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Highly Stereoselective Synthesis of Both Enantiomers of 2-Methyl-3-Hydroxythioesters by
Asymmetric Aldol Reactions Using Similar Types of Chiral Sources Derived from L-Proline
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Both enantiomers of 2-methyl-3-hydroxythioesters have been
synthesized in chiral tin(IT) Lewis acid-mediated aldol reactions
of silyl enolate 3 with aldehydes, by simply choosing similar
types of chiral sources, 4 and 5, derived from L-proline.

Optically active a-methyl-B-hydroxy units are often observed
in various important natural and unnatural products, and
development of efficient methods for the preparation of these
units has been strongly desired.! Particularly, a recent
requirement is a new reaction for preparing both enantiomers of
the above units, because the biological activities of the
compounds containing the units have been shown to be quite
different between enantiomers in some cases.2 While several
protocols have already been reported, asymmetric aldol reactions
of enolate components derived from propionate derivatives with
aldehydes provide one of the most prospective routes for this
preparation.3 However, according to conventional methods,
both enantiomers of the chiral sources are required as precursors,
auxiliaries, or catalysts. Both enantiomers of the sources are
often hard to obtain (for example, alkaloids, amino acids, sugars,
etc.), and this limits the synthesis of both enantiomers. In this
paper, we describe a solution to this problem, a new method for
the preparation of both enantiomers of o-methyl-B-hydroxy units
by using similar types of chiral sources.

Recently, we reported a new route for the preparation of both
enantiomers of optically active 2,3-dihydroxythioester derivatives
by using similar types of chiral sources,# based on “chiral Lewis
acid-controlled synthesis.”S This route is based on the tin(II)-
mediated asymmetric aldol reactions of (Z)-1-ethylthio-1-
trimethylsiloxy-2-z-butyldimethylsiloxyethene with aldehydes,
and both enantiomers of the aldol adducts were obtained
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Scheme 1. Synthesis of both enantiomers of 2,3-dihydroxy-
thioester derivatives.

selectively by choosing chiral ligand 1 or 2 (Scheme 1). First,
we performed the reaction of (Z)-1-ethylthio-1-
trimethylsiloxypropene (3) with benzaldehyde in the presence of
tin(II) triflate, chiral diamine 2, and dibutyltin diacetate
(BupSn(OAc);). The reaction proceeded smoothly at -78 °C in
dichloromethane to afford the corresponding adduct including the
o-methyl-B-hydroxy unit in a high yield with a high syn-
selectivity. However, the enantiomeric excess of the syn-adduct
was low. The high diastereoselectivity and rather low
enantioselectivity indicated that in order to improve the
selectivity, development of a chiral ligand with increased
enantiofacial selectivity of an aldehyde was necessary. We
designed and synthesized several chiral ligands and found that
chiral ligand 46 was suitable for our purpose.

In the presence of tin(Il) triflate, chiral diamine 4, and
BusSn(OAc)), silyl enolate 3 was treated with benzaldehyde at
-78 °C in dichloromethane. The reaction proceeded smoothly to
afford the corresponding adduct in a high yield with an excellent
syn-selectivity. The enantiomeric excess of the syn-adduct was
82% with a 2R, 3R absolute configuration. On the other hand,
when chiral diamine 1 was used, the syn-adduct was obtained in
a 66% ee with a 25, 35 absolute configuration. Higher 25, 35
selectivity was observed when chiral diamine 5 was used.”
These results are summarized in Table 1.

Table 1. Effect of chiral diamines

OSiMe Sn(OTf), + BupSn(OAC
PRCHO /=<8Et ’ Chiral(diar:jine, Cf‘izo(lz, -7)82"C
8 OH O OH O
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Table 2. Synthesis of both enantiomers of 2-methyl-3-
hydroxythioesters

OSiMe;

RCHO + /=<SE'(

Sn(OTf), + BupySn(OAc),
Chiral diamine, CH,Cl,, -78 °C

OH O QH (0]
R)j)ksa N .
(2539 (2R3R)

Aldehyde ST iy synfanti 25,35/2R 3R (eel%)
Y diamine Y1 /%0 SY > > 0

Ph 4 80  >99/1 9.0/91.0 (82)

5 85  >99/1 >99.5/<0.5 (>99)*

b
CH,CH, 4 67  >99/1 4.5/95.5 (91)“
5 85  >99/1 >995/<0.5 (>99)*

91)°
CH3(CH2)6 4 75 >09/1 4.5/95.5 ( )ab
5 90 >99/1 99.5/<0.5 (>99)*

4 75 >99/1 4.0/96.0 (92)°
C"C6H11 ab
5 90 >99/1 >99.5/<0.5 (>99)*

4 69  >99/1  10.0/90.0 (80)°
(E)-CH,CH=CH 92 >99/1 >99.5/<0.5 (>99)*°
4 79 >99/1  95/905 (81)°

E)-PhCH=

(E)-PhCH=CH 5 91  >99/1 >99.5/<0.5 (>99)°
2-furyl 4 83 >99/1 8.0/92.0 (84)a
35 93 >99/1 99.5/<0.5 (>99)

2Ref. 7. P 25,3R2R 3S.

We then tested several aldehydes, including aromatic,
aliphatic, o,B-unsaturated, and heterocyclic aldehydes (Table 2).
In every case, 2-methyl-3-hydroxythioesters with a 2R, 3R
absolute configuration were obtained in high selectivities by
using chiral ligand 4. Since syn-adducts with the reverse
absolute configuration (25, 3S) were obtained in high diastereo-
and enantioselectivities,” both enantiomers of syn-2-methyl-3-
hydroxythioesters were prepared according to the present
method, by using similar types of chiral ligands, 4 and 5.

A typical experimental procedure is described for the reaction
of 3 with benzaldehyde. To a suspension of tin(II) triflate (0.4
mmol) in dichloromethane (0.5 ml) were added chiral diamine 4
(0.48 mmol) in dichloromethane (0.5 ml) and dibutyltin diacetate
(0.44 mmol) in dichloromethane (0.5 ml) successively at room
temperature. The mixture was then cooled to -78 °C and
dichloromethane solutions (0.5 ml each) of 3 (0.4 mmol) and
benzaldehyde (0.27 mmol) were successively added. The
mixture was stirred for 20 h, and saturated aq. NaHCO3 was
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then added to quench the reaction. After a usual work up, the
crude product was chromatographed on silica gel to give S-ethyl
3-hydroxy-2-methyl-3-phenylpropanethioate. The diastereomers
were separated and the optical purity was determined by HPLC
using a chiral column (Daicel Chiralpak AS, hexane-i-PrOH =
19/1).

In summary, we have developed an efficient method for the
preparation of both enantiomers of optically active 2-methyl-3-
hydroxythioesters. According to this method, both enantiomers
can be prepared from the same materials by simply choosing
chiral ligands, 4 and 5, which are prepared from L-proline. In
addition to the synthetic utility of the present method, the
similarity of the chiral ligands having naphthalene rings is noted.
Further studies to clarify the origin of the unique selectivities in
the transition states8 as well as to develop more efficient ligands
are now in progress.
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