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Protection and deprotection of reactive functional groups
are essential steps in the synthesis of polyfunctional
compounds. Thioacetalization is well-known as a reaction
that protects carbonyl groups of aldehydes and ketones.'
Thioacetals are frequently encountered synthetic step for the
preparation of many important organic compounds includ-
ing natural products.? Their stability under acidic and basic
conditions make them versatile carbonyl protecting groups.®*

For this reason, the protection and deprotection of the
carbonyl functional group remain crucial challenges to the
organic chemists. Experience shows that the critical
parameters are generally the stability and the cleavage of the
protecting group rather than its introduction. Therefore
regeneration of the parent carbonyl group from their masked
form seems to be a useful synthetic process. There are
several methods for the deprotection of thioacetals and
thioketals.™® The most of these methods are toxic to the
environment, expensive and their preparations are difficult.’

In continuation of our studies on the application of solid
acids we found that silica gel reacts with chlorosulfonic acid
to give silicasulfuric acid (I). It is interesting to note that the
reaction is straightforward, clean and does not need any
further purification, because HCl gas is evolved from the
reaction vessel immediately. We and others find that silica
sulfuric acid (I) is an excellent candidate for sulfuric acid
replacement in organic reactions without any limitations
such as destruction of acid sensitive functional groups.’

Si0, — 0SO,H
I

In continuation of our ongoing program to develop
environmentally benign methods under solvent-free condi-
tions,® We wish here to report the use of silicasulfuric acid/
NaNO; as a convenient and efficient reagent for conversion
of §,S-acetals to the corresponding parent carbonyl com-
pounds (Scheme 1).

Initially the conversion of 4-methoxyphenyl-1,3-dithiol-
ane to 4-methoxybenzaldehyde was carried out with
supported silicasulfuric acid/NaNO- on wet SiO; (60% w/w)
in various solvents and solvent-free conditions, the results
are summarized in Table 1.

Table 1. Dethioacetalization of 4-methoxyphenyl-1,3-dithiolane in
the presence of silicasulfuric acid/NaNO, and wet SiO (60% w/w)

Overall 4-methoxy- 4-methoxy-
Solvent Yield benzaldehyde benzoic acid
(%) (%) (%)
Acetonitrile” 70 50 20
Dichloromethane” 60 45 15
Diethyl ether” 50 35 15
Solvent-free® 98 93 5

“was stirred at 0-5 °C for 2 hours. *was ground at room temperature for 2
min. ‘monitored by TLC and GC.

As shown in Table 1, in comparison to conventional
methods the yield of the reaction under solvent-free
conditions are higher and reaction time is shorter. When we
treated 4-methoxyphenyl-1,3-dithiolane in the presence of
supported silicasulfuric acid/NaNO- on wet SiO» (60% w/w)
in actonitrile at 0-5 °C for 2 hours the yield of 4-meth-
oxybenzaldehyde was 50% and 20% of 4-methoxybenzoic
acid due to over oxidation of producing 4-methoxybenz-
aldehyde was also obtained. When we examined-methoxy-
phenyl-1,3-dithiolane in the presence of supported silica-
sulfuric acid/NaNO, on wet Si0O; (60% w/w) in other solvent
such as Dichloromethane and diethyl ether at 0-5 °C for 2
hours the over all yield was 60 and the yield of 4-
methoxybenzaldehyde was low and 15% of 4-methoxy-
benzoic acid due to over oxidation of producing 4-
methoxybenzaldehyde was also obtained in each case. The
noteworthy of this procedure under solvent-free condition in
comparison with reaction in solvent is the higher over all
yields of product and low further oxidation. A variety of S,S-
acetals were treated with silicasulfuric acid/NaNO, and wet
Si0; (60% w/w) under solvent-free conditions. A bright-red
color is obtained immediately may be due to formation of
thionitrite, which then is converted to the parent carbonyl
compound (Table 2).°

The deprotection of a variety of S S-acetals including
aromatic diacetal containing electron-withdrawing and
electron-donating substituents, and «,-unsaturated diacetal
and aliphatic S,S-acetals was examined with this reagent
under solid-state conditions at room temperature (Scheme 1,
Table 2). The results are summarized in Table 2. In each case
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Table 2. Deprotection of various S,S-acetals in the presence of
silicasulfuric acid/NaNO, and wet SiO, (60% w/w) under solvent-
free conditions at room temperature®”

