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Chemoselective aldol condensation in 5 mol dm23 lithium
perchlorate–nitromethane. A comparison with lithium perchlorate–
diethyl ether medium
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Aldol reactions of silyl enol ethers with aldehydes proceed in 5 mol dm23 lithium perchlorate–nitromethane
medium at ambient temperature. The reaction is highly chemoselective such that only aldehydes and cyclic ketones
reacted while acyclic and aromatic ketones failed to react. The same reaction is not promoted in 5 mol dm23 lithium
perchlorate–diethyl ether medium. The difference between these two media is explained by the increased Lewis
acidity of the lithium ion in nitromethane compared to that in ether.

Introduction
Highly concentrated solutions of lithium perchlorate in organic
solvents have been used as media to carry out several organic
transformations.1 Among these lithium perchlorate in diethyl
ether (LPDE) has been widely used ever since Grieco et al.
reported the tremendous rate acceleration and high stereo-
selectivity of Diels–Alder reactions in this medium.2 We have
been interested in the activation of carbonyl substrates and
their acetals in this medium for synthetic transformations.3

Recently we have reported chemoselective substitution of
acetals by silyl enol ethers to yield the corresponding aldol
ethers as products in 5 M LPDE.4 During these studies we have
also observed the inability of this medium to promote aldol
condensation of aldehydes and ketones with silyl enol ethers,
although the more reactive ketene silyl acetals have been
reported to undergo this reaction.5 The lithium ion in LPDE is
a mild Lewis acid due to solvation. The Lewis acidity of the
lithium ion is a major factor, although probably not the only
factor that governs the reactivity of organic substrates in this
medium. The use of a strong Brønsted acid in combination
with LPDE has been reported by Grieco et al. to activate
certain intramolecular Diels–Alder reactions.6 In order to
promote the aldol condensation of aldehydes and ketones with
silyl enol ethers using lithium perchlorate, we have explored
the possibility of changing the solvent from diethyl ether to
nitromethane. Anhydrous lithium perchlorate is highly soluble
in nitromethane. Recently, Ayerbe and Cossio have reported
lithium perchlorate in nitromethane (LPNM) to be a more
effective medium than LPDE for certain Diels–Alder reac-
tions.7 Herein we present the results of our study on aldol
condensation in LPNM and compare it with that in LPDE.8

Results and discussion
Aldol reactions of aldehydes

The trimethylsilyl ethers from cyclopentanone, cyclohexanone
and tetralone (3,4-dihydronaphthalen-1(2H)-one) (1, 2 and 3,
respectively) and 1-ethoxy-2-methyl-1-trimethylsilyloxypropene
(4) were used as nucleophiles. The aldol reactions were carried
out in 2 ml of a 5 mol dm23 solution of LPNM at ambient
temperature (30 8C) by adding 1.2 equivalents of the silyl enol
ether to the aldehyde (0.01 mol). Addition of silyl enol ethers 1
and 2 to aromatic aldehydes furnished the corresponding aldol
silyl ethers as a pair of diastereoisomers in good yields and the
results are summarised in Table 1 and eqn. (1).

The reaction was found to be highly sensitive to the effect of
substituents in the para position of the aromatic ring, along the
expected trend. Thus, aldehydes bearing electron withdrawing
substituents reacted faster than those bearing electron donating
substituents under identical conditions. In the case of 3,4-
dimethoxybenzaldehyde the reaction did not proceed even
after 2 days of stirring at room temperature. In all cases the
cyclopentenyl enol ether 1 reacted faster than the cyclohexenyl
enol ether 2.

Addition of enol ethers 1 and 2 to butyraldehyde 8 yielded
the corresponding aldol products,11 9 and 10 respectively,
in good yields as a 1 :1.5 mixture of diastereoisomers. The
reactivity of butyraldehyde was found to be much lower in com-
parison with benzaldehyde under identical reaction conditions
[eqn. (2)].

Addition of enol ether 3 to benzaldehyde yielded the corre-
sponding aldol product 11 12 as a 1 :1 mixture of diastereo-
isomers in 70% yield [eqn. (3)].

Aldol reactions of ketones

The addition reactions of enol silyl ethers with aliphatic (butan-
2-one) and aromatic ketones (acetophenone, benzophenone
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Table 1 Aldol reactions of aromatic aldehydes in LPNM

Aldehyde
Ratio of

Enol ether

1
1
1
1
2
2
2
2

5a
5b
5c
5d
5a
5b
5c
5d

R

NO2

H
Me
OMe

Product

6a
6b
6c
6d
7a
7b
7c
7d

Duration

15 min
4 h
7 h

20 h
45 min
6 h

12 h
48 h

Yield (%) a

90
85
83
80
85
82
80
30 c

diastereomers b

3 :1
17 :1

1.5 :1
7 :1

1.1 :1
2 :1
4 :1

—

Ref.

