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Abstract—This letter describes the first example of diastereoselective ‘organocatalyzed’ synthesis of the butenolide products
substituted at the y-position by a chain bearing hydroxyl groups. The urea-derivative 4 has proved to be an efficient catalyst
for the addition of the commercial TMSOF to carbonyl compounds under solvent-free conditions. The reaction conditions and

generality of the procedure have been examined.
© 2006 Elsevier Ltd. All rights reserved.

The butenolide moiety substituted at the y-position by a
chain bearing hydroxyl groups is an important structural
subunit in many natural products and biologically active
compounds.' The catalytic coupling of the commercial
2-trimethylsilyloxyfuran (TMSOF) 1 with aldehydes by
means of aldol reaction has emerged as a pre-eminent
strategy for butenolide synthesis (Scheme 1).2

In a pioneering work Yoshii et al.? reported the catalytic
coupling of 1 with aldehydes for the preparation of a
variety of butenolide-like compounds using Lewis acids
as catalysts. The approach was expanded to various
electrophiles* and the regiochemical behavior® was
investigated. The corresponding vinylogous adducts
were obtained as a mixture of racemic stereoisomer
and the stereochemical behavior of the process began
to be investigated later.®’ In recent years, a very great
number of papers® report the diastereoselective addition
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of variously substituted furan-based silyloxy diene syn-
thons to a variety of achiral aldehydes and acetals using
Lewis acids as catalysts.

In the past few years an attractive alternative to metal-
catalyzed reactions is the organocatalysis® and surpris-
ingly, a single organocatalytic approach to butenolide
synthon is known. In fact, in 2003 MacMillan and co-
workers!? reported the first enantioselective organocata-
lytic 1,4-addition of TMSOF to unsaturated aldehydes
with high enantioselectivties but no examples of ‘organo-
catalyzed’ aldol addition reaction of 2-trimethyl-
silyloxyfuran to aldehydes are known.

During our investigation on the reactivity of silyloxydi-
enes'! we chose to study the possibility to catalyze the
reaction by using an urea-derivative catalyst. Ureas
and thioureas, employing hydrogen bonding for sub-
strate activation, have recently emerged as highly effi-
cient catalysts®1? in a wide variety of transformations.
The choice of these neutral hydrogen-bond donors was
dictated by their known ability to coordinate to car-
bonyl group via double hydrogen-bond motif lowering
the LUMO energy and activating it.!3

We describe herein the results of our preliminary study
on the reactivity of the urea-derivative/TMSOF system
with carbonyl electrophiles.

The reaction has been first explored with benzaldehyde
2a and urea-derivative 4 as catalyst (Fig. 1).
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Preliminary exploratory experiments revealed that 4
(10 mol %) promoted the addition of aldehyde to
TMSOF at room temperature under ‘solvent-free condi-
tions’ with good results (Table 1, entry 1) providing it as
the good catalyst candidate for further optimization of
the reaction conditions. It is noteworthy that in a blank
experiment no reaction was observed under similar reac-
tion conditions in the absence of 4.

When the reaction was carried out at room tempera-
ture with 5 mmol of benzaldehyde (Table 1, entry 2)
enhanced the yield and the diastereoselectivity. By
lowering the reaction temperature to —20 °C (Table 1,
entry 3) resulted in a much longer reaction time and
the diastereoselectivity was not improved.

Therefore, from the results in Table 1, the reaction con-
ditions indicated in entry 2 are evidently the best choice
for the present reaction system in terms of reactivity and
diastereoselectivity. With optimal reaction conditions
established, several aldehydes were evaluated as sub-
strates (Table 2).

A variety of aromatic aldehydes (Table 2, entries 1-5)
were found to be suitable coupling partners with
TMSOF. Electron-donating, electron-withdrawing
substrates underwent reaction in isolated yields ranging
from 40% to 90% and with moderate to good diastereo-
selectivities. Moreover, variation in the electronic nature
of the substituent on the aromatic ring has apparently no
influence on the efficiency and diasterecoselectivity of the
reaction. These reaction conditions seem to be efficient
also for a,B-unsaturated cinnamaldehyde (Table 2, entry
6) while the result from entry 7 (Table 2) suggests that
aromatic aldehydes are superior to aliphatic ones. More-
over, it is worthwhile to note that the activated ketone
(Table 2, entry 8) has also been transformed in a moder-
ate yield and moderate diastereoselectivity.

In agreement with the data of the literature,'” the anti
isomers are predominantly observed in all cases. The

Table 1. Addition of silyloxyfuran 1 to benzaldehyde 2a catalyzed by
urea-derivative 4

Entry Equivalent of 2a T/t (°C/h)  Yield (%)*  erythrolthreo®

1 1 rt/24 67 61/39
2 5 rt/24 81 66/34
3 5 —20/72 73 66/34

?Yields refer to isolated compounds 3, obtained as diastereomeric
mixtures after chromatographic purification.

