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INTRODUCTION 

The pharmaceutical industry is one of the largest consumers of 

organic solvents. Solvent selection in drug synthesis is a 

fundamental step as it affects the yield, solubility and impurity 

profile of the product being synthesised.1 Pharmaceutical 

manufacturers aim at reducing solvent use by minimising the 

number of synthetic steps, increasing solvent recycling and 

replacing organic solvents with novel greener alternatives.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

AIM 

To find and use an alternative solvent to dichloromethane in 

order to develop a greener selective acylation method for the 

synthesis of the 17ɑ,21-diester steroid. 

RESULTS 

The reaction using dichloromethane as a solvent was complete 

on adding the catalyst to the reaction mixture. When ethyl 

acetate was used as a solvent, the starting material was not 

completely used up (Figure 2).  

Both reactions led to the formation of a product with the same 

retention time of the reference standard i.e. 4.9 minutes   

(Figure 3), indicating that the desired product was successfully 

synthesised.  

The highest product yield estimated at 66%, when 

dichloromethane was used as solvent was obtained on adding 

the catalyst. However this started to decrease as the reaction 

proceeded, while the yield of the major impurity with a 

retention time of 6.3 minutes increased with reaction time, 

reaching a peak of 62% after 5 minutes from the start of the 

reaction. The product yield was exceeded by the impurity after 

2.5 minutes from the start of the reaction. 

The highest yield obtained when ethyl acetate was used as the 

solvent was estimated to be 73%. This yield was also obtained 

on adding the catalyst to the reaction mixture. The yield of the 

product remained unchanged during the reaction while 

negligible impurities were observed.  
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The reaction conducted using ethyl acetate led to a decrease in the generation of impurities and a higher product yield when compared 

to the reaction using dichloromethane. This suggests that ethyl acetate is a good substitute to dichloromethane for the synthesis of the 

17ɑ,21-diester and that the method using ethyl acetate is greener.   

Figure 2: a) Reaction on adding the catalyst, using dichloromethane as a solvent  

b) Reaction on adding the catalyst, using ethyl acetate as a solvent 
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Figure 3: The standard compound with a retention time of 4.9 minutes 

 

  

 
      

 

 

   

 

 

METHOD 

The starting material (11,21-dihydroxy steroid) has a primary 

hydroxyl group at C21 and a secondary hydroxyl group at C11. An 

attempt was made to selectively acylate the primary hydroxyl 

group. A method using dichloromethane as a solvent was 

found.3,4 However a greener alternative to dichloromethane was 

looked into to develop a more environmentally friendly method 

for the selective acylation of the steroid of interest. Ethyl acetate 

was chosen as a possible alternative solvent to dichloromethane. 

The reaction was first conducted using dichloromethane as a 

solvent. The reaction was catalysed using trimethylsilyl 

trifluoromethanesulfonate (TMSOTf) and acetic anhydride was 

used as reagent. The starting material and reagent were used in a 

ratio of 1:1. A temperature of 0-5°C was used.  

The synthetic reaction (Figure 1) was repeated using the same 

conditions substituting dichloromethane with ethyl acetate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Following synthesis, the product obtained was purified using 

rotary evaporation.  

All reaction samples were analysed with HPLC using a reversed-

phase C18 chromatographic column with a mobile phase 

consisting of acetonitrile and 10mM phosphate buffer at pH 6 

(1:1). A temperature of 40°C and a flow rate of 1.2 ml/min were 

used with a UV detector at 240nm.  

Figure 1: The steps of the synthetic reaction of 17ɑ,21-diester steroid  


