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Abstract

An efficient method forthe preparationof 5-substituted H-tetrazole derivatives is reported using
MoOs-SiO, as an efficient heterogeneous catalyst. This noettes the advantages of high yields, simple
methodology and easy work-up. This catalyst coelddrycled very easily, which makes this methodplog
environmentally benign.
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1. Introduction

Despite the scarcity of tetrazoles in natural swstethe chemistry of this heterocycles has gained
increasing attention since the early quickly 19BQl{er 1996)Tetrazoles have a wide range of applications
in pharmaceuticals as lipophilic spacers and caflbmacid surrogates, in materials as specialty@sipes
and information recording systems, in coordinattbemistry as ligands and also as precursors toietya

of nitrogen-containing compounds (Bulter 1996; H&002; Holland 1967; Figdor 1967; Rhonnstad 2002;
Klapotke 2009; John 1989; Modarresi-Alam 2007). ldoer, the utility of these compounds is limited due
to their insufficient synthetic availability.

Tetrazoles are commonly formed from nitriles or ramides and an azide source via a 1,3-dipolar
cycloaddition (Kadaba 1973; Curran 1999; Huff 198®&darresi-Alam 2009; Nasrollahzadeh 2009; Habibi
2010) Unfortunately, each of those protocols ssffeom some disadvantages: the use of both toxtalme
and expensive reagents, drastic reaction condjtiorader sensitivity, and the presence of dangerous
hydrazoic acid. The use of hydrazoic acid presentssiderable experimental difficulties becausetsf i
toxicity and tendency to explode (Duncia 1991; @iarl991; Wittenberger 1993). Due to safety
considerations, we required a method that did setaf hydrazoic acid or an azide source that predluc
hydrazoic acid in situ because of the associatethrda. Therefore, it is desirable to develop a more
efficient and convenient method for the synthe§is-substituted tetrazoles.

Recently, Sharpless and co-workers reported anvative and safe procedure for the preparation of
5-substituted H-tetrazoles from the corresponding nitriles and NaNthe presence of a stoichiometric
amount or 50 mol % of Zn(ll) salts (Demko 2001). ths catalytic load on these homogeneous cataly/sts
high, the separation of the products and recyatihgatalyst becomes difficult, shifting our prefece in
favor of high efficient heterogeneous catalystsic8ithen there have been reports of the use abusri
heterogeneous catalysts (Matthews 20Q@ntam 2006; Amantini 2004Schmidt 2007; Kantam 2005;
Kantam 2006), but most of these catalysts contaici@ aluminium. The heterogeneous catalysts &ffec

in the synthesis of tetrazoles were believed tdirbiged to the compounds containing zinc or alumini
The development of a catalytic synthetic methoddtnazoles still remains an active research area.

In recent years heterogeneous catalysts have gsigeificant importance in organic syntheses becafise
economic and environmental considerations. Thetsdysts are generally less expensive, eco-frieriigh
reactive, easy to handle and recoverable (HabibD26labibi 2011; Nasrollahzadeh 2009; Kantam 2006;
Mohammadi 2010; Modarresi-Alam 2007; Modarresi-Alag008). Among various silica-based
heterogeneous catalysts, MpBIO, has advantages of low cost, ease of preparatidrcan be recycled
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(Dongare 2004; Maurya 2003; Umbarkar 2006). Molyhde oxide supported on silica (Mg@i0,) has
proved to be an efficient catalyst in promotingi@as organic reactions such as Beckmann rearrangeme
and nitration of aromatics. However, the utilitytbfs catalyst for the synthesis of tetrazoles matsbeen
explored before. We herein report a new protocopfeparation of 5-substitutedditetrazoles derivatives
from nitriles using Mo@-SiO, as an efficient heterogeneous catalyst (Scheme 1).

2. Experimental

2.1. General

All reagents were purchased from Merck and Aldrighd used without further
purlflcatlon %C NMR and'H NMR spectra were recorded on Brucker, 100 and\26@
using TMS as an internal standard. Chemical shifésreported in ppm, and coupling
constants are reported in Hz. IR spectra were decbron a Shimadzu 470
spectrophotometer. TLC was performed on Merck-patemb silica gel 60-F254 plates.
Nano TiQ was preparecccording to the literature (Hua 200Hua and co-workerstudied the
characterization of the Nano Ti@sing powder XRD and TEM (Hua 2007)

2.2. General procedure for preparation of 5-substituted 1H-tetrazoles

20% MoQ:-SiO, was added to a mixture of nitrild.5 mmol), sodium azide (2.3 mmol) and distilled
dimethylformamide (5 mL) and stirred at 120 for the appropriate time (Table 1). After comjaatof the
reaction (as monitored by TLC), the catalyst wliered and the filtrate was treated with ethyl ate{35
mL) and 4N HCI (20 mL) and stirred vigorously. Tiesultant organic layer was separated and the agueo
layer was again extracted with ethyl acetate (25.fmhe combined organic layers were washed withewat
and concentrated to give the crude product. Colahtomatography using silica gel gave pure product i
high yield. All the products are known compounds arere characterized by comparing IR dhHdNMR
spectral data as well as melting points with thosmorted in the literature. All yields refer to listed
products.

5-Phenyl-1H-tetrazole (2a):

'H NMR: ¢ 7.58-7.64 (m, 3H); 8.01-8.06 (m, 2H).
5-(4-Methylphenyl)-1H-tetrazol e (2¢):

H NMR: 6 2.47 (s, 3H); 7.49 (d] = 8.0 Hz, 2H); 8.01 (d] = 8.0 Hz, 2H).
5-(4-Nitrophenyl)-1H-tetrazole (2d):

H NMR: 6 8.30 (d, 2H); 8.45 (d, 2H).

