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A convenient and metal-free protocol for the highly regioselective sulfonylation of NH-1,2,3-
triazoles is described. A range of readily accessible NH-1,2,3-triazoles were sulfonylated with
various aryl sulfinates in the presence of molecular iodine. The scope was extended to
thiosulfonates as an efficient sulfonylating agent and nitrochromene derived triazoles were also
explored for selective N-sulfonylation. A variety of synthetically viable N*-sulfonyl triazoles
were obtained in moderate to high yields with excellent regioselectivities via N-S bond
construction under mild reaction conditions.

2009 Elsevier Ltd. All rights reserved.

Amongst five-membered heteroaromatic
compounds, 1,2,3-triazoles continue to occupy an important
place in synthetic organic chemistry," medicinal chemistry,
functional materials® and other fields.* Numerous reliable
methodologies have been developed for the synthesis of N'-
substituted 1,2,3-triazoles, as exemplified by the ‘click’
reaction of organic azides with alkynes;’ the condensation of
organic azides with activated alkenes;® multicomponent
strategies;’ and azide-free 'syntheses.® Additionally, the
organocatalyzed /cycloaddition reactions of activated
carbonyl compounds with organic azides to generate 1,4,5-
trisubstituted 1,2,3-triazoles has grown remarkably in recent
years.’

Generally, the above methods produce either N*- or
N*-substituted triazoles, thus the direct synthesis of N’
substituted 1,2,3-triazoles remain little explored.” Most N*-
substituted 1,2,3-triazoles are obtained by the manipulation
of NH-1,2,3-triazoles with suitable reactants."* The groups
of Shi and Wang independently reported the alkylation of
4,5-disubstituted NH-1,2,3-triazoles to yield N*-derivatives
as the major isomer (Scheme 1a).**™* Recently, Chen and co-
workers employed the NIS-mediated regioselective N*
alkylation of NH-1,2,3-triazoles with olefins (Scheme 1b).**
Despite these achievements, a general method is still lacking
for the synthesis of N°sulfonyl 1,2 3-triazoles.
Consequently, we envisaged the difficulty in achieving
selective N*-sulfonylation of NH-1,2,3-triazoles being due to
low electron density at the N? position. In this regard, it is
challenging to find a suitable sulfonylating agent to control
the regioselectivity for N>-sulfonylation.

On the other hand, the bench-stable, odourless and
non-hygroscopic sodium sulfinates® have been employed
for the formation of N-S bonds with primary and secondary
amines.” In particular, the molecular iodine-mediated
synthesis of sulfonamides'*"* attracted our attention because
the reagents are inexpensive, non-toxic, and easy to handle.
To the best of our knowledge, the sulfonylation of NH-1,2,3-
triazoles is unexplored. Therefore, this fact motivated us to
develop a new strategy for the synthesis of N°-sulfonyl
1,2,3-triazoles via the iodine-mediated regioselective
sulfonylation of NH-1,2,3-triazoles (Scheme 1c).

Previous work:
(a) Regioselective N-alkylation'"™* (b) NIS-mediated regioselective N?-alkylation''®
R2
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Scheme 1. Comparison of previous studies with our work.

Highly N?-selective

In recent years, N'-sulfonyl triazoles have been
used to generate a-—diazo imines as efficient carbene
precursor in organic synthesis.** While N*-sulfony! triazoles
were readily obtained by the reaction of sulfonyl azides with
alkynes,” the synthesis of N”sulfonyl 1,2,3-triazoles has
become highly desirable. Herein, we report the
regioselective synthesis of N*-sufonyl 1,2,3-triazoles via the
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reaction of readily available NH-1,2,3-triazoles with
sodium sulfinates and thiosulfonates in the presence of
iodine.

