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Summary: o,B-Epoxy esters were rapidly reduced at room temperature to yield B-hydroxy esters
with retention of the configurations at the (3-carbon atoms by using SmI,-THF-HMPA system in
the presence of N,N-dimethylaminoethanol (DMAE). The conditions were successfully applied
to the synthesis of vinylogous &-hydroxy esters.

Esters having a hydroxyl function at their -y B, ¥-, or &-position not only constitute
an important class of natural products but also serve as useful intermediates in organic

synthesis. As one of our synthetic efforts in this fie]d,Z)

we have recently reported a

highly regioselective conversion of o, pB-epoxy esters to -hydroxy esters.3) On the other
hand, however, there have been few examples for the reductive cleavage of o5 B-epoxy esters
at their&-site to afford B3-hydroxy esters with appreciable se]ectivity,4 though a number

5) 1

of methods have been developed for the regioselective reduction of o, fi-epoxy ketones.
connection with our recent interest in the use of SmI2 in organic synthesis, ' the reduction
of (,(3-epoxy esters by this reagent was investigated {eq 1). In this paper are described a
highly regioselective synthesis of @-hydroxy esters from o, Brepoxy esters and of S-hydroxy-

ﬂ,r=unsaturated esters from g;5=epoxy-a,prunsaturated esters, respectively.
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As preliminary experiments, ethyl 2,3-epoxybutyrate (1) was reduced under various
conditions. As can be seen in Table 1, it was revealed that (i) addition of HMPA highly
accelerated the electron transfer process,7) completing the reaction instantaneously, (ii)
the presence of a proton source much improved the chemical yield, and (iii)} addition of a
strong chelating agent such as tetramethylethylenediamine (TMEDA) or DMAE was crucial to
attain high regioselectivity. Thus, the best result was obtained when HMPA (5 eq) and DMAE
(2 eq) were used as additives (Run 6).

Under the optimized conditions, a variety of a,p—epoxy esters were reduced rapidly to
afford the desired B-hydroxy esters with excellent selectivity in satisfactory yields. The
results are listed in Table 2. As a particular case, octyl 2,3-epoxypropionate caused
substantial side reactions such as transesterification and the formation of the undesired
@3-hydroxy ester (The first example in Table 2). In all cases studied, the major by-products
were saturated esters (E.g., see footnote e in Table 2).
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Table 1. Effect of Additives on the Reduction of the a,ﬁ-Epoxy Ester (1) by SmIZa’

Run Additive Reaction time Yield (l)b) Product ratioC)
(min} 2 :3
1 none 60 5
2 HMPA 1 19
(5eq)
3 HMPA + 2-PrOH 1 34 10 ¢ 1
(5eq) (2eq)
4 DMAE 30 60 20 1
(5eq)
5 HMPA + TMEDA + 2-PrOH 1 46 200 : 1
(5eq) (2eq) {2eq)
6 HMPA + DMAE 1 68 > 200 ;1
(5eq) (2eq)

a) The reactions were carried out by using the epoxy ester (1) (0.12 mmol) and a SmIZ-THF
-3

solution (0.1 mol dm™~, 3 m1) at room temperature with or without additives. b} Isolated
1

yield. c) Determined by 'H NMR (400 MHz) analysis.

Table 2. Regioselective Reduction of(y,ﬁ—Epoxy Esters by Using SmIZ—HMPA~DMAEa)
Reaction . D) Ratio
Substrate time (min) Product Yield (%) (B-0H : ot-0H)©
dj .
<q/602 g7 1 HO/\/CozceH]7 50 17 1

C0,C.H e) .

Q(COZBW ] HO/\( 2v8™M7 62 > 200 : 1
OH )

CO,HEt 1 \>Q/602Et 62 > 200 : 1

OH )

NP
mco JEt 1 O)\(COZEt 9 68 >200 : 1
OH .
Q co JEt 1 %cozﬁt 76 > 200 : 1

a) The reactions were carried out by using the epoxy esters (0.2 mmol), HMPA (1 mmol), DMAE
(0.4 mmol), and a SmIZ-THF solution (0.1 mol dm_3, 4.5 ml) at room temperature. b) Isolated
yield. c¢) Determined by ]H NMR (400 MHz) analysis. d) 1-Octanol was also isolated in 25%
yield as a by-product. e) Octyl 2-methylpropionate was also isolated in 35% yield. f) A

mixture of the stereoisomers (1 : 1.7). g) A mixture of the stereoisomers {1 : 3.8).
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The mechanism of the reaction is not clear, but from the analogy with the reduction of
X-haloesters by Sm128) and with the alkali metal reduction of an ¢, g-epoxy ester,4) it seems
to be plausible that the initial electron transfer occurs at ¢t-carbon atom to leave an
ester-stabilized radical as shown below.
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DMAE plays an important role in the reaction, i.e., it works not only as a nice proton
source but also as an efficient chelating agent to remove the Lewis acidic Sm(III)} species
from the reaction system, which tends to open up the starting oxirane ring in non-
regioselective way with the formation of the undesired ((-hydroxy derivative.

In agreement with the above mechanistic view, an optically pure o, frepoxy ester (4)9 was
converted to the 8-hydroxy ester (5) with complete retention of the configuration at B-carbon

10) Therefore, the combination of the present method with the Sharpless processg) is

atom.
considered to provide an efficient route to optically active B-hydroxy esters, especially for
the ones having tert-hydroxyl group on the asymmetric carbon, such as A, which does not seem

to be easily accessible by the conventional aldol approach.]1)

OH
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Table 3. Regio- and Stereoselective Reduction of y,S—Epoxy-a,ﬁ—unsaturated Esters by Using

SmI ,-HMPA-DMAE system?)
Reaction . N ) Ratio
Substrate time (min) Product Yield (%) (§-OH - I—OH)C)

OH
/{’Wcone 1 A0, e 73 >200 : 1

OH

%cozm 1 Y\/COZMe 74 >200 : 1

0 OH

/Q’/%/COZMe 1 )\f\/cozm 80 >200 : 1
)d’\/%/co Me ] OH — coMe 90 >200 : 1
2 X % :

a) The reactions were carried out by using the epoxy esters (0.7 mmol), HMPA (0.7 m1), DMAE

(1.4 mmol), and a SmI,-THF solution (0.1 mol dm'3, 15 ml) at room temperature. b) Isolated

yield. c¢) Determined by ]H NMR (400 MHz) analysis.
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The optimized reaction conditions for the conversion of &X,B-epoxy esters to B-hydroxy
esters were successfully applied to the reduction of the vinylogous epoxy esters yielding

S-hydroxy-g, r-unsaturated esters with exclusive E}geometry]z’]3) (Table 3).
The reaction seems to proceed through successive ’ OH osmI 1
. . ‘ 2
two-electron transfer process generating a conjugated _
. . . //)\\cfﬁ\«5>§*oR ]
enolate followed by regioselective protonation at ! i J
o-carbon atom. N

The products, thus obtained, are considered to serve as potentially useful intermediate
in organic synthesis.
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