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Abstract 
 

Acetylation of hydroxyl groups is the most commonly used transformation 
method in organic chemistry. Acetyl group is most popular among the various 
protecting groups due to its easy introduction, stability towards acidic reaction 
condition, easy removal etc. We have developed a protocol using acetyl 
chloride as acetylating agent and copper sulphate (CuSO4) as a catalyst 
without using a solvent at ambient temperature. It has been found to be a very 
good catalyst for acetylation of varieties of alcohols. The yields were excellent 
with shorter time period.  

ROH ROAc
2. CuSO4 (10 mol%)

1. AcCl (2 equiv.)
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Introduction 
Acetylation groups is the most commonly used transformation method in organic 
chemistry as it is an efficient and inexpensive means for protecting hydroxyl groups. 
Actyl group is most popular among the various protecting groups due to its easy 
introduction, stability towards acidic reaction condition, easy removal etc.  
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Review of literature 
Wide varieties of methods have been developed for this purpose. Acetylation is 
usually carried out by treatment of an alcohol with acetyl chloride or acetic anhydride 
in a suitable organic solvent, although acetic anhydride is the most commonly 
used.iTo increase the rate of acetylation, the reaction is carried out under an acid 
catalyzed condition or under base catalysed condition. In this respect Heteropoly 
acids, ii, iii, ivyttria–zirconia-based Lewis acid, vsulfamic acid, viPerchloric acid, viip-
toluene sulfonicacid, viiietc acidic catalysts were used. Many of such reactions were 
reported using homogeneous basic catalyst such as amineixDMAP, x tri-butyl 
phosphinexietc. Some other common base catalysts are 1, 4-diazobicyclo[2.2.2]-octane 
(DABCO), xiiand N, N, N, N-tetramethylethylenediamine (TMEDA).xiii 
 Besides these other reagents like various metal salts such as, ZnCl2, xivCOCl2, 
xvVanadylSulfate (VOSO4.3H2O), xviRuCl3, xviiTiCl4-AgClO4, xviiiTaCl5, TaCl5-SiO2, 
xixSn (IV) porphyrine, xxFlourous-distannoxane, xxiDistannoxane, xxiiAlPW12O40, xxiiiZr 
(HSO4)4, xxivZrCl4, xxv Cu (BF4)2.6H2O, xxviLiClO4, xxviiZrOCl2.8H2O, xxviiiCeCl3, 
xxixBiOClO4.XH2O, xxxMgBr2, xxxiLiCl, xxxii La (NO3)3.6H2O, xxxiii some metal triflates 
such as Sc (OTf)3

xxxivMeSiOTf, xxxvCe (III) triflate, xxxvi In (OTf)3, xxxvii Cu (OTf)2, 
xxxviii Bi (OTf)3, 

xxxixLiOTf, xlGd (Otf)3
xli and other reagents like bis (cyclopentadienyl) 

zirconium dichloride, xliiI2, xliiiTitanium-modified MCM-41, xliv1, 3-dibromo-5, 5-
dimethylhydentoin or trichloroisocyanuric acid, xlvLanthanide (III) Tosylates, xlviNBS, 
xlvii metal triflates in ionic liquids, xlviii twisted amides, xlix solid supported reagents, l 
Lipase enzymes, liKF–Al2O3, liiA1PO4-A12O3, liii 1-Methyl imidazole, 
livInCl3/montmorillonite K-10lv catalysts, Al (HSO4)3, lvi Graphite Bisulphate, lviiChiral 
Phosphineslviiietc have been investigated to meet the demand for more efficient and 
selective methods. Now a days some green chemical methods, like use of Chlorofer 
rate (III) Ionic Liquid, lix ultrasound promoted acetylation, lx solvent and catalyst free 
acetylationlxi etc. are also used in this purpose. 
 However most of these methods still have limitations such as harsh reaction 
conditions, long periods of reaction, use of large amount of organic solvents as the 
reaction medium and air sensitive nature of catalysts, tedious work up procedure, 
difficult product isolation process of high boiling solvents, formation of by-products 
etc. Nowadays, the reactions are carried out under catalyst and solvent-free conditions 
which are considerably safe, nontoxic, environmentally friendly and inexpensive. 
Therefore searching of new procedures is still going on.  
 
