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Zinc borohydride in 1,2-dimethoxyethane provides an efficient procedure for the reduction of organic 
azides. Aroyl, acyl, and arylsulfonyl azides readily undergo reduction at  room temperature to 
produce amides and sulfonamides in excellent yields; however, substitution with electron- 
withdrawing groups in the aroyl azides leads to the corresponding benzyl alcohols. Reduction of 
aryl and alkyl azides has also been achieved in high yields, under some modified conditions. 

The reduction of azides to amines constitutes a syn- 
thetically useful process,l and since many excellent 
methods are now available for the preparation of azides 
with regio-, stereo-, and enantiocontrol,2 subsequent 
reduction permits a controlled introduction of an amine 
function. A wide variety of reagents including lithium 
aluminum hydride, catalytic hydrogenation, triphe- 
nylphosphine, hydrogen sulfide, diborane, tributyltin 
hydride, zinc-hydrochloric acid, etc. have been reported3 
for this conversion. But these reagents have one or more 
limitations with regard to general applicability, selectiv- 
ity, ready availability, operational convenience, and 
toxicity. For instance, LiAlH4 is not tolerable to many 
functionalities such as -C02R, -NO2, etc., and on the 
other hand, catalytic hydrogenation and diborane reduc- 
tion have limitations for being applied to unsaturated 
compounds containing a double or triple bond. Boro- 
hydrides, in general, are milder reducing agent and more 
selective and, hence, could be the better choice. But, 
unfortunately, sodium borohydride does not usually 
convert azides to amines in good yield at  ambient 
conditions in homogeneous systems, except in the case 
of arylsulfonyl  azide^.^ Recently, a number of reports 
describing reduction of azides by sodium borohydride 
with different modifications appeared in the literature. 
But these observations are also capricious. For instance, 
reaction of benzoyl azide with sodium borohydride in 
dioxane produced only 29% of b e n ~ a m i d e , ~ ~  whereas 
reduction in methanol yielded a 9:l mixture of benzyl 
alcohol and b e n ~ a m i d e . ~ ~  On the other hand, sodium 
borohydride under phase-transfer conditions5c and on an 
ion-exchange resin support5d readily reduced aryl and 
arylsulfonyl azides to the corresponding amines. And, 
alkyl and aroyl azides were reduced to the corresponding 
amines5e and amides,5f respectively, with a sodium boro- 
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hydride-nickel (11) chloride system, although this re- 
agent has serious restrictions for use in the presence of 
a nitro group.6 Thus, a simple and efficient reducing 
agent of general applicability to all types of azides with 
tolerance to other sensitive functionalities will be well 
appreciated. Our recent endeavor of selective reduction 
of various important functionalities with zinc boro- 
hydride' prompted us to initiate a systematic investiga- 
tion of reduction of organic azides including aroyl, acyl, 
arylsulfonyl, aryl, and alkyl. 

We have observed that zinc borohydride in 1,2- 
dimethoxyethane (DME) reduces aroyl, acyl, and aryl- 
sulfonyl azides efficiently to the corresponding products 
in excellent yields. The reaction is carried out by simply 
stirring the azide with a solution of zinc borohydride in 
DME at room temperature for a certain period of time 
as required for completion (monitored by TLC and IR). 
Several structurally varied azides are subjected to reduc- 
tion by this procedure, and the results are summarized 
in Table 1. As is evident from the results, the substitu- 
tion pattern in the aromatic ring of the aroyl azides has 
a great influence on the course of reduction. Thus, 
unsubstituted benzoyl azide and those having electron- 
donating substituents like -CH3 and -0CH3 at the para- 
position are cleanly reduced to the corresponding amides 
(entries 1-3, Table 11, whereas substitution of groups 
with a -I effect such as -NO2 and -C1 in the meta- or 
para-position of the benzoyl azide ring leads to the 
formation of the corresponding benzyl alcohols (entries 
4-6, Table 1). This is quite obvious because substitution 
of groups with a -I effect in the aromatic ring renders 
the carbonyl carbon of the aroyl azide more electron 
deficient and thus invites hydride attack at this position 
to produce the corresponding aldehyde which then un- 
dergoes reduction to give alcohol (path a, Scheme 2). In 
unsubstituted and +I group-substituted aroyl azides, 
hydride attack occurs at  the relatively electron-deficient 
nitrogen of the azide moiety leading to amides (path b, 
Scheme 2). 

