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Abstract 

An efficient and chemoselective procedure for the preparation of 1, 1-diacatates (acylals) from various aldehydes 

with acetic anhydride in the presence of Brønsted acidic ionic liquid [Msei]Cl as a reusable catalytic system under 

solvent-free condition at room temperature and short periods of times with excellent yields will be described. The 

catalyst was easily separated in simple work-up and was recycled several times without loss of reactivity under the 

described reaction conditions. 
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1. Introduction 

Recently, scientists and researchers have focused 

on the investigations whose aim has been to find 

those chemical processes or methodologies that are 

not dangerous for the environment. The term “green 

chemistry” includes the fabrication and catalysis of 

those chemical compounds which possess a reduced 

threat to human beings as well as the environment 

(Choudhary et al., 2006). During the past decade 

the chemical manufacturers started to use ionic 

liquids (ILs) as solvents for organic fabrication as 

catalysis and media for various extraction 

processes. This considerable interest towards ionic 

liquids is due to their unique characteristics such as 

being non-volatile, non-flammable, as well as their 

ability to be used many times, and also their 

potential for being a very proper media for the 

environment. Some of the ionic liquids are 

approved to be used as catalysts because they 

possess a kind of polarity, besides they have the 

ability to solve not only organic compounds but 

also the inorganic ones. Accordingly an accelerated 

rate reaction can be anticipated (Yadav et al., 

2003). The benefits of these kinds of mixed 

catalysts include high activity and selectivity, easy 

catalyst separation, long catalytic life, thermal 

stability, and recyclability (Li et al., 2007; Karimi, 

& Ghoreishi-Nezhad, 2007; Melero 
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et al., 2006). In synthetic organic chemistry the 

selective protection of carbonyl groups has attracted 

a great deal of attention. Among different carbonyl 

protecting groups 1,1-diacetates (acylals) are very 

important since they possess the ability to preserve 

their stability under not only neutral and basic 

media but also the acidic ones (Kochhar et al., 

1983). Acylals are the main synthetic precursors for 

the preparation of 1-acetoxydienes for Diels–Alder 

reaction (Snider & Amin, 1978) and are also useful 

intermediates in various transformations such as 

nucleophilic substitution reactions (Heerden et al., 

1998; Sandberg & Sydnes, 1998; Sandberg & 

Sydnes, 2000; Sydness & Sandberg, 1997; Yadav et 

al., 2001). Besides their protecting role, acylals are 

also important precursors for the synthesis of 

dienes, chiral allyclic esters and they could also be 

applied as cross linking reagents for the cellulose in 

cotton (Frick & Harper, 1984; Shelke et al., 2009). 

Therefore, methods for their synthesis have 

received considerable attention. It is usual in 

organic chemistry to produce 1,1-diacetates by 

using aldehydes and acetic anhydride under acidic 

medium. In these kinds of reactions we are able to 

use several catalysts such as Cu(BF4)2.xH2O 

(Chakaraborti et al., 2004), H2SO4–SiO2 

(Pourmousavi & Zinati, 2009), NBS (Karimi et al., 

2000), CAN (Roy & Banerjee, 2002), SBA-15-Ph-

PrSO3H (Zareyee et al., 2013), H6P2W18O62.24H2O 

(Romanelli et al., 2003), Bi(NO3)3.5H2O (Aggen et 

al., 2004), PVA-FeCl3 (Li, 2000), Fe
+3

 on 

montmorillonite (Li et al., 1998), zirconium 

sulfophenyl phosphonate (Curini et al., 2002), and 
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Silica boron sulfonic acid (Sajjadifar & Rezayati, 

2014). However use of the mentioned methods has 

some drawbacks including expensive reagents, low 

product yields, longer reaction time, toxicity of 

reagent and hard experimental procedure. [Msei]Cl 

as a new solid acid catalyst was reported. Wu and et 

al. (Scheme 1)
 
(Wu et al., 2009) as used for the 

2,4,5-triaryl-5H-chromeno[4,3-b]pyridines under 

microwave radiation conditions for the first time. 