9
10
11
10
9

10
11
10

a Isolated yields after purification. b From the peak integration of the 400 MHz 1H-NMR spectra of the products. c Remainder was starting material.

and tetralone) were carried out by adding two equivalents of
silyl enol ether to the ketone (0.05 mol) in 2 ml of 5 mol dm23

LPNM. In all cases after prolonged stirring at ambient tem-
perature no reaction was observed. After workup the starting
materials were recovered quantitatively. The enol ether 3 also
failed to react with acetophenone in LPNM. After workup only
unreacted acetophenone and tetralone were recovered.

Unlike the acyclic ketones, the aliphatic cyclic ketones 12
and 13 underwent the expected aldol condensation to yield 14
(35%) 13 and 15 (73%),13 respectively, albeit at a much slower
rate than the aldehydes [eqn. (4)].

From these experiments it is evident that the aldol con-
densation is highly chemoselective in LPNM. In order to
demonstrate the chemoselectivity more clearly the following
competitive reactions were carried out. A 1 :1 mixture of
benzaldehyde and acetophenone was treated with 4 equivalents
of silyl enol ether 2 in LPNM. After 16 h of stirring at ambient
temperature followed by aqueous workup, the crude product
was analysed by 400 MHz 1H-NMR spectroscopy. It consisted
of a 1 :1 mixture of unreacted acetophenone and the aldol
product from benzaldehyde 7b along with cyclohexanone from
the hydrolysis of the excess silyl enol ether [eqn. (5)].

It should be emphasised here that in the same competitive
reaction when performed in 5 mol dm23 LPDE, both benzalde-
hyde and acetophenone failed to react. When the ketoaldehyde
16 was treated with 5 equivalents of enol ether 2 for 18 h it
resulted in the formation of a single product 17 as a pair of
diastereoisomers, which clearly demonstrated that only the
aldehyde functionality of the starting material had reacted
while the keto group remained intact [eqn. (6)].
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Aldol reactions of ketene silyl acetal 4

Ketene silyl acetals are generally more reactive nucleophiles
than silyl enol ethers and hence they have been reported to
undergo aldol reactions with carbonyl compounds in 5 mol
dm23 LPDE.5 Our interest in this study was to investigate the
chemoselectivity of the aldol reaction of the ketene silyl acetal
4 in LPNM. While treatment of 1.2 equivalents of 4 with benz-
aldehyde (1 equivalent) in 5 M LPNM resulted in the formation
of the corresponding aldol product within 40 min in 85% yield
[eqn. (7)] the reaction of 4 with acetophenone gave only 10%

conversion to give the corresponding aldol product under
identical conditions.

Comparison of LPDE and LPNM as reaction media for aldol
condensation

Aldol reactions of silyl enol ethers 1 and 2 with aldehydes and
ketones failed to proceed in 5 mol dm23 LPDE medium. In 5
mol dm23 LPNM chemoselective aldol reactions of aldehydes
and cyclic ketones with silyl enol ethers 1 and 2 occurred.
Acyclic and aromatic ketones failed to undergo aldol reactions
in LPNM. The difference between these two media could arise
from the following factors. In comparison to diethyl ether,
nitromethane is a poor cation coordinating solvent as reflected
by the donor numbers 14 (19.2 versus 2.7 respectively for ether
and nitromethane). Due to its higher relative permittivity and
dipole moment nitromethane is a more polar solvent than ether.
Due to these factors the Lewis acidity of the lithium ion in
nitromethane is expected to be higher than that in diethyl ether.
Formation of polar and ionic intermediates would also be
facilitated in nitromethane.15 Activation of the carbonyl group
by the coordination of a lithium ion with the carbonyl oxygen
lone pair has been studied by infrared spectroscopy. In the case
of benzaldehyde the carbonyl stretching frequency is shifted
from 1708 cm21 in ether to 1699 cm21 in 5 mol dm23 LPDE and
from 1724 cm21 in nitromethane to 1708 cm21 in 5 mol dm23