Acyl azides, in general, are reduced more rapidly to 
produce the corresponding amides (entries 7-9, Table 1); 
but interestingly, phenylacetyl azide (entry lo), under 
the same conditions, undergoes Curtius-type rearrange- 
ment followed by hydride attack to yield N-benzylforma- 
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Table 1. Reduction of Aroyl, Acyl, and Arybulfonyl Azides with Zinc Borohydride in DME 
entry azide time (h) product yield" (%) mp ("C) 

1 benzoyl azide 3 benzamide 90 127-12812 
2 p-methylbenzoyl azide 3.5 p-methylbenzamide 95 159-16113 
3 p-methoxybenzoyl azide 6 p-methoxybenzamide 92 166-16812 
4 p-nitrobenzoyl azide 4 p-nitrobenzyl alcohol 96 92-9312 
5 p-chlorobenzoyl azide 5.5 p-chlorobenzyl alcohol 94 70-7112 
6 m-chlorobenzoyl azide 5.5 m-chlorobenzyl alcohol 92 oil 
7 cyclohexanoyl azide 2.5 cy clohexanecarboxamide 88 18613 
8 lauroyl azide 0.5 lauramide 92 99- 10013 
9 stearoyl azide 0.5 stearamide 95 107-10913 

10 oleoyl azide 1.5* oleamide 84 75-7613 
11 phenylacetyl azide 3 N-benz ylformamide 85 60-6212 
12 p-toluenesulfonyl azide 3.5 p-toluenesulfonamide 95 13912 
13 2-naphthalenesulfonyl azide 4 2-naphthalenesulfonamide 90 215-21714 

a All yields refer to pure isolated products, fully characterized by IR, 1H NMR, and mp. The reaction is run at 0-5 "C. 
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mide (Scheme 3). Reduction of arylsulfonyl azides to the 
corresponding sulfonamides is also effected smoothly with 
this reagent (entries 11 and 12, Table 1). 

The reduction of aryl azides with zinc borohydride in 
DME at room temperature is relatively sluggish. How- 
ever, efficient reduction in a much shorter time has been 
achieved when the reaction is carried out under sonica- 
tion. A variety of substituted aryl azides have been found 
to undergo reduction by this process to produce the 
corresponding amines in high yields. The results are 
presented in Table 2. The pattern of substitution in the 
aromatic ring has practically no effect on the rate or 
course of reduction. 

Although alkyl azides undergo reduction to amine with 
zinc borohydride in DME a t  room temperature, in some 
cases (entries 11 and 12, Table 2) the best results in 
terms of yield and time are obtained when the reactions 
are done under sonication in the presence of silica gel. 
Although the exact role of silica gel in this process is not 
clear, its presence definitely activates the system toward 
reduction as observed previously for a number of 
sub~trates.'~J 

The present procedure of reduction of azides has 
several practical advantages. Zinc borohydride has 

unique and uniform reducing properties toward all types 
of azides. The reduction is carried out in an aprotic 
solvent (DME). This avoids the disadvantages of using 
a protic solvent like methanol5d or during reduc- 
tion using sodium borohydride, which often causes prob- 
lems for molecules containing easily solvolyzable func- 
tionalities. Moreover, zinc borohydride is neutral, mild, 
and compatible with a variety of normally reducable 
functional groups such as chloro (entries 5 and 6, Table 
l), methoxy (entries 2 and 3; Table 11, nitro (entry 4, 
Table 11, carboxylic ester (entry 10, Table 2), and double 
bond (entry 10, Table 1) and thus superior to many 
commonly used reagents like LiAlh ,  B2H6, and H2- 
(Pd-C). The reactions are also reasonably fast and high 
yielding. 

In conclusion, zinc borohydride thus appears to be a 
mild and efficient reagent for the reduction of a broad 
spectrum of azides to the corresponding amines in high 
yields. Moreover, the easy availability of the reagent, 
operational simplicity, and superior selectivity make this 
procedure extremely attractive and a practical alternative 
to the existing  method^,^^^ and we believe this will find 
general acceptance in organic synthesis. 

Experimental Section 
IR spectra were recorded on a Perkin-Elmer Model 298 

spectrometer, and lH NMR spectra were recorded on an EM 
360 spectrometer from Varian Associates in CC4 and CDC13 
solutions with MerSi as internal standard. Thin-layer chro- 
matography was done on precoated silica gel plates (E. Merck, 
Germany). Silica gel (60-120 mesh, SRL, India) was used for 
column chromatography. l,2-Dimethoxyethane was distilled 
from benzophenone-sodium under Nz immediately before use. 
Acetone was distilled over calcium carbonate. DMF was dried 
by distillation over CaHz. Ether refers to diethyl ether. 