Our investigation began with the identification of
suitable reaction conditions to control the regioselectivity. Initial
experiments were performed with 4-methyl-5-phenyl-NH-1,2,3-
triazole (la) and sodium p-toluenesulfinate (2a) as model
substrates using iodine (Table 1). A mixture of regioisomers
3aa/3aa’ were formed in DCE, CH,CI, and 1,4-dioxane (Entries
1-3). Although the role of these solvents not entirely clear, the
formation of a regioisomeric mixture (3aa/3aa’) was probably
due to rapid interconversion of the isomeric triazole (N*-H and
N2-H) of 1a. Remarkably, a single regioisomer was observed for
the tosylated triazole 3aa in EtOH, EtOAc, CH;CN and THF
(Entries 4-7). Using 20 mol% and 50 mol% I, in EtOAc the
reaction was sluggish at 60 °C (Entries 8 and 9). The use of
EtOACc/H,0 (9:1) and 2a (2 equiv.) did not show any significant
improvement (Entries 10 and 11). To our delight, an excellent
yield (94%) was achieved using excess iodine (1.1 equiv.) with
2a (2 equiv.) in EtOAc at room temperature (Entry 12). The
sulfonylation of la was also observed with PhI(OAc), and KI
which provided 3aa in moderate yields (Entries 13 and 14),
whereas NBS afforded 3aa in 74% vyield with excellent
regioselectivity (Entry 15).

Table 1. Optimization for the sulfonylation of triazole 1a with 2a.?

A0

N QL
=\ N4
NH +Nao” Reactlon Conditions N / N’S
~./
P N + =
Ph

1a (1 equiv.) 2a 3aa (M) 3aa’ (N7)
Entry  Reaction conditions Time Yield (N*:N*)°
1 2a (25 eq.), I, (1 eq.), DCE 10 h 78% (15:1)
2 2a (25 eq.), I, (1 eq.), CH.Cl, 10h 76% (16:1)
3 2a(2.5€eq.), I> (1 eqg.), Dioxane 10h 85% (12:1)
4 2a (25 eq.), I, (1 eq.), EtOH 10 h 71% (1:0)
5 2a(2.5¢€q.), I, (1 eq.), EtOAC 10h 88% (1:0)
6 2a(2.5¢€q.), I, (L eg.), CH;CN 10h 80% (1:0)
7 2a(2.5¢€q.), I, (1 eq.), THF 10h 82% (1:0)
8 OZg (2.5¢€q.), 1, (0.2 eq.), EtOACc, 60 24 h 52% (1:0)
g 28 (25¢eq), 12 (05 eq.), EtOAC, 60, 66% (1:0)
10 ?ga (2.5 €q.), I> (1 eq:), EtOAC/H,O 16h 81% (1:0)
11 2a (2 0eq.), I,(1.0eq.), EtOAC 16h 84% (1:0)
12 2a (2.0 eq.); 1, (1.1 eq.), EtOAC 16 h 94% (1:0)

2a (2.5 eq.), Phl(OACc), (1 eq.), .

13 Y, 24 h 42% (1:0)
14 2a (2.5¢€q.), KI (1 eq.), EtOAC 24h 50% (1:0)
15 2a (2.5 eq.), NBS (1 eq.), EtOAC 24h 74% (1:0)

# Reactions performed on a 0.2 mmol scale in solvent (1 mL) at room
temperature. ° Yields and regioselectivities based on the crude 'H NMR
spectra of 1a using 1,2,4,5-tetramethylbenzene as an internal standard.

With the optimized conditions in hand, we then
investigated the scope of the addition of various 4,5-
disubstituted triazoles with sodium p-toluenesulfinate (2a).
A broad range of mono- and disubstituted NH-1,2,3-
triazoles were suitable substrates for the synthesis of N*
tosylated triazoles in good to high yields (Table 2). In
addition to 1a, electron-rich and electron-poor groups on the
aryl rings, such as methyl-, halo- and methoxy-substituents
(1b-g), smoothly reacted with 2a to give the desired 2-
tosylated 1,2,3-trizoles (3ba—ga) in 74-90% vyield. The
heteroaryl substituted triazole (1h) was also a suitable
substrate and provided the desired product 3ha in 82% yield.
Moreover, a variety of 4-bromo-5-aryl-NH-1,2,3-triazoles
(li-n) were also compatible substrates and provided the

