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SYNTHETIC COMMUNICATIONS, 24(4), 549-555 (1994) 

FACILE REDUCTION OF AZIDES WITH 

SODIUM BOROHYDRIDE / COPPER 01) SULPHATE SYSTEM 

* 
H .  Surya Prakash Rao and P. Siva 

Department of Chemistry, 
Pondicherry University, 

Pondicherry - 605 014, INDIA 

ABSTRACT: Sodium borohydride / copper (11) sulphate 
reduces alkyl and aryl azides to primary amines and 
aroyl azides to amides under mild conditions. 

This reaction has been used extensively in 
2 synthesis of nitrogen containing heterocycles 

carbohydrate molecules . Reagents commonly emp 

f o r  this purpose include catalytic hydrogenation 

3 

Reduction of an azido group to an amine is an 
1 important reaction in synthetic organic chemistry . 

the 

and 

oyed 

sing 

hydrogen gas or  transfer hydrogenation , lithium 

aluminum hydride , triphenylphosphine / water , 
8 triethylphosphite / p-toluenesulphonic acid , hydrogen 

3-dithiol , 
chloride , 
n-butyltin 

hydride , magnesium or calcium in methanol15 and 

4 5 

6 7 

10 

12 

1 4  

9 

11 
sulphide / pyridine / water , propane-1 

acetylacetone / triethylamine , stannous 

tr titanium (111) chloride / water , 13 

549 
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550 SURYA PRAKASH RAO AND SIVA 

4 Table. Reduction of azides with NaBH / Cu ( 1 1 )  SO 

NaBH cat. CuS04 
4 

4’ 

2 D R-NH 3 R-N 
0 MeOH, 0 - 5 C, lh. 

7 .  4-NO -C H 95 
2 6 4- 1 .  C H ~  ( C H ~  2 ~ ~ 2 - b  

2. CH3(CH ) CH - 80 8 .  C6H5CO- 90 

95 

2 4  2 

2 9. 4-OMe-C H CO- 92 6 4  3. CH3(CH2)6CH - 82 

4 . C H -  80 10. 4-C1-C H CO- 90 6 4  
5. 4-C1-C H - 95 11. 4-NO -C H CO- 9 5  2 6 5  6 4  
6 .  4-OMe-C H - 95 

6 5  

6 4  

a Yields are of isolated and purified products. 

h Isolated as a hydrochloride salt. 

electrochemical methods16. Sodium borohydride, a mild 

hydride reducing agent does not reduce azides to amines 

~atisfactorily’~ but modified sodium borohydride 

reducing agents such as sodium borohydride with 

stoichiometric amounts of methanol in boiling THF1* and 

complex reducing agents” such as sodium borohydride / 

nickel (11) chloride2’ have been used for this 

purpose. We now report that aryl and alkyl azides can 

be reduced to primary amines and aroyl azides to the 

corresponding amides with the sodium borohydride / 

copper (11) sulphate systemz1 under mild conditions. 
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REDUCTION OF AZIDES 55 1 

Table summarises our results on the reduction of a 

number of aryl, alkyl and aroyl azides. Results from 

the reduction of several aryl and aroyl azides with 

electron-donating group (4-OMe, entry 5 ,  9 )  or 

electron-withdrawing groups (4-C1, entry 6, 1 0  and 

entry 7, 1 1 )  indicate that substitution of groups with 

+I or -I effects in the para position of the aryl ring 

does not have much effect upon the rate of reduction. 

Thus, the reduction of azides with sodium borohydride / 

copper (11) sulphate, similar to other complex reducing 

agents , is more like catalytic hydrogenation 

involving radical intermediates. Reduction of 

p-nitrophenyl azide to p-nitroaniline (entry 7) and 

p-nitrobenzoyl azide to p-nitrobenzamide (entry 1 1 )  

show that reduction of t h e  azido group can be carried 

out without nitro group reduction. This result is in 

contrast to o u r  earlier observation that sodium 

borohydride / nickel (11) chloride does not selectively 

reduce an acyl azido group in the presence of a nitro 

groupzob. We have modified the reduction conditions to 

assess their effect on the rate and course of the 

reaction. Thus, when the reduction of benzoyl azide 

was carried out under a. sonication, b. phase transfer 

conditions (dichloromethane, tetra n-butylammonium 

bromide), c. elevated temperatures (methanol reflux), 

d. excess sodium borohydride (10 molar equivalents) and 

e. copper (11) sulphate adsorbed over silica gel (60 - 
1 2 0  mesh), there was no change in the product formed or 

increase in the yield. 

19 
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552 SURYA PRAKASH RAO AND SIVA 

We have thus shown that alkyl and aryl azides can 

be reduced to the corresponding primary amines and 

aroyl azides to the corresponding benzamides with 

sodium borohydride / copper ( 1 1 )  sulphate under mild, 

convenient and high yielding conditions. 

EXPERIMENTAL SECTION 

General Methods: Starting azides were prepared by known 

procedures" and products were characterised on 

comparison with authentic samples (co-TLC) and spectral 

data (IR and NMR). 

Reduction of Aroyl azides; Representative procedure: 
0 To a cooled (0 - 5OC)  stirred solution of copper 

(11) sulphate pentahydrate (O.O85g, 0.034 mmol) in 

methanol (10ml) was added sodium borohydride ( 0 . 0 3 7 g J  1 

mmol) . To the resulting black suspension was added 

benzoyf azide (0.5g 3 . 4 0  mmol) in methanol (5ml). 

Reaction was cont nued by the addition of sodium 

borohydride (0.092g 2.4 mmol) in four portions during 

one hour. During this time reaction progress was 

monitored by TLC. The reaction mixture was then 

filtered through celite and most of the methanol (80%) 

was removed under reduced pressure. The resulting 

concentrated solution was diluted with dichloromethane 

(50ml), washed with water (lOml), brine (lOml), dried 

(Na SO ) and concentrated to give benzamide (0.312g, 

80%) identical to an authentic sample. 
2 4  
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REDUCTION OF AZIDES 553 

Reduction of aryl and alkyl azides: 

Essentially the above procedure was followed for 

the reduction of aryl and alkyl azides to the 

corresponding primary amines except that the methanolic 

solution obtained after completion of the reaction was 

made sufficiently alkaline (pH = 12) with 1N sodium 

hydroxide before workup. 

Acknowledgment: H. Surya Prakash Rao thanks C.S.I.R. 

India for financial support. He also thanks Professor 

K. Turnbull for helpful suggestions. 
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