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An efficient, mild and chemoselective method for deprotection of S,S-acetal compounds to their
corresponding carbonyl compounds using 3′′-methylimidazolium hydrogen sulfate/NH4NO3 is reported.

Keywords: Brönsted acidic ionic liquid; deprotection; S,S-acetal; 3′′-methylimidazolium hydrogen
sulfate; ammonium nitrate; solvent-free

1. Introduction

Ionic liquids (IL) have been frequently used as a green solvent in place of classical organic solvents
in modern synthetic chemistry (1–5). IL are superior to conventional organic solvents due to their
extremely low vapor pressure, excellent thermal stability, reusability and ability to dissolve many
organic and inorganic substrates (6). The application of IL as solvent and catalyst has been reported
for a variety of functional group transformations but their use as acid catalysts under solvent-free
conditions requires more attention (7). IL with Brönsted acidic counter ions such as 1-hexyl-
3-methylimidazolium bisulfate ([hmim][HSO4]) (8), 1-butyl-3-methylimidazolium dihydrogen
phosphate ([bmim][H2PO4]) (8), 1-[2-(2-hydroxy-ethoxy)ethyl]-3-methylmidazolium bisulfate
([heemim][HSO4]) (8),1-butyl-3-methylimidazolium chloroaluminate ([bmim]Cl 2AlCl3) (9),
and 1-butyl-3-methylimidazolium bisulfate ([bmim][HSO4])(10) have been used as acid catalysts
and provide a useful medium under solvent-free conditions because of their polar nature.

Protection and deprotection of reactive functional groups are essential steps in the synthesis of
polyfunctional compounds. Thioacetalization is a well-known reaction that protects the carbonyl
groups of aldehydes and ketones (11), and is frequently used as a synthetic step for the preparation
of natural products (12). These protecting groups are useful carbonyl protecting groups due
to their stability under neutral, basic and acidic conditions (13, 14). Therefore, the protection
and deprotection of carbonyl functional groups remain crucial challenges to organic chemists.
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Experience shows that the critical parameters are generally the stability and cleavage of the
protecting group rather than its introduction. Therefore, regeneration of the parent carbonyl group
from its masked form seems to be a useful synthetic process. There are several methods for the
deprotection of thioacetals (15–22), however, some of the systems reported suffer from drawbacks
such as the presence of heavy transition metals, the use of toxic solvents, low yields, long reaction
times, harsh reaction conditions and tedious work-up procedures. Thus introducing new methods,
with higher efficiency, less toxicity, that are easier to handle, and which use commercially available
materials are important (20).

During the course of our studies on the application of Brönsted acidic ionic liquid (3′′-
methylimidazolium hydrogen sulfate ([Hmim]HSO4)), we have found that 3′′-methylimidazolium
hydrogen sulfate ([Hmim]HSO4) has many advantages over some acidic reagents such as
sulfuric acid, methanesulfonic acid, trifluoromethanesulfonic acid, and AlCl3 because 3′′-
methylimidazolium hydrogen sulfate ([Hmim]HSO4) is not corrosive, not destructive and it can
be used as a solvent. This reagent is safe, easy to handle, environmentally benign and green.
Therefore, 3′′-methylimidazolium hydrogen sulfate ([Hmim]HSO4) is an excellent candidate for
acidic reagents replacement in organic reactions (23, 24). Herein, we wish to report the use of
3′′-methylimidazolium hydrogen sulfate/NH4NO3 as a convenient, mild and efficient reagent for
conversion of S,S-acetals to the corresponding parent carbonyl compounds (Scheme 1).

Scheme 1.

2. Results and discussion

To optimize the reaction conditions, we studied the conversion of 4-methoxyphenyl-1,3-dithiolane
to 4-methoxybenzaldehyde using [Hmim]HSO4/NH4NO3 in various solvents and solvent-free
conditions. As shown in Table 1, in comparison to conventional methods in solvent, the yield of
the reaction under solvent-free conditions is higher and the reaction time is shorter. Therefore,
we employed the above conditions for the conversion of various aldehydes to the corresponding
carbonyl compound under solvent-free conditions.