Zinc borohydride in DME was prepared from zinc chloride 
and sodium borohydride according to the reported procedures 
and kept in the refrigerator as a standard stock solution for 
subsequent uses. 

Preparation of Aroyl, Acyl, and Arylsulfonyl Azides. 
Representative Proced~re.~ A suspension of benzoic acid 
(1.2 g, 10 mmol) in freshly distilled thionyl chloride (8 mL) 

(7) (a) Ranu, B. C.; Das, A. R.; Sarkar, D. C. J. Org. Chem. 1990, 
55, 5799. (b) Ranu, B. C.; Chakraborty, R. Tetrahedron Lett. 1990, 
31, 7663. (c) Ranu, B. C.; Das, A. R. J. Chem. SOC., Chem. Commun. 
1990,1334. (d) Ranu, B. C.; Basu, M. K. Tetrahedron Lett. 1991,32, 
3243. (e) Ranu, B. C.; Chakraborty, R. Tetrahedron Lett. 1991, 32, 
3579. (0 Ranu, B. C.; Das, A. R. J. Org. Chem. 1991, 56, 4796. (g) 
Ranu, B. C.; Das, A. R. Tetrahedron Lett. 1992,33, 2361. (h) Ranu, 
B. C.; Chakraborty, R. Tetrahedron 1992,48, 5317. (i) Ranu, B. C.; 
Das, A. R. J.  Chem. Soc., Perkin Trans. 1 1992,1561. (i) Ranu, B. C.; 
Das, A. R. J. Chem. Soc., Perkin Tram. 1 1992,1881. (k) Ranu, B. C.; 
Chakraborty, R.; Saha, M. Tetrahedron Lett. 1995,34,4659. (1) Ranu, 
B. C. Synlett l99S, 885. 

(8) Crabbe, P.; Garcia, G. A.; Rius, C. J. Chem. SOC., Perkin Trans. 
1 1973,810. 



4116 J. Org. Chem., Vol. 59, No. 15, 1994 

Table 2. Reduction of Aryl and Alkyl Azides with Zinc Borohydride in DME 

Ranu et al. 

mp ("C) entry azide time (h) amine yield" (8) 
1 phenyl azide 1.56 aniline 70 113- 1 14d 
2 p-nitrophenyl azide 1.56 p-nitroaniline 90 146-14713 
3 m-nitrophenyl azide 1.5* m-nitroaniline 92 114- 1 1513 
4 o-methoxyphenyl azide 36 o-anisidine 89 88-89 
5 p-methoxyphenyl azide 3.56 p-anisidine 88 13od 

7 m-chlorophenyl azide 3.56 m-chloroaniline 89 79-8od 
8 p-chlorophenyl azide 36 p-chloroaniline 92 69-7013 
9 a-naphthyl azide 1.56 a-naphthylamine 

6 o-methylphenyl azide 36 o-toluidine 90 110-llld 

94 158-16od 
10 ethyl 3-azidopropionate 6 ethyl 3-aminopropionate 85 oile 
11 benzyl azide 8' benzylamine 65 103-104f 
12 undecyl azide 6' undecylamine 92 60-61, 
13 (S)-(-)-l-phenylethyl azide15 8c (SI-( -)-1-phenylethylamine 62 0s 

a All yields refer to pure isolated products, fully characterized by IR and 'H NMR. The reaction was canied out under sonication 
(method B). The reaction was performed in the presence of silica gel (method C). The melting point refers to that of the corresponding 
acetamide.13 e Anal. Calcd for CsH1102N: c, 51.28; H, 9.40. Found: C, 51.12; H, 9.49. fThe melting point reported is that of the 
corresponding benza~nide. '~J~~ [aIz6~ -36.4 (MeOH), mp of acetamide 104-105 'C.lk 

was heated under reflux with stirring until all the solid 
dissolved. Excess thionyl chloride was removed under vacuum, 
and the residual acid chloride was dissolved in dry acetone 
(20 mL). The solution was cooled in an ice-water bath (5- 
10 "C), and a solution of sodium azide (2.6 g, 40 mmol) in 
acetone (10 mL) was added to it dropwise under stirring. This 
mixture was stirred for another 30 min and evaporated under 
vacuum to distill out the maximum amount of acetone. The 
residue was taken up in ether (50 mL). The ether solution 
was washed with brine, aqueous sodium bicarbonate, and 
brine and dried over NazSO4. Evaporation of ether furnished 
the crude azide which was purified by quick column chroma- 
tography over silica gel to give benzoyl azide (1.3 g, go%), 
sufficiently pure (IR, lH NMR, TLC) to be used for subsequent 
reduction. 

