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Aldehydes undergo smooth nucleophilic addition with 2-trimethylsilyloxyfuran in the presence of
10 mol % of iodine under mild and neutral conditions to produce the corresponding d-silyloxy-a,b-unsat-
urated-c-lactones in high yields and with moderate diastereoselectivity. ortho-Substituted benzalde-
hydes afford the syn-isomer predominantly. The use of iodine makes this procedure quite simple,
more convenient and cost-effective.

� 2008 Published by Elsevier Ltd.
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Lewis acid-catalyzed carbon–carbon bond forming reactions are
of prime importance in organic synthesis because of their mild
reaction conditions, unique reactivity and improved selectivities.1

Butenolides (a,b-unsaturated-c-lactones) are versatile building
blocks for the synthesis of several biologically active natural prod-
ucts such as cavernosine,2 A26771B3 and many others.4 The cata-
lytic coupling of 2-(trimethylsilyloxy)furan with aldehydes in the
presence of Lewis acids is one of the most efficient methods for
the synthesis of d-hydroxy-a,b-unsaturated-c-lactones.5 Lewis
acids such as BF3�OEt2, TMSOTf, ZnCl2, TiCl4, SnCl4, SiCl4 and silyl
triflates have been known to catalyze this reaction under strictly
anhydrous conditions.6,7 The presence of even a small amount of
water results in lower yields probably due to the rapid decomposi-
tion or deactivation of the promoters. Recently, bismuth triflate
was found to catalyze this reaction at low temperature (�78 �C).8

However, the high cost, stringent conditions and moisture sensitiv-
ity of some of these reagents limit their use in large scale synthesis.
Therefore, the development of new reagents that are more efficient
leading to convenient procedures with improved yields and selec-
tivity is desirable.

Recently, molecular iodine has received considerable attention
as an inexpensive, non-toxic and readily available catalyst for var-
ious organic transformations affording the corresponding products
with high selectivity and in excellent yields. The mild Lewis acidity
associated with iodine has enhanced its use in organic synthesis to
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perform several organic transformations using stoichiometric
levels to catalytic amounts.9

In continuation of our interest on catalytic applications of
molecular iodine,10 we herein report a simple, convenient and
metal free synthesis of d-silyloxy-a,b-unsaturated-c-lactones by
means of coupling of 2-(trimethylsilyloxy)furan with various alde-
hydes under mild conditions. Thus, treatment of 2-(trimethylsilyl-
oxy)furan (1) with benzaldehyde (2) in the presence of 10 mol % of
I2 afforded the corresponding d-silyloxy-a,b-unsaturated-c-lactone
in 89% yield as a mixture of syn:anti-isomers (3a/4a, 70:30;
Scheme 1).

This result provided the incentive for further study with
aldehydes such as 2-methoxy-, 2,5-dimethoxy-, 2,4-dimethoxy-,
3,4,5-trimethoxy-, 4-methyl-, 4-nitro-, 4-chloro- and 3,4-methyl-
enedioxy-benzaldehyde. Interestingly, these substituted aryl
anti  (minor)

OTMS

4a

Scheme 1. Reaction of benzaldehyde with 2-(trimethylsilyloxy)furan.
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Table 1
Iodine-catalyzed preparation of butenolides from aldehydes and 2-(trimethylsiloxy)furan

Entry Aldehyde Producta Time (h) Yieldb (%) syn:antic

a
CHO

OSiMe3

O
O

OSiMe3

O
O

4.0 89 70:30

b
CHO

OMe

OSiMe3

O
O

OMe

OSiMe3

O
O

OMe

3.5 92 75:25

c
CHO

OMe

MeO
OSiMe3

O
O

OMe

MeO
OSiMe3

O
O

OMe

MeO 3.0 90 78:22

d
CHO

MeO OMe

OSiMe3

O
O

MeO OMe

OSiMe3

O
O

MeO OMe

3.5 88 75:25

e

CHO

OMe

MeO

MeO

OSiMe3

O
O

OMe

MeO

MeO

OSiMe3

O
O

OMe

MeO

MeO
4.0 85 70:30

f
CHO

Me

OSiMe3

O
O

Me

OSiMe3

O
O

Me

5.0 82 72:28

g
CHO

O2N

OSiMe3

O
O

O2N

OSiMe3

O
O

O2N

4.5 80 67:33

h
CHO

Cl

OSiMe3

O
O

Cl

OSiMe3

O
O

Cl

5.0 83 70:30

i
CHOO

O

OSiMe3

O
O

O

O

OSiMe3

O
O

O

O

4.0 85 70:30

j
CHO

OSiMe3

O
O

OSiMe3

O
O

5.0 83 65:35

k
S CHO

OSiMe3

O
O

S
OSiMe3

O
O

S 4.0 89 60:40

l
O CHO

OSiMe3

O
O

O
OSiMe3

O
O

O 4.0 85 75:25

a The products were characterized by 1H NMR, IR and mass spectrometry.
b Yield refers to pure products after chromatography.
c Syn and anti ratio was determined by 1H NMR spectroscopy of the crude products.
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Table 2
Optimization of the reaction conditions

