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ORGANIC PREPARATIONS AND PROCEDURES IN". 12( 3-41, 225-228 (1980) 

A NEW RAPID ESTERIFICATION PROCEDURE 

UTILIZING EXCEPTIONALLY MILD REACTION CONDITIONS 

C. Gundu Rao 

Purdue Un ive rs i t y  
Department o f  Chemistry 

West Lafayette,  Indiana 47907 

The e s t e r i f i c a t i o n  o f  carboxy l i c  acids i s  a syn the t i c  t ransformat ion 

o f  major importance. 

t i o n  o f  carboxy l i c  acids w i t h  a l k y l  hal ides.  

dure u t i l i z i n g  the  reac t i on  o f  metal s a l t s  o f  carboxy l i c  acids w i t h  a l k y l  

hal ides i s  o f  l i m i t e d  syn the t ic  u t i l i t y . '  The recent pub l i ca t i on  by Ono 

and h i s  coworkers o f  t he  r a p i d  e s t e r i f i c a t i o n  o f  carboxy l i c  acids with 

a l k y l  hal ides i n  benzene a t  25" induced by 1,5-diazabicyclo[5.4.O]undec- 

5-ene (DBU) persuades us t o  pub l i sh  our  own studies i n  t h i s  area. 

Several methods are  ava i l ab le  f o r  the  e s t e r i f i c a -  

However, t he  simple proce- 

2 

3 The 

R C O ~ H  + R J X  + DBU -> R C O ~ R ~  + DBUH+X- 

procedure we developed u t i l i z e s  a c e t o n i t r i l e  as the  reac t i on  medium. 

reac t ions  i n  t h i s  solvent are much f a s t e r  than those i n  benzene. 

The 

Indeed, we observed t h a t  mixtures o f  representa t ive  carboxy l i c  acids 

and DBU reac t  r a p i d l y  (1-2 h rs )  a t  25" w i t h  representa t ive  a l k y l  ha l ides  

t o  g i ve  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d s  o f  esters.  

under s i m i l a r  condi t ions,  t he  presence o f  equimolar amounts of 

On the  o ther  hand, 
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tertiary amines, such as pyridine and triethylamine, fail to induce ester- 

ification. The reaction presumably involves the formation of RC02-DBUHi 

with the high reactivity of the carboxylate anion reflecting an exceptional 

absence of association of the anion with the delocalized cation. 

Reaction of benzoic acid with methyl iodide in the presence of DBU 

was carried out in three different solvents: 

acetonitrile. The yields of methyl benzoate realized after 1 hr of reac- 

tion was 601, 82% and 90%, respectively. 

solvent of choice. The reaction is faster in this solvent and the sol- 

diethyl ether, benzene and 

Acetonitrile was selected as the 

vent is free of the toxic and flammability hazards of the other two media 

explored. 

The reaction appears to be broadly applicable, apparently hand1 ing 

with ease representative primary and secondary halides. Similarly, it 

handles hindered acids, such as pivalic and mesitoic. No tautomerization 

was observed in the esterification o f  the relatively labile acid, 3-buten- 

oic acid. Finally, the carboxylic group in p-dimethylaminobenzoic acid is 

esterified without detectable attack on the amino group. The use from 

theoretical to 25% excess DBU and from theoretical to 20% excess alkyl 

halide had no significant effects upon the yields. 

This procedure, using acetonitrile as solvent, should be preferred to 

procedures utilizing highly toxic solvents such as benzene or HMPA and 

appears to be the procedure of choice for such esterification. 

EXPERIMENTAL 

' H  NMR spectra were recorded on a Varian T-60 spectrometer with tetramethyl- 
silane as an internal standard. 
l ati on. 

Preparation of Methyl Benzoate. Typical Procedure.- In a dried 50-mL 

round-bottom flask fitted with a magnetic stirring bar and a septum inlet 

tube, connected to a mercury bubbler, was placed 2.44 g (20 mmol) of benz- 

Solvents and DBU were purified by distil- 
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A NEW RAPID ESTERIFICATION PROCEDURE 

oic acid and 20 mL o f  acetonitrile. To the well stirred solution was added 

with the help of a syringe 3.04 g (20 mnol) of DBU (Aldrich). Then 3.13 g 

(22 mnolf of methyl iodide was added and the reaction mixture was stirred 

for 1 hr at room temperature (% 25'). The reaction mixture was diluted 

with 20 mL of water and extracted twice with 20-mL portions of ethyl ether. 

Table.- Esterification of Carboxylic Acids with Alkyl Halides 

Carboxylic Acid A1 kyl Ti me Ester Yield 
ha1 i de (hrs) (%) 

Hexanoic EtBr 2 Ethyl hexanoate 96 

Cycl opropane- Me I 

Cycl ohexane- EtBr 

Benzoic Me I 
EtBr 
EtI 

i-C3H71 
s-C4HgBr 

p-Anisoic EtBr 

Mesitoic Me I 

Pivalic Me I 

3-Butenoi c Me I 

1 

2 

2 

1 

1 

1 

Met hy 1 cyc 1 opropane- 
carboxyl ate 

Ethyl cyclohexane- 
carboxyl ate 

Methyl benzoate 
Ethyl benzoate 
Ethyl benzoate 
Isopropyl benzoate 
sec-Bu tyl benzoate 

Ethyl p-anisoate 

Methyl mesi toate 

Methyl pi Val oate 

Methyl 3-butenoa te 

85 

96 

90 
97 
97 
90 
87 

95 

96 

87 

86 

p-Dimethylaminobenzoic EtBr 2 Ethyl p-dimethylamino- 88 
benzoate 

The combined ethereal extracts were washed twice with 20-mL portions o f  

water. After having been dried over anhydrous magnesium sulfate, the so- 

lution was evaporated to provide 2.65 g (97%). of essentially pure methyl 

benzoate, as indicated by ' H  NMR. Distillation provided 2.45 g (90%) of 

pure methyl benzoate, bp 198-198.5', lit.4 bp 198-199. 
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