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Trifluoromethanesulfonamide derivatives of azoles
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Trifluoromethanesulfonamide-substituted azoles were synthesized by the reaction of 5-aminotetrazole,
3-amino-1,2,4-triazole and 3,5-diamine-1,2,4-triazole with trifluoromethanesulfonyl fluoride to
prepare only monosubstituted compounds. All the compounds were fully characterized using ('H,
19F, 13C) NMR spectroscopy, mass spectrometry (MS), and elemental analysis.
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1. Introduction

There continues to be significant interest in trifluoromethane-
sulfonamides as they play key roles in pharmaceutical and
agrochemical industries [1]. Apart from these useful applications,
condensation reactions of trifluoromethanesulfonamides with
carbonyl compounds lead to various heterocyclic compounds
[2]. Sulfonylation of substituted and unsubstituted amines with
trifluoromethanesulfonyl halide or trifluoromethanesulfonic an-
hydride in the presence of a base is carried out for the synthesis of
the corresponding trifluoromethanesulfonamides [3]. A large
number of trifluoromethanesulfonamidophenyl-substituted com-
pounds have been found to exhibit anti-inflammatory [3,4] and
anticonvulsant properties [5] which have enhanced their use in the
research and development of new medicines. Trifluoromethane-
sulfanilides are also known to show insecticidal and nematicidal
properties [6,7]. In addition to their biological properties, N-
phenyl-trifluoromethanesulfonamide is used as a commercial
reagent for carrying out triflation of amines, phenoxides and
enolates [8-10]. Many N-substituted trifluoromethanesulfona-
mides which contain heterocyclic groups such as pyridinyl,
quinolinyl, pyrazolyl, thiazolyl, and benzoxazolyl were found to
be active herbicides and plant growth modifiers [11]. Some of these
compounds such as N-trifluoromethanesulfonyl-2-aminopyridine
have been cited for their anti-microbial activities as their
structures show close similarity to sulfa drugs (e.g. sulfapyridine)
[12]. Trifluoromethanesulfonyl-3-aminopyrrolidine has been suc-
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cessfully identified as an organocatalyst for Mannich reactions
[13].

However, with the exception of the reactions of trifluoro-
methanesulfonyl chloride or pentafluoroethanesulfonyl chloride
with 4-amino-1-ethyl-1H-1,2,3-triazole (or 4-amino-2-ethyl-1H-
1,2,3-triazole) to form N-(1(2)-ethyl-1H-1,2,3-triazol-4-yl)tri-
fluoromethanesulfonamide or an inseparable mixture of the
mono- and disubstituted products, N-(1-ethyl-1H-1,2,3-triazol-
4-yl)pentafluoro-1-ethanesulfonamide and 1-ethyl-4-bis(penta-
fluoroethylsulfonyl)amino-1H-1,2,3-triazole in methanol solution,
no other products with 1,2,3-triazoles have been reported [14,15].

More importantly no trifluoromethanesulfonamides of 1,2,4-
triazoles or tetrazoles have been studied. In this work, we have
extended the series of heterocyclic N-substituted trifluorometha-
nesulfonamide compounds by introducing the trifluoromethane-
sulfonyl moiety into amino- and diamino-1,2,4-triazoles and
amino tetrazole in order to form a new family of 1,2,4-triazole
and tetrazole trifluorosulfonamides.

