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Abstract: Various di- and trisubstituted (benzotriazolyl)-
carboximidamides were used for the preparation of N,N-di-
and 1,N,N-trisubstituted 5-aminotetrazoles 3a-e and 6a-d
under mild conditions in good to excellent yields.

Tetrazoles exhibit a wide scope of biological activity.1
In particular, 5-aminotetrazoles show anti-allergic and
anti-asthmatic,2 antiviral and anti-inflammatory,3 anti-
neoplastic,4 and cognition disorder activities.5a Activity
as CCK antagonists5b and antibiotics against a range of
bacteria6 has been observed.

Syntheses of substituted 5-aminotetrazole derivatives
fall into four main types (Scheme 1): (1) amino group or
ring functionalization of 5-aminotetrazole,2d,7a,b which
often results in mixtures of isomers;6,7c (2) the substitu-
tion of a leaving group in the tetrazole 5-position with
amines;8 (3) reactions of aminoguanidine derivatives with
sodium nitrite;9 and (4) various azide-mediated tetrazole
ring constructions.

Formations of 5-aminotetrazole rings using azide anion
include the following: (i) addition of NaN3 to carbo-

diimides9c,10a or cyanamides;11 and (ii) nucleophilic sub-
stitution by N3

- of (a) chlorine in R-chloroformamidines,12a

which can be obtained from nitriles and alkyl halides,12b-d

(b) the sulfite anion in aminoiminomethanesulfonic
acids,12e and (c) sulfur from thioureas in the presence of
mercury12f or lead salts9a (Scheme 1).

We now report an efficient preparation of substituted
5-aminotetrazoles by a variation of route 4(ii) starting
from 1-(benzotriazolyl)carboximidamides. 1-(Benzotria-
zolyl)carboximidamides and their acyl derivatives were
previously demonstrated to be efficient reagents for the
preparation of polysubstituted guanidines,13 1,2,4-tria-
zoles,14 1,3,5-triazin-2-ones and 1,3,5-triazine-2-thiones,15

and 2-amino-1,3-quinazoline-4-thiones.16

N,N-Disubstituted (benzotriazolyl)carboximidamides
and their acyl derivatives were obtained by a known
procedure13,14 starting from di(benzotriazolyl)methan-
imine 1 in reactions with an appropriate secondary amine
(Scheme 2). N,N′-Di- and N,N,N′-trisubstituted 1-(benzo-
triazolyl)carboximidamides were obtained from the re-
spective (benzotriazolyl)carboximidoyl chlorides.16 N,N-
Disubstituted (benzotriazolyl)carboximidamides were
treated with sodium azide in chloroform in the presence
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of acetic acid to give the desired N,N-disubstituted
5-aminotetrazoles 3a-e in moderate to high yields
(Scheme 2). Reactions were performed at room temper-
ature and stirred overnight. Signals ranging from 156
to 159 ppm (depending on the nature of the substituents
in the amino functionality) in the 13C spectra were
assigned to the tetrazole carbon atoms.

According to the 1H NMR spectra, the amount of
compound 3b in the crude reaction mixture was about
70%. However, due to its low solubility and high polarity,
only 27% of the desired compound 3b was isolated after
gradient column chromatography (Table 1).

Di- and trisubstituted (benzotriazolyl)carboximida-
mides 5a,b, obtained from (benzotriazolyl)carboximidoyl
chlorides 4a,b,16 provide access to 1,N,N-trisubstituted
5-aminotetrazoles 6a-d (Scheme 3). The versatility of
intermediates 4a,b is demonstrated by the variety of
substituents (alkyl, aryl, heteroaryl) that can be intro-
duced at all three possible sites of the molecule. Reactions
were performed at room temperature, and the desired
compounds 6a-d were obtained in 41-90% yield.

In conclusion, in this work we have developed an
efficient procedure for the preparation of substituted
5-aminotetrazoles. Unlike previously described methods,
which frequently require unstable and/or moisture-sensi-
tive starting materials, such as isocyanide dichlorides,12c,d

chloroformamidines,12c or aminoiminomethanesulfonic
acids,12b our method uses (benzotriazolyl)carboximida-
mides as starting compounds, which are relatively stable
and can be prepared in high yields. The reaction condi-
tions for the formation of the final 5-aminotetrazoles are
mild and purification is simple. Benzotriazole is a good
leaving group that is easily introduced to form intermedi-
ates that are typically stable and nonvolatile. Benzo-
triazole formed during the substitution step of the
reaction sequence is environmentally safe and can be
recycled.17

Experimental Section

General Methods. Melting points were determined using a
capillary melting point apparatus equipped with a digital
thermometer and are uncorrected. 1H and 13C NMR spectra were
recorded on a 300 MHz NMR spectrometer (300 and 75 MHz,
respectively) using CDCl3 or DMSO-d6 as a solvent with tet-
ramethylsilane as an internal standard. Column chromatogra-
phy was conducted with silica gel 230-400 mesh. All other
reagents were of reagent grade and were used without purifica-
tion.

