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Abstract

Nano TiQ is an effective heterogeneous catalyst for the]2Zycloaddition of sodium azide with nitriles
to afford 5-substitutedH-tetrazoles in good yields. This method has theaathges of high yields, simple
methodology and easy work-up. The catalyst is recey and reused for several cycles with consistent
activity.
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1. Introduction

The growth of tetrazole chemistry over the last2&rs has been significant, mainly as a resulhefrbles
played by tetrazoles in coordination chemistryigarids, in medicinal chemistry as stable surrogtes
carboxylic acids and in materials’ applications;lirding explosives, agriculture and photographyli{@u
1996; Herr 2002; Holland 1967; Figdor 1967; RhoadsR002; Klapttke 2009; John 1989). Another
important application of tetrazoles is preparatiof imidoylazides (Modarresi-Alam 2007)The
conventional method of synthesizing tetrazoles ys adldition of azide ions to organic nitriles or
cyanamides (Curran 1999; Habibi 2010; Huff 1993d#&@a 1973; Modarresi-Alam 2009; Nasrollahzadeh
2009). Earlier reported methods for the synthebis-substituted tetrazoles suffer from drawbackshsas
the use of strong Lewis acids, or expensive anit tmetals, and the in situ generated hydrazoic atidh

is highly toxic and explosive (Carini 1991; Dunci@91; Sisido 1971; Wittenberger 1993). Recently,
Sharpless and co-workers reported a relatively pgonvenient and safe procedure for the synthasis
tetrazoles by the addition of sodium azide to leiriusing stoichiometric amounts or 50 mol% of Bn(l
salts (Demko 2001However, zinc(ll) chloride or bromide being homogeuns Lewis acids could not be
recycled from the reaction mixture.

Several syntheses of 5-substituted tetrazoles baga reported through the [2+3] cycloaddition ofileis
using NaN or TMSN; in the presence of catalysts such as Fefi0, (Nasrollahzadeh 2009), AlgP!
(C,H5),0.BF; (Kumar 1996), TBAF (Amantini 2004), Pd(P$h(Gyoung 2000), and Zn/Al hydrotalcite
(Kantam 2006).

Industry favors catalytic processes induced by rbgeneous catalysts over homogeneous processes in
view of the ease of handling, simple work-up, ardenerability (Habibi 2011; Modarresi-Alam 2007,
Modarresi-Alam 2008; Mohammadi 2010). Nanocrystallmetal oxides have attracted attention due to
their unusual magnetic, physical and surface changind catalytic properties. These materials cast ex
with numerous surface sites with enhanced surfeaetivity such as crystal corners, edges or iomneies
(Choudary 2003; Choudary 2004; Guzman 2001; Rich2ed0).

As a new material, nanosized Ti@ of great interests of many scientists in theeng¢ years. Its small size
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and large specific surface area allow for certaique and unusual physico-chemical properties (Hua
2007; Zhang 2002). Titanium dioxide is a prominaraterial for various kinds of industrial applicato
related to catalysis, e.g. in the selective reductif NOX in stationary sources, photocatalysispitutant
elimination or organic synthesis, photovoltaic deg, sensors, and paints (Forzatti 2000; Hoffm&5;19
Maldotti 2002).

We herein report a new protocol for preparatiorbefubstituted H-tetrazoles derivatives from nitriles
using nano Ti®@as an efficient heterogeneous catalyst (Scheme 1).

2. Experimental

2.1. General

All reagents were purchased from Merck and Aldachl used without further purificatioPC NMR and

'H NMR spectra were recorded on Brucker, 100 and BBz using TMS as an internal standard.
Chemical shifts are reported in ppm, and coupliogstants are reported in Hz. IR spectra were recbrd
on a Shimadzu 470 spectrophotometer. TLC was pagdron Merck-precoated silica gel 60-F254 plates.
Nano TiGQ was prepared according to the literature (Hua ROBua and co-workers studied the
characterization of the Nano Ti@sing powder XRD and TEM (Hua 2007).

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

Nano TiG (0.1 g) was added to a mixture of nitr{f2 mmol), sodium azide (0.2 g, 3 mmol) and digtille
dimethylformamide (6 mL) and stirred at 12D for the appropriate time (Table 1). After comjgatof the
reaction (as monitored by TLC), the catalyst wastrieiged, washed with ethyl acetate and the
centrifugate was treated with ethyl acetate (35 mhyl 5 N HCI (20 mL) and stirred vigorously. The
resultant organic layer was separated and the aguager was again extracted with ethyl acetaten{2h

The combined organic layers were washed with weterconcentrated to give the crude product. Column
chromatography using silica gel gave pure produdtigh yield. The pure products were characterizgd

IR and NMR. All the products are known compoundsl &éine spectral data and melting points were
identical to those reported in the literature.

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

'H NMR § 7.58-7.64 (m, 3H); 8.01-8.06 (m, 2H).

5-(4-Methyl phenyl)-1H-tetrazol e (2c):

"H NMR 6 2.47 (s, 3H); 7.49 (dl = 8.0 Hz, 2H); 8.01 (d] = 8.0 Hz, 2H).
5-(Naphthalen-2-yl)-1H-tetrazole (2f):

"H NMR 6 7.59-7.68 (m, 2 H); 7.98-8.18 (m, 4H); 8.65 (s)1H
4-(1H-tetrazole-5-yl)benzonitrile (2h):

"M NMR 6 7.76 (d,J = 7.3 Hz, 2H), 8.21 (d] = 7.3 Hz, 2H), 10.96 (br, 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 presemf nano TiQ as an efficient heterogeneous catalyst at
120°C for appropriate time in high yields.

