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oximes and sodium azide (NaNs3) by using copper acetate as a catalyst.
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Tetrazoles are heterocyclic compounds having a five membered
ring containing one carbon and four nitrogen atoms. Such hetero-
cyclic systems are not found in nature. Tetrazoles have a wide
range of applications in pharmaceutical chemistry' especially in
drug in isosteric replacement of carboxylic acid moiety.? Biphenyl
tetrazoles are used for the synthesis of sartan family drugs, and
also as ligands in the synthesis of imidoylazides.* Tetrazole com-
pounds are widely used as propellants and explosives.’ In crop pro-
tection they are used as plant growth regulators®, herbicides, and
fungicides.” In addition to this they possess antibiotic®, anti-aller-
gic®, antagonists,'® antihypertensive,!! and antiviral activities.!?
Recently tetrazole moieties were widely used for binding aryl thio-
tetrazolylacetanilides with HIV-1 reverse transcriptase.'>

Various methods have been reported for the synthesis of
5-substituted 1H-tetrazole, most of which are based on the addi-
tion of sodium azide (NaNs3) or trimethylsilyl azide (TMSNs) to
nitrile group. The reactions were carried out by using catalysts
such as copper triflates'®?, CdCl,,'*® Fe(OAc),'*° zinc(Il) salts,'4?
Bronsted acid catalyst,'*® various Lewis acid catalysts such as
AICI;'>, BF3-OEt,,'® FeCl;!7, TBAF,'® and by using some heteroge-
neous catalysts such as COY zeolites'®, mesoporous ZnS nano-
spheres,2%* Cu,0,%°® and CuFe,04 nanoparticles.?! Acid catalysts
are also used for the synthesis of tetrazole via cycloaddition of iso-
cyanide to hydrazoic acid.'*’ The reported methods suffer from
drawbacks such as use of Lewis acids, expensive and toxic metals,
harsh reaction conditions, and formation of highly volatile and
toxic hydrazoic acid as by product.?°® Normally tetrazoles are

* Corresponding author. Tel.: +91 22 3361 1111/2222; fax: +91 22 3361 1020.
E-mail addresses: jm.nagarkar@ictmumbai.edu.in, jayashreenagarkar@yahoo.
co.in (J.M. Nagarkar).

0040-4039/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tetlet.2012.04.093

synthesized by using toxic and expensive phenyl and substituted
phenyl nitriles as precursors. Hence replacement of nitriles and
use of comparatively cheaper and easily available catalyst, are
the two motives which prompted us to carry out this work.

Herein we report a novel, simple, convenient, and greener pro-
tocol for the synthesis of 5-substituted 1H-tetrazole by reaction of
organic oxime with solid sodium azide (NaN3) in the presence of
25 mol % of copper acetate (Cu(OAc),) as a catalyst and DMF as
solvent.

The reaction of (NZ)-N-benzylidenehydroxylamine with sodium
azide was chosen as a model reaction (Scheme 1). Initially in an ef-
fort to develop an efficient catalyst various copper based catalysts
were scanned for the preparation of 5-substituted®! 1H-tetrazole,
where Cu(OAc), gave the maximum yield of 98% (Table 1, entry 6).

The reaction was optimized for various reaction parameters
such as temperature, solvent, and catalyst loading. The oxime re-
mains unconsumed when the reaction was done at room temper-
ature (Table 2, entry 1). The effect of temperature on the yield of
product was monitored from 80 to 140 °C (Table 2, entries 2-4).
However, no further increase in the yield was obtained by increas-
ing the temperature from 120 to 140 °C. Hence 120 °C was chosen
as optimum reaction temperature.

OH N=N
1 1 \
_N N _NH

25 mol% Cu(OAc),
DMF, 120 °C

+ NaN3

Scheme 1. Synthesis of 5-substituted 1H-tetrazoles from oxime using Cu(OAc); as
catalyst and DMF as solvent.
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Table 1 Table 3
Effect of catalysts on the formation of 5-substituted 1H-tetrazole® Effect of solvent on the formation of 5-substituted 1H-tetrazole®
Entry Catalyst Yield® (%) Entry Solvent Yield® (%)
1 CuSO4 75 1 None 20
2 Cu(NO3), 65 2 H,0 25
3 CuO 52 3 NMP 69
4 Cul 10 4 DMSO 55
5 Cu(acac), 68 5 DMF 98
6 Cu(OAc), 98
7 CuCl,.H,0 10 2 Reaction conditions: benzaldoxime (1 mmol), sodium azide (1.5 mmol), DMF
(3 mL), Cu(OAc), catalyst (25 mol %) at 120 °C temperature for 12 h.
¢ Reaction conditions: benzaldoxime (1 mmol), sodium azide (1.5 mmol), DMF b Isolated yield of product.

