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Abstract

An efficient procedure for the preparation of 1-substituted-1H-1,2,3,4-tetrazoles via a three-com-
ponent condensation of triethyl orthoformate, amine, and trimethylsilyl azide using inexpensive
and environment-friendly FeCl; as catalyst under solvent-free conditions has been reported. The
reaction generates the corresponding 1-substituted tetrazole in excellent yields.
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1. Introduction

Tetrazoles have received considerable attention because of their wide application [1]. They have been used ex-
tensively in the synthesis of modified amino acids and peptidomimetic compounds as a metabolically stable
equivalent of carboxylic acids [2]. Tetrazole moieties play a major role in material science like propellants and
energetic compounds [3]. Furthermore, this nitrogen-rich ring system is an important synthon in organic syn-
thetic and medicinal chemistry [4]. Due to interesting properties of tetrazole, the improvement of known me-
thods for their preparation is still in demand.

The methods reported for the synthesis of 1-substituted tetrazoles involve acid-catalyzed cycloaddition be-
tween hydrazoic acid and isocyanides [5] or trimethylsilylazide [6], cyclization between primary amines with an
orthocarboxylic acid ester or ethyl orthoformate and sodium azide in the presence of acetic acid [7], acidic ionic
liquid [8], ytterbium triflate [9] and natrolite zeolite [10]. Each of these reported methods has at least one or
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more of the following drawbacks, for instance, the use of expensive, toxic metal catalysts and excess amount of
acetic acid or trifluoroacetic acid, utilization of organic solvents, harsh reaction conditions, tedious work-up, low
yields, long reaction time and the presence of hydrazoic acid, which is highly toxic and volatile. The few me-
thods that seek to avoid hydrazoic acid liberation during the reaction by avoiding acidic conditions require a
very large excess of sodium azide. Thus, the quest for inexpensive, benign catalysts and mild reaction conditions
is still a major challenge for the synthesis of 1-substituted tetrazoles.

FeCls is an efficient and green catalyst in modern organic synthesis [11]. It has been widely used in several
environment-friendly and atom economical organic transformations. Recent reports on FeCl; catalyzed arylation
of benzyl alcohols and benzyl carboxylates [12], hydroarylation of styrenes [13], benzylation of 1,3-dicarbonyl
compounds [14] and diasteroselective synthesis of cis-oxazolidines [15] have highlighted the applications of
FeCls in organic synthesis. Herein, we report another remarkable catalytic activity of FeCl; for the preparation
of 1-substituted tetrazoles from a wide variety of primary amines with trimethylsilylazide and trimethylortho-
formate under solvent-free conditions (Scheme 1).

2. Results and Discussion

Preliminary experiments were carried out in order to determine the best reaction conditions. We examined the
reaction of trimethylsilyazide using several different catalysts and solvents as well as neat conditions (Table 1).
Fortunately, most of the acid catalysts which were used, afforded the desired product while FeCl; gave the best
result under solvent-free conditions (Table 1, Entry 1).

Further studies showed that the optimum amount of FeCl; was 0.2 mmol, an excess of FeCl; did not lead to a
substantial improvement in the yield while decreasing the catalyst reduced it (Table 2, Entry 2).

After optimizing the reaction conditions, this process was extended to other substituted anilines. A variety of
amines possessing both electron-releasing and electron-withdrawing groups (such as chloro, nitro, bromo, me-
thoxy, ethyl, methyl, and heterocyclic amine like 2-aminopyridine) were employed (Table 3). According to the
table, the nature of substituent on the benzene ring did not affect the reaction time and the yields were excellent.

