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Abstract 

A simple, efficient, and general method has been developed for the 
chemoselective acetalization of aldehydes with 1,3-propanediol, 1,2-ethanediol 
and trimethyl orthoformate in the presence of solid lithium perchlorate under 
solvent-free conditions. Both cyclic and acyclic acetals of aldehydes were 
obtained under environmentally benign conditions in good to excellent yields. 
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Introduction 

The acetal group is one of the most widely used 
protecting groups for the carbonyl compounds [1-4]. 
The protection of aldehyde as acetal requires an 
efficient method under mild conditions with reagents 
compatible with different functional groups, specially in 
the total synthesis of natural products [5,6]. In general, 
the reaction is usually performed in the presence of 
acids. Many Lewis acids, which catalyzed acetalization 
under aprotic conditions, have been reported in the 
literature [7-29]. There are shortcomings to use acids in 
the acetalization reaction of aldehydes, such as long 
reaction time, reflux condition, unwanted side reaction 
and nonselectivity. 

Results and Discussion 

In recent years, concentrated solution of lithium 
perchlorate in diethyl ether (LPDE) has been used in 
various organic transformations [30-36]. The LPDE is a 

convenient medium to carry out many different 
reactions under neutral condition. On the other hand, 
due to the current challenge for developing solvent-free 
and environmentally benign synthetic systems and in 
continuation with our interest on the applications of 
lithium perchlorate for various organic transformations, 
herein, we describe the scope of a simple, general and 
efficient protocol for the protection of aldehydes using 
solid LiClO4, under the first solvent-free conditions. 
Lithium perchlorate is a very mild and remarkable 
catalyst for the protection of aldehyde with 1,3-
propanediol and 1,2-ethanediol, which allows survival 
of the other functional groups including α,β-unsaturated 
aldehydes. We have found that various aldehydes can be 
converted to their corresponding acetals upon treatment 
with 1,3-propanediol and 1,2-ethanediol in the presence 
of solid lithium perchlorate. Aliphatic and aromatic 
aldehydes can be converted to their corresponding 
acetals with a very short reaction time (ca. 10-20 min), 
Scheme 1. Aromatic aldehydes with both electron-
donating and -withdrawing groups at the para and meta 
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positions, produce the corresponding acetals in good to 
excellent yields. For aldehyde with electron-donating 
group, the reaction was carried out at higher temperature 
(ca. 80°C, Table 1, Entry 12). 

In order to show the chemoselectivity with this 
method, we studied competitive reaction for the 
acetalization of aldehydes. A mixture of an aldehyde 
and a ketone in 1 to 1 ratio was treated with a diol (1,3-
propanediol or 1,2-ethanediol) in the presence of solid 
lithium perchlorate at 40-60°C. By monitoring with 
TLC and 1H NMR techniques, exclusively the acetal of 
the aldehyde was observed in the presence of the 
ketone, (Scheme 1). All the acetals derived from parent 
aldehydes are known, and their spectral data have been 

reported in the literature [3]. 
We also found that the reaction of an aldehyde with 

trimethyl orthoformate in the presence of solid lithium 
perchlorate is a convenient method for the synthesis of 
dimethyl acetals in excellent yields with high 
chemoselectivity. The results are shown in Scheme 2. 

In conclusion, we found that solid lithium 
perchlorate is a remarkable catalyst for the chemo-
selective acetalization of aldehydes in the presence of 
ketones. The reaction condition is very general, simple, 
mild and chemoselective for aldehydes. Although 
lithium perchlorate is a low cost reagent in compare 
with many Lewis acids, it is easy to recover and reuse it 
for other reactions. 
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+

Solid LiClO4, MeOH

TMSCl, 40-60 oC
CH(OMe)3

Aldehyde
Time   Yield
(min)    (%)

PhCHO, 18

3-O2NC6H4CHO, 20

2,4-Cl2C6H3CHO, 21

8         95 

4-O2NC6H4CHO, 19

PhCH2CH2CHO, 22

(18-22)15       97 

8         91 

15       89 

20       86 
 

Scheme 2 
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Table 1.  Acetalization of aldehydes mediated by solid LiClO4 under sovent-free conditions 

Entry Aldehyde Product  Aldehyde/Diol Ratioa Timeb (min) Yieldc (%) 