AU aroyl, acyl, and arylsulfonic azides were prepared 
following the same procedure. 

Preparation of Aryl Azides. Representative Proce- 
dure. An aqueous solution of sodium nitrite (1.0 g, 15 mmol, 
dissolved in 25 mL of HzO) was added dropwise to a cooled 
(0-5 "C) solution of aniline (930 mg, 10 mmol) in hydrochloric 
acid (6 N, 10 mL) under stirring. The reaction mixture was 
stirred at 0-5 "C for an additional 0.5 h, and to it was added 
dropwise an aqueous solution of sodium azide (2.6 g, 40 mmol, 
dissolved in 50 mL of HzO). After being stirred for 1 h the 
reaction mixture was extracted with ether (3 x 50 mL), and 
the ether extract was washed with brine, aqueous sodium 
bicarbonate, and brine and dried (NazSO4). Evaporation of 
solvent furnished the crude azide which was filtered through 
a short column of silica gel to produce pure phenyl azide (1 g, 
85%). 

Preparation of Undecyl Azide.lo Solid sodium azide (780 
mg, 17 mmol) was added to a solution of undecyl bromide (2.35 
g, 10 mmol) in dry DMF (25 mL), and the resulting mixture 
was heated at 80 "C for 12 h. The solvent was evaporated 
under vacuum, and the residual oil was taken up in ether (50 
mL). The ether solution was washed with water and brine 
and dried (NazSO4). Evaporation of solvent afforded the crude 
azide which was purified by slow bulb to bulb distillation (1.48 
g, 75%). 

Benzyl azide and ethyl 3-azidopropionate were prepared 
from benzyl bromide and ethyl 3-bromopropionate, respec- 
tively, following the procedure of Priebe.ll 

All azides are known compounds5 and are easily character- 
ized by IR and lH NMR. 

General Procedure for Reduction. (A) For Aroyl, 
Acyl, and Arylsulfonyl Azides. A solution of zinc boro- 
hydride (950 mg, 10 mmol) in DME (10 mL) was added to  
benzoyl azide (735 mg, 5 "01) at room temperature with 
stirring. The reaction mixture was stirred for a certain period 
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of time (Table 1) as required for completion (monitored by IR 
and TLC) and then quenched with careful dropwise addition 
of HzO at 0-5 "C. The organic phase was separated, and the 
aqueous layer was extracted with chloroform (3 x 20 mL). The 
combined organic phase was dried over NazSO4 and evaporated 
to provide the crude product which was purified by filtration 
through a short column of silica gel to give pure benzamide 
(545 mg, 90%). In some cases amides were also purified by 
recrystallization. 

The amides are known compoundss and were characterized 
easily by comparison with authentic samples (IR, lH NMR, 
mp).12-14 
(B) Reduction of Aryl Azides. &r addition of a solution 

of zinc borohydride (950 mg, 10 "01) in DME (10 mL) to 
phenyl azide (605 mg, 5 mmol), the resulting mixture was 
immersed in an  ultrasonic bath and sonicated for a certain 
period of time (Table 2). The reaction mixture was then 
quenched with HzO at 0-5 "C and acidified with 1:l HC1. The 
organic phase was separated and discarded. The aqueous part 
was basified with cold aqueous NaOH solution, and the 
liberated amine was extracted with ether (3 x 25 mL). The 
ether extract was washed with brine and dried (NazSO4). 
Evaporation of solvent left the crude product which was 
purified by column chromatography over silica gel to provide 
pure aniline (325 mg, 70%). 

(C) Reduction of Alkyl Azides. The reaction was carried 
out in the same way as described in method B but in the 
presence of silica gel (HF 254,2 g per 5 mmol of azide). After 
the reaction was over (IR and TLC), the reaction mixture was 
filtered and the filtrate was worked up a8 in method B. Benzyl 
amine, undecyl amine, and (SI-(-)-1-phenylethylamine were 
obtained from benzyl azide, undecyl azide, and (S)-(-)-l- 
phenylethyl respectively, following this procedure, 
whereas reduction of ethyl 3-azidopropionate was carried out 
according to method A. 

The amines obtained by methods B and C were identified 
by comparison with authentic samples (IR, 'H NMR, and 
mp).12-14 
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