The suggested iron(l11) chloride catalyzed transformation mechanism is shown in Scheme 2, in which the

FeCly (20 mol%) /N: N\
RNH, + CH(OEt)3+ TMSA ——————»
70°C N N
- \/
1 2
Scheme 1. Synthesis of 1-substituted 1H-1,2,3,4-tetrazoles.
Table 1. Effect of catalyst and solvent on the formation of tetrazole 2a.
Entry Catalyst Solvent Amount of catalyst Temp/°C Time/h Yield/%

1 FeCls Neat 0.1 mmol 70 5 74
2 H3PMo01,040 Neat 0.2 mmol 80 5 40
3 H3PW 1,040 Neat 0.2 mmol 70 5 -
4 SnCl, Neat 0.2 mmol 80 24 50
5 SnCl, Methanol 0.2 mmol 60 24 48
6 Cul Neat 0.2 mmol 70 24 40
7 BiCl, Neat 0.2 mmol 80 24 55
8 BiCl; Methanol 0.2 mmol 60 24 50
9 BiCl, t-BuOH 0.2 mmol 80 48 20
10 BiCl, DMF 0.2 mmol 80 48 60
11 I, Methanol 0.2 mmol 60 24 -

%Isolated yields.



F. Darvish, S. Khazraee

Table 2. Effect of the amount of catalyst on the formation of tetrazole 2a.

Entry FeCl;[mmol] Yield® [%] Time/h
1 10 90 7
2 20 95 5
3 30 94 5

%Isolated yields.

Table 3. Synthesis of 1-substituted 1H-1,2,3,4-tetrazoles 2a-i®.

Entry R 1 Time [h] 2 Yield® [%] Ref.
1 CeHs la 5 2a 95 [16]
2 4-MeO-CgH,4 1b 5 2b 88 [16]
3 4-Et-CeH,4 1c 5 2c 90 This work
4 3,4-Mep-CeH,4 1d 5 2d 93 This work
5 4-Br-CqH, le 7 2 87 [17]
6 4-Cl-CeH, 1f 6 2f 88 [16]
7 3-NO,-CgH,4 1g 6 29 92 [18]
8 4-NO,-CeHq 1h 6 2h 90 [17]
9 2-CsHsN li 5 2i 92 [19]

*Reaction conditions: amine (1.0 mmol), triethylorthoformate (1.2 mmol), trimetylsilylazide (1 mmol), FeCl; (20 mmol%), at 70°C; “Isolated yields.
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Scheme 2. Plausible mechanism for the formation of 1-substituted 1H-1,2,3,4-tetrazoles.
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Lewis acidity of the catalyst probably has an important role in the promotion of the cyclization process. Appar-
ently the role of FeCls is limited to activation of ethoxy groups and to breaking the CO bond, however the poss-
ible assistance of trimethylsilyl group in this cleavage should not be neglected. In the first step, carbocations are
generated from the cleavage of methoxy group and stabilized by neighboring heteroatom O or N, the following
nucleophilic displacements by amine and azide would explain the formation of intermediates A and B. By the
assistance of FeCl; and trimethylsilyl group the elimination of the last methoxy group becomes possible. Finally,
1-substituted tetrazoles will be produced upon the cyclization of intermediate C.

3. Conclusion

We have demonstrated that FeCls is an effective catalyst in promoting the reaction between amines, trimethy-
lorthoformate and trimethylsilylazide that affords the corresponding 1-substituted-1H-1,2,3,4-tetrazole products.
The process gave rise to excellent isolated yields of 1-substituted-1H-1,2,3,4-tetrazoles under solvent-free con-
ditions and moderate temperature in shorter reaction times than many other reported methods.

4. Experimental

All the chemicals were purchased from the Merck Company and used without further purification. The melting
points were taken in open capillary tubes with Electrothermal 9100 Apparatus. FT-IR (KBr) Spectra were rec-
orded on an ABB FT-IR FTLA 2000 spectrometer. '"H NMR spectra were run on a Bruker DRX-300 (300 MHz)
AVANCE instrument using TMS as an internal standard and CDCl; as solvent. The chemical shifts () are re-
ported in ppm relative to the TMS as an internal standard and J values are given in Hz. **C spectra were record-
ed at 75 MHz. High-resolution mass spectra were recorded on a Mass-EI-POS (Apex Qe-FT-ICR instrument)
spectrometer.

