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ABSTRACT: The synthesis of 5-substituted I-H-
tetrazoles based on reaction of a series of aromatic
nitriles with sodium azide was investigated. The reac-
tion was catalyzed by modified montmorillonite K-10
including Cu**, Fe**, Ni*t, and Zn** metal ions. The
best results obtained by Mont-K10-Cu catalyst. The
catalysts were reused several times without loss of their
activity. The present procedure offers advantages such
as a shorter reaction time, simple workup, recovery,
and reusability of the catalyst. © 2011 Wiley Periodicals,
Inc. Heteroatom Chem 22:168-173, 2011; View this article
online at wileyonlinelibrary.com. DOI 10.1002/hc.20672

INTRODUCTION

1-H-Tetrazoles are an important class of hetero-
cyclic compounds and exhibit a wide range of ap-
plications in medicinal chemistry and the mate-
rial sciences. For example, tetrazoles are regarded
as isosteres of the carboxylic acid functionality in
medicinal chemistry; they are applied in the mate-
rial sciences and in chemical industry as propellants,
explosives, and in photography and play an impor-
tant role as ligands in coordination chemistry [1-8].
The [2+3] cycloaddition of nitriles and azides is a
reliable method for the synthesis of tetrazole deriva-
tives. Various synthetic approaches have been de-
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veloped for this transformation. Most of them rely
on the in situ generation of highly toxic and explo-
sive hydrazoic acid through activation of the azide by
strong Lewis acids [9,10], expensive and toxic metals
[11-14], or amine salts [15]. The “click” chemistry
approach utilizing zinc catalysis in aqueous solution
is a magnificent improvement over previous meth-
ods [16,17], but sometimes still requires the tedious
and time-consuming removal of zinc salts from the
acidic products. Recently, application of solid acids
such as Zn/Al hydrotalcite [18], ZnO [19], FeCl;-SiO,
[20], and Cu,O [21] in the preparation of tetrazoles
was investigated. Metal-modified montmorillonites
were reported widely, and many metals, such as
Cu, Zn, Mn, Fe, Cu, V, Mo, and Al [22-28] were
commonly used to improve the catalytic abilities of
montmorillonites. In these catalysts, the metal com-
plexes are doped into the layered structure of mont-
morillonites and exist in more stable states. In any
sense, these catalysts could keep excellent catalytic
activity even after recycling and can be reused for
many times. In continuing with our interest in tetra-
zole chemistry [29-31], herein we report a new pro-
cess for the synthesis of 5-substituted 1-H-tetrazoles
using modified clays as safe, environmentally be-
nign, and inexpensive catalysts (Scheme 1).

RESULTS AND DISCUSSION

The preparation of metal-modified montmorillonite
catalysts was carried out by the previously reported
methods as those described in the literature [25-27].
The results of characterization of prepared catalysts
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using IR, XRD, and XRF methods are presented as
the Supporting Information.

In the reaction between benzonitrile 1a and
sodium azide (Scheme 1), the effect of the cata-
lyst amount was investigated. The results are pre-
sented in Table 1. The different amounts of mont-
morillonite K10-Cu catalyst were used, and it was
found that the maximum reaction yield obtained us-
ing 5 mg of modified K10 in the presence of ben-
zonitrile (1 mmol) and sodium azide (3 mmol) in
DMF (10 mL). The same amounts were found for
the K10-Fe, K10-Zn, and K10-Ni catalysts. To see
whether the action of catalysts is truly catalytic, we
reduced the amount of clays in the reaction between
sodium azide and benzonitrile from 5 to 2.5 mg.
Based on our results, it was found that a low load-
ing of K10-M is still effective, although the reactiv-
ity was decreased consequently (see Table 1, entries
2,7,11, and 15). Even 2.5 mg of modified K10-Cu and
K10-Fe afforded the desired product after 22 and
30 h in the DMF as the solvent. The variation of the