Brønsted acidic ionic liquid catalyst has attracted 

much more attention in recent years because of its 

ability to carry out this particular set of reactions, 

moreover, it is worth mentioning that it has been 

used for different organic alterations. Simplicity of 

operation, short reaction times, inexpensive 

reagents, green condition, and the high yields of 

products and reusable and green heterogeneous 

catalyst are the advantages of the present method.
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Scheme 1. Preparation of 1-methyl-3-(2-(sulfooxy)ethyl)-1H-imidazol-3-ium chloride 

 

2. Experimental 

2.1. Chemicals and reagents  

All reagents were purchased from Aldrich or Merck 

Fine Chemicals and were used without further 

purification. Products were separated and purified 

by different chromatographic techniques and were 

identified by the comparison of their IR and NMR 

with those reported for the authentic samples. IR 

spectra of the compounds were obtained on a 

Perkin Elmer spectrometer version 10.03.06 using a 

KBr disk. The nuclear magnetic resonance (
1
H 

NMR) spectra were recorded on a BRUKER DRX-

400 AVANCE instrument at 400 MHz (in CDCl3 

solution) using TMS as internal standard. The 

purity of the substrate and reaction monitors was 

accompanied by TLC on Silica gel Polygram 

SILG/UV 254 plates. Melting points were 

determined using an Electrothermal apparatus and 

are uncorrected. 

2.2. Typical procedures 

2.2.1. Preparation of Brønsted Acidic Ionic Liquid 

1-Methylimidazole 1 (4.1 g, 50 mmol) and 2-

chloroethanol 2 (4.02 g, 50 mmol) were added in a 

flask containing 10 mL of CHCl3, and the mixture 

was refluxed for 8 h and CHCl3 removed under 

vacuum. Unreacted 1-methylimidazole or 2-

chloroehanol was extracted with ether (3 × 10 mL) 

to give 1-methyl-3-(2-hydroxylethyl) imidazolium 

chloride (yield 95%). IR spectra of compound 3: 

OH (3200–3600 cm−1), C=C (1450, 1575 cm−1), 

and C=N (1643 cm−1) (Fig. 1). 

A stoichiometric amount of 97% chlorosulfonic 

acid (3.4 mL, 50 mmol) in CCl4 (10 mL) was added 

dropwise to compound 3 over a period of 45–

60 min at 0°C, and HCl gas was evolved in an alkali 

trap immediately (Scheme 1). The mixture was 

washed with CCl4 (3×10 mL) to remove the 

unreacted chlorosulfonic acid (yield 92%). IR 

spectra of compound 4: OH (3200–3600 cm−1), 

C=C (1440, 1579 cm−1), C=N (1648 cm−1), S=O 

(1019 cm−1), and S–O (623 cm−1) (Fig. 1) (Wu et 

al., 2009). 

2.3. General procedure for the preparation of 1,1-

diacetates 

A mixture of various aldehydes (1 mmol), acetic 

anhydride (2 mmol) and [Msei]Cl (0.03 mol%) 

were stirred at room temperature (Caution: this 

reaction is exothermic and hence due care must be 

exercised when scaling up this reaction). The yield 

and time required for each reaction is indicated in 

Table 3. The reaction was followed by TLC (n-

hexane: EtOAc, 9:1). After completion of the 

reaction, CH2Cl2 (10 ml) was added to the mixture, 

filtered and the catalyst [Msei]Cl was washed again 

with CH2Cl2 (2×5 ml), then the final material was 

collected for reusing. The solvent was evaporated 

under reduced pressure to give crude products 

which were purified. Products were purified by 

column chromatography (silica gel, n-

hexane:EtOAc, 9:1) to afford pure products in good 

to excellent yields. The products were identified by 

comparing their melting point, 
1
H NMR and IR 

spectral data with those observed for the authentic 

samples. 

2.4. Selected spectral data of the products 

1,1-Diacetoxy-1-phenyl methane (Entry 1) 
1
H-NMR (CDCl3, 400 MHz) δ: 2.14 (2s, 6H, 

2CH3), 7.41-7.45 (m, 3H, Ar-H), 7.52-7.55 (m, 2H, 

Ar-H), 7.70 (s, 1H, CH). 
13

C-NMR (CDCl3, 100 

MHz) δ: 20.8, 89.7, 126.6, 128.6, 129.7, 135.4, 

168.8. IR νmax/cm
-1

: 3564, 3367, 3068, 2934, 1762, 

1669, 1572 1495, 1435, 1371, 1243, 1206, 1088, 

1055, 1010, 842, 761, 701. 
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1,1-Diacetoxy-1-(furyl) methane (Entry 5) 
1
H-NMR (CDCl3, 400 MHz) δ: 2.16 (2s, 6H, 

