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A vinylogous aldol-type reaction between 4-methyl-2-(tri-
methylsiloxy)furan and aldehydes catalyzed by cinchonidine-
derived quaternary ammonium phenoxide proceeded smoothly
to afford the corresponding 5-substituted butenolide derivatives
in high yields with good to excellent diastereo- and enantio-
selectivities.

5-Substituted butenolide derivatives are useful building
blocks in organic synthesis,1 and therefore, many methods to
synthesize chiral 5-substituted butenolides are reported; for
example, asymmetric aldol-type reactions of siloxy furans
with electrophiles such as aldehyde, ketone, and enone. These
reactions are usually catalyzed by chiral Lewis acid,2 but to
apply them to the reagents having pyridyl or amino group was
not easy. Thus, it was desired to develop a method that is appli-
cable to such aldehydes.

Recently, it was reported that cinchonidine-derived quater-
nary ammonium phenoxides were useful in the asymmetric reac-
tions between �,�-unsaturated ketones and various silyl enolates
from our laboratory.3 In order to find further applicability of this
ammonium phenoxide, vinylogous aldol-type reactions between
siloxyfurans and aldehydes were tried. In this communication,
we would like to report highly diastereo- and enantio-selective
synthesis of 5-substituted butenolide derivatives4 via vinylogous
aldol-type reactions between aldehydes and siloxyfurans by us-
ing the cinchonidine-derived quanternary ammonium phenoxide
as a Leiws base catalyst.

In the first place, a reaction of benzaldehyde 2a and 2-(tri-
methylsiloxy)furan (3a) by using 10mol% of cinchonidine-de-
rived quaternary ammonium phenoxide 1 was tried at �78 �C
for 1 h whose results are summarized in Table 1. While the
use of polar solvents such as THF or EtCN gave the 5-substituted
butenolide 4a in moderate enatioselectivity (65% ee or 55% ee,
Entries 1 and 2), a nonpolar solvent, CH2Cl2, increased the enan-
tiomeric excess of 4a up to 76% ee (Entry 3). In order to decrease
the polarity of the solvent, reactions in toluene/CH2Cl2 or in
hexane/CH2Cl2 were examined. However, no sufficient im-
provements in enantiomeric excess were observed (Entries 4
and 5).

Next, the effect of substituent on siloxyfurans was examined
and the results are summarized in Table 2. A substituent at 3- or
5-position of a furan ring lowered enantioselectivities (Entries 1
and 3). On the other hand, the one at 4-position was found effec-
tive and gave the corresponding butenolide in 91% yield with
excellent diastereo- and enantio-selectivities (syn:anti = 93:7,
syn = 93% ee, Entry 2).

Next, reactions of 4-methyl-2-(trimethylsiloxy)furan (3b)
with various aldehydes were tried in the presence of cinchoni-
dine-derived quaternary ammonium phenoxide 1 under the

optimized conditions (Table 3),6 and the reactions of both
aromatic and aliphatic aldehydes afforded the corresponding
butenolides in high yields with good to excellent diastereo-
and enantio-selectivities (Entries 1–6). When an aldehyde
having a 2-pyridyl group that is not easily used in the conven-
tional Lewis acid-mediated aldol-type reactions was employed,
the corresponding butenolide 4h was obtained in 94% yield
with moderate stereochemical control (syn:anti = 67:33, syn =
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aIsolated yield. bDiastereomeric ratio was determined by
1HNMR analysis.5 cEnantiomeric excess of major syn-4a was
determined by HPLC analysis using a chiral column (DAICEL
Chiralpak AS-H) with hexane/2-propanol (volume ratio = 5:1)
as an eluent.
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aIsolated yield. bDiastereomeric ratio was determined by
1HNMR analysis. cEnantiomeric excess of major syn-4 was de-
termined by HPLC analysis using a chiral column (DAICEL
Chiralpak AS-H) with hexane/2-propanol as an eluent.
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57% ee, Entry 8).
Relative and absolute configurations at two newly created

adjacent carbon centers of the major product that formed by
the reaction with 4-bromobenzaldehyde (Table 3, Entry 2) were
clearly identified as shown in Figure 1 by X-ray crystallographic
analysis.7

Thus, an efficient synthesis of 5-subsituted butenolide deriv-
atives via vinylogous aldol-type reactions between aldehydes
and 4-methyl-2-(trimethylsiloxy)furan (3b) was achieved for
the first time in high yields with good to excellent diastereo-
and enantio-selectivities when cinchonidine-derived quaternary
ammonium phenoxide 1 was used as a catalyst.
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aIsolated yield. bDiastereomeric ratio was determined by
1HNMR analysis. cEnantiomeric excess of major syn-4 was de-
termined by HPLC analysis using a chiral column (DAICEL
Chiralpak AS-H or Chiralcel OD-H) with hexane/2-propanol
as an eluent. 0.1% Et2NH was added to the solvent in the case
of 4h.
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Figure 1. ORTEP drawing of compound syn-4b.
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