®The diastereoisomeric ratio was calculated by 'H NMR data
according to the literature data.'*

Table 2. Addition of silyloxyfuran 1 to different aldehydes under
optimized conditions

Entry RCHO Product Yield (%) dr?

1°€ p-O,N-C¢Hjs 3b 90¢ 65/35
2 p-CF3-C¢Hs 3¢ 494 57/43
3¢ p-Br-C¢Hs 3d 40° 64/36
4 p-CH5-CgH; 3e 90¢ 66/34
5 p-OCH3-C¢Hss 3f 64° 50/50
6 C¢HsCH=CH 3g 46° 61/39
7 C/H;s 3h 25¢ 60/40
8 CH;COCOOEt  3i 474 55/45

#The reported values refer to erythrolthreo diastereoisomeric ratios
and were calculated by '"H NMR data according to the literature
data 1415

°The reaction was completed after only 1 h.

¢ Toluene (0.5 mL) was used to dissolve the aldehydes.

4Yields refer to isolated compounds 3, obtained as diastereomeric
mixtures after chromatographic purification whose structures were
confirmed by spectroscopic data.'®

®Yields refer to isolated compounds 3, obtained as diastereomeric
mixtures after chromatographic purification whose structures were
confirmed by "H NMR and '*C NMR data according to the literature
data.'*!?

diastereoselective behavior of the reaction can be tenta-
tively explained from an open-chain transition state (B)
(Fig. 2) with a synclinal arrangement of the reagents. In
fact, the anti-diastereoselectivity has to be attributed to
the unfavorable steric interaction between the R group
of the aldehyde and the furanic ring (conformer A).
An antiperiplanar arrangement of the reagents (C and
D) reveals steric congestions in both conformers. In par-
ticular the transition state depicted by D, which would
have to carry to the same configurated erythro-aldol
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Figure 2. The open transition state structures.
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adduct obtained from B, possesses the same steric
crowding of A and the examination of C also reveals
steric congestion between the bulky trimethylsilyl group
and the trifluoromethyl-phenyl ring of the catalyst.

In summary, the collected data show the broad potential
for hydrogen-bond catalysis in the diastereoselective
addition of 1 to carbonyl compounds. The simplicity
of the experimental procedure and the ready accessibil-
ity of catalyst 4 renders this an experimentally attractive
method for the preparation of butenolides substituted at
the y-position by a chain bearing hydroxyl groups.

Future work in our laboratory will be addressed to ex-
tend this survey and to examine chiral urea-derivatives
in order to produce chiral products.

General procedure for the addition of aldehydes to 2-tri-
methylsilyloxyfuran catalyzed by urea-derivative. A mix-
ture of catalyst 4 (0.05 mmol) and aldehyde (2.5 mmol)
was stirred at room temperature for 30 min. The
TMSOF (84 ul, 0.5 mmol) was then added dropwise
and the resulting solution was stirred at room tempera-
ture for the times reported in Table 1. The progress of
the reaction was monitored by TLC. Upon completion,
the mixture was cooled at —30 °C and TFA (0.2 mL)
was added. The solution was then warmed to rt and
stirred for 1 h after which the desilylation was complete.
The reaction mixture was diluted with ethyl acetate and
a saturated aqueous solution of NaHCO; (2 mL) was
added dropwise. The mixture was stirred until the evolu-
tion of gas ceased (30 min), then the organic layer was
separated, washed with brine, dried over MgSQ,, and
concentrated in vacuo. The crude mixture was purified
by silica gel column chromatography (CHCI;) to afford
a mixture of the corresponding diastereomeric butenol-
ides. The diastereomeric ratio was determined by 'H
NMR (400 MHz) analysis.
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70.49; H, 6.00. Erythro isomer 'H NMR (400 MHz,
CDCl;) ¢6: 7.33 (1H, dd, J = 1.4, 5.8 Hz), 7.28-7.14 (4H,
m), 6.10 (1H, dd, J= 1.9, 5.8 Hz), 5.11 (1H, m), 4.96 (1H,
d, J=3.2Hz), 3.51 (br s, OH). 2.34 (3H, s). ’*C NMR
(CDCls) 6: 173.6; 153.5; 138.2; 135.7; 129.4 (2C) 126.2
(2C); 123.0; 87.0; 73.0; 21.2. Threo isomer 'H NMR
(400 MHz, CDC]) 0: 7.28-7.14 (m, SH) 6.03 (1H, dd,
J=19, 58 Hz), 5.11 (1H, m), 4.64 (1H, d, J= 6.8 Hz),
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(400 MHZ, CDCl;) d: 7.36 (lH, dd, /=14, 5.8 Hz), 6.17
(1H, dd, J=1.9, 5.8 Hz), 5.10 (1H, d, J=1.4 Hz), 4.26
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