2. Results and discussion

The syntheses of trifluoromethanesulfonamides are often
accomplished by the reaction of amines with trifluoromethane-
sulfonyl halides or the corresponding anhydride [14,15]. Sulfony-
lation of certain anilines with trifluoromethanesulfonic anhydride
was found to proceed with the formation of mono- and bis-
sulfonamides in varying amounts. Recently it was shown that a
slight excess of fluorinated anhydride in the presence of excess of
base was adequate for the formation of only mono-sulfonamides
[16]. Trifluoromethanesulfonyl fluoride is known to give facile
reactions with different amines yielding mono-sulfonamides [17].
In order to introduce the trifluoromethanesulfonyl moiety into
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Fig. 1. Reactions of trifluoromethanesulfonyl fluoride with amino-substituted tetrazole and amino and diamino 1,2,4-triazoles.

triazoles and tetrazoles, sulfonylation reactions of 5-amino
tetrazole (1a), 3-amino-1,2,4-triazole (2a) and 3,5-diamino-
1,2,4-triazole (3a) with trifluoromethanesulfonyl fluoride were
performed in the presence of an excess of triethylamine in
acetonitrile at room temperature for 10-12 h with constant
stirring (Fig. 1). The corresponding N-substituted mono tri-
fluoromethanesulfonamino tetrazole [5-(trifluoromethanesulfo-
nylamino)-1H-tetrazole] and 1,2,4-triazoles [3-
(trifluoromethanesulfonylamino)-1H-1,2,4-triazole and 3,5-
bis(trifluoromethanesulfonylamino)-1H-1,2,4-triazole] (1b-3b)
were obtained in good yields. Under all conditions tried,
formation of bis-sulfonamides did not occur; mono-sulfona-
mides were the sole products. The reaction products could be
easily separated using standard procedures.

These new substituted azoles, prepared in acetonitrile in the
presence of excess base, were obtained in >65% yields (melting
points between 224 and 245 °C) which are much superior to the
24% yield obtained in the reaction of 1-ethyl-1H-1,2,3-triazole
with trifluoromethanesulfonyl chloride in anhydrous methanol
to form N-(1-ethyl-1H-1,2,3-triazol-4-yl)trifluoromethanesulfo-
namide (m.p. 133-135°C) but measurably poorer than 89%
obtained when trifluoromethanesulfonyl anhydride was allowed
to react with 1H-1,2,3-benzotriazole to form 1-trifluoromethyl-
sulfonyl-1,2,3-benzotriazole (m.p. 35 °C) in methylene chloride
[14,15]. The melting points of the substituted tetrazole and
1,2,4-triazoles are significantly higher than those of the 1,2,3-
triazole derivatives due in part to the presence of the ethyl
substituent in the latter; however, this behavior is typical of the
1,2,4-triazole isomer vis-a-vis the 1,2,3-triazole analogue with
contiguous nitrogen atoms.

3. Conclusions

In conclusion, reactions of trifluoromethanesulfonyl fluoride
with 5-aminotetrazole, 3-amino-1,2,4-triazole and 3,5-diamine-
1,2,4-triazole led to N-substituted trifluoromethanesulfonamide
azoles (1b-3b) when carried out in the presence of triethylamine.
Only mono-heterocylic N-substituted trifluoromethanesulfona-
mides were formed.

4. Experimental

Trifluoromethanesulfonyl fluoride was a gift from 3 M. 5-Amino
tetrazole, 3-amino 1,2,4-triazole, and 3,5-diamino-1,2,4-triazole
were obtained from Acros. All other chemicals were purchased
from Aldrich or Acros and were used as received. Acetonitrile was

dried using calcium hydride. A conventional Pyrex glass vacuum
system equipped with a Heise-Bourdon tube gauge was used to
handle gaseous and volatile compounds. Quantities of volatile
materials were determined by PVT measurements assuming ideal
gas behavior. A Bruker 300 MHz AMX nuclear magnetic resonance
spectrometer was used to record 'H, '3C, and '°F NMR spectra at
300.1, 75.5, and 282.4 MHz, respectively, with chemical shifts
reported in ppm relative to appropriate standards — (CHs),Si for 'H
and '3C nuclei, and CFCl; for 'F nuclei. All NMR spectra were
obtained using Me,SO[d6] as solvent and locking solvent. Mass
spectra (MS) were obtained by using direct injection with a solid
probe (EI) on a Shimadzu GC-MS QP5050. DSC measurements
were recorded on a TA Q10 instrument in the range of 40-400 °C at
5°Cmin~'. Elemental analyses (EA) data were obtained on an
Exeter CE440 elemental analyzer.