2CH3), 6.41-6.41 (dd, 1H, J = 1.6, J = 1.6, Ar-H), 

6.55 (d, 1H, J = 3.2, Ar-H), 7.47-7.48 (dd, 1H, J = 

0.8, J = 0.8, Ar-H), 7.73 (s, 1H, CH); 
13

C-NMR 

(CDCl3, 100 MHz) δ: 20.7, 83.4, 109.7, 110.4, 

143.6, 147.8, 168.4. IR νmax/cm
-1

: 3473, 3161, 3129, 

3018, 2942, 1758, 1608, 1505, 1432, 1380, 1348, 

1250, 1209, 1146, 1063, 1013, 971, 934, 832, 788, 

751. 

1,1-Diacetoxy-1-(4-nitrophenyl) methane (Entry 6) 
1
H-NMR (CDCl3, 400 MHz) δ: 2.17 (2s, 6H, 

2CH3), 7.70 (s, 1H, CH), 7.73-7.74 (d, 2H, J = 4 

Hz, Ar-H), 8.28 (2H, d, Ar-H). 
13

C-NMR (CDCl3, 

100 MHz) δ: 20.0, 88.3, 123.8, 127.8, 141.8, 148.5, 

168.6. IR νmax/cm
-1

: 3486, 3123, 3017, 2940, 2868, 

1764.60, 1610, 1530, 1431, 1377, 1351, 1292, 

1233, 1204, 1105, 1061, 1012, 977, 942. 

1,1-Diacetoxy-1-(3-chlorophenyl) methane (Entry 

9) 
1
H-NMR (CDCl3, 400 MHz) δ: 2.14 (2s, 6H,  

2CH3), 7.33-7.40 (m, 3H, Ar-H), 7.52 (m, 1H, Ar-

H), 7.64 (s, 1H, CH). 
13

C-NMR (CDCl3, 100 MHz): 

δ 20.8, 88.7, 125.0, 126.8, 129.9, 134.5, 137.2, 

168.7. 

3. Results and Discussion 

In recent years, the use of solid acid catalysts and 

solvent-free conditions have been developed 

according to the fact that such catalysts not only 

simplify the purification processes and help to 

prevent the release of toxic reaction residues into 

the environment but also they are considered as 

reusable and environmentally benign catalysts 

(Rezayati et al., 2015; Hajinasiri & Rezayati, 2013; 

Rezayati & Sajjadifar, 2014; Rezayati et al., 2014). 

Preparation of the catalyst which was an easy task 

was done in two steps. The first step increased 2-

chloroethanol to 1-methyl-1H-imidazole under 

reflux condition for at least 8 hours and the second 

step increased chlorosulfonic acid to this mixture 

reaction under N2 atmosphere. This reaction was 

easy and clean, because HCl gas was evolved from 

the reaction vessel immediately. IR spectrum of 

[Msei]Cl showed the characteristic peak of S-O 

group at 579-600 cm
-1

, S=O at 1067-1200 cm
-1

, 

broad peak at 2900-3365 cm
-1

 related to the OH of 

SO3H groups, one absorptions at 1648 for C=N, 

two absorptions at 1440 cm
-1 

and 1579 cm
-1

 for 

C=C group (Fig. 1). These spectrums confirmed 

that this catalyst was exactly synthesized. 

 

 
 

Fig. 1. Comparison of IR spectra of ionic liquid and 

Brønsted acidic ionic liquid 
 

In the present research chemoselective and 

efficient method for the formation of 1,1-diacetates 

is described by using the reaction between aldehyde 

and acetic anhydride using [Msei]Cl as a new and 

Brønsted acidic ionic liquid catalysts under solvent-

free conditions at room temperature (Scheme 2). 
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Scheme 2. Synthesis of acylals using Brønsted acidic 

ionic liquid (BAIL) 
 

First, the effect of catalyst loading in the reaction 

of benzaldehyde and acetic anhydride under 

solvent-free conditions was studied (Table 1). As it 

is shown in the Table 1, the best result was obtained 

when 0.03 mol% of the catalyst was used (Table 1, 

Entry 3). Then, when 0.1 mol% of catalyst was 

used, the yield of the desired product decreased 

dramatically and we also witnessed long reaction 

(Table 1, Entry 6). In order to determine the role of 

[Msei]Cl better, the model reaction was carried out 

without the use of any catalyst; 5% yield within 24 

hour (Table 1, Entry1). 
 