Time Yield
Entry Substrate product (min) (%)
s
O3 O >
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$
o .
2 Br‘©_<sj Br——< >—<%—1 3 88
Cl s Cl o
D0 oE e
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s i
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s
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Table 2. Continued
Time Yield
Entry Substrate product (min) (%)
> 0
MeO S MeO (”)
16 } @_CH 285
S
S/_—\S 9
17 cH, @ C—CH; 4 91
/““\ MeO o
18 o, c—cn, 4 90
MeO
[\ 9
S S Me cH
19 Meo©><CH3 ' 4 %
N\ o]
S. S M
%0 ©>< w o)t 4 88
NO,
S S /\/\/“\
21 A~~~ 387
/ O
22 /\/\/\S>< /M 3 2
s
o)
23 ©<sj Oz 3090
B 9
S __S cr—<j>»c—CH3
24 CH, 4 88
cl
B 0
5SS c1~©‘c——f>h
25 Ph 4 85
cr
B 0
SN
26 Ph 4 87
B i
27 4 90
M 9
28 b 4 9

“The yields refer to the isolated products after purification. *All of the
products were characterized by physical data and their spectral (IR, 'H-
NMR, TLC and GC). “5-10% of corresponding acid was obtained.
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Si0,-080;H + NaNO, —> Si0,-OSO3Na + HNO,

Si0,-0SO;H + HNO, — Si0,-0SO;Na + NO' + H;0"
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Scheme 2

the corresponding carbonyl compounds were obtained in
good to excellent yields and short reaction time. Using
aromatic S,S-acetals with -withdrawing and electron-
donating substituents or «,f-unsaturated S, S-acetals did not
effect the yield of product or reaction time. This method also
is suitable for deprotection of aliphatic S,S-acetals in good to
excellent yields. The products were purified by column
chromatography and the purity of the products was
determined by GC and IR, NMR analysis. Moreover, this
procedure is highly chemoselective, providing selective.

The possible mechanism of the reaction is outlined in
Scheme 2. Initially a red solution was obtained which may
be due to the formation of sulfonitrile complex. Then this
complex was hydrolysis to the corresponding carbonyl
compounds as shown in Scheme 2.

In conclusion we have developed a simple, mild,
inexpensive, environmentally safe method for deprotection
of S,S-acetals. High yields and short reaction times are
noteworthy feature of the reported method.

Experimental Section

General. Products were characterized by comparison with
authentic samples (IR, '"H-NMR spectrum, CHN analysis,
melting point and TLC analysis) with those obtained by
literature method® and using alternative method of synthesis.
All mps. were taken on a Gallenkamp melting apparatus and
are uncorrected. 'H NMR spectra were recorded on a Varian
250 NMR Spectrometer operating at 250 MHz. The spectra
were measured in CCl4 and CDCI3 relative to TMS (0.00
ppm). IR spectra were recorded on a Shimadzu 435 IR

Notes

spectrophotometer. Spectra of solids were performed using
KBr pellets. Silicasulfuric acid was prepared according to
reported method.”

Dethioacetalization of p-chlorophenyl-1,3-dithiolane
by using silicasulfuric acid/NaNO, and wet SiO; (60%
w/w), a typical procedure. In a mortar a mixture of p-
chlorophenyl-1,3-dithiolane (0.21 g, 1 mmol), silicasulfuric
acid (0.55 g, 2 mmol),” NaNO, (0.14 g, 2 mmol) and wet
Si0; (60% w/w) (0.5 g) was ground with a pestle for 3 min.
The progress of the reaction was followed by TLC/GC. The
product was isolated by ether (2 x 15 mL) and washed with
saturated NaHCOs (10 mL). The organic layer was dried
over anhydrous Na,SOs and the solvent removed under
reduced pressure. The residue was purified through a short
column of silica gel (cyclohexane/EtOAc, 3 : 1) to obtain a
pure product of p-chlorobenzaldehyde (0.12 g, 88%; mp: 45-
47 °C).
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