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Chemoselective and convenient preparation of 1,1-diacetates from
aldehydes, mediated by solid lithium perchlorate under

solvent-free conditions
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Abstract

A simple, efficient, and general method has been developed for the conversion of aldehydes to 1,1-diacetates with the use of acetic anhydride
and solid LiClO4 under first solvent-free and mild conditions in good yields. This method applies to not only simple but also to conjugated
aldehydes.
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. Introduction

Protection and deportation of functional groups are
ndispensable ingredients of the synthesis of poly functional
ompounds. The protection of carbonyl groups as a 1,1-
iacetates (geminal diacetates or acylals) is an important
ynthetic methods. Because of their stability in basic media
1], the acylals are gaining important role in synthetic
rganic chemistry for the protecting of aldehyde group as
n alternative to acetals[2]. The acylals of�,�-unsaturated
ldehydes are important starting materials for the synthesis of
cetoxydienes and vinyl acetate for Diels-Alder cycloaddi-

ion reactions[3]. Acylals have been applied as cross linking
eagents for cellulose in cotton and serve as an activator in the
omposition of the bleaching mixture used for the treatment
f wine-stained fabrics[4a]. In addition, 1,1-diacetates are
lso used as substrates in nucleophilic substitution reactions

4b].
The conventional method available for the preparation

f these compounds involves the reaction of aldehydes with
cetic anhydride using a strong acid, such as sulfuric acid,

phosphoric acid, or methanesulfonic acid[5], or Lewis
acids, such as Fe2 (SO4)3·xH2O [6a], Zr(SO4)2·4H2O/SiO2
[6b], Fe3+-montmorillonite[6c], Montmorillonite K-10[6d],
InBr3 [6a,6e], PCl3 [7a], InCl3 [7b], Sc(OTf)3 [7c], Cu(OTf)2
[7d], FeCl3, ZnCl2 [7e], I2 [8], Bi(NO2)3 [9], ZrCl4 [10],
amberlyst-15[11], Cu(BF4)2 [12], zinc metal[13], zirco-
nium sulfophenyl phosphorate[14], solid superacid, suc
as Nafion-H[15], and aluminum dodecatungstophosph
[16] as catalyst for this conversion. However, many
these methods involve strong acidic or oxidizing conditi
expensive and hazardous reagents, and long reaction
for the protection of aldehydes. Therefore, developm
of inexpensive reagents with greater efficiency, m
convenient procedures with better yield are of great inter

2. Results and discussion

Solvent-free reactions are gaining considerable atte
in organic synthesis, especially for the large-scale produ
of widely used compounds.
∗ Corresponding author. Tel.: +98 21 600 5718; fax: +98 21 601 2983.
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In recent years, the use of concentrated solution of
lithium perchlorate in diethyl ether (LPDE) as a medium has
attracted attention due to the enhanced rate and selectivity
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Scheme 1.

to various organic transformations. The LPDE medium
provides a convenient procedure to carry out reaction under
neutral condition[17]. In continuation of our interest on
the application of lithium perchlorate for various organic
transformation as a cheap, reusable, heterogeneous and
easily available catalyst[18], we herein describe a simple and
efficient method for the protection of carbonyl compounds,
using solid LiClO4 under solvent-free and neutral conditions
(Scheme 1).

Various aldehydes reacted smoothly with the Ac2O to
afford the corresponding 1,1-diacetates in high yields. The
reaction proceeds smoothly at 60◦C within 15–40 min. Both
aromatic and aliphatic aldehydes afforded excellent yields of
products (80–92%) in a short period of time. This method is
effective even with aldehydes bearing electron-withdrawing
substituents, such as nitro groups in the aromatic ring. Fur-
thermore, acid sensitive aldehydes, such as furfural and�,
�-unsaturated aldehydes, such as cinnnamaldehyde and
crotonaldehyde, worked well without any decomposition
or polymerization under the reaction conditions. The
results are in sharp contrast for the use of some Lewis
acids such PCl3 [7a]. The nature of constituents on the
aromatic ring seems to have no effect on the reaction
condition. Both activated and deactivated aromatic alde-
hydes were converted to their corresponding acylals under
these conditions. In the case of aliphatic aldehydes, one
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Scheme 2.