Table 1. Optimization of amount of the catalyst loading 

 

Entry Catalyst (%) Time (min) Yield (%)a 

1 0.00 24 hb 5 

2 0.01 25 83 

3 0.03 5 99 

4 0.05 15 84 

5 0.07 30 81 

6 0.1 70 72 
 

aYield of isolated products 
bIn hour 

 

In the second step, the effect of various solvent in 

this reaction was investigated (Table 2, Entries 1-

7). The best yield was found using solvent-free 

conditions. Therefore, the above conditions were 

employed for the conversion of various aldehydes 
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to the corresponding acylals under solvent-free 

conditions (Table 2, Entry 8). 
 

Table 2. The solvent effect for synthesis of 1,1-diacetatea 
 

aCondition reaction: benzaldehyde (1 mmol) and acetic 

anhydride (2 mmol) in presence [Msei]Cl (0.03 mol%) at room 

temperature 
bYield of isolated products 
c1:1 ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Table 3. Formation of 1,1-diacetate using [Msei]Cl under solvent-free conditions 

 

Entry Substrate Time (min) Yield (%)a M.p. (oC) Reference 

1 Benzaldehyde 10 99 42-44  (Heravi  et al., 2005) 

2 Butyraldehyde 25 82 Oil  (Heravi  et al.,2005) 

3 4-Chlorobenzaldehyde 5 97 81-83  (Hajipour et al., 2008) 

4 4-Hydroxybenzaldehyde 10 95 91-93  (Hajipour et al., 2008) 

5 Furfural 15 96 50-52  (Hajipour et al., 2008) 

6 4-Nitrobenzaldehyde 5 98 126-128  (Khan et al., 2006) 

7 4-Bromobenzaldehyde 6 96 84-86  (Khan et al., 2006) 

8 4-Methylbenzaldehyde 12 93 80-81  (Saini et al., 2007) 

9 3-Chlorobenzaldehyde 7 94 64-65  (Hajipour et al., 2007) 

10 3-Methoxybenzaldehyde 25 87 Oil  (Ghosh et al., 2004) 

11 3-Nitrobenzaldehyde 10 91 66-68  (Ghosh et al., 2004) 

12 2-Nitrobenzaldehyde 15 94 90-92  (Ghosh et al., 2004) 

13 2-Hydroxybenzaldehyde 15 93 101-102  (Nagy et al., 2002) 

14 4-Acetoxybenzaldehyde 20 87 88-90 (Nagy et al., 2002) 

15 4-Cyanobenzaldehyde 7 99 100-102 (Kochhar et al., 1983) 

16 2,6-Dichlorobenzaldehyde 18 87 88-90 (Firouzabadi et al., 2003)  

