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Scheme 2. Two plausible reaction mechanisms for the formation of 1,1-diacetates

The Protection and deprotection of organic functional groups 
are important procceses during multi-step organic synthesis.1 
The choice of a method which is used for the functional group 
transformations depends on its simplicity, high yields of the 
desired products, short reaction times, low cost of the process 
and ease of the work-up procedure.

Between the several methods available for the protection of 
aldehydes, acylal formation is often preferred due to the ease 
of preparation and the stability of the produced 1,1-diacetate 
towards basic and neutral conditions.1,2 In addition, 1,1-di-
acetates serve as valuable precursors for asymmetric allylic 
alkylation3 and synthesis of natural products4 as well as for the 
synthesis of 1-acetoxydienes and 2,2-dichlorovinylacetates for 
Diels-Alder reactions.5,6 Acylals have also been used as cross- 
linking agents for cellulose in cotton and as bleaching activators 
in wine-stained fabrics.7,8 Moreover, the acylal functionality 
can be converted to other functional groups by reaction with 
appropriate nucleophiles.9,10 A variety of methods for the pre-
paration of acylals from aldehydes and acetic anhydride have 
been reported.11-24 Although some of these methods offered to 
high yields of the corresponding diacetates, the major disadvan-
tages are: long reaction times, harsh reaction conditions, use 

of strong acids, low yields, strictly reaction conditions, moisture 
sensitivity as well as high cost and high toxicity of the reagents 
and special efforts required to prepare the catalyst. Thus, the 
search for new reagents and methods is still of practical im-
portance.

Recently and in continuation of our ongoing research pro-
gram on the development of new methods for the functional 
group transformations,25-28 we have reported the preparation of 
saccharin sulfonic acid (SaSA) and its application in the chemo-
selective trimethylsilylation of alcohols and acetylation of al-
cohols, phenols and amines.29,30 Our investigation clarified that 
saccharin sulfonic acid is also a suitable catalyst for the efficient 
conversion of aldehydes to their corresponding 1,1-diacetates 
with acetic anhydride. All reactions were performed in the 
absence of solvent at room temperature producing the desired 
products in good to high yields (Scheme 1).

The reaction yields and times are given in Table 1. Benzylic 
aldehydes, including different substituents such as Cl, Br, CN, 
NO2 and OMe are converted to their corresponding acylals in 
good to high yields (Table 1, entries 1-15). This method is also 
very useful for the protection of aliphatic aldehydes (Table 1, 
entries 16, 17). Ketones are so stable under the same reaction 
conditions, that the starting material was recovered unchanged 
after 3 h (Table 1, entry 18). Therefore, the method can be useful 
for the chemoselective acylation of aldehydes in the presence 
of ketones. This is exemplified by the competitive reaction 
between 3-methylbenzaldehyde and acetophenone (Table 1, 
entry 19).
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Table 1. Acylation of aldehydes and deprotection of obtained acylals.a,b

Entry Substrate
Protection Deprotection

Time 
(h)

Yield 
(%)

Time 
(min)

Yield 
(%)

1 PhCHO 0.8 90 2 95
2 2-ClC6H4CHO 2 85 5 90
3 3-ClC6H4CHO 1 90 10 90
4 4-ClC6H4CHO 1 92 5 87
5 4-BrC6H4CHO 1 95 5 92
6 2-NO2C6H4CHO 4 92 3 90
7 4-NO2C6H4CHO 3 92 3 95
8 4-CNC6H4CHO 4 80 30 92
9 2-MeC6H4CHO 1 95 4 90
10 3-MeC6H4CHO 1 92 3 90
11 4-MeC6H4CHO 0.75 92 2 95
12 4-Me2CHC6H4CHO 1 85 2 90
13 3-MeOC6H4CHO 1.5 88 1 90
14 2-Naphthaldehyde 1.5 90 6 85
15 Furfural 1.5 75 15 90
16 PhCH2CH2CHO 0.5 90 30 90
17 PhCH(Me)CHO 1.7 90 30 92

18 PhCOMe 1 0c - -

19
3-MeC6H4CHO

+
PhCOMe

1
100d

+
0d

- -

aProducts were identified spectroscopically. bIsolated yields. cStarting 
material recovered intact. dConversion.

Although the actual role of SaSA is not clear, the proposed 
mechanism that is shown in Scheme 2 can be selected as the 
most probable one.

Our investigations clarified that the deprotection of 1,1-di-
acetates can also be easily catalyzed in the presence of a mixture 
of SaSA and wet SiO2. All reactions were performed in the 
absence of solvent at 90 oC in good to high yields (Table 1, 
Scheme 1).

In conclusion, saccharin sulfonic acid can be used as an effi-
cient catalyst for the acylation of aldehydes using acetic an-
hydride. This is also a suitable catalyst for the regeneration of 
aldehydes from the related acylals in the presence of wet SiO2. 
The significant advantages of this methodology are mild, sol-
vent-free reaction conditions, relatively short reaction times, 
high yields of the products, selectivity and easy work-up.

Experimental

General. Chemicals were purchased from Fluka, Merck and 
Aldrich. Products were separated and purified by different chro-
matographic techniques and were identified by the comparison 
of their IR and NMR with those reported for the authentic 
samples. All yields refer to the isolated products. The purity of 
the substrate and reaction monitors were accompanied with 
TLC on Silica-gel polygram SILG/UV 254 plates.

General procedure for acylation of aldehydes: Aldehyde 

(1 mmol), acetic anhydride (3 mmol), and SaSA (0.2 mmol, 
0.05 g) were added in a flask and stirred for the appropriate time 
(Table 1). The reaction was monitored by TLC. On completion, 
CH2Cl2 (5 mL) was added and the reaction mixture was filtered 
and the solid residue was washed with CH2Cl2 (5 mL). The 
organic layer was washed with 5% solution of NaHCO3 (aq), 
and water and dried over MgSO4. Evaporation of the solvent 
followed by column chromatography on silica gel afforded 
the pure corresponding 1,1-diacete.

General procedure for deprotection of 1,1-diacetates: A mix-
ture of 1,1-diacetate (1 mmol), SaSA (0.1 mmol, 0.025 g) and 
wet SiO2 (50 % w/w, 0.1 g) was heated in an oil bath (90 oC) for 
the appropriate time (Table 1). On completion, CH2Cl2 (5 mL) 
was added and the reaction mixture was filtered and the solid 
residue was washed with CH2Cl2 (5 mL). The organic layer 
was washed with 5% solution of NaHCO3 (aq), and water and 
dried over MgSO4. Evaporation of the solvent followed by 
column chromatography on silica gel afforded the pure corres-
ponding aldehyde.
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