First, we optimized the amount of nano Ji€talyst required in the reaction between benztmiénd
sodium azide (Table 1). Water was not a suitableest for this reaction. Not many organic solveats
stable at the high temperatures necessary for agdition reactions (sometimes as high as®t30and for
this reason DMF is most commonly used for this paegp(Herr 2002; Kumar 199&antam 2006). The
optimum amount of nano Ti¥vas found to be 0.1 g in the presence of nitrilenfRol) and sodium azide
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(3 mmol) in DMF (6 mL). We next examined a variefystructurally divergent benzonitriles possessing
wide range of functional groups to understand ttegpe and generality of the nano Firomoted [2+3]
cycloaddition reaction to form 5-substituted-fetrazoles and the results are summarized in Tablée
nature of the substituent on the benzonitrile diot @affect the reaction time. Interestingly 1,4-
dicyanobenzene (Table 2, entry 8) afforded the memdition product, whereas in the reaction between
sodium azide and 1,4-dicyanobenzene in the preseh@n(ll) salts the double-addition product was
reported (Demko 2001). Reaction of the heteroarmnméifrile, 3-pyridinecarbonitrile was complete 180
°C after 6 h and gave the corresponding tetrazotmiaxcellent yield (Table 2, entry 9).

The simplicity, together with the use of inexpersiion-toxic and environmentally benign catalysiem
thermal condition are remarkable features of thecgdure. The products were characterized by'#R,
NMR and**C NMR spectroscopy and from melting points. Theditre of the 5-substitutedHitetrazoles
was in agreement with their IR afid NMR spectra. The comparison of the IR spectraitiles with 5-
substituted H-tetrazoles clearly confirmed the cyclization. Teisappearance of one strong and sharp
absorption band (CN stretching band), and the appea of an NH stretching band in the IR spectexew
evidence for the formation of 5-substituted-fietrazoles*C NMR spectra display signals for tetrazole
ring carbons of arylaminotetrazoles in the rangé®f-157 ppm (Nasrollahzadeh 2009; Habibi 2010). On
the other hand, 5-substituteti-tetrazoles contain one NH bond (NH of the tetrezitg). In general, 5-
substituted H-tetrazoles are acidic substances. Thus, signahefNH of the tetrazole ring shifted
downfield {H NMR data).

3.1. Catalyst reuse and stability

In a typical experiment, after the reaction was plated, Nano TiQas a catalyst was isolated from the
reaction mixture by simple filtration in the worlpstage. The reusability of the catalyst was asseafier
activating the catalyst at 25C for 1 h. The nano TiDwas reused for five cycles with consistent agfivit
Moreover, even after five uses of the Nano JJifbere is no decrease in the reaction conversiche
product indicating high activity of the catalysti3 reusability demonstrates the high stability amdover

of Nano TiQ under operating condition. The reusability of tealysts is one of the most important
benefits and makes them useful for commercial appbns.

4, Conclusion

In conclusion, we have developed a simple and higfficient method for the preparation of 5-sulsét!
1H-tetrazoles via [2+3]-cycloaddition using nano 7Ti@s a heterogeneous catalyst. The significant
advantages of this methodology are high yieldsjiaktion of dangerous and harmful hydrazoic acid @n
simple work-up procedure. The catalyst can be rexal by simple filtration and reused without lo$s o
activity. It also has excellent activity on an isthial scale and in most cases can be recovered fro
reaction mixtures and reused. This methodology fivay widespread use in organic synthesis for the
preparation of tetrazoles.
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Scheme 1. Conversion of nitriles to the correspumé-substituted H-tetrazoles using nano T;O
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Table 1. Synthesis of various 5-substitutdd-tiétrazolesin the presence of nano TiMy reaction of
sodium azide and nitriles at 12D

Entry | Substrate Product Time [h]  Yield [%] Ref.
1 @ : H\N 14 82 (Nasrollahzadeh 2009
CN
la \N/N 2a
2 H\N 14 80 (Nasrollahzadeh 2009
CN
b ©_<\N/,’!‘ *
MeO MeC
3 N 14 81 (Nasrollahzadeh 2009
. e
1c \N/N 2c
4 N 14 82 (Nasrollahzadeh 2009
0N CcN 02N4®—< ”“
id \N/N 2d
5 : N 14 78 (Nasrollahzadeh 2009
cl cN ol Ii‘
1e \N/N 2e
6 o N\ 14 83 (Nasrollahzadeh 2009
N
99! -
SO
7 N 14 80 (Nasrollahzadeh 2009
CN N
1g \N/I"4 29
Br
Br
8 N 22 80 (Nasrollahzadeh 2009
NC: CN N04©_< ”\‘
i \N/N %
9 N cN HN/N\\N 6 83 (Nasrollahzadeh 2009
| ~/
! R b
' |
_— 2
N
10 on H\N 24 75 (Nasrollahzadeh 2009
| T
cl N
Cl
10 N N 24 74 (Nasrollahzadeh 2009
N
12 )\/CN iy 30 66 (Mihina 1950)
1
T

2Yield refer to the pure isolated product.
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Table 2. Preparation of 5-phenyltetrazole usinginaramounts of nano Tiunder thermal conditions at
120°C?

Entry Nano TiG(g) | Solvent Yieldos
1 0.15 DMF 82

2 0.11 DMF 81

3 0.1 DMF 81

4 0.09 H,O 10

5 0.1 DMSO 80

6 0.07 DMF 77

7 0 DMF 0°

®Reaction conditions: nitrile (2 mmol), Na8 mmol), nano Ti@(0.1 g), DMF (6 mL), reaction time (14
h) at 120°C.

b|solated yield.
“In the absence of catalyst at 120 °C, no reactimuiiwed after 20 h.
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