4.1. General Procedure

A mixture of amine (1 mmol), triethylorthoformate (1.2 mmol) and trimethylsilylazide (1 mmol) was stirred in
the presence of FeCl; (20 mol%) at 70°C for an appropriate time under inert atmosphere (Table 3). The progress
of the reaction was monitored by TLC (EtOAc/n-Hexane, 2:1). After completion, the reaction mixture was ex-
tracted with ethyl acetate (10 cm® x 3) and washed with brine. The organic layer was dried over magnesium sul-
fate and the solvent was evaporated. The isolated product was pure (single spot on TLC) for all practical pur-
poses. However, for characterization purposes it was further purified by plate chromatography (silica gel, eluent
EtOAc/n-hexane2/1).

4.2. Characterization Data

4.2.1. 1-Phenyl1-H-1,2,3,4-tetrazole (2a)

Yield: 95%, m.p.: 65°C - 66°C (lit. [16] 65°C - 66°C); pale yellow needle. IR (KBr): v = 3121, 2926, 2844, 1596,
1439, 1463, 1396, 1206, 1093, cm . 'H-NMR (CDCly): § = 7.47 - 7.58 (m, 3H, ArH), 7.70 (d, 2H, J = 7.3 Hz,
ArH), 9.07 (s, 1H, CH) ppm. *C-NMR (CDCls): §=121.2, 130.0, 130.2, 133.7, 140.6 ppm.

4.2.2. 1-(4-Metoxyphenyl)1-H-1,2,3,4-tetrazole (2b)

Yield: 88%, m.p.: 119°C - 120°C (lit. [16] 116°C - 117°C); Colorless solid. IR (KBr): v = 3132, 3019, 1606,
1597, 1514, 1463, 1389, 1257, 1156, 1093, 1201, 831 cm . 'HNMR (CDCls,): 6 = 3.86 (s, 3H, OCHs), 7.06 -
7.03 (d, 2H, J = 6.8 Hz, ArH), 7.59 (d, 2H, J = 6.8 Hz, ArH), 8.94 (s, 1H, CH) ppm. *C NMR (CDCl): 6 =
115.2, 122.9, 126.8, 140.6, 160.7 ppm.

4.2.3. 1-(4-Ethyllphenyl)1-H-1,2,3,4-tetrazole (2c)

Yield: 90%, m.p. 97°C - 98°C; pale yellow solid. IR (KBr): v = 3137, 2962, 2921, 2880, 1519, 1475, 1367, 1247,
1089, 1024, 838 cm*; 'H NMR (CDCly): §=1.25-1.30 (3H, t, J = 7.6 Hz, CH3), 2.78 - 2.70 (2H, q, J = 7.6 Hz,
CH,), 7.41-7.38 (2H, d, J = 8.4 Hz, ArH), 7.62 - 7.59 (2H, d, J = 8.4 Hz, ArH), 8.97(1H, s, CH) ppm. *C NMR
(CDCly): 6 =15.3, 28.5, 121.2, 129.5, 131.6, 140.5, 146.7 ppm. HRMS (EI") Calcd for [CoH1oN,]": 174.0907,

found: 174.0901.
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4.2.4. 1-(4-Dimethyllphenyl)1-H-1,2,3,4-tetrazole (2d)

Yield: 93%. m.p. 57°C - 58°C; colorless solid. IR (KBr): v = 3120, 2957, 2911, 2852, 1619, 1505, 1100 cm . *H
NMR (CDCls): 6= 2.32 (3H, s, CHs), 2.34 (3H, s, CH5), 7.30 - 7.26 (1H, d, J = 8.1 Hz, ArH), 7.41 - 7.38 (1H, d,
J=8.1Hz, ArH), 7.46 (1H, s, ArH), 8.97 (1H, s, CH) ppm. *C NMR (CDCls, &, ppm): 19.5, 19.9, 118.4, 122.2,
130.9, 131.6, 138.9, 139.0, 140.5. HRMS (EI*) Calcd for [CoH1oN4]*: 174.0907, found: 174.0896.

