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A novel acyl donor, 1-ethoxyvinyl 2-furoate, was found to
produce the title reactions with high enantiotopic selectivity,
high reactivity and stability of the products under various
conditions.

The enzymatic transesterification of alcohols with acyl donors
in organic solvents has become a widely applicable protocol to
provide a variety of optically active compounds.1 However, its
application to the enantioselective desymmetrization of pro-
chiral 2,2-disubstituted propane-1,3-diols (I) has rarely been
reported, despite the promising potential of this approach as a
powerful alternative to the well-investigated chemical synthe-
ses of compounds bearing an optically active quaternary carbon
center.2 Recently, Fadel and Arzel reported the first practical
enzymatic desymmetrization of I using well-known acyl
donors, i.e. vinyl acetate and isopropenyl acetate. The reactions,
however, suffered from low reactivity (it usually took several
days or more to consume I), and racemization of the products II
via acyl group migration was often observed [eqn. (1)].3 Easy
racemization of the products IV has also been an

(1)

annoying problem for the desymmetrization of the meso-
1,2-diols (III) [eqn. (2)].4,5 Therefore, to solve these problems

(2)

the development of an effective acyl donor which fulfills the
criteria of high enantiotopic selectivity, high reactivity,6 and
production of stable products under various conditions is an
urgent matter.

Very recently, we reported that 1-ethoxyvinyl acetate is
similar-to-more reactive than vinyl acetate in the common
enzymatic transesterifications7 and we developed 1-ethox-
yvinyl benzoate (1a) as an effective reagent for the desymme-
trization of I.8 However, this method is still unsatisfactory for
sterically congested 1,3-diols in terms of the reaction time and
the enantiotopic selectivity. The finding for 1a encouraged us to
find a more prominent ethoxyvinyl aromatic ester.9 In this
communication, we present 1-ethoxyvinyl 2-furoate (1b) as an
effective reagent applicable to both diols I and III.

In the preliminary evaluation of 19 aroyl reagents 1 on the
desymmetrization of the congested diol 2 under identical

reaction conditions (the reaction was quenched when 2 was
consumed), we observed that the 2-furoate (1b) was the best
reagent in both reactivity and enantiotopic selectivity (Table 1,
run 1). Some other reagents (1, Ar = p-tolyl, p-bromophenyl,
5-bromo-2-furyl, 2-thienyl) were fairly effective in producing
the corresponding mono esters (75–86% ee, 46–60% isolated
yields), and the rest were moderate (Ar = 2-naphthyl, p-

† Electronic supplementary information (ESI) available: preparation of
1-ethoxyvinyl 2-furoate. See http://www.rsc.org/suppdata/cc/b0/b003871g/

Table 1 Desymmetrization of various 1,3-diols using 1a,ba
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methoxyphenyl, p-nitrophenyl, 3-methyl-2-furyl, 3-furyl;
50–80% ee, 22–41% isolated yields) or poorly reactive (Ar = o-
tolyl, 1-naphthyl, 1-anthryl, 1-methylpyrrol-2-yl, 4-pyridyl,
3-pyridyl, 3-quinolyl, benzofuran-2-yl, 1-methylindol-2-yl).10

Therefore, the desymmetrization of various types of 2,2-di-
substituted 1,3-diols (3–9) was performed using 1b (Table 1).
These results disclosed the eminent performance of 1b as
follows.

First, the reactions using 1b were generally completed within
5 h. This is quite remarkable because all of the other aroyl
donors required at least 1 day and generally more than 4 days to
consume the diols. Second, the optical and the chemical yields
of the products 10b–17b were generally high and better than
those obtained using the other aroyl reagents. Particularly, the
product 15b was obtained with > 99% ee. Third, the stability of
the furoate 10b–17b under acidic conditions was very much
improved as noted from the following example. Thus, 16b was
inert to racemization in an acidic medium [0.1 equiv. of
camphorsulfonic acid (4 3 1024 M) in CH2Cl2] at room
temperature after 1 d, whereas the same treatment of the
corresponding benzoate resulted in gradual racemization (t1/2 =
18 h).8 All of these products were easily isolated by standard
column chromatography on SiO2, and the optical purity did not
decrease during the chromatography.

In addition, an improvement in the optical purity of the
products was observed by prolonging the reaction time beyond
the complete mono acylation of the substrates due to kinetic
amplification (e.g. runs 2 and 5). Because the only side-
products, i.e. the diesters, were quantitatively hydrolyzed to the
starting diols, this method provides products with high optical
purity without any loss in chemical yield.

The furoate moiety was preserved under oxidizing condi-
tions. Neither a decrease in optical purity nor decomposition of
the furan ring was observed after treatment of 16b (88% ee)
with the Dess–Martin periodinane, and the corresponding
aldehyde 18 was quantitatively obtained with 87% ee as
determined using a chiral HPLC column. Further treatment of
18 with NaClO2 followed by methanolysis gave the known
carboxylic acid (R)-20 {[a]22

D +13.4 (c 0.8, CHCl3), lit.11 [a]20
D

216.5 (c 1.0, CHCl3) for 97% ee of the (S)-form}. Therefore,
the absolute configuration of 16b was determined to be S
(Scheme 1).

The reaction of the meso-1,2-diol 21 with 1b using
CHIRAZYME® L-9 (from Mucor miehei, Roche Diagnostics)
provided the monofuroate (1R,2S)-23 (97% ee, 77% yield)
(Scheme 2). The optical purity did not change during purifica-
tion by the standard column chromatography on SiO2. Sim-
ilarly, the desymmetrization of 22 gave (1R,2S)-24 (82% ee,
55% yield).†12,13

In conclusion, the above-mentioned procedure using 1b
features the following advantages. (1) 1b is readily prepared
from commercially available ethoxyacetylene and 2-furoic acid
in high yield and may be stored in a refrigerator for more than
six months. (2) The products are obtained in high optical and
chemical yields. If necessary, the only side-products, diesters,
can be converted to the starting diols. (3) The products are
sufficiently stable under various conditions and can serve as the
key synthetic intermediates for optically active compounds
having a quaternary carbon center at the benzylic position.
Moreover, the high reactivity and high enantiotopic selectivity
of 1b are outstanding among a large number of acyl donors and
offer an interesting topic from the mechanistic point of view.
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Scheme 1 Reagents and conditions: i, Dess–Martin periodinane, CH2Cl2,
0 °C ? room temperature, 30 min; ii, NaClO2, NaH2PO4, ButOH–H2O,
room temperature, 10 min; iii, NaOMe, MeOH, 0 °C ? room temperature,
1 h.

Scheme 2 Reagents and conditions: i, 1b (2.5 equiv.), CHIRAZYME® L-9,
ButOMe, 45 °C, 2 d.
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