To evaluate the efficiency of this system, we examined the reaction of 4-methoxyphenyl-1,3-
dithiolane with [Hmim]HSO4 without using NH4NO3 (Scheme 2). We found that NH4NO3 is
necessary for this conversion.

As shown in Table 2, by using this method different kinds of S,S-acetals including aromatic
dithioacetal containing electron-withdrawing and electron-donating substituents,α,β-unsaturated
dithioacetal and aliphatic dithioacetal were treated with [Hmim]HSO4/NH4NO3 under solvent-
free conditions at 80 ◦C. The corresponding carbonyl compounds were obtained in good to high

Scheme 2.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



48 A.R. Hajipour et al.

Table 1. Dethioacetalization of 4-methoxyphenyl-1,3-dithiolane in
the presence of [Hmim]HSO4/NH4NO3.

Entry Solventa Yield (%)b Time (min)

1 Dichloromethane 0 40
2 Acetonitrile Trace 40
3 Ethylacetate 10 40
4 1,2-Dichloroethane 40 40
5 Cyclohexane 0 40
6 Solvent-freec 92 10

Notes: aThe reaction was carried out in 5 ml of solvents at reflux conditions.
bThe yields refer to isolated pure products.
cThe reaction was carried out with 3 mmol of [Hmim]HSO4 at 80 ◦C.

yields. The products were obtained by simple extraction with ethylacetate. By using this method
we did not observe any by-products such as over oxidation to carboxylic acid (Table 2, entries
1–16) or nitration of aromatic rings. The possible mechanism for this reaction is outlined in
Scheme 3.

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 features of
the reported method.

Table 2. Deprotection of various S,S-acetals in the presence of [Hmim]HSO4/NH4NO3 under solvent-free conditions
at 80 ◦C.a,b

Entry Substrate Product Time (min) Yield (%)

1 10 80

2 15 87

3 15 85

4 15 90

5 20 90

(Continued)
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Table 2. Continued.

Entry Substrate Product Time (min) Yield (%)

6 10 92

7 12 88

8 12 90

9 20 88

10 15 90

11 12 90

12 35 80

13 15 91

14 20 90

(Continued)
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Table 2. Continued.

Entry Substrate Product Time (min) Yield (%)

15 15 88

16 15 85

17 15 82

18 80 88

19 80 90

20 80 88

21 80 89

22 140 70

Notes: aThe yields refer to the isolated products after purification.
bAll of the products were characterized by physical data and their spectra (IR, 1HNMR, TLC and GC).
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Scheme 3.

3. Experimental procedure

3.1. General

Products were characterized by comparison of authentic samples (IR, 1HNMR spectrum, melting
point, mixed melting point and co-TLC analysis) with those obtained by literature methods (20)
or alternative methods of synthesis. All melting points (mps) were taken on a Gallenkamp melting
apparatus and are uncorrected. 1HNMR spectra were recorded on a Varian 250 NMR spectrometer
operating at 250 MHz. The spectra were measured in CCl4 and CDCl3 relative to TMS (0.00 ppm).
GC analysis was run with a Shimadzu GC-14A. IR spectra were recorded on a Shimadzu 435
IR spectrophotometer. Spectra of solids were performed using KBr pellets. [Hmim]HSO4 was
prepared according to a previously reported method (22).

3.2. Dethioacetalization of p-chlorophenyl-1,3-dithiolane using [Hmim]HSO4/NH4NO3:
typical procedure

In a round bottom flask, a mixture of p-chlorophenyl-1,3-dithiolane (0.216 g, 1 mmol),
[Hmim]HSO4 (0.54 g, 3 mmol), NH4NO3 (0.10 g, 1.2 mmol) was stirred for 15 min at 80 ◦C.
The progress of the reaction was followed by TLC/GC. After the reaction was completed, ethy-
lacetate (2 × 10 ml) was added to the reaction mixture and after vigorous stirring was extracted
and then washed with NaHCO3 (5%). The organic layer was dried over anhydrous Na2SO4 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 (0.126 g,
90%, mp: 45–47 ◦C).
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