Di(1H-benzotriazol-1-yl)methanimine (1) and 1H-Ben-
zotriazol-1-yl(2H-benzotriazol-2-yl)methanimine (1′) (uti-
lized as a 2:1 mixture of isomers) were prepared and character-
ized according to the previously published procedure.13

(1-Benzotriazolyl)carboximidamides 2a-e were prepared
according to a previously published procedure13 and were used
as crude products without purification as follows: To a suspen-
sion of di(1H-benzotriazol-1-yl)methanimine 1 (1.67 g, 0.006 mol)
in dichloromethane (30 mL) was added dropwise the appropriate
amine (0.006 mol, 1 equiv) under vigorous stirring. Completion
of the reaction was monitored by TLC. Upon completion, the
reaction mixture was washed twice with a 10% solution of Na2-
CO3, dried over MgSO4, and filtered. The solvent was evaporated
under reduced pressure to afford compounds 2a-e in analytical
purity.

General Procedure for the Preparation of 5-Aminotet-
razoles 3a-e. To a solution of starting (1-benzotriazolyl)-
carboximidamide 2 (1 equiv) in chloroform were added subse-
quentially sodium azide (1 equiv) and acetic acid (1 equiv). The
mixture obtained was allowed to react overnight at room
temperature with stirring. Upon completion (TLC monitoring),
the solvent was evaporated under reduced pressure and the
desired aminotetrazole 3 was isolated by gradient column
chromatography with a mixture of ethyl acetate with hexanes
as eluent (from 5% to 50% of ethyl acetate, step 5%).

5-(4-Morpholinyl)-1H-1,2,3,4-tetrazole (3a): white prisms;
1H NMR δ 3.34-3.37 (m, 4H), 3.70-3.73 (m, 4H); 13C NMR δ
46.9, 65.2, 159.7. Anal. Calcd for C5H9N5O: N, 45.14. Found:
N, 44.77.

5-(4-Methylpiperazine)-1H-1,2,3,4-tetrazole (3b): white
microcrystals; 1H NMR δ 2.17 (s, 3H), 2.34-2.37 (m, 4H), 3.18
(s, 4H); 13C NMR δ 46.1, 48.3, 54.5, 168.2; HRMS (EI) calcd for
C6H12N6 (M) 168.1123, found 168.1113.

5-(1-Pyrrolidinyl)-1H-1,2,3,4-tetrazole (3c): white prisms;
1H NMR δ 1.92 (s, 4H), 3.33 (s, 4H); 13C NMR δ 25.1, 48.2, 156.8.
Anal. Calcd for C5H9N5: C, 43.16; H, 6.52; N, 50.33. Found: C,
43.44; H, 6.60; N, 50.02.

5-(1-Piperidinyl)-1H-1,2,3,4-tetrazole (3d): white micro-
crystals; 1H NMR δ 1.55 (s, 6H), 3.35 (s, 4H); 13C NMR δ 23.4,
24.3, 47.7, 159.4. Anal. Calcd for C6H11N5: N, 45.72. Found: N,
45.82.

N,N-Diethyl-1H-1,2,3,4-tetrazol-5-amine (3e): white flakes;
1H NMR δ 1.23 (t, 6H, J ) 7.1 Hz), 3.58 (q, 4H, J ) 7.1 Hz); 13C
NMR δ 12.8, 44.4, 157.7.