4.1. General procedure for the preparation of N-substituted
trifluoromethylsulfonamide azoles from sulfonylation reactions of
amino azoles

All reactions were carried out on a 1.0-1.5 mmol scale under
vacuum. A variety of amino azoles (1a-3a) were dissolved in
10-15 mL of dry acetonitrile in a 50 mL Pyrex tube equipped
with a Teflon stopcock and magnetic stirring bar. Triethylamine
was added in large excess (2-3 mL). By using vacuum line
techniques, the required amounts of trifluoromethanesulfonyl
fluoride were measured and transferred into the Pyrex reactor
by condensing at —196 °C. The reaction mixture was allowed to
warm to 25 °C and stirring was continued for 10-12 h. After
ensuring the completion of the reaction by measuring the
fluorine NMR, the solvent and excess triethylamine were first
removed using a rotary evaporator and then finally under
vacuum. The residue was taken up in ethyl acetate (40-50 mL).
After washing (3 x 3-5 mL) with water, the organic solution was
dried over sodium sulfate, and the solvent was evaporated in
vacuum to leave the desired product.

4.2. Preparation of 5-(trifluoromethanesulfonylamino)-1H-tetrazole
(1b)

The reaction was carried out by treatment of 5-aminotetrazole
(0.08 g, 1mmol) and triethylamine (excess ~2-3 mL) with
trifluoromethanesulfonyl fluoride (1.5 mmol) in acetonitrile (10-
15 mL). The product was obtained as white solid. Yield: 65%; m.p.
224 °C; "FNMR: 8 —77.8 ppm (s, CF3); '"H NMR: 12.49 (brs, 1H; N-
H); 13C NMR: 142.3 (1C), 118.7 ppm (quart, J(C,F) = 323.7 Hz, 1C);
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MS (solid probe) (EI): m/z (%): 217 [M]" (4); elemental analysis
caled (%) for C3H3NsF30,S (217.13): C 11.06, H 0.93, N 32.25;
found: C 10.69, H 0.95, N 32.34.

4.3. Preparation of 3-(trifluoromethanesulfonylamino)-1H-1,2,4-
triazole (2b)

The procedure is same as for 1b except that 3-amino-1,2,4-
triazole was used as the azole. White solid. Yield: 68%; m.p. 233 °C;
19F NMR: § —78.1 ppm (s, CF3); 'H NMR: 8.40 (s, 1H; C-H), 12.56
(brs, 1H; N-H); '3C NMR: 151.1 (1C), 140.6 (1C), 121.3 ppm (quart,
J(C,F)=324.5 Hz, 1C); MS (solid probe) (EI): m/z (%): 216 [M]" (16);
elemental analysis calcd (%) for C3H3N4F30,S (216.14): C 16.67, H
1.40, N 25.92; found: C 16.54, H 1.32, N 25.78.

4.4. Preparation of 3,5-bis(trifluoromethanesulfonylamino)-1H-
1,2,4-triazole (3b)

The procedure is same as 1b except that 3,5-diamino-,2,4-
triazole was used as the azole. White solid. Yield 68%; m.p. 245 °C;
19F NMR: § —79.3 ppm (s, CF5); '"H NMR: 12.45-12.62 (brs, 2H; N-
H); »C NMR: 1515 (1C), 139.8 (1C), 119.8 ppm (quart,
J(C,F)=322.3 Hz, 1C), 120.5 ppm (quart, J(C,F)=323.6 Hz, 1C);
MS (solid probe) (EI): m/z (%): 364 [M+1]" (4); elemental analysis
caled (%) for C4H3N4Fs04S, (363.21): C 13.23, H 0.83, N 19.28;
found: C 13.34, H 0.80, N 18.89.
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