Entry Producta Time (h) Yieldb (%) syn:antic

a

OH
O

O

OH
O

O
3.5 85 80:20

b

OH
O

O

OMe

OH
O

O

OMe

4.0 87 85:15

c

OH
O

O

OMe

MeO
OH

O
O

OMe

MeO 3.0 82 85:15

d

OH
O

O
MeO OMe

OH
O

O
MeO OMe

4.0 81 80:20

e

OH
O

O

OMe

MeO

MeO

OH
O

O

OMe

MeO

MeO
4.0 80 73:27

f

OH
O

O
Me

OH
O

O
Me

5.0 75 78:22

g

OH
O

O
O2N

OH
O

O
O2N

5.5 72 73:27

h

OH
O

O
Cl

OH
O

O
Cl

4.5 74 75:24

i

OH
O

O
O

O

OH
O

O
O

O

4.5 78 73:27

j

OH
O

O

OH
O

O
4.0 73 75:25

k

OH
O

O
S

OH
O

O
S 4.0 82 66:34

l

OH
O

O
O

OH
O

O
O 4.0 78 78:22

a The reactions were carried out at �78 �C.
b Yield refers to pure products after chromatography.
c Syn and anti ratio was determined by 1H NMR spectroscopy of the crude products.
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aldehydes reacted well with 2-(trimethylsilyloxy)furan to provide
the corresponding butenolides in high to excellent yields
(Table 1). The reactions proceeded smoothly at room temperature
under mild and neutral conditions. In most cases, the products
were obtained as a mixture of syn- and anti-isomers, favouring
the syn-isomer, which could be easily separated by column chro-
matography. The stereochemistry (syn and anti) of the products
was assigned on the basis of the coupling constants of the protons
in the 1H NMR spectra of the products and also by comparison with
authentic samples.5–8 Both electron-rich and electron-deficient
aromatic aldehydes participated effectively in this reaction. Ali-
phatic aldehydes such as cyclohexanecarboxaldehyde also reacted
well with 2-(trimethylsilyloxy)furan to afford the corresponding
c-butyrolactone in 83% yield with moderate diastereoselectivity
(Table 1, entry j). Similarly, heteroaromatic substrates such as thi-
ophene-2-carboxaldehyde and furfural gave the respective buteno-
lides in high yields (Table 1, entries k and l).11

The product ratio was determined by 1H NMR spectroscopy of
the crude products. In the case of ortho-substituted benzaldehydes,
the products were formed with high syn-selectivity (Table 1, en-
tries b–d). However, the diastereoselectivity could be improved
by carrying out the reactions at �78 �C in diethyl ether, but the
products were obtained as hydroxy compounds instead of OTMS
ethers, and the results are presented in Table 2.

However, in the absence of iodine, the reaction did not pro-
ceed even after a long reaction time. Furthermore, the use of
the tri-n-butyltin derivative of furan in place of 2-(trimethylsilyl-
oxy)furan did not yield the desired product under these reaction
conditions, perhaps because iodine does not interact with tri-n-
butyltin. Thus, the combination of 2-(trimethylsilyloxy)furan
and iodine is a useful method for addition of TMS to aldehydes.
Interestingly, a catalytic amount of TMSI was also found to be
an equally effective catalyst for this conversion. No additives or
activators were required for the activation of the aldehyde. In
all cases, the reactions proceeded smoothly at room temperature
under the influence of 10 mol % of iodine, and the yields were
generally high to excellent. The trimethylsilyl ethers of the bute-
nolides were treated with 10% aqueous HCl (1 mL) in ether (5 mL)
at 0 �C for 10–20 min to afford the corresponding d-hydroxy-but-
enolides in quantitative yields. The advantages of this method are
high conversions, ready availability of the catalyst, high atom effi-
ciency, no salt formation and avoidance of heavy transition metal
catalysts.

In summary, molecular iodine has proved to be an effective cat-
alyst in promoting Mukaiyama-type aldol reactions of 2-(trimeth-
ylsilyloxy)furan with various aromatic and aliphatic aldehydes to
produce d-silyloxy butenolides.
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