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Efficient oxathioacetalization and thioacetalization of carbonyl compounds have been achieved in high yields
employing PEG1ggpo-based dicationic acidic ionic liquid as a catalyst. The PEG ionic liquid and toluene have the
advantages of both homogeneous and heterogeneous phases at different temperatures (biphasic conditions at
lower temperatures and monophasic at higher temperatures) with the ease of product as well as catalyst

separation. Recycling studies have shown that the ionic liquid can be readily recovered and reused several
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times without significant loss of activity. In addition, by using this catalyst, high chemoselective protection of
carbonyl compounds has been achieved.

© 2014 Published by Elsevier B.V.

1. Introduction

Protection of carbonyl groups plays an important role during multi-
step syntheses in organic, medicinal, carbohydrate, and drug design
chemistry [1]. Among these, oxathioacetals and dithioacetals are impor-
tant because they are considered more stable than the corresponding O,
0-acetals under acidic conditions and are also useful in organic synthe-
sis as acyl carbanion equivalents in C—C bond forming reactions [2]. A
large number of methods have been developed for the protection of
carbonyl compounds as oxathiolanes and thioacetals [3-7]. However,
developments in this area demand further searches for better catalysts
that could be superior to the existing ones with regard to environmental
compatibility, efficiency, chemoselectivity, operational simplicity, toxici-
ty, handling and recyclability. In this respect, we are interested in intro-
ducing better catalysts for oxathioacetalization and thioacetalization of
carbonyl compounds.

Ionic liquids (ILs), as environmental friendly reaction media or cata-
lysts, have attracted increasing attention because of their particular prop-
erties, for example negligible vapor pressure, wide liquid range, and high
thermal stability, making them a greener alternative to volatile organic
solvents [8-11]. Among the numerous ILs developed, recyclable ones
were figured as the most important research targets. Unfortunately, ILs
showed more or less solubility in commonly used molecular solvents,
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which caused inconvenience for product separation and catalyst recov-
ery, especially in homogeneous catalysis. Recently, poly(ethylene glycol)
linked dicationic neutral ionic liquids (PEG-DILs) [12,13] and poly(ethyl-
ene glycol) linked dicationic acidic ionic liquids (PEG-DAILs) (Scheme 1)
have been explored as a powerful catalyst for various organic transforma-
tions [14-21]. The PEG-D(A)ILs and toluene have the advantages of
both homogeneous and heterogeneous phases at different temperatures
(biphasic conditions at lower temperatures and monophasic at higher
temperatures) with the ease of product as well as catalyst separation
[12,14].

To the best of our knowledge, there is no report on the application of
PEG1000-DAIL as Lewis acid catalysts for the preparation of oxathioacetals
and dithioacetals. In this paper, we report herein a simple and efficient
procedure for oxathioacetalization and thioacetalization of carbonyl
compounds using PEG;o00-DAIL as an effective and reusable catalyst
(Scheme 2).

2. Experimental and methods
2.1. Materials and methods

IR spectra were recorded on a Bomem MB154S infrared analyzer. 'H
NMR was recorded with Bruker Advance RX300. ESI-MS was recorded
on a Thermo Finnigan Trace TSQ. The PEGooo-DAIL was prepared by
the procedure given in the literature [14]. All the other chemicals and
reagents are obtained from commercial resource. Commercially
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Scheme 1. Poly(ethylene glycol) linked dicationic ionic liquids.

available reagents were used without further purification. Products are
all known compounds and were identified by comparing their physical
and spectra data with those reported in the literature.

2.2. Typical procedure for the protection of carbonyl groups catalyzed by
PEG 1000-DAIL

A solution of carbonyl compound (2 mmol) and 2-mercaptoethanol
(or ethane-1,2-dithiol) (2.2 mmol) in toluene (1 mL) were added to
PEG1000-DAIL (1 mL) at room temperature. Then the mixture was
stirred at 80 °C for the specified time and monitored by TLC. After the
reaction, the mixture was cooled at room temperature, the upper tolu-
ene that contained the expected product was separated by decantation.
The toluene was evaporated and the pure products were obtained via pu-
rification through a short silica-gel column. The bottom phase was the
PEG1000-DAIL that contained the produced water. The PEGggo-DAIL was
reused after the removal of water under reduced pressure.

3. Results and discussion

To choose the appropriate reaction temperature in this hete-
rocyclization reaction, we examined the protection of benzaldehyde as
a model compound with 2-mercaptoethanol using PEG;ggo-DAIL as
catalyst in toluene at different temperatures (Table 1). The reaction tem-
perature had a great influence on the reaction. A low yield was obtained
and a long reaction time was needed when the reaction was processed at

Q PEGooo-DAIL /[

/lk HX:|
+ > X S
R’ R? HS toluene R1>< R2

80 C
R'= alkyl or aryl
R? = H or alkyl or aryl
X =0o0rS

Scheme 2. Conversion of carbonyl compounds to oxathiolanes and dithioacetals catalyzed
by PEG1000-DAIL.

room temperature (Table 1, entry 1). However, in the absence of toluene,
the reaction could be completed within 45 min with high yield (93%) at
room temperature (Table 1, entry 2) because the catalyst PEGggo-DAIL
and toluene (contain the reaction substrates benzaldehyde and 2-
mercaptoethanol) form a heterogeneous phase at room temperature,
which results in the catalyst not having a good contact with reaction
substrates. Increasing the reaction temperature could remarkably
enhance both reaction yield and rate, perhaps because PEG{ggo-DAIL
and toluene could form a homogeneous phase at high temperature.
The results showed that the appreciable temperature was 80 °C. And
the yield was not increased when higher temperature was employed
(Table 1, entries 8 and 9).