corresponding tosylated triazoles (3ia-na), albeit in lower
yields. The structure and regioselectivity of 3ia was further
confirmed by single-crystal X-ray data analysis (see ESI).™
The densely functionalised triazole (10)*" was also a good
substrate and provided the desired product 3o0a in 52% yield.
Generally, mono-substituted triazoles are challenging
substrates to control the regioselectivity (see ESI for detailed
optimization studies).'® Regardless, the reaction of 4-phenyl-
NH-1,2,3-triazole (1p) and 4-tolyl-NH-1,2,3-triazole (1q)
with 2a gave the corresponding sulfonylated products 3pa
and 3ga as a 9:1 and 4:1 mixture of inseparable
regioisomers, respectively. To our surprise, 1-naphthyl and
thiophenyl derived triazoles gave the desired products 3ra
and 3sa with high regioselectivities. Similar lower
regioselectivities were also observed using 4-aryl-1,2,3-
triazoles*" as substrates. Notably, these tosylated triazoles
(3pa-sa) can be obtained by the debromination of 4-bromo
triazoles (3ia-na) with high regioselectivities.**

Table 2. I,-mediated sulfonylation of various NH-triazoles (1a-
s) with sodium p-toluenesulfinate (2a).2"

o)
H R
RN _N 4 \\//
’ \ \ - 15 (1.1 equiv.)
N NH +NaO 2 (1.1 equlv.
7 SV4 —_——
Ar N Ar N EtOAc,1t, 8240
1a-s (1NH) 1a-s (2NH) 2a (3a-s)a
o
NP S0
S s
=N\ \ N/ \\//
~. R SNd
N
RZ
R
3aa:R=H, 91% (16 h) 3ea: R' = OMe; R? = H, 90% (12 h)
‘R= o
3ba: R = Me, 89% (16 h) 3fa: R'=H; R? = OMe, 87% (12 h)

3ca:R=Cl, 74% (16 h) 3ha: 82% (16 h)

-
3da:R=Br, 86% (16 h) 3ga: R' = R? = OMe,

76% (16 h)

[e]
Br. N W\ //O

S,

X e
~. 7/
N

3ka: X = Cl, 58% (20 h)
3la: X =Br, 61% (20 h)

o
Br. \ /O
=N _s7
N

@Iw Q

3ia:R=H, 66% (20 h)
3ja: R = Pr, 68% (20 h)

R

ORTEP for 3ia

OH

\\/ o
s/ Br. \\//O N WP
=N, Ve BT =N S
</
O o Q " Q
3ma 51% (20 h) 3na: 65% (16 h) 30a: 52% (24 h)

\\//
H O \\//

/N\ s N ,s
N7
.y
\ s

3pa:R=H, 84%;9:1°(8h)
3ra 76%; 16:1° (8 h)

3qa: R =Me, 80%; 4:1° (8 h) 3sa: 62%; 24:1° (8 h)

® Reagents and conditions: la-s (0.4 mmol, 1 eq.), sodium p-
toluenesulfinate 2a (2.0 eq.), I, (1.1 eq.), EtOAc (2 mL), room
temperature. ° Isolated yield after column chromatography. °©
Regioselectivities based on 'H NMR spectroscopic analysis (see ESI).

To demonstrate the efficiency and practicality for
the sulfonylation of triazoles, the substrate scope was
extended to other sulfinate salts (Table 3). The reaction of 4-
methyl-NH-triazoles with 2b-d were investigated under the
standard reaction conditions to obtain sulfonyl triazoles 3(a-
c¢,h)b-d in high yields and with excellent regioselectivities.
Similarly, 4-bromo derived N-sulfonyl triazoles 3(i,m)b and
3l(c,d) were formed in good yields. As expected, the phenyl
(1p), 1l-naphthyl (1r) and thiophenyl (1s) derived triazoles
were also sulfonylated. The high regioselectivity may be due
to the methyl group and bromine atom blocking the N'
reaction sites. Therefore, the C4 and C5 substituents on the
triazole nucleus play an important role to provide
predominantly the N*-sulfonylated products (see ESI).