reaction conversion with the amount of sodium
azide was studied, and the experimental results are
presented in Table 1. It is apparent that the reaction
conversion increased as the mole ratio of benzoni-
trile to sodium azide increased from 1:1 to 1:3. With
1:1 benzonitrile to sodium azide ratio, the reaction
was completed after 36 h (Table 1, entry 1); however,
with using 1:3 ratio the reactions were completed af-
ter 2, 4, 6, and 6 h for the K10-Cu, K10-Fe, K10-Zn,
and K10-Ni catalysts, respectively (Table 1, entries
3,9, 12, and 15). The values less than 1:3 were not
found suitable (see, e.g., entries 4, 8, 11, and 14 in
Table 1). Further an increase in the mole ratio to 1:5,
the benzenonitrile reaction times increased to 12, 10,
8, and 8 h for K10-Cu, K10-Fe, K10-Zn, and K10-Ni
catalysts respectively (Table 1, entries 5, 10, 13, and
16). This observation suggests that the excess value
of sodium azide may block active sites of catalysts.
Water as a clean, inexpensive, and universal solvent
is both economically and environmentally advanta-
geous, but our results showed that DMF because of
its higher boiling point is more efficient. For exam-
ple, with using montmorillonite K-10 as a catalyst
the reaction completed after 16 and 24 h. As can be
seen from the table, the best results were obtained
from the Mont-K10-Cu?* catalyst. At the optimized
condition with using 1:3 benzonitrile:sodium azide
and 10 mg Mont-K10-Cu?* as the catalyst, the reac-
tion was completed after 2 h.

To show the advantages of modified clays as an
efficient catalyst for the synthesis of tetrazole deriva-
tives, we compared the reaction of benzonitrile

TABLE 1 Initial Screening of Reaction Parameters for the Formation of Tetrazole Derivatives?

Entry Catalyst Solvent Catalyst Amount (mg) Benzonitrile: Sodium Azide Time
1 Mont-K10-Cu DMF 5 1:1 -b
2 Mont-K10-Cu DMF 25 1:3 22
3 Mont-K10-Cu DMF 5 1:3 2
4 Mont-K10-Cu DMF 5 1:2 4
5 Mont-K10-Cu DMF 5 1:5 12
6 Mont-K10-Cu DMF 10 1:3 2
7 Mont-K10-Fe DMF 2.5 1:3 30
8 Mont-K10-Fe DMF 5 1:2 10
9 Mont-K10-Fe DMF 5 1:3 4
10 Mont-K10-Fe DMF 5 1:5 10
11 Mont-K10-Zn DMF 25 1:3 16
12 Mont-K10-Zn DMF 5 1:2 16
13 Mont-K10-Zn DMF 5 1:3 6
14 Mont-K10-Zn DMF 5 1:5 8
15 Mont-K10-Ni DMF 25 1:3 20
16 Mont-K10-Ni DMF 5 1:2 14
17 Mont-K10-Ni DMF 5 1:3 6
18 Mont-K10-Ni DMF 5 1:5 8

aThe times after completion of reaction.
bReaction did not completed after 36 h.
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TABLE 2 Comparison of Results of Different Catalysts with Mont-K10-Cu in the Formation of 5-Phenyl-1-H-Tetrazole

Entry Catalyst Catalyst Amount (mg) Solvent Yield (%)@ Time (h)
1 Mont-K10-Cu 5 DMF 85 2

3 Mont-K10 50 DMF 50 12

4 Mont-K10 50 H>O 50 16

5 Bentonite 50 DMF 44 12

6 Kaolin 50 DMF 63 12
4|solated yields

and sodium azide with unmodified montmorillonite = CONCLUSION

K10, bentonite, and kaolin, in the DMF and wa-
ter as the solvent. It is clear from Table 2 that
the application of modified clays shows better
results.