Under the optimized reaction conditions, we investigated the reac-
tion of carbonyl compounds with 2-mercaptoethanol or ethane-1,2-
dithiol (Table 2). It was found that both aromatic and aliphatic alde-
hydes reacted efficiently with 2-mercaptoethanol or ethane-1,2-dithiol
promoted by PEG;ggo-DAIL. Table 2 showed the aromatic aldehydes,
having different substituents such as chloro, nitro, methoxy, methyl,
were converted to the corresponding oxathioacetals and dithioacetals
in high yields. Application of this method was then extended for the
protection of ketones of different structures. The corresponding prod-
ucts were formed, although time required for the completion of the
reaction was found to be longer (Table 2, entries 11-14, 22, 23).

Table 1
Studies on the reaction temperature of benzaldehyde with 2-mercaptoethanol in PEG;gpq-
DAIL.

Entry T (°C) t (min) Yield (%)?
1 r.t. 120 51
2 rt. 45 93°
3 40 120 59
4 50 120 72
5 60 55 92
6 70 30 91
7 80 8 93
8 90 8 94
9 100 8 93

2 Isolated yields.
b without toluene.
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Table 2
Conversion of carbonyl compounds to oxathiolanes and dithioacetals catalyzed by
PEG1000-DAIL.

Entry Carbonyl compounds X t (min) Yield (%)*
1 Benzaldehyde (0] 8 93,93, 93,92, 92, 91, 90°
2 4-Methoxy-benzaldehyde (0] 6 94
3 4-Methyl-benzaldehyde 0] 8 92
4 2-Methyl-benzaldehyde 0 10 90
5 4-Nitro-benzaldehyde 0] 15 90
6 2-Nitro-benzaldehyde 0] 18 88
7 4-Chloro-benzaldehyde 0] 10 92
8 2-Chloro-benzaldehyde 0] 12 89
9 Butanal 0] 8 91
10 Heptanal (0] 8 90
11 Cyclopentanone (0] 80 92
12 Cyclohexanone (0] 80 90
13 Acetophenone (0] 120 89
14 Benzophenone (0] 150 90
15 Benzaldehyde S 8 92
16 4-Methoxy-benzaldehyde S 7 95
17 4-Methyl-benzaldehyde S 7 93
18 4-Nitro-benzaldehyde S 16 88
19 4-Chloro-benzaldehyde S 12 91
20 Butanal S 10 92
21 Heptanal S 10 90
22 Cyclohexanone S 80 91
23 Acetophenone S 120 87

¢ Isolated yields.
b The PEG;000-DAIL was run for seven consecutive cycles.

PEGio00-DAIL.

CHO S

HS PEGi00-DAIL 92%
o ° :I -
+ HS toluen?, 8 min + g S
80 °C
0%

Scheme 3. Chemoselective reactions of carbonyl groups with ethane-1,2-dithiol.

The differences of reactivities of the aldehydes and ketones suggest
that this method can be used for the selective protection of these groups,
and the high chemoselectivity of the method has also been demonstrated
by a competitive reaction between the acetal of an aldehyde and a
ketone. For instance, when an equimolar mixture of benzaldehyde
and acetophenone was allowed to react with ethane-1,2-dithiol using
PEG1000-DAIL as catalyst in toluene, only the 2-phenyl-1,3-oxathiolane
was obtained, acetophenone was recovered quantitatively (Scheme 3).
This indicates that the presented protocol is potentially applicable
for the chemoselective protection of aldehydes to the corresponding

oxathioacetals and dithioacetals in the presence of ketone functions in
multi-functional compounds.

In addition, the PEGjpoo-DAIL could be typically recovered and
reused for subsequent reactions with no appreciable decrease in yield
and reaction rates (Table 1, entry 1). The recycling process involved
the upper layer of toluene containing products and was removed by
decantation, and the under layer of PEGgo-DAIL was concentrated to
remove generated water under reduced pressure. Fresh substrates
were then recharged to the residual PEG;qgo-DAIL, and the mixture
was heated to react once again, and only 4.0% loss of weight was ob-
served after recycling 7 times.

4. Conclusions

In conclusion, we have developed a simple, novel and effective meth-
od for the protection of carbonyl compounds catalyzed by PEG;go-DAIL.
The advantages of the present reaction are the elimination of the metals,
short reaction times, high chemoselectivity, operational simplicity and
good yields of products. Simple reaction conditions, good thermoregulat-
ed biphasic behavior of PEGggo-DAIL and facile manipulations in the
isolation of the product are the attractive features of this methodology.
Moreover, the excellent recyclability of the PEGggo-DAIL makes
this procedure cleaner, which is a good example of green chemistry
technology.
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