LPNM. These changes to the lower wavenumbers in the stretch-
ing frequency of the carbonyl functional group arise as a result
of the coordination of the lithium ion to the carbonyl oxygen
lone pair and the extent of the shift is a qualitative reflection
of the Lewis acidity of the lithium ion. In comparison, the
carbonyl stretching frequency of acetophenone remained
unchanged in nitromethane and in LPNM indicating the
absence of activation of the carbonyl functional group by the
lithium ion and hence the lack of reactivity towards aldol
condensation in LPNM.
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Conclusions
The present study when compared with our earlier report,4

clearly indicates that LPNM is a better medium than LPDE for
aldol condensation of silyl enol ethers and ketene silyl acetals
with aldehydes. The enhanced reactivity towards aldol con-
densation of aldehydes in LPNM in comparison with LPDE
is attributed to the higher Lewis acidity of lithium ions in
nitromethane than in ether and hence better activation of the
carbonyl group. High chemoselectivity has been observed in
these reactions in that only aldehydes and aliphatic cyclic
ketones reacted while aliphatic and aromatic ketones remained
inert.

Experimental
Materials

Analytical grade nitromethane (1 litre) was stirred with concen-
trated sulfuric acid (150 cm3) overnight at room temperature
and subsequently washed with 10% aqueous sodium carbonate
solution followed by water. It was dried over anhydrous calcium
chloride and fractionally distilled. It was stored over activated
molecular sieves (4 Å type) under nitrogen in an amber col-
oured bottle. Anhydrous lithium perchlorate was dissolved in
dry nitromethane under nitrogen atmosphere with adequate
cooling to obtain a 5 mol dm23 solution. Preparation of 5 mol
dm23 LPDE has been reported earlier.3 CAUTION: Although
lithium perchlorate is stable up to its melting point, preparation of
the anhydrous salt and the solutions in organic solvents should be
done carefully, preferably in the fume cupboard behind a shield.
Starting materials 1–3 16 and 4 17 were prepared according
to literature methods. Except for compound 17 all the other
products from the aldol reactions are literature known com-
pounds and they were characterised by IR, high resolution
1H- and 13C-NMR and mass spectroscopic data.

General procedure for aldol reaction in 5 mol dm23 LPNM

The carbonyl compound (2 mmol) taken up in 2 cm3 of 5 mol
dm23 LPNM under nitrogen was treated with 2.4 mmol of the
silyl enol ether and the mixture was stirred at room temperature
until the disappearance of the starting materials as indicated by
TLC. The mixture was diluted with dichloromethane (25 cm3)
and washed with water (10 cm3). The organic layer was dried
over anhydrous sodium sulfate and the solvent was removed
to obtain the crude product which was purified by column
chromatography over silica gel to obtain the pure products. The
products were generally obtained as a pair of diastereoisomers
and the ratio of the isomers was calculated from the peak
integration of high resolution (400 MHz) 1H-NMR spectra.

Spectroscopic characterisation of products

2-[(4-Acetylphenyl)trimethylsilyloxymethyl]cyclohexanone
17. Yield 90%, ratio of diastereoisomers 1 :1.1; νmax(CCl4)/cm21

2944, 1712 s (C]]O), 1680 s (C]]O), 1603 s; δH (CDCl3) isomer I:
7.9 (2H, d, J 6.3), 7.4 (2H, d, J 6.3), 5.36 (1H, d, J 4.4), 2.6–1.4
(12H, m), 0.04 (9H, s); isomer II: 7.9 (2H, d, J 6.3), 7.42 (2H,
d, J 6.3), 5.16 (1H, d, J 7.32), 2.6–1.4 (12H, m), 0.03 (9H, s);
δC(CDCl3) isomer I: 210.3 (s), 197.6 (s), 148.2 (s), 135.8 (s),
128.0 (d), 126.4 (d), 71.3 (d), 58.1 (d), 41.8 (t), 29.9 (t), 26.9 (t),
26.5 (q), 24.4 (t), 0.0 (q); isomer II: 210.7 (s), 197.6 (s), 149.9 (s),
136.2 (s), 128.0 (d), 127.1 (d), 72.5 (d), 58.9 (d), 42.2 (t), 28.0 (t),
26.8 (t), 26.5 (q), 24.3 (t), 0.03 (q); m/z (EI, 70 eV) 318 (M1,
25%), 221 (75), 170 (25), 155 (30), 115 (15), 84 (20), 73 (100);
HRMS: calculated for C18H26SiO3 318.16511, found 318.1649.
(Figs. 1, 2 and 3)
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Fig. 2 400 MHz 1H NMR Spectrum (expanded) of compound 17.

Fig. 3 100 MHz 13C NMR Spectrum of compound 17.
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