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1,4-Disubstituted 1,2,3-triazoles containing a pentafluorosulfanylalkyl group were synthesized in good to
excellent yields (57–91%) by the click cycloadditions of in situ generated SF5-alkyl azides with aromatic
and aliphatic alkynes. Nucleophilic substitution of the SF5 group was observed for the first time in a
bench-top reaction.

� 2010 Elsevier Ltd. All rights reserved.
Fluorine-containing compounds have attracted extensive atten-
tion due to the unique properties of fluorine (high electronegativ-
ity, low polarizability, relative small size) which induce
modifications of physical properties for these compounds and
make them suitable for use in life and material sciences.1 Profiting
from various methods for introduction of fluorine atoms onto
carbon, fluorine-containing compounds with C–F bonds have dom-
inated fluorine chemistry. However, the pentafluorosulfanyl group
(SF5) has a higher dielectric constant and electron-withdrawing
ability than the trifluoromethyl (CF3) group which may introduce
unique properties into organic compounds that include low surface
energy, high chemical resistance, high thermal stability, high elec-
tronegativity, and hydrophobicity.2 As an attractive analog of the
CF3 group, SF5-containing compounds are of value in the fields of
pharmaceutical chemistry,3 polymer sciences,4 explosive studies,5

and electronic applications.6 The synthetic methodologies for the
introduction of pentafluorosulfanyl groups into organic com-
pounds have been extensively developed by Gard,4,7 but there
are still only a limited number of key SF5-containing building
blocks available. Recently, the commercial availability of aryl-
pentafluorosulfanyl compounds such as 4-nitro-pentafluorosulfa-
nylbenzene8 which are prepared by direct fluorination methods
facilitated the exploration of utilities of SF5-containing compounds
in medicinal and material sciences.3,9

Heterocycles, where the SF5 group is directly attached to the
ring, are a class of more intriguing compounds that would have
ll rights reserved.

).
potential bioactivity and could be used as intermediates to con-
struct more complex molecules of interest.10 Based on this oppor-
tunity, syntheses of heterocyclic compounds bearing the SF5 group
such as pyrrole11 and furans12 have been reported. As part of our
wider interest in development of high dense nitrogen-containing
compounds as potential energetic materials, we have reported
new thermally stable pentafluorosulfanyl propanyl-substituted
quaternary salts,5c SF5-substituted pyrazoles,5b and 1,2,3-tria-
zoles5b where the presence of the pentafluorosulfanyl group in-
creased density remarkably and as a result enhanced the
detonation performance of the energetic materials relative to most
of their perfluoroalkyl or alkyl analogs. In continuation, we now re-
port the syntheses of 1,4-disubstituted 1,2,3-triazole derivatives
which are connected to a pentafluorosulfanyl group through a
short alkyl spacer (C2, C3) by using click chemistry of 1-azido-
2(3)-pentafluorosulfanylethane (propane) with alkynes. In contrast
to the heterocyclic compounds bearing a SF5 group on the ring di-
rectly, the short spacer would properly insulate the strong elec-
tron-withdrawing effect of SF5 group and retain the inherent
properties of the heterocycle to a greater extent.

The advent of the Cu(I)-catalyzed ligation of organic azides and
alkynes has improved selectivity and has enjoyed many appli-
cations of so-called ‘click chemistry’ in synthesis, medicinal
chemistry, molecular biology, and material science.13 Exclusive
regioselectivity, wide substrate scope, mild reaction conditions,
and high yields have made it the method of choice for selective
preparation of 1,4-disubstituted-1,2,3-triazoles.14 Practically, we
chose the Cu(I)-catalyzed cycloaddition reaction for the prepara-
tion of SF5-ethyl and SF5-propanyl triazoles and the catalyst was
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generated in situ by reduction of CuSO4�5H2O, since this method
was less costly and was reported to give more pure material than
some Cu(I) salts that were commercially available. The isolation
of SF5-ethyl azide 2 could be hazardous due to its low boiling point
and high nitrogen content. Therefore, the commercially available
SF5-ethylbromide 1a was treated in DMSO with sodium azide at
60 �C for 12 h to generate SF5-ethyl azide 2 in situ and then phen-
ylacetylene, copper sulfate, and sodium ascorbate were added. The
mixture was stirred for 18 h at 60 �C (Scheme 1), but only a trace of
the desired product 4a was isolated which presumably was caused
by the low conversion of the first step. Considering that tosylate is
a better substrate for nucleophilic substitution reaction, SF5-ethyl
tosylate 5a was then synthesized by treatment of silver tosylate
with 1a based on the literature method (Scheme 2).15 SF5-propyl
tosylate 5b was also prepared from SF5-propanol 1b and
p-CH3C6H4SO2Cl (p-TsCl) by using triethylamine as a base in 89%
yield (Scheme 2).16

With tosylates in hand, the one-pot preparation of 1,4-disubsti-
tuted 1,2,3-triazole was carried out again by treating tosylate 5a
with sodium azide (1.2 equiv) in DMSO at 60 �C for 12 h followed
by the addition of phenylacetylene (1.2 equiv) and catalyst
(10 mmol %). After stirring for 18 h at 60 �C, 1-(2’-pentafluorosulfa-
nylethyl)-4-phenyl-1H-[1,2,3]-triazole 4a was isolated in 80% yield
as an exclusive product in two-steps (Table 1, entry 1).17 Under the
same reaction conditions, tosylate 5b also gave the desired triazole
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Table 1
One-pot preparation of 1,4-disubstituted 1,2,3-triazole via cli