(3 mL), catalyst (25 mol %) at 120 °C temperature for 12 h.
b Isolated yield.

Table 4

Table 2 Effect of catalyst loading for synthesis of 5-substituted 1H-tetrazole®

Effect of temperature on the formation of 5-substituted 1H-tetrazole®

— Entry Catalyst (mol %) Yield® (%)

Entry Temperature (°C) Yield® (%)

1 10 34
1 Room temp Nil 2 15 40
2 80 28 3 20 70
3 100 61 2 5 03
4 120 98 5 30 98
5 140 98

K . N N - 2 Reaction conditions: benzaldoxime (1 mmol), sodium azide (1.5 mmol), DMF
2 Reaction conditions: benzaldoxime (1 mmol), sodium azide (1.5 mmol), DMF (3 mL), Cu(OAC), catalyst at 120 °C temperature for 12 h.

(3 mL), Cu(OAc); catalyst (25 mol %) at 120 °C temperature for 12 h.

\ b Isolated yield of product.
b Isolated yield of product.

Table 5
Preparation of 5-substituted 1H-tetrazole by using various oximes
Entry Substrate? Product Yield® (%)
N—OH H
/ Ny
114d.18 ” 98
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Table 5 (continued)

Entry Substrate? Product Yield® (%)

N—OH

H
s~ &)
/N—OH
]015

H
N\N
N\ |,L 43
N/
HO
HO
—OH H
/ N—
1127:20a O2N N 81
O2N \ |
N—N
N—OH H
/ i
1227.20a Cl al |’|\l 90
!
N—OH H
/ N\N
13202 \ l,!, 70
N/
H
>_\\ N
1430 N -OH . h‘ Trace
NP

15% \/\7N “OH /\i’\‘l\:,\',\"“ 9

2 Reaction conditions: benzaldoxime (1 mmol), sodium azide (1.5 mmol), DMF (3 mL), Cu(OAc); (25 mol %) at 120 °C temperature for 12 h.
b Isolated yield of product.
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Figure 1. Plausible mechanism for tetrazole synthesis using Cu(OAc),.
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An attempt to catalyze the reaction in the absence of solvent
resulted in very low yield (Table 3, entry 1). Among the various
solvents studied, DMF was found to be the best solvent (Table 3,
entries 2-5) giving maximum yield of desired product.

Catalyst concentration was optimized by varying its concentra-
tion from 10 to 30 mol % (Table 4, entries 1-5). Increase in the
product yield was observed for 10 to 25 mol % of catalyst amount.
Hence 25 mol % was considered as an optimum catalyst concentra-
tion. (Table 4, entry 4)

Various 5-substituted 1H-tetrazoles were efficiently synthe-
sized using this protocol. It was observed that the oximes and
NaN3 were easily converted into the desired product with excellent
yield (Table 5). The oximes containing electron donating groups at
para and ortho positions showed higher yield (Table 5, entries 2-6)
while bulkier group at para position reduces the yield (Table 5, en-
tries 7 and 8). Allylic oxime, and electron donating group at meta
position gave lower yield (Table 5, entries 9 and 10). The reaction
of oxime having an electron withdrawing group at para position
gave better yield (Table 5, entries 11 and 12) while the electron
withdrawing group at meta position gave a moderate yield.
(Table 5, entry 13). Since aliphatic oximes are less reactive trace
yields are obtained (Table 5, entries 14 and 15.).

Synthesis of nitrile from oxime by using Cu(OAc), is reported?
However, in the present work nitrile formation does not take place
because of the nucleophilic attack of azide ion on the electron defi-
cient carbon atom, instead cycloaddition takes place giving tetra-
zole, hence two steps process of tetrazole formation from oxime
can be replaced by using one step protocol. Here Cu(OAc); activates
the C=N bond by co-coordinating with oxygen atom of oxime. This
may facilitate the cycloaddition of NaN3 across C=N bond which on
acid hydrolysis gives the 5-substituted 1H-tetrazole product (Fig. 1).

In conclusion, we have developed a novel, greener, and atom
economical protocol for the synthesis of 5-substituted 1H-tetra-
zoles by using oxime and sodium azide in the presence of Cu(OAc),
as an efficient catalyst. Replacement of toxic nitrile precursors by
oximes is the novelty of this protocol. Higher yields, simple
work-up procedure, easily available and cheaper catalyst are the
added advantages of this protocol.
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