5-(Naphthal en-2-yl)-1H-tetrazole (2f):

'H NMR: ¢ 7.59-7.68 (m, 2 H); 7.98-8.18 (m, 4H); 8.65 (s)1H

3. Result and Discussion

The general synthetic method is depicted in SchenteSubstituted H-tetrazoles were obtained from the
reaction of nitrile with sodium azide in the preserof 20 % Mo@-SiO, as an efficient heterogeneous
catalyst as a solid acid catalyst at &0for appropriate time in high yields.

To evaluate the scope and limitations of the mathomy, reactions were carried out with various
substituted benzonitriles including both electramating and electron-withdrawing substituentsrdho,
meta, andpara positions of the aromatic ring (Table 1). The tesshowed that there is no adverse effect
of substituents, either electron-donating or eteetvithdrawing, on the aromatic ring of benzondsilon
the product yield. All the products were charaetdi by comparing melting points with those of the
reported compounds. The nature of the substitueth® benzonitrile did not affect the reaction time
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Interestingly 1,4-dicyanobenzene (Table 1, entryaf8prded the mono-addition product, whereas in the
reaction between sodium azide and 1,4-dicyanobenirethe presence of Zn(ll) salts the double-additi
product was reported (Demko 2001). Reaction of hbhteroaromatic nitrile, 3-pyridinecarbonitrile was
complete at 126C after 6 h and gave the corresponding tetrazodmiaxcellent yield (Table 1, entry 9).

Because of environmental concerns, there is intrgaseed and interest in developing processes that
minimize production of toxic hydrazoic acid. Heleecause of direct use of sodium azide rather than
hydrazoic acid in the synthesis of tetrazoles, gmicant improvement in the synthesis is represgnt
Replacement of hydrazoic acid by inorganic aziedsch are poorly soluble in organic solvents wibkwvI
dielectric constants, causes an increase in reatitite and decrease in tetrazole yield (Herr 20023ter
was not a suitable solvent for this reaction. Nahgnorganic solvents are stable at the high tenyes
necessary for cycloaddition reactions (sometimesigls as 130°C), and for this reason DMF is most
commonly used for this purpose (Herr 2002; Kant@®52 Kantam 2006).

Many solid acid catalysts have been used for thees@mansformation. Dongare and co-workers (Dongare
2004; Maurya 2003; Umbarkar 2006), have shown 2086 MoQ-SiO, is very strong solid acid catalyst
with acidity equivalent to 0.94 mmol NHlesorbed per gram of catalyst with 18@surface area and
71.64 A average pore diameter. This catalyst costanolybdenum oxide nanoparticles of 1-2 nm
dispersed on mesoporous silica. Fourier transforfinatied (FT-IR) spectra of adsorbed pyridine showed
that the catalyst contains both Lewis as well agnBted acidity. Detailed Raman spectroscopic studie
have shown the in situ formation of silicomolybdicid on the catalyst surface in the presence o$tuna.
This in situ formed silicomolybdic acid impartsatg acidity to the catalyst which is responsibleviery
high catalytic activity. One of the main advantagéMoOs-SiO, as catalyst was clean reactions without
any side product. The Ma&BiO, catalyst could be recycled efficiently for thregcles without any
appreciable loss in the yield. This reusability destrates the high stability and turnover of Me&O,
under operating condition. The reusability of tlaatysts is one of the most important benefits rmiattes
them useful for commercial applications.

The simplicity, together with the use of inexpemrsinon-toxic and environmentally benign catalysdem
thermal conditions is remarkable features of tlee@dure. The products were characterized byHRYMR
and**C NMR spectroscopy and from melting points. ThegiEearance of one strong and sharp absorption
band (CN stretching band), and the appearance Wfastretching band in the IR spectra, were eviddoc

the formation of 5-substitutecHttetrazoles**C NMR spectra display signals for tetrazole ringooas of
arylaminotetrazoles in the range of 154-157 ppnpédeing on the nature of the substituents in them@am
functionality) (Goljer 1983; Habibi 2010; Habibi 20; Nasrollahzadeh 2009; Nasrollahzadeh 2010).

4. Conclusion

In conclusion, we have developed a novel and higfffigient method for the synthesis of 5-substitiute
1H-tetrazoles by treatment of nitriles with sodiunmdazin the presence of M@EiO, as a reusable and
efficient heterogeneous catalyst. The significaivamtages of this methodology are high yields, ielation
of dangerous and harmful hydrazoic acid and a simglrk-up procedure. The catalyst can be recoveyed
simple filtration and reused without loss of adfivit also has excellent activity on an industsehle and in
most cases can be recovered from reaction mixaméseused.
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Scheme 1. Conversion of nitriles to the correspogésubstituted H-tetrazoles usin§1o0;-SiO,
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Table 1. Synthesis of various 5-substitutetdtgtrazoles in the presence of Mp8IO, by reaction of sodium

azide and nitriles at 12C
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Entry Substrate Product Time [h] Yield [%0] Ref.
1 . e 14 86 (Kantam 2005)
2 wed ed 14 83 (Kantam 2005)
" " = 14 84 (asrollahzadeh 2009)
a N—N 14 84 (Amantini 2004)
5 “ A 14 81 (Kantam 2005)
6 NN NSNS : 14 83 (Demko 2001)
7 ) i, 14 83 (Nasrollahzadeh 2009)
\ Ir\/l 2g
8 } ) i, 22 84 (Nasrollahzadeh 2009)
th " \ Q 2n
9 ~ cN HN/N\\N 6 84 ((antam 2005)
~/
@' | N "
N/ 2
10 /@A b 24 77 Kantam 2005)
S| T
11 o i, 24 78 kantam 2005)
y
12 CN 30 65 (Mihina 1950)

11

2Yield refer to the pure isolated product.

18




This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