Table 3. Sulfonylation of NH-triazoles using various sulfinates
(2b-d).2°



(o]
o
_ /NH +Nao”~ I2 EtOAc
Ar N rt “rs20n \Q
1a,b,h: R = Me 2b: X=H 3a,b,h(b-d)
1i,l,m: R =Br 2c:X=Cl 3i,I,m(b-c)
1p,rs:R=H 2d: X =Br 3(p,r,s)b
0 o o
W o
o~ Y oy
O ey
R X \ lo]
3ab:R=H, 86% (16 ) 3bd: R = Me, X = Br, 72% (16 h) 3hb: R = H, 66%; 11:1° (16h

3ac: R = Cl, 80% (16 h)
3ad: R = Br, 82% (16 h)

: \\//

3ib: 52%; (20 h)

3cc:R=X=Cl, 77%; (16 h)

\\/
©:[ \ ,s/

3lc: X = Cl, 63% (20 h)
31d: X = Br, 57% (20 h)

3hc: R = Cl, 62%; (16 h)

ﬁ: \\//

3mb: 54% (20 h)

\\/
7 \\/ \\//

@I v/\, CS;\,

)
3pb: 87%; 18:1° (8 h) 3rb: 77%; 5.5:1° (8 h) 3sb: 69%; 25:1° (8 h)

# Reagents and conditions: triazole (0.4 mmol, 1 eq.), sodium sulfinate
2a (2.0 eq.), I, (1.1 eq.), EtOAc (2 mL), room temperature. ® Isolated
yield after column chromatography. © Regioselectivities based on 'H
NMR spectroscopic analysis (see ESI).

Recently, Jang and co-workers elegantly utilised
thiosulfonates as a sulfonylating agent.” With a view to
understand the generality of the presented methodology,
thiosulfonates 4a and 4b were also examined. The reaction
optimization was revisited using la and 4a as model
compounds; the best results were achieved using a
combination of I, (1.1 equiv.)/Cs,COj3 (1 equiv.) or NBS (2
equiv.)/Cs,CO; (1 equiv.) in acetonitrile at 60 °C (Table 4).
The sulfonylation of various triazoles with 4a provided the
desired N*-tosylated triazoles 3(a-c,e-g)a in high yields.
Additionally, using 4b, the corresponding N*sulfonylated
triazoles 3(a-c)b were obtained in good to high yields. The
bromo derived triazole (1i) afforded 3ib in only 25% yield,
while the 4-phenyl (1p) and 4-thiophenyl (1s) triazoles were
produced in trace amounts.

Table 4. Sulfonylation of NH-triazoles using thiosulfonates (4a
and 4b).2?

R V&
1, or NBS, C52003

N
= S
/\[ NH # Phs” ,
=~ /
Ar N CH3CN, 60 °C, 24 h
X

\\ //

el

1a-c, e-g: R = Me 4a: X = Me
1z R=Br 4b: X =H 3(a-c, e-g)a
1p,;s:R=H 3ib,3pb,3sb
\\/ 9 o
\\ 4 [\
=N , // @;[ /S /N\N,S/
= / ~. /
Q Q e
R 3aa:R=H, 72%° R

3ea: R' = OMe; R*=H, 79%
3ba: R =Me, 86% 3fa: R' = H; R2= OMe, 82%
3ca:R=Cl, 75% 3ga:R'=R?=0OMe, 68%

3ab: R=H, 74% (72%)°
3bb: R = Me, 86%
3cb: R=Cl, 62%

\\// Cy/\[

3sb: traces

\\//

o

3ib: 25% 3pb: 10%

\\/,

% Reagents and conditions: triazole (0.4 mmol, 1 eq.), thiosulfonate 4a/b
(2.0 eq.), 12 (1.1 eq.)/Cs,CO; (1 eq.) or NBS (2 eq.)/Cs,COs (1 eq.),
CH:CN (2 mL), 60 °C, 24 h. ° Isolated yield after column
chromatography. ¢ Reaction conducted with NBS (see ESI).