Several substituted nitriles reacted with sodium
azide to give the corresponding tetrazoles in good
yields. Heteroaromatic nitriles such as 2, 3, and 4-
pyridinecarbonitriles gave the corresponding tetra-
zoles in the short time with good yields. Inter-
estingly, phthalonitrile afforded the monoaddition
product (Table 2, entry 9) whereas based on Sharp-
less’s report on the reaction between sodium azide
and 1,4-dicyanobenzene in the presence of Zn(II)
salts, the double addition product was reported [15].
The nature of the substituents on the nitriles has a
significant effect on the tetrazole formation; all at-
tempts to synthesize 4-amino tetrazole have failed
(Table 3, entry 10).

One of the most important advantages of het-
erogeneous catalysis over the homogeneous coun-
terpart is the possibility of reusing the catalyst by
simple filtration, without loss of activity. The recov-
ery and reusability of the catalyst was investigated in
the tetrazole formation with benzonitrile. After com-
pletion of the reaction, the catalyst was separated
by filtration, washed three times with 5 mL of ace-
tone, then with doubly distilled water several times,
and dried at 110°C. Then the recovered catalyst was
used in the next run. The results of three consec-
utive runs showed that the catalyst can be reused
several times without significant loss of its activity
(see Table 4).

The products were characterized by MS, IR, 'H
NMR, and *C NMR spectroscopy and from melting
points. The disappearance of one strong and sharp
absorption band (the CN-stretching band), and the
appearance of NH-stretching bands in the 2500-
3000 cm~! in the IR spectra, evidenced the formation
of 5-substituted 1-H-tetrazoles. In addition, observa-
tion of a M-28 peak in the mass spectra that resulted
from the loss of N2 from a tetrazole ring supports
the tetrazole formation.

In conclusion, we developed a simple, environmen-
tally benign, and efficient method for the preparation
of 5-substituted 1-H-tetrazoles using modified clay
catalysts. Various nitriles reacted with NaN; at 100-
130°C to yield the corresponding 5-substituted 1-H-
tetrazoles with moderate to good yields. Based on
our results, the mont-K10-Cu?* catalyst was found to
be the best catalyst for this reaction. This methodol-
ogy may find a widespread use in organic synthe-
sis for the preparation of tetrazoles. The remark-
able catalytic activity of modified clays is superior
to the other reported catalytic methods with respect
to shorter reaction times [9-16]. In addtion, in com-
parison with other methods reported in the literature
the advantages of this catalytic system are as follow:
mild reaction condition, the low cost of reagents,
high product yields, easy preparation of the cata-
lysts, nontoxicity of the catalysts, and simple and
clean workup of the desired products. However, it
is noted that obtained yields for aromatic nitriles
with electron-donating groups are less spectacular
than reported for microwave heating of DMF solu-
tions [32], using ionic liquid [14] and Cu,O as the
catalyst.

SYNTHESIS OF CATALYSTS

Solutions of 0.5 M ferric nitrate, zinc chloride, nickel
chloride, and cuprous acetate were prepared by dis-
solving the equivalent amounts of the salts in deion-
ized and distilled water. A diluted montmorillonite
suspension was prepared by adding the montmoril-
lonite powder (5 g) into the deionized and distilled
water (200 mL). The pillaring reaction was carried
out under continuous vigorous stirring by dropwise
adding the pillaring solution into the montmoril-
lonite suspension over a period of 10 min. The re-
sulting slurry was refluxed for 8 h and then was
stirred at room temperature for 24 h. The clays were
filtered and washed with demineralized water until
free from anions. The samples were dried at 100°C

