 (equiv.) time (h)  (%)* 4a:4b°
1 4CICH, Me Me (c-CeHy),SnH, (22) 2F  (c-CeHy,),Sn(OTI), (3) (0) 18 8  54:46
2 4CICH, Me Me 2a @) 3a 0.6) 18 87 76:24
3 4-CICH, Me Me 2a 2) 3a (1.2) 18 56 77:23
4 4CICH, Me Me 2a @) 3a @ 18 6  99:1
5 4CICH, Me Me Bu,SnH,(2b) (2) BuSn(OTH), (3b) @ 32 65  95:5
6 CH, Me Me 2a @ 3a @ 16 63  98:2
7 C.H; Me Et 2a @) 3a @) 18 63 98:2
8 C,Hs Et Me 2a Q@) 3a @ 21 65  92:8

2 [solated yields. ® Determined by HPLC. © No. of equivalents in parentheses.
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ment 5). High selectivity holds with other sub-
strates (experiments 6-8).

It should be noted that use of equimolar
amounts of 2 and 3 is crucial for high selectivity.
When these two components are stirred in
toluene, compound 3, innately insoluble in this
solvent, begins to dissolve and a clear solution
soon develops. Apparently, the two components
react to each other. We have not succeeded in
identifying what has been formed. However, it is
conceivable that a disproportionation product
R,SnH(OTf) works as an active species for the
stereoselective reduction. Formation of dialkyltin
halide hydrides (R,SnHX) from the correspond-
ing dihalides and dihydrides has been
reported.’*

A typical procedure is as follows. A mixture of
2a (144 mg, 0.5 mmol) and 3a (292 mg, 0.5 mmol)
in toluene (1 ml) was stirred at room temperature
for 30 min. A clear solution was obtained. To this
solution was added methyl 3-(4-chlorophenyl)-2-
methyl-3-oxopropanoate (57 mg, 0.25 mmol) in
toluene (0.5 ml). After the mixture had been
stirred at room temperature for 18 h, acetalde-
hyde (0.11 ml) was added. The resulting mixture
was stirred for 30 min and then worked up to give
an oil. HPLC analysis of this material indicated
that syn- and anti-methyl 3-(4-chlorophenyl)-3-
hydroxy-2-methylpropanoates were produced in a
99:1 ratio. Column chromatography on silica gel
(9:1 hexane—ethyl acetate) afforded the desired
product (38 mg, 66%).

In summary, it has turned out that hydrostan-
nanes are employable for stereoselective reduc-
tion of a-substituted S-keto esters when coupled
with organotin triflate. Due to its mildness the
present method will find practical use in preparing
stereo-defined aldols.
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