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Perfect stereochemical control in the synthesis of syn-
o-methyl-B-hydroxy thioesters are achieved by the asymmetric
aldol reaction between silyl enol ether of S-ethyl propanethioate
and aldehydes by the use of a chiral promoter consisted of chiral

diamine coordinated tin(II) triflate and tributyltin fluoride.

Enantioselective synthesis of a-methyl-B-hydroxy ester equivalents is one of

1) Aldol reaction is a prospec-

2)

the most challenging tasks in organic synthesis.
tive tool for this purpose and recently several metal enolates, such as boron,
silicon,3) lithium,4) zirconium,s) or tin(II),6) etc.,7) have been developed to
realize high syn/anti selections and diastereofacial selectivities. However, most
of these approaches depend on substrate-based asymmetric induction by employing
chiral enolates (including metal enolates which have chiral substituents on metals)
or chiral aldehydes. Asymmetric aldol reaction for the preparation of syn or anti-
o-methyl-B-hydroxy carboxylic acid derivatives, starting from two prochiral reac-
tants by the use of a chiral promoter which activates carbonyl compounds, have
never reached the practical level.6'8)

In the previous paper,g) we have shown that high enantiomeric excesses could
be realized in the aldol reaction between prochiral silyl enol ethers derived from
S-ethyl ethanethioate or S-t-butyl ethanethiocate and prochiral aldehydes by the
use of a new chiral promoter, a combined use of chiral diamine coordinated tin(II)
triflate and tributyltin fluoride. 1In this communication, we would like to

RICHO  + OSiMes  sn(o), * "Bu,SHF Q OH
SR2 chiral diamine R2S R1
R2 = Et,!Bu ; chiral diamine 50 - 90 % yield
LA LI 78 - >95 % ee
N
N O

©),

describe on further possible extention of this enantioselective reaction for the
synthesis of syn-o-methyl-B-hydroxy thioesters.

In the first place, the reaction of benzaldehyde with 1-trimethylsiloxy-1-
ethylthiopropene was chosen as a model and several reaction conditions were

examined in the presence of stoichiometric amounts of tin(II) triflate, (S)-methyl-
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2-[ (piperidin-1-yl)methyl]-pyrrolidine (chiral diamine A) and tributyltin fluoride.
It was shown that the geometry of the silyl enol ether strongly influenced both
reactivity and selectivity, and that E silyl enol ether'9) smoothly reacted with
benzaldehyde to afford the corresponding aldol adduct in 80% yield with high
selectivity (syn/anti=93/7, syn aldol=80% ee). Appropriate choice of chiral
diamines, which are easily prepared from (S)-proline, also improved both reactivity
and selectivity. When (S)-1-methyl-2-[(N-1-naphthylamino)methyl]-pyrrolidine
(chiral diamine B) was employed, only syn aldol was obtained with excellent

enantiomeric excess (>98%) (Table 1).

i OH O OH O
PhCHO + OSMea  sn(oTn, *nBussiF ! LIS N N
SEt chiral diamine Ph SEt Ph™ ™ SEt
1 -78 °C, CH,yCl, syn antl

Table 1. Effect of chiral diamine
Chiral diamine Time/h Yield /% syn :anti ee/%

%}/\ND (A) 20 80 93: 7 80
e

%}/ﬁ (8 3 86 100: 0 >98
e

8% © 20 77 88: 12 44
Me

MeO

Several aldehydes were successfully employed in the present asymmetric aldol
reaction (Table 2). 1In every case, syn-o-methyl-f-hydroxy thioesters were prepared
in good yields with almost perfect diastereo- and enantionselectivities (syn/anti=
100/0, syn aldol=>98% ee).