1 PhCHO  

O

O
Ph

 

1 1:1.5 10 96 

2 4-ClC6H4CHO  

O

O
Cl

 
2 1:1.5 15 93 

3 4-FC6H4CHO  

O

O
F

 

3 1:1.5 13 85 

4 3-O2NC6H4CHO  

O

O
O2N

 

4 1:1.5 10 96 

5 
Me

Ph

CHO

 

O

OMe

Ph

 
5 1:1.5 10 91 

6 CHOPh
 

O

O

Ph

 

6 1:1.5 20 63 

7 2,4-Cl2C6H3CHO  

O

O
Cl

Cl  

7 1:1.5 15 97 

8 CHOPh  

O

O

Ph

 

8 1:1.5 10 90 

9 
Me

Me

CHO

 

O

OMe

Me

 

9 1:1.5 10 93 

10 
CHO

OHC  

O

O

O

O  

10 1:3 15 97 

11 

CHO  

O

O

 

11 1:1.5 25 45 

aIn all cases one equivalent of sodium hydroxide and 1.5 equivalent solid LiClO4 were used 
bReactions were performed at about 50°C 
cIsolated yields 
dReaction was performed at about 80°C 
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Table 1.  Continued 

Entry Aldehyde Product  Aldehyde/Diol Ratioa Timeb (min) Yieldc (%) 

12 2-MeOC6H4CHO  O

O

OMe  

12 1:1.5 30 87d 

13 CHOPh  
Ph

O

O

 
13 1:1.5 15 92 

14 4-O2NC6H4CHO  O2N
O

O

 
14 1:1.5 10 95 

15 C6H5CHO  
O

O

 

15 1:1.5 15 93 

16 3-O2NC6H4CHO  

O2N

O

O

 

16 1:1.5 10 94 

17 2,4-Cl2C6H3CHO  
Cl

Cl
O

O

 

17 1:1.5 15 93 

 
 
 

Experimental 

General 

All reactions were carried out under an atmosphere 
of argon. NMR spectra were recorded on a Bruker ACF 
500 using chloroform-d as solvent. Infrared spectra (IR) 
were measured on a Perkin Elmer 1600 FT-IR 
spectrometer. Column chromatography was performed 
on silica gel, Merck grade 60. CH2Cl2 was distilled 
before use. Lithium perchlorate was purchased from 
Across. All the reactions were performed under argon. 

The General Procedure for Acetalization of 
Aldehydes Mediated by Solid LiClO4 

Lithium perchlorate (3.0 mmol, 0.32 g), an aldehyde 
(2 mmol) and 1,3-propanediol (or 1,2-ehtanediol) (3 
mmol) were added to a flask. Then trimethylsilyl 
chloride, TMSCl, (0.8 mmol, 0.1 mL) was added and 
the mixture stirred for 10 to 20 min at about 50°C. The 
reaction monitored by TLC and quenched at room 
temperature by adding dichloromethane (20 mL). The 

solid lithium perchlorate was filtered off. Due to 
stability of LiClO4 in water, it is possible to recover it, 
and use it again after reactivating by heating it in 
vacuum at 160°C. The organic layer was washed with 
water three times and dried over Na2SO4. The solvent 
removed using a rotary evaporator. Although in most 
cases almost pure products were obtained, further 
purification was carried out by microdistillation or by 
recrystalization. 

The General Procedure for Acetalization of 
Aldehydes with Trimethyl Orthoformate Mediated 
by Solid LiClO4 

Lithium perchlorate (3 mmol, 0.32 g), an aldehyde (2 
mmol), trimethyl orthoformate (5 mmol) and methanol 
(0.3 mL) were added to a flask. Then TMSCl (0.8 
mmol, 0.1 mL) was added and the mixture stirred for 10 
to 15 min at about 40-60°C. The reaction was monitored 
by TLC and quenched at room temperature by adding 
dichloromethane (20 mL). The solid lithium perchlorate 
was filtered off. The organic layer was washed with 
water three times and dried over Na2SO4. The solvent 
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was removed using a rotary evaporator. 
Caution: Although we did not have any accident 

while using LiClO4, it is advisable to dry lithium 
perchlorate in a fume hood using a suitable lab-shield. 
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