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Anti-Selective Asymmetric Aldol Reactions.
Enantioselective Synthesis of anti-o,B-Dihydroxy Phenyl Ester Derivatives
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Abstract: In the presence of a chiral tin(IT) Lewis acid, the silyl enol ether derived
from (E)-phenyl a-z-butyldimethylsiloxyacetate reacted with aldehydes to afford the
corresponding anti-aldol adducts, anti-o,B-dihydroxy ester derivatives, in high yields
with high diastereo- and enantioselectivities.

Optically active 1,2-diol units are often observed as key structures of natural products such as
macrolides, polyether antibiotics and carbohydrates, etc. Recently, several enantioselective dioxyosmylations
of olefins have been developed to realize practical preparations of some optically active 1,2-diols in high
enantiomeric excesses.!) However, in these methods, basic carbon skeletons must be constructed before the
asymmetric oxidations, and preparation of optically active anti-1,2-diols still remains as a limitation.

We have recently shown alternative approaches to the synthesis of optically active 1,2-diol units: the
asymmetric aldol reaction of the silyl enol ethers derived from «-alkoxy thioesters with aldehydes by using a
chiral tin(I) Lewis acid.2) According to this method, both diastereomers of optically active a.,B-dihydroxy
thioester derivatives can be prepared in high selectivities by simply choosing the protective group of the atkoxy
parts of the silyl enol ethers.
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R! = TBS, 46-93% yield, syn'anti = 88/12-97/3, syn aldol = 82-94%ee
R'=Bn, 59-88% yield, synfanf = 9/91- 1/99, anti aldol = 95-98%ee

In the course of our investigation to develop more efficient asymmetric reactions as well as to clarify the
origin of the high diastereo- and enantioselectivities, we carefully examined the asymmetric aldol reaction of
various silyl enol ethers3) and found a unique effect due to the ester parts of the silyl enol ethers. In this paper,
we report the anti-selective aldol reaction of the silyl enol ether derived from the phenyl ester derivatives with

aldehydes. Some consideration of the origin of the diastereo- and enantioselectivities in this reaction is also
described.
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Unique selectivities were observed when the silyl enol ether derived from phenyl o-t-
butyldimethylsiloxyacetate (1)4) was reacted with benzaldehyde in the presence of tin(ll) triflate, (S)-1-propyl-
2-[(1-piperidin-1-yl)methyl}pyrrolidine, and dibutyltin diacetate. While the syn-aldol adduct was obtained in
the reaction of the silyl enol ether derived from S-ethyl o-t-butyldimethylsiloxyethanethioate under the same
reaction conditions,28) the anti-aldol adduct was preferentially obtained in the reaction of 1.

OSiMa, o
Sn(OTH); + "BuZSn(OAc)g
PhCHO + %\ R2 Ph&)L RZ + H’\ Y
R'O OR‘ OR
ant
R!? R? Yield/% syn/anti eel%
TBS SEt 86 88/12 90 (syn)
TBS OPh (1) 95 6/94 92 (ant)

In order to clarify the origin of the unique selectivities as well as to develop efficient synthetic reactions
for the preparation of anti-diol units, several reaction conditions were screened, and the results are shown in
Table 1. While the reactions using (S)-1-alkyl-2-[(1-piperidin-1-yl)methyl]pyrrolidines (2-4) proceeded with
high selectivities, the yields and selectivities were low when (8)-1-methyl-2-[(N-1-
naphthylamino)methyl]pyrrolidine (5) was used. In general, it was found that the chemical yields were lower
in the reaction of 1 except in the case of benzaldehyde. In order to increase the reactivity of the silyl enol ether,
we prepared new silyl enolate 6 from p-methoxyphenyl a-z-butyldimethylsiloxyacetate. As expected, the
reactivities were greatly improved without decreasing the selectivities, and several examples are shown in
Table 2. In most cases, the desired anti-aldol adducts were obtained in high yields with high diastereo- and
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3 Sn(OTH), + Sn(IV) compound
ACHO 2\0"“ chir(al ds):nine, (crizc:‘-’n °c )\/U\OPh + R"\/lLoph
TBso OTBS oTBs
1 i o
Table 1. Ant-Selective Asymmetric Aldol Reaction of 1
aldehyde chiral diamine Sn(Iv) yield/% syn/an§ ee/%(ant)
PhCHO 2 OAc 87 6/94 90
PhCHO 2 83 3/97 90
PhCHO 3 51 3/97 93
PRCHO 4 F 54 a/97 95
PhCHO 5 F 66 53/47 32
ACHO 2 OAc 61 7/93 96
~-CHO 2 F 40 <2/>98 95