A typical procedure is described for the reaction of silyl enol ether of S-
ethyl propanethioate(1l) with benzaldehyde; to a solution of tin(II) triflate (0.4
mmol) and (S)-1-methyl-2-[(N-1-naphthylamino)methyl]l-pyrrolidine (chiral diamine B,
0.48 mmol) in dichloromethane (1 ml) was added tributyltin fluoride (0.44 mmol) at
room temperature. After the mixture was cooled to -78°C, 1 in dichloromethane
(0.5 ml) was added and the mixture was further stirred for 30 min. Then, benz-
aldehyde in dichloromethane (1 ml) was added and the reaction mixture was stirred
for 3 h, then quenched with aqueous sodium hydrogen carbonate. After the aqueous
layer was extracted with dichloromethane, the organic layer was dried and the sol-
vent was removed under reduced pressure. The crude product was purified by thin
layer chromatography (silica gel) to yield S-ethyl 2-methyl-3-hydroxy-3-phenyl-
propanethioate (82%, syn aldol). Anti aldol was not detected by TLC, HPLC, and
TH NMR. The enantiomeric excess of syn aldol was determined to be >98% by
measurement of the TH NMR spectrum of the corresponding MTPA ester.11)

Thus, perfect control of stereochemistry in aldol reaction starting from two

prochiral reactants, silyl enol ethers and aldehydes, was achieved by the use of
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OSiMe, Sn(OTf), * "Bu,SnF I I
RCHO + /=<SEt > R/\I/LSE'( + R/\./LSEt

1 Me H syn anti
©
Table 2. Synthesis of syn-grmethyl-g-hydroxy thioesters
Aldehyde Yield / % syn : anti ee/% (config.) )
PhCHO 86 100: 0 > 98 (2R,3S)
p-Cl PhCHO 86 100: 0 > 98
p-CH; PhCHO 91 100: 0 > 98
p-MeO PhCHO 80 100: 0 > 98
iPrCHO 52 100: 0 > 98
(-cHo 54 100: 0 > 98
n-CyH,5CHO 48 99: 1" > 98

a) Determined by measurement of the TH-NMR spectrum of the corresponding MTPA
ester and/or the acetyl derivatives using Eu(hfc)3 as a chiral shift reagent.
No separation could be detected at all by TH-NMR analysis. The methoxy or
methyl peaks cleanly separated in all cases for racemic forms.

b) Determined by HPLC.

the chiral three components promoter. Another characteristic point of this aldol
reaction is its high syn selectivities starting from E silyl enol ether. As shown
below, (E)-1-trimethylsiloxy-1-ethylthiopropene smoothly reacted with benzaldehyde
to afford the corresponding aldol adduct with excellent syn selectivity, while the
reaction of the corresponding Z-enolate is slower and the aldol adduct was obtained

OH O OH O

OSiMe Sn(OT¥), * NBu,SnF
PhCHO + /=< 3 n(OTf), * "BugSnF Ph/'ﬁ)‘\SEt + Ph"\:)kSEt
SEt [;}/~N<:> :
1 Me H Oy 86% yield syn/anti = 100/0
syn aldol = >98%ee
N OSiMe;  gn(oT), * "BusSHF ™9 9
PhCHO = > Ph SEt  *  Ph"NSEt
SEt [;}/~N<:> :
Me H 65% yield syn/anti = 70/30

syn aldol = 55%ee
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with lower syn selectivity. These stereoselectivity may not be explained by con-
sidering the transition states hitherto adovocated.8'12) Precise reaction mecha-
nism is not yet clear at this stage, however, we postulate the formation of an
active complex which consists of three components, tin(II) triflate, chiral diamine
and tributyltin fluoride. This complex would be able to activate both an aldehyde
and a silyl enol ether (double activations); namely, the cationic center of tin(II)
triflate activates an aldehyde and, at the same time, the electronegative fluoride
interacts with a silicon atom of a silyl enol ether. The unique stereoselectivity
would be dependent on the formation of this entropically advantageous intermediate.
Further investigations to clarify the transition state of the present stereo-

controlled aldol reaction are now in progress.
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