 
Results and discussion 
Recently, CuSO4.5H2O has been used as a Lewis acid catalyst for various organic 
transformations as an inexpensive, available and safe reagent.lxiiHeravi et al described 
a procedure for acetylation of alcohols and phenols under solvent-free conditions in 
the presence of a catalytic amount of Copper (II) sulfate pentahyd rate with acetic 
anhydride at room temperature.lxiii However, in case of alcohols, the reactions are 
completed in 24 hrs. Phenols also took 1-2 hrs. for completion of the reaction. Such a 
long time period is a great disadvantage for a reaction.  
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 Therefore, we thought that changing of acetylating agent may affect the time 
period of the reaction. We have used acetyl chloride as acetylating agent and copper 
sulphate (CuSO4) as a catalyst in the acetylation reaction (Scheme 1).  

  
 
Scheme-1 
Our study began with the reaction of benzyl alcohol as test reaction. No solvents were 
used and it was carried out at ambient temperature. It has been found that the reaction 
with benzyl alcohol took place within 8 minutes as expected. The formation of the 
product was confirmed by monitoring TLC. After usual work up the benzyl acetate 
was found with excellent yield. At first the reaction was carried out using 1 equivalent 
of benzyl alcohol, 1 equivalent of acetyl chloride using 10 mol % of CuSO4. 
However, reaction time decreases only to 6 hrs. When 2 equivalent of acetyl chloride 
was used the reaction took place within 8 minutes. The reaction was further studied 
using different alcohols ranging from aromatic to aliphatic alcohols under the same 
reaction conditions (Table 1).  
 
General Procedure 
Substrate 1mmol, and acetyl chloride (2 mmol, 2.5mmola) were added to 
CuSO4.5H2O (10 mol%, 20 mol%a) in a 50 ml round bottomed flask. The mixture was 
stirred at room temperature and progress of the reaction was monitored by TLC. The 
mixture was diluted with 10% sodium bicarbonate (15 ml) and extracted with 
dichloromethane. Combined organic layers were dried over Na2SO4. The solvent was 
distilled off under reduced pressure to get the pure acetylated product.  
 

Table: 1 Acetylation of alcohols using acetyl chloride as acetylating agent 
 

 Entry Substrate Product Yield Time 
 (min) 

 1 

  

75 8 

 2 

  

80 8 

 3 

  

83 10 

ROH ROAc
2. CuSO4 (10 mol%)

1. AcCl (2 equiv.)

OH OAc

OH OAc

OH

Br

OAc

Br
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 4 

  

78 10 

 5 OH

NH2  

OAc

NH2  

78 5 

 6a   78 15 
 7 

  

81 5 

Reaction condition: Substrate 1mmol, acetyl chloride 2 mmol, catalyst 10 mol% 
aReaction condition: Substrate 1mmol, acetylating agent 2.5mmol, catalyst 20 mol% 
 
 
 Both aromatic as well as aliphatic alcohols gave very good results. In all cases 
yields were very good and especially time periods were very short. After getting the 
products, these are characterized by IR and NMR spectral analysis. 
 
 
Conclusion 
Therefore, in conclusion, a better protocol has been developed using acetyl chloride as 
acetylating agent and Copper sulphate (CuSO4) as a catalyst without using a solvent 
in lesser time period. 
 
 
Supporting informations 
1. Benzyl acetate: IR (KBr, cm-1) ν: 2956, 2364, 1740, 1598, 1456, 1362, 1232, 

1028, 832, 748, 698, 612, 502; 1H NMR (CDCl3, 400 MHz) δ: 7.24-7.20 (m, 5H), 
4.98 (s, 2H), 1.97 (s, 3H). 

2.  Phenyl acetate: 1H NMR (CDCl3, 400 MHz) δ: 7.29-7.29 (m, 2H), 7.28-7.12 (m, 
1H), 7.03-7.00 (m, 2H), 2.23 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 169.6, 
150.6, 129.4, 125.8, 121.5, 21.1 
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