Heteroatom Chemistry DOl 10.1002/hc
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Time (h) Yield (%)2
a b Fe Ni Zn Cu Fe Ni Zn Melting Point (°C)
CN H
O O
1 N~ 4 6 6 85 80 75 80 214-216
CN
H
N\N
SR
2 NO, NN 18 12 14 57 56 72 50 220
CN
N
X -~
— \/N
3 N =/ N 2 2 2 75 60 50 65 255-258
H
N~
N CN O\ /I/\I
| | ] NN
4 N N 12 12 10 80 78 78 70 226228
CN &1
\N - ~
| \ /) \/Il
5 = N N 8 8 10 65 56 45 70 211
CN
H
Ko
6 Cl N—N 16 16 14 73 66 68 63 265
B BV
O\CN S
7 S 8 14 10 85 70 65 65 205-207
CN
N
SN
S
8 0" 'm N 12 8 10 68 70 65 73 183-185
N=N
CN N NH
9 CN CN 10 6 8 75 70 65 68 258-260
N=N
N N _NH
10 NH, NH, _ _ _ _ _ _ _ _

4 solated yields
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TABLE 4 Results Obtained from Catalyst Reuse Modified Montmorillonite K10 catalysts

Reused Cycle 1 Reused Cycle 2 Reused Cycle 3 Reused Cycle 4
Catalyst Time (h) Yield? Time Yield Time Yield Time Yield
Mont-K10-Cu 4 65 4 68 5 65 5 60
Mont-K10-Fe 6 75 6 70 6 74 6 65
Mont-K10-Zn 8 66 8 60 8 64 8 63
Mont-K10-Ni 6 70 8 65 8 60 8 67

4|solated yields.

temperature then after grinding calcined for 3 h at
400°C under airflow.

General Procedure for Preparation of Tetrazoles
under Reflux Condition

The procedure for the synthesis of the tetrazole 1a
is a representative one. In a round-bottom flask,
benzonitrile (0.2 g, 2 mmol), sodium azide (0.4 g,
6 mmol), modified montmorillonite K-10 (5 mg),
and DMF (20 mL) were charged. Then the reac-
tion mixture was refluxed. The progress of reaction
was followed by TLC (75:25 ethylacetat:n-hexane).
After completion of the reaction, the reaction was
cooled to room temperature and insoluble material
was filtered and washed with doubly distilled water
and acetone to separate the catalyst. The solution
was acidified with HCI (2 mL, 12 M). The precip-
itate was collected, dried, and recrystallized from
water/ethanol to afford pure 5-phenyltetrazole as a
white powder, yield: 0.26 g, 85%. mp (°C) = 214-216
(215-216 [15]). '"H NMR (DMSO-d,, 400 MHz): 7.6
8.1 ppm (m, 5H); B¥C NMR (DMSO-d,, 400 MHz);
124.5, 127.4, 129.9, 131.7. 155.8; MS (70 eV) m/z:
146, 118, 103, 91, 77, 63, 39; IR, (KBr), 3054, 2981,
2914, 2837, 2794, 2701, 2610, 1608, 726 cm™!

5-(4-Nitrophenyl)-1H-tetrazole (2b). White
solid; mp°C = 218-220 (219-220 [21]); 'H NMR
(DMSO-d,, 400 MHz): 8.1 (d, J = 8 Hz, 2H), 8.2 (d,
J = 8 Hz, 2H) ppm; *C NMR (DMSO-d,, 100 MHz);
156, 130, 128, 124 ppm; MS (70 eV) m/z: 191, 163,
149, 134, 90, 63; IR (KBr) v: 3103, 2914, 2853, 2752,
2621, 1605, 1526, 1487, 861 cm™!

4-(1-H-tetrazole-5-yl)pyridine (3b). White solid;
mp°C = 254-256 (253-255[33]); '"H NMR (DMSO-d,,
400 MHz): 8.0(d, J =7.8 Hz, 2H), 8.8 (d, J = 7.8 Hz,
2H) ppm; *C NMR (DMSO-d,, 100 MHz); 165, 149,
134, 121 ppm; MS (70 eV) m/z: 147, 119, 92, 78, 62,
50. IR (KBr) v: 3080, 3060, 3028, 2955, 2917, 2832,
2751, 2689, 1608, 1581, 1492, 1065, 784 cm™!.