To understand the generality of sulfonylation, the
reaction scope was extended to nitrochromene derived
triazoles. Accordingly, the sulfonylation of 5a and 5b with
sodium p-toluenesulfinate 2a under the standard reaction
conditions gave N’-tosylated triazoles 6a and 6b with lower

3

yields in comparison with other triazoles (Scheme 2).
Disappointingly, these triazoles failed to react with S-phenyl
4-methylbenzene-sulfonothioate 4a under the standard
reaction conditions.

4a, 1,,Cs,CO;3
CH4CN, 60 °C, 24 h N

R ]

OMe
5a:R=H
5b: R = OMe

OMe

6a: R = H 42% (25:1)
6b: R = OMe 38%

Not formed

Scheme 2. Sulfonylation of nitrochromene derived triazoles.
Reagents and conditions: 5a,b (0.4 mmol; 1 eq.), 2a (2.0 eq.), I, (1.1
eq.), EtOAc (2 mL), room temperature, 24 h; 5a,b (0.4 mmol, 1 eq.),
4a (2.0 eq.), I, (1.1 eq.)/Cs,CO3 (1 eq.), CHsCN (2 mL), 60 °C, 24 h.
2 Isolated yield after column chromatography.

To gain insight to wunderstand the reaction
mechanism, control experiments were performed (Scheme
3). Using the radical scavenger TEMPO under the standard
conditions,. product 3aa was observed in trace amounts,
indicating that the reaction should proceed via a free-radical
pathway (Scheme 3a). The known relatively unstable
sulfonyl iodide, tosyl iodide (Tsl),*® was prepared by the
reaction of 4-methylbenzene sodium sulfinate 2a with
molecular iodine. Subsequent treatment with la provided
the desired product in 48% vyield (Scheme 3b). To further
understand the role of iodine, triazole 1la was treated with I,
to presumably form the corresponding N-iodotriazole,
followed by subsequent addition of sulfinate salt 2a to
afford 3aa in 75% yield (Scheme 3c). Overall, these results
suggest that the molecular iodine might be activating both
reactants to form the N*-sulfonylated products.

@]
I

N Q.0
=\ S " N\
(a) NH + NaO standard conditions = \N,S
N —_—
Ph N radical inhibitor <N
1a 2a TEMPO (1.0 eq.) Ph
3aa, trace

o
4 \\//

S<ona _ EOAC \l 1a N oS
(b) Twan
2a

3aa, 48%

Ph

assumed to form

N N \\//

="\ 1, EtOAc =

(c) I NH —2——"% I \N—I 2a = \ ¢

SV t,1h ~

ph” N N
1a 3aa, 75%

Scheme 3. Control experiments for mechanistic studies.

On the basis of experimental results and literature
precedence,”®® a plausible mechanism was proposed
(Scheme 4). In path A, the reaction of sodium sulfinate 2
with molecular iodine could lead to the corresponding
sulfonyl iodide intermediate.”> The homolytic cleavage of
sulfonyl iodide generates a sulfonyl radical which reacts
with the internal nitrogen (N®) of the triazole. Similarly, in
path B, iodine might activate the internal nitrogen (N?) of
triazole 1 to give the N*iodotriazole, which reacts with
sodium sulfinates 2 to give product 3. Although the
relatively low electron density at N in comparison with the
two terminal nitrogens (N and NY),"** the high N2
selectivity would be favoured due to the steric hindrance of
the C4 and C5 substituents.
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Scheme 4. Plausible mechanism for the Nsulfonylation of NH-
triazoles.

In conclusion, we have successfully developed a
highly regioselective, iodine-mediated sulfonylation reaction
of NH-1,2,3-triazoles using sodium sulfinates and
thiosulfonates to provide N-sulfonylated triazoles in
moderate to high yields. This protocol is operationally
simple and possesses a wide substrate scope, permitting the
synthesis of a range of N%sulfonyl triazoles which can be
difficult to prepare by other methods.
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Highlights:

A variety NH-triazoles have been
accessed for regioselective
sulfonylation.

The metal-, Iigand- and additive-free
synthesis of N“-sulfonyl triazoles.

A wide range of N*-sulfonyl triazoles
have been prepared readily.

This method is a simple,
straightforward and broad substrate
scope compatibility.



