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Abstract : An efficient methodology using zinc borohydride under 
sonication for the reduction of carboxylic esters to alcohols in presence 
of N, N-dimethylaniline and selective reduction of an aliphatic ester 
over an aromatic one without N,N-dimethylaniline is described. 

Selective reduction of one out of two different carboxylic ester groups to 

alcohol through a simple and mild operation is a challenging problem in the field of 

organic synthesis. Inspite of a number of reagents available for efficient ester 

reduction, none is suitable for this selective transformation. 
1 

The most commonly used 

reagent for the reduction of a carboxylic ester is lithium aluminium hydride which, 

being a powerful reducing agent, obviously can not discriminate between two ester 

groups. Borohydrides [ NaBH4, LiBH4, Ca( BH4)2] under normal conditions do not attack 

esters but under certain special measures are reported to effect ester reduction.2 

However, this appears to occur without any such discrimination. As a part of our 

continuing efforts to explore the novel uses of zinc borohydride3 we have discovered 

that this reagent 4.5 under ultrasonic activation offers an excellent selectivity toward 

reduction of aliphatic carboxylic esters, over aromatic ones. We have also observed 

that this reduction under sonication is much accelerated with the presence of N,N- 

dimethylaniline in ‘the system. The results of this investigation are presented herein. 

In a typical procedure, the carboxylic ester (1 mmol) was treated with a 

solution of zinc borohydride (1 mmol) in 1,2-dimethoxyethane under sonication for a 

certain period of time (Table-l). The reaction mixture was then decomposed with H20 

and extracted with CH2C12. Evaporation of solvent furnished the corresponding alcohol 

in nearly quantitative yield. The results are reported in Table-l. 

As shown in Table-l, aliphatic carbox ylic esters were reduced to the 

corresponding alcohols (entries 1-5, procedure A), whereas under identical reduction 

conditions the aromatic esters remained inert (entries 6-10. procedure A). 
6 

Under 

similar treatment benzyl acetate was cleaved to benzyl alcohol, whereas benzyl 

benzoate remained partically intact (entries 11.12, procedure A). Thus, under Lhis 

procedure, acetates were selectively deblocked in presence of benzoates7 (entry 13. 
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procedure A). Igterestingly , 
catalytic amount 

the reducti\n was highly accelerated by the presence of a 
of N, N-dimethylaniline. Aliphatic esters were reduced much faster and 

the aromatic esters which remained inert under procedure A were now reduced efficiently 
under the conditions of procedure B. 
Table-l : Reduction of carboxyllc esters with zinc horohydride to the 

corresponding alcohols uoder sonication 

procedure Aa procedure Bb 

entry c arboxylic ester time, h % reductionC time,h % reductionC 

methyl cyclohexanecarboxylate 

methyl phenylacetate 

ethyl 3-bromopropionate 

Me02C-( CH2) a-C02Me 

24 100 14 100 

ia 100 12 100 

ia 100 12 100 

24 100 14 100 

5 C02Me 24 100 

6 methyl benzoate 24 0 24 

7 methyl 4-methoxybenzoate 24 0 24 

a methyl 4-nitrobenzoate 24 0 24 

9 methyl 4-chlorobenzoate 24 0 24 

10 ethyl I-methylbenzoate 24 0 24 

11 PhCH20COMe 24 100 

12 PhCH20COPh 24 5 

CH20COMe 

13 
0 

24 lOO[ acetate) - 

OCOPh 0 ( benzoate) 

100 

100 

100 

100 

100 

aWithout N. N-dimethylaniline; bwith N, N-dimethylaniline (2 drops) : ‘% reduction as 

calculated by ‘H NMR analysis. 

As carboxylic esters remain unaffected by zinc borohydride without sonication 

as observed by us and other workers 3a.5d.5e certainly ultrasonic waves improve the 

reductive properties of zinc borohydride. 10,ll Acceleration of reduction with 
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N , N-dimethylaniline, though interesting, is not unprecedented. 
5e Whatever be the exact 

nature of activation, the synthetic utility of this methodology cannot be ignored and to 

the best of our knowledge this is the first systematic study of selective reduction of 

an aliphatic carboxylic ester group in presence of an aromatic one 
12 as well as the use 

of zinc borohydride for efficient reduction of ester. 

Zinc borohydride is neutral and can thus be employed to effect reductions in 

’ the presence of functional groups which are sensitive to the more basic conditions of 

reduction with LiAlH4 and NaBH4. Moreover, compatibility of this procedure with a 

variety of normally reducible functional groups such as. bromo, chloro. nitro. ketal, 

makes it more useful for selective ester reduction in polyfunctional molecules. 

Unfortunately, conjugated olefinic esters cannot be reduced under this procedure without 

involvement of the double bond. 

In summary, the present methodology using zinc borohydride under sonication 

provides an efficient reduction of an ester to an alcohol through a mild and simple 

operation. Particularly noteworthy are the selective reductions of a saturated aliphatic 

carboxylic ester over an aromatic one and selective deblocking of an acetate in the 

presence of a benzoate with a neutral hydride reagent. We believe, this procedure will 

certainly find suitable and significant application in the field of organic synthesis. 

Further work to optimize the condition for conjugated ester reduction as well as to 

uncover the role of N.N-dimethylaniline for acceleration are in progress. 
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