aYield of isolated products 
 

The results listed in Table 3 show that aliphatic 

and aromatic aldehydes react smoothly with acetic 

anhydride compound to afford the corresponding 

1,1-diacetates, moreover it is worth mentioning that 

all these products have good to excellent yields and 

reaction time. Here, versatility of the present 

methodology is well demonstrated by the fact that 

both aromatic (Table 3, Entries 1 and 3–16) and 

aliphatic (Table 3, Entry 2) aldehydes afforded their 

corresponding acylals in equally good yields. The 

powerful electron-releasing substituent OMe 

slightly decreased the yield and increased the 

reaction time (Table 3, Entry 10). Furfural (Table 3, 

Entry 5) and 4-Cyanobenzaldehyde (Table 3, Entry 

15) also led to the formation of acylals in 96% and 

99% yield without the formation of any side 

products, it was normally observed under strongly 

acidic conditions. In order to show the merit of the 

present work, most of the reported methods require 

reaction times in order to be completed, but in this 

research all of the reactions were completed within 

5-25 minutes (Table 3). These results showed that 

[Msei]Cl as catalyst for this condensation is 

appropriate and encouraged us to extend this 

catalyst for the synthesizing other compounds. The 

structures of compounds were confirmed by 
1
HNMR, 

13
C NMR and IR spectra. In the 

1
H NMR 

spectrum of compound 4 one signals due to the two 

methoxy groups which were visible at 2.17 ppm 

and one singlet at 7.27 ppm that due to C-H 

between two ester groups and two doublet about δ = 

7.73-7.74 (d, 2H, J = 4 Hz, Ar-Hz) and 8.28 ppm 

(d, 2H, Ar-H Hz) for the C-H protons. A 

comparative study on the catalytic activities of the 

catalyst with some of the reported catalysts was 

carried out using benzaldehyde as a model substrate 

(Table 4). 

 

 

 
 

Entry Solvent (10 ml) Time (min) Yield (%)b 

1 H2O 95 74 

2 H2O:EtOHc 60 78 

3 Ethanol 65 81 

4 n-Hexane 55 83 

5 Acetonitrile 80 65 

6 Ethyl acetate 45 85 

7 Dichloromethane 50 86 

8 Solvent-Free 5 99 
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Table 4. Comparison of the present method with some other procedures for 1,1-diacetate synthesis 
 

Catalyst/Solvent/Temperature Time (min) Catalyst loading Yield (%)d Reference 

NBS 8 hc 10 mol% 98 (Karimi et al., 2000) 

NbCl5 10 5 mmol% 97 (Gao et al., 2009)  

SiO2-NaHSO4 15  25 mol% 94 (Kannasani et al., 2012) 

SPDTSAa 4 10 mg 94 (Nouri-Sefat et al., 2011) 

Si-[SbSipim][PF6]b/ 30 °C 3 hc 0.1 g 90 (Kang et al., 2013) 

Amberlyst-15/ CH2Cl2 60 500 mg 95 (Reddy et al,. 2003) 

Mg(CH3SO3)2-HOAc 12 hc 1.5 mol% 55 (Liu et al., 2012) 

I2 2 hc 10 mol% 99 (Deka et al., 1997) 

Bi(OTf)3.XH2O/ CH3CN 45 31 mg 91 (Carrigan et al., 2001) 

This Work 10 0.03 mol% 99 -  

aSilica-bonded propyl-diethylene-triamine-N-sulfamic acid 
bSilica-supported functional ionic liquid 
cIn hour 
dYield of isolated products  

 
In order to show the high selectivity of the 

procedure, we investigated competitive reactions 

for the synthesis of the acylals from various 

aldehydes and Ketones (electron-donating or 

electron-withdrawing) in presence of [Msei]Cl. In 

doing so, different reactions were designed. We 

found that ketones which proved resistant to the 

reaction conditions did not produce any acylals 

under the optimized reaction condition even under 

reflux conditions. This result indicates that 

aldehydes are more reactive than ketones and this 

may be due to the higher electrophilicity of 

aldehydes in comparison to ketones (Table 5). 

 
Table 5. Competition reaction via mixtures of some aldehydes and ketones with acetic anhydride in presence [Msei]Cla 
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2 

 

 

 

 

 

3 

 

 

 

 

 

4 

 

aYield of isolated products  
 

Recycling the catalyst is one of the most 

significant advantages of our method. The catalyst 

can be recycled after a simple work-up and then 

reused for at least seven runs without appreciable 

reduction in its catalytic activity (Table 6).  
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Table 6. The catalytic activity of  

[Msei]Cl in seven cycles 
 

Run 1 2 3 4 5 6 7 

Yield (%) 99 99 97 95 97 94 94 

4. Conclusion 

In summary, a clean and efficient catalyst for the 

preparation of 1,1-diacatates from various 

aldehydes with the use of acetic anhydride in the 

presence of [Msei]Cl as a new catalyst was studied 

and worked upon. Clean work-up, excellent 

chemoselectivity, simple experimental procedure, 

short period of conversion, excellent yields, and the 

elimination of corrosive liquid acids, are the 

advantages of the present method. This catalyst's is 

easily available, non-toxic and also eco-friendly in 

nature. The most important feature-of this 

procedure is that the catalyst can be recycled after a 

simple work-up and then be reused for at least 

seven runs without appreciable reduction in its 

catalytic activity. 
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