4.2.5.1-(4-Bromophenyl)1-H-1,2,3,4-tetrazole (2e)

Yield: 87%. m.p. 184°C - 185°C (lit. [17] 133°C - 134°C); pale yellow solid. IR (KBr): v = 3130, 2917, 2849,
1501, 1462, 1385 cm *. 'H NMR (DMSOdg): 5= 7.87 (s, 4H, ArH), 10.11 (s, 1H, CH) ppm.*C NMR (DMSOd):
5=1225,123.1,132.9, 142.3, 142.4.

4.2.6. 1-(4-Chlorophenyl)1-H-1,2,3,4-tetrazole (2f)

Yield: 88%. m.p. 158°C - 159°C (lit. [16] 155°C - 156°C); colorless crystal. IR (KBr): v = 3125, 3105, 2917,
2849, 1505, 1462, 1385, 1201, 1088, 995, 831 cm *. *H NMR (DMSOds): 6 = 7.75 - 7.72 (d.t, 2H, J = 8.8 Hz,
ArH), 7.97 - 7.94 (d.t, 2H, J = 8.8 Hz, ArH), 10.11 (s, 1H, CH) ppm; *C NMR (DMSOdg): & = 122.9, 130.1,
132.6, 134.1, 142.3, 142 5.

4.2.7.1-(3-Nitrophenyl)1-H-1,2,3,4-tetrazole (2g)

Yield: 92%. m.p. 110°C - 111°C (lit. [18] 108°C - 109°C); colorless crystal crystal. IR (KBr): v = 3132, 3091,
2911, 2854, 1596, 1519, 1463, 1344, 1211, 1088, 990, 857 cm *. *H NMR (DMSOdg): 8.26 - 8.22 (m, 3H, ArH),
8.53 - 8.49 (d, 1H, J = 6.9, ArH), 10.20 (s, 1H, CH) ppm; *C NMR (DMSOde): 122.0, 126.2, 137.5, 141.7,
144.2, 148.3 ppm.

4.2.8. 1-(4-Nitrophenyl)1-H-1,2,3,4-tetrazole (2h)

Yield: 90%. m.p. 207°C - 208°C (lit. [16] 202°C - 204°C); pale yellow crystal. IR (KBr): v = 3132, 3091, 2911,
2854, 1611, 1596, 1519, 1463, 1344, 1211, 1088, 990, 857 cm ™. *H NMR (DMSOds): 8.26 - 8.22 (d, 2H, J =
7.0 Hz, ArH), 8.53 - 8.49 (d, 2H, J = 6.9, ArH), 10.30 (s, 1H, CH) ppm; *C NMR (DMSOdg): 121.9, 125.7,
138.2, 142.7, 142.8, 147.4 ppm.

4.2.9. 1-(4-Nitrophenyl)1-H-1,2,3,4-tetrazole (2i)

Yield: 92%. m.p. 128°C - 129°C (lit. [19] 125°C - 126°C); Colorless needle; IR (KBr): v = 1597, 1576, 1472,
1391, 1212, 1182, 1151, 1090, 1006 cm *.*H NMR (DMSOdq): 5= 7.61 - 7.65 (m, 1H), 8.07 - 8.05 (d, 1H, J =
8.1 Hz), 8.21 - 8.15 (td, 1H, J = 1.7 Hz), 8.66 - 8.64 (dd, 1H, J = 0.7 Hz), 10.18 (s, 1H) ppm. *C NMR
(DMSOdg): 5= 115.6, 125.3, 140.6, 141.6, 146.5, 149.3 ppm.
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