Preparation of Compounds 6a-d. Compounds 4a,b and
5a-d were prepared according to a previously reported proce-
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TABLE 1. Synthesis of 5-Aminotetrazoles 3a-e and 6a-d

entry compd R1 HNR2 yield, % mp [lit. mp] (°C)

1 3a H morpholine 80 168.0-169.0 [180.5-181.018]
2 3b H N-methylpiperazine 27 270.0 dec [-]
3 3c H pyrrolidine 60 227.0 dec [231 dec18]
4 3d H piperidine 73 195.0 dec [199.0-199.518]
5 3e H diethylamine 61 121.5-122.5 [124.0-125.018]
6 6a TsCH2 morpholine 89 148.0-150.0 [-]
7 6b TsCH2 pyrrolidine 71 160.0-161.0 [-]
8 6c 4-NO2C6H4 morpholine 41 201.0 dec [-]
9 6d TsCH2 diethylamine 62 77.0-79.0 [-]
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dure16 and were used without isolation and purification for the
preparation of 1,N,N-trisubstituted-1H-tetrazoles.

To a solution of (benzotriazolyl)carboximidoyl chloride 4
(0.0026 mol) in chloroform (20 mL) was added the amine (0.0026
mol) followed by the addition of triethylamine (0.0026 mol) at
room temperature with vigorous stirring. The reaction was
monitored by TLC. Upon completion, the reaction mixture was
washed twice with water, dried over MgSO4, and filtered. The
solvent was partially removed under reduced pressure.

To a solution of obtained (benzotriazolyl)carboximidamide 5
in chloroform (20 mL) was added sodium azide (0.0031 mol)
followed by the addition of acetic acid (0.0031 mol). During the
reaction, the formation of a cloudy white precipitate was
observed. Upon completion (TLC monitoring), the reaction
mixture was washed twice with 10% Na2CO3. The organic layer
was separated, dried over MgSO4, and concentrated. The final
1,N,N-trisubstituted 5-aminotetrazoles 6a-d were isolated by
gradient column chromatography (eluent: EtOAc/hexanes).

5-(Morpholin-4-yl)-1-(toluene-4-sulfonylmethyl)-1H-tet-
razole (6a): white microcrystals; 1H NMR δ 2.48 (s, 3H), 3.44-
3.47 (m, 4H), 3.83-3.86 (m, 4H), 5.45 (s, 2H), 7.39 (d, 2H, J )
8.1 Hz), 7.65 (d, 2H, J ) 8.2 Hz); 13C NMR δ 21.8, 50.1, 65.2,
66.0, 129.1, 130.3, 132.7, 146.8, 158.9. Anal. Calcd for C13H17-
N5O3S: C, 48.28; H, 5.30. Found: C, 48.57; H, 5.62.

5-(Pyrrolidin-1-yl)-1-(toluene-4-sulfonylmethyl)-1H-tet-
razole (6b): white microcrystals; 1H NMR δ 2.04-2.08 (m, 4H),
2.46 (s, 3H), 3.68-3.72 (m, 4H), 5.55 (s, 2H), 7.35 (d, 2H, J )
8.1 Hz), 7.58 (d, 2H, J ) 8.1 Hz); 13C NMR δ 21.8, 25.7, 49.4,
65.5, 129.0, 130.2, 132.7, 146.5, 155.0. Anal. Calcd for C13H17-
N5O2S: C, 50.80; H, 5.57; N, 22.78. Found: C, 50.58; H, 5.88;
N, 22.72.

5-(Morpholin-4-yl)-1-(4-nitrophenyl)-1H-tetrazole (6c):
white prisms; 1H NMR δ 3.16-3.19 (m, 4H), 3.66-3.69 (m, 4H),
8.02 (d, 2H, J ) 8.8 Hz), 8.48 (d, 2H, J ) 8.9 Hz); 13C NMR δ
48.7, 65.1, 125.1, 125.4, 139.2, 147.5, 157.4. Anal. Calcd for
C11H12N6O3: C, 47.83; H, 4.38; N, 30.42. Found: C, 47.89; H,
4.30; N, 30.54.

5-(N,N-Diethylamino)-1-(toluene-4-sulfonylmethyl)-1H-
tetrazole (6d): white microcrystals; 1H NMR δ 1.22 (t, 6H, J
) 7.1 Hz), 2.46 (s, 3H), 3.52 (q, 4H, J ) 7.1 Hz), 5.45 (s, 2H),
7.36 (d, 2H, J ) 8.2 Hz), 7.61 (d, 2H, J ) 8.4 Hz); 13C NMR δ
13.0, 21.7, 45.7, 65.7, 128.9, 130.2, 132.8, 146.5, 157.3. Anal.
Calcd for C13H19N5O2S: C, 50.47; H, 6.19; N, 22.64. Found: C,
50.77; H, 6.34; N, 22.95.
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