F5S
OTs NaN3

DMSO, 60 ºC F5S
N3

2a n = 1
2b n = 2

(  )n (  )n

5a n = 1
5b n = 2

Entry R

1 Ph
2 Ph
3 4-F–C6H4

4 4-F–C6H4

5 4-tBu–C6H4

6 4-tBu–C6H4

7 nBu
8 nBu
9 Me3Si

10 Me3Si
11 CF3

12 CF3

a Isolated yields in two-steps.
6a in 81% yield (Table 1, entry 2). When the method was extended
to a series of aromatic and aliphatic alkynes, regioselective
triazoles were obtained exclusively in good to excellent yields
(57–91%) (Table 1).18 Normally, slightly higher yields were
achieved for the reaction starting from 5b rather than that of 5a
with the same alkyne. It is noteworthy that the reaction gave rise
to 1-(2’-pentafluorosulfanylethyl)-1H-[1,2,3]-triazole 4e with con-
comitant desilylation when trimethylsilylacetylene was involved
(Table 1, entry 9). In an attempt to reduce the reaction time, reac-
tion temperature was increased from 60 �C to 80 �C for the substi-
tution reaction of tosylate 5b with sodium azide followed by the
addition of 3,3,3-trifluoropropyne 3f and catalyst.

Surprisingly, the bistriazole product 8a was obtained in 10%
yield in addition to the desired product 6f. It is likely that displace-
ment of the SF5 group by the azido group occurred to form the
diazide intermediate 7 via nucleophilic attack at the carbon atom
under the higher reaction temperature conditions. Usually, the
leaving ability of a group in a nucleophilic substitution reaction
is related to its basicity. The SF5 group would be considered a weak
base due to its highly polarized S–F bonds which make it a good
leaving group.19 Bistriazole 8b was isolated in 60% yield in two-
steps when the reaction was carried out by using three equivalents
of sodium azide at 80 �C which indicated that the SF5 group was
completely substituted by an azido group (Scheme 3).20 This first
observation of nucleophilic substitution of the SF5 group in a
bench-top reaction may not be as practical as an application in
synthetic chemistry due to the inconvenient incorporation of SF5

group into an organic compound, but it leads to better understand-
ing of the functional characteristics of this group.

In summary, the click chemistry of in situ generated 1-azido-
2(3)-pentafluorosulfanylethane (propane) with aliphatic or aro-
matic alkynes gave rise to 1,4-disubstituted 1,2,3-triazoles in good
yields. The result that the SF5 group is active for nucleophilic sub-
stitution suggests that compounds containing the SF5 group may
be able to degrade by nucleophilic attack in the environment
which makes them more environmentally benign.
ck chemistry
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1H NMR d 7.95 (s, 1H), 4.94 (t, J = 6.7 Hz, 2H), 4.30–4.34 (m, 2H) ppm. 13C NMR
d 124.8, 122.8, 119.2, 69.4, 47.3 ppm. 19F NMR d 81.6 (quin, J = 146.4 Hz, 1F),
66.3 (d, J = 146.0 Hz, 4F), �61.3 (s, 3F) ppm. IR (KBr) m 3081, 1577, 1386, 1227,
1167, 1055, 997, 866, 833, 744, 621 cm�1. MS (EI) m/z 291 (17, [M]+), 272 (3),
182 (2), 140 (10), 127 (43), 108 (39), 89 (42), 75 (16), 69 (28), 47 (100). Anal.
Calcd for C5H5F8N3S (MW 291.17): C, 20.63; H, 1.73; N, 14.43. Found: C, 20.63;
H, 1.58; N, 14.26. Compound 6f, 1H NMR d 7.93 (s, 1H), 4.58 (t, J = 6.8 Hz, 2H),
3.74–3.79 (m, 2H), 2.62–2.65 (m, 2H) ppm. 13C NMR d 124.3, 122.9, 119.3, 68.9,
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49.5, 27.8 ppm. 19F NMR d 83.7 (quin, J = 145.1 Hz, 1F), 65.2 (d, J = 145.2 Hz,
4F), �61.1 (s, 3F) ppm. IR (KBr) m 3146, 3111, 2982, 1571, 1467, 1389, 1265,
1224, 1145, 1052, 996, 861, 777, 617 cm�1. MS (EI) m/z 305 (3, [M]+), 286 (3),
196 (2), 178 (11), 150 (43), 127 (4), 122 (13), 89(9), 41 (100). Anal. Calcd for
C6H7F8N3S (MW 305.19): C, 23.61; H, 2.31; N, 13.77. Found: C, 23.70; H, 2.25;
N, 13.66.

19. Arnold, S. T.; Miller, T. M.; Viggiano, A. A.; Mayhew, C. A. Int. J. Mass Spectrom.
2003, 223–224, 403–409.
20. Compound 8b, 1H NMR d 7.36 (s, 2H), 4.34 (t, J = 6.4 Hz, 4H), 2.74 (t, J = 7.7 Hz,
4H), 2.52–2.57 (m, 2H), 1.66–1.79 (m, 4H), 1.39–1.42 (m, 4H), 0.96 (t, J = 7.3 Hz,
6H) ppm. 13C NMR d 148.7, 121.3, 46.5, 31.5, 30.7, 25.3, 22.3, 13.8 ppm. IR (KBr)
m 3131, 3080, 2955, 2926, 2861, 1691, 1555, 1460, 1217, 1147, 1055, 830 cm�1.
MS (EI) m/z 291(3, [M+1]+), 290 (2, [M]+), 234 (12), 166 (96), 139 (21), 124 (21),
68 (32), 41 (100). Anal. Calcd for C15H26N6 (MW 290.41): C, 62.04; H, 9.02; N,
28.94. Found: C, 61.90; H, 9.00; N, 27.99.
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