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A New Method for Stereoselective Preparation of 1,3-Diols1
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In the presence of a catalytic amount of TBAF (Bu4NF),
dimethylsilyl enolates derived from acyclic ketones reacted
with aldehydes to give syn,syn-1,3-diols 7a and 8a with mod-
erate to high diastereoselectivity.  The stereochemical outcome
can be attributed to a syn-selective aldol reaction and the sub-
sequent 1,2-syn-selective intramolecular reduction.  

Stereoselective preparation of the 1,3-diol unit has been
strongly required in synthetic organic chemistry due to its
prevalence in biologically active natural products.2-4 For this
reason, the stereo-controlled reduction of β-hydroxyketones,
which are readily prepared by the directed aldol reaction in
regio- and stereoselective manner, has been extensively stud-
ied, and it nowadays provides an efficient and reliable method
for the stereoselective synthesis of 1,3-diols.3c,5,6 Tandem
reactions, in which two or more types of processes take place
in a single step, are useful for expeditious synthesis of complex
molecules.7 However, the tandem aldol-reduction reaction
directly forming 1,3-diols from ketone enolates and aldehydes
is largely unexplored.8

Previously, we have found that, in the uncatalyzed aldol
reaction of dimethylsilyl (DMS) enolates with aldehydes, 1,3-
diols are formed as a by-product with high diastereoselecti-
vity.9 This fact indicates that DMS enolates can serve as a
bifunctional reagent10 accomplishing the tandem aldol-reduc-
tion reaction.  Thus, our interest focused on an efficient and
stereoselective synthesis of 1,3-diols using DMS enolates.  We
herein report the results of the tandem reaction of DMS eno-
lates with aldehydes.

We first examined the uncatalyzed reaction of DMS eno-
late 1 with benzaldehyde in DMF and attempted optimization
of the reaction conditions to obtain 1,3-diols selectively (Eq.
1).  As reported previously,8 the reaction with 2 equiv. of 1 at
50 °C for 48 h followed by an acidic work-up gave aldol 2
(79%, 2a:2b = 58:42) along with 1,3-diol 3 (14%, 3a:3c+3d =
97:3).  A prolonged reaction time was not so effective in
improving the yield of 3 (27% after 96 h).  The reaction at 100
°C gave 3 as a major product (66% after 48 h), but the
diastereoselectivity was not so high (3a:3c:3d = 75:2:23).11

The formation of 3a and 3c,d should proceed via syn- and
anti-isomers of β-siloxyketone, 4a and 4b, respectively.  This
was ascertained by the experiments using 4a and 4b prepared
by silylation of 2a and 2b with HN(SiHMe2)2 (Scheme 1).  As
expected, 4a was converted to 3a by heating in DMF.  No for-
mation of 3b was observed.  Under the same conditions, the
reaction of 4b gave a diastereomeric mixture of 3c and 3d in a
low yield.  Accordingly, the preferred formation of 3a to 3b-d
in the uncatalyzed tandem reaction would be due to fast intra-
molecular reduction of 4a leading to 3a although the rate dif-
ference between 4a and 4b is insufficient to promote exclusive
formation of 3a at 100 °C.  

The present tandem process can realize highly stereoselec-
tive and efficient preparation of 1,3-diols when both the initial
aldol reaction and the subsequent reduction efficiently proceed
with high diastereoselectivity.  The fluoride ion-catalyzed aldol
reaction of certain silyl enolates is known to exhibit high syn-
selectivity.12 In addition, the fluoride ion also catalyzes car-
bonyl reduction with hydrosilanes.13 Therefore, we next inves-
tigated the fluoride ion-catalyzed system.  

In the presence of TBAF (6 mol%), the reaction of DMS
enolate 1 (1.1 equiv.) with benzaldehyde at -78 °C for 15 h
gave a diastereomeric mixture of 3 (3a:3b:3c:3d = 27:6:53:14)
in 75% yield.  The low stereoselectivity is reasonable in view
of the unsuccessful stereochemical result in the fluoride ion-
catalyzed aldol reaction of TMS enolate of cyclohexanone.12

In contrast, the use of DMS enolate 5 (1.2 equiv.) achieved
high yield and stereoselectivity (91%, 7a:7b = 97:3, Eq. 2).  In
this case, syn,syn-1,3-diol 7a was formed exclusively, and no
aldol adduct 6 was detected.14 Lowering the reaction tempera-
ture to -98 °C improved the selectivity (7a:7b = >99:1)
although the yield decreased to 51% due to a considerable for-
mation of aldol adduct 6 (30%).  Other examples of the tandem
aldol-reduction reaction are summarized in Table 1.  The reac-
tions of 5 with aromatic aldehydes gave good results in both
yield and stereoselectivity.  3-Phenylpropanal was less reactive
to 5.  DMS enolates of aliphatic ketones also reacted with ben-
zaldehyde to afford the corresponding syn,syn-1,3-diols 8a pre-
dominantly.  

The exclusive formation of syn,syn-1,3-diol 7a indicates
that the aldol reaction of 5 with benzaldehyde proceeds with
high syn-selectivity.  This is consistent with the previously
reported results with TMS enolate of propiophenone.12a The
formation of 7a also suggests that the subsequent carbonyl
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reduction is highly 1,2-syn-selective.15 Indeed, the fluoride
ion-catalyzed reduction of 9a and 9b derived from syn- and
anti-isomers of 6 proceeded with high levels of 1,2-syn-selec-
tivity to give 7a and 7b, respectively, without another possible
isomer (Scheme 2).  

In order to prove that the reduction of 9 proceeds intra-
molecularly, the fluoride ion-catalyzed reactions of TMS
ethers 10a and 10b with (benzyloxy)dimethylsilane were per-
formed (Scheme 3).  As a result, no reduction of 10a was
observed under the same conditions as those shown in Scheme
2.  On the other hand, the reaction of 10b gave anti,anti-1,3-
diol 7c as a major product in a moderate yield.  The slow reac-
tion rate and the reversed stereoselectivity in this inter-
molecular system strongly support that the reduction of 9 is an
intramolecular process.  

In the tandem reaction of acyclic DMS enolates, the syn-
selectivity of the initial aldol reaction can be rationalized by
consideration of the antiperiplanar transition state as proposed
by Noyori et al.12a The reason for the 1,2-syn-selectivity of the
carbonyl reduction is probably that the intramolecular hydride
transfer proceeds via conformation A rather than the unfavor-
able conformation B including the steric repulsion between the
methyl and R1 groups (Scheme 4).  In the transition state of the
hydride transfer, the repulsive interaction would be enhanced
by a torsional effect.  It may also work against the reduction
via B.  

In conclusion, the fluoride-ion catalyzed reaction of DMS
enolates with aldehydes provides a convenient method for the
stereoselective synthesis of certain 1,3-diols.  
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