maybe realized through the coordination with both of the
aldehydes and acetic anhydride to Li+, so activating both of
them under solvent-free conditions. However, when the reac-
tion mixtures were stirred in 5 M solution of LPDE for 10 h,
the starting materials were quantitatively recovered. But the
reaction would proceed smoothly in solid LiClO4. This inter-
esting difference in behavior of 5 M solution of LPDE and
solid LiClO4 can be referred to the Lewis acidity of lithium
ion. However, in a coordinating solvent, such as ether, its
Lewis acidity is moderated and it is lower in compare to sol-
vent less condition.

In conclusion, we have shown a new clean, mild, efficient
and neutral method for preparation ofgeminaldiacetates
from aldehydes in the presence of acetic anhydride at room
temperature mediated by solid lithium perchlorate under
solvent-free conditions. The most significant of this reagent
is the low cost with green methodology, short reaction time,
reusability and easy work up compared with the reported
methods. Lithium perchlorate can be recovered and dried at
160◦C and reuse it for other reactions.

2.1. General procedure for the preparation of
1,1-diacetates from aldehyde

A mixture of aldehyde (3 mmol), freshly distilled acetic
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lso observed high yields of product in short reac
ime. When 4-hydroxybenzaldehyde was subjected to
imilar reaction conditions, the hydroxyl group was a
cetylated to afford the corresponding triacetates in exce
ields.

On the other hand, 4-(dimethylamino)benzaldeh
emained unaffected even when the reaction mixtures
tirred at 60◦C for 10 h, due to deactivation of the carbo
roup, and the starting materials were quantitatively re
red.

This method is highly selective for the preparation of
cylals from aldehydes. Thus, acylation of aldehyde in
resence of ketones, using solid lithium perchlorate a
atalyst under solvent-free conditions at low temperature
0◦C), gave only 1,1-diacetates from aldehyde,Scheme 1.
t higher temperature ketones, such as cyclohexanone
e converted to acylals in low yields (ca. about 20% a
0 min at 100◦C) (Scheme 2).

Although we have not yet studied the mechanism o
eaction in details, preliminary experiments do provide m
ngful information about the catalyst. The role of LiClO4 in
atalyzing the protection of aldehydes with acetic anhyd
nhydride (5 mmol) and commercial anhydrous LiClO4 (2
quivalents) was stirred at 60◦C for an appropriate tim
Table 1). After the reaction was complete (monitored
LC), the reaction mixture was cooled and CH2Cl2 (10 mL)
as added. The precipitated LiClO4 was recovered b
ltration. For most aromatic aldehydes, the reaction mix
olidifies and 1,1-diacetates are purified by recrystalliza
cyclohexane or petroleum ether). For aliphatic aldehy
olatile material is removed by rotary evaporation and p
,1-diacetates obtained by distillation in reduces pres
ll compounds were known and characterized on
asis of their spectroscopic data (IR, NMR, MS) and
omparison with those reported in the literature or comp
ith authentic samples[19].

.1.1. Caution
Although we did not have any accident while using

rying LiClO4, it is advisable to work in a fume hood usi
suitable lab-shield.
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Table 1
Conversion of aldehyde to 1,1-diacetate in the presence of solid LiClO4

Entry Aldehyde Time (min) 1,1-Diacetate Isolated yield (%)

1 25 2a 92

2 30 2b 94

3 20 2c 81

4 40 2d 93

5 25 2e 87

6 25 2f 92

7 30 2g 90

8 40 2h 90

9 15 2i 92

10 20 2j 83

11 25 2k 90

12 20 2l 86

13 600a 2m 95

14 600 2n 0.0

a After 4.0 h all the starting material was consumed and1H NMR showed mixture of 66% 4-acetoxy-benzaldehyde and 34% of2m.
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