Sn(IV) compound: F = "BusSnF; OAc = "BuxSn{OAc):

chiral diamine: A Q’u _8

2 R=Me 4 R=Pr 5
3 R=Et
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enantioselectivities. While a high enantioselectivity was obtained in the reaction of 6 with propionaldehyde, a
rather low diastereoselectivity was observed. Trimethylsilylpropynal also worked well to give the adduct, a
synthetically useful compound having 1,2-anfi-diol units and an acetylene group, in good selectivities.5)

OSiMe; OH O OH O
Sn(OTT); + Sn(IV) compound J\/lL
RCHO + %\OPMP chiral Gaming, CH;Clz, 78 °C RJ\HLOPMP +*R H OPMP
TBSO oT8BS OTBS
6 sm anti

Table 2. Ant-Selective Asymmetric Aldol Reaction of 6
aldehyde chiral diamine® Sn(iv) @ yield/% synjanti eel%(ant)

PhCHO 2 OAc 95 6/94 92
PhCHO 2 F 64 5/95 85
PhCHO 3 OAc 91 9/91 93
PhCHO 4 OAc 90 10/90 94
1\
QC HO 2 OAc 92 3797 94
CHO 2 OAc 87 2/98 95
pr”~CHO 2 OAc 91 7/93 95
Me3Si—==—CHO 2 OAc 93 22778 91
CzH_r,CHO 2 OAc 31 31/69 84
a) See Table 1.

PMP = p-Methoxyphenyl

Further information about the origin of the selectivities was obtained by examining the effect of the ester
part on the selectivities (Table 3). Interestingly, the reactions proceeded with syn preference when silyl enol
ethers having ethyl ester or S-pheny! ester parts were used. For anti-selective reactions, the phenyl ester part
(both the oxygen and the phenyl group) is essential.6)

OSiMe, OH O OH O
Sn{OTH, + "BuySn(OAc),
PhCHO + R Ph R * Ph Y R
TBSO Q’ N D oTes OTBS
Pr syn anti
Table 3. Effect of Ester Groups
R Yield/*% synilant eel% (syn,ant)

SEt 86 88/12 90, 65

SPh 12 69/31 88, 62

OPh 87 6/94 nd, 92

OEt 91 75/25 11, 43

nd = not determined

In summary, novel agnti-selective asymmetric aldol reactions have been developed using a chiral tin(II)
Lewis acid. The phenyl ester part of the silyl enol ether employed is essential to obtain the selectivities, and in
combination with the previous reported method, it now becomes possible to prepare both syn- and anti-diol
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units with construction of new carbon-carbon bonds, by simply choosing the ester parts of the silyl enol
ethers.
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CHIRALCEL OD.

(6) The effects of the geometry, substituents on the silicon, and the a-alkoxy part of the silyl enol ethers of the
phenyl esters are summarized in Table 4 (tin(II) triflate, chiral diamine 2, dibutyltin diacetate;

dichloromethane, -78 °C).
Table 4. Effect of the Silyl Enol Ethers

silyl enol ether Yield/% syn/anti ee/% (syn.ant)
OSiMe,
OPh 87 6/94 nd, 90
TBSO
TBS
OPh 72 4/96 nd, 89
TBSO
OTBS
T8SOC. oph 26 79/21 3,82
QSiMey 66,7
BnO oph 91 29/71 .78

nd = not determined
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