3-(1-H-Tetrazole-5-yl)pyridine (4b). White solid,;
mp°C = 238-240(239-240[15]); '"H NMR (DMSO-d;,
400 MHz): 9.1 (s, 1H), 8.8 (d, J = 3.8 Hz, 1H), 8.3(d,
J = 3.8 Hz, 1H), 7.6 (1H, m); *C NMR (DMSO-d,,
100 MHz); 165, 153, 150, 136, 126, 123. IR (KBr) v:
3080, 2950, 2890, 2850, 2761, 1480, 1200, cm™".

2-(1-H-Tetrazole-5-yl)pyridine (5b). White solid;
mp°C = 208-210 (211 [16]); 'H NMR (DMSO-d,,
400 MHz): 7.4 (t, J = 6.4 Hz, 1H), 7.8 (t, ] = 6.4 Hz,
1H) 8.0 (t, J = 8.0 Hz, 1H) 8.5 (d, / = 3.2 Hz, 1H)
ppm; *C NMR (DMSO-d,, 100 MHz); 167, 158, 149,
137, 124, 121 ppm; MS (70 eV) m/z: 147, 119, 105,
91, 78, 51, IR (KBr)v: 3278, 3181, 2929, 1662, 1578,
1390, 923 cm™'.

5-(4-Chlorophenyl)-1H-tetrazole (6b). White
solid; mp°C = 258-260 (263-264 [34]); 'H NMR
(acetone-dy, 400 MHz): 7.65 (d, J = 8.4 Hz, 2H), 8.15
(d, 7 = 8.4 Hz, 2H) *C NMR (acetone-d, 100 MHz);
136, 130, 128, 124 ppm; IR (KBr) v: 3060, 2460,
1900, 1608, 1486, 1435, 1100 cm ™.

5-(Thiophen-2yl)-1H-tetrazole (7b). 'White solid;
mp°C = 201-203 (210-213 [35], 205 [36]); 'H NMR
(DMSO-d,, 400 MHz): 7.1 (t, J = 4 Hz, 1H), 7.6 (d,
J =4Hz, 1H), 7.7 (d, J = 4 Hz, 1H) ppm; *C NMR
(DMSO-d,, 100 MHz); 149, 134, 130, 125 ppm; MS
(70 eV) m/z: 154, 152, 124, 109, 97, 69, 45; IR (KBr)
v: 3108, 3093, 3076, 2952, 2890, 2789, 2685, 1505,
1434, 964 cm™!.

4-(1H-Tetrazole-5-yl)benzaldehyde (8b). White
solid, mp°C = 180-182; 'H NMR (DMSO-d,,
400 MHz): 7.9 (d, J = 7.2 Hz, 2H), 8.0 (d, ] = 7.2 Hz,
2H) 9.1 (s, 1H) ppm; *C NMR (DMSO-d,, 100 MHz);
188, 156, 138, 131, 129, 128 ppm; MS (70 eV)/g/z:
174, 146, 130, 116, 102, 90, 57, 43 IR (KBr) v: 3015,
2924, 2854, 2713, 2612, 1667, 1440, 776 cm™!.

4-(1H-Tetrazole-5-yl)benzonitrile ~ (9b). White

solid; mp°C = 258-260 d (300 > d [37]); '"H NMR
(DMSO-d,, 400 MHz): 8.0 (d, J = 7.8 Hz, 2H),

Heteroatom Chemistry DOl 10.1002/hc
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8.2 (d, J = 7.8 Hz, 2H) ppm; *C NMR (DMSO-d,,
100 MHz); 160, 135, 132, 130, 126, 114 ppm; MS
(70 eV) m/z: 171, 143, 129, 103, 62; IR (KBr) v: 3100,
2848, 2750, 2250, 1480, 781 cm™'.

SUPPORTING INFORMATION

Results of characterization of prepared catalysts us-
ing IR, XRD, and XRF methods are available from
the corresponding author (najafi@mail.yu.ac.ir) on
request.
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