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Abstract An efficient and practical transition-metal-free radical
coupling reaction of sulfonyl hydrazides mediated by NIS/K2S2O8 has
been developed to afford a variety of biological activity thiosulfonates
in moderate to excellent yields. Compared to a known approach for the
synthesis of thiosulfonates from sulfonyl hydrazides, this strategy fea-
tures high yields, mild reaction conditions, and broad substrate scope.
The mechanistic studies revealed that the procedure undergoes via a
radical cross-coupling process for the construction of S–S bonds.

Keywords transition-metal-free, radical coupling reaction, S–S bonds,
thiosulfonates

Thiosulfonates constitute the pivotal core of a wide
variety of pharmaceutical molecules that exhibit anti-
microbial and antiviral activities.1 On the other hand, they
are also important synthetic building blocks in organic syn-
thesis.2 The most common methods for building the thio-
sulfonates framework generally rely on the direct oxidation
of disulfides3 or mercaptans4 and the sulfuration of sulfinic
acid salts.5 In 2017, Guo and co-workers used sulfonyl
hydrazides as reagent for the preparation of thiosulfonates
under Pd/ZrO2/O2/visible light conditions (Scheme 1, a).6 In
the same year, the Zou group described a copper-catalyzed
tert-butyl hydroperoxide (TBHP) mediated cross-coupling
of sulfonyl hydrazides with thiols for the synthesis of thio-
sulfonates (Scheme 1, b).7 In spite of these advances, further
exploration of more efficient and greener approach to en-
rich the synthesis of thiosulfonates is still highly desirable.

As an ideal alternative to transition-metal-catalytic oxi-
dation system, the [I]/K2S2O8 system has been increasingly
explored.8 Iodine sources (e.g., iodine, N-iodosuccinimide,
tetrabutylammonium iodide, and potassium iodide) are
low cost, nontoxic, and they can apply to a wide variety of

transformations.9 Recently, we have reported the C–hetero
bonds formation under transition-metal-free conditions via
radical coupling reaction.10 As part of our continuous efforts
in this strategy, we report a radical coupling reaction of sul-
fonyl hydrazides mediated by N-iodosuccinimide (NIS) with
K2S2O8 as the oxidant for the synthesis of thiosulfonates
(Scheme 1, c). The most important features of the present
method are the mild reaction conditions, high efficiency,
and broad substrate scope.

We commenced our studies with the reaction of 4-
methylbenzenesulfonohydrazide (1a) in the presence of
tetrabutylammonium iodide (TBAI, 20 mol%), and TBHP
(1.2 equiv) in tetrahydrofuran (THF) under air at 70 °C for
8 h. Gratifyingly, the desired radical coupling product S-(p-
tolyl) 4-methylbenzenesulfonothioate (2a) was obtained in
53% yield (Table 1, entry 1).

When the reaction was performed at 60 °C, only 36%
yield of 2a was generated from the reaction, and a homo-
coupling product 1,2-di-p-tolyldisulfane (3a) was obtained
in 15% yield (Table 1, entry 2). Further increasing the tem-
perature to 80 °C gave an identical yield to that of 70 °C
(Table 1, entry 3). The controlled experiments showed that

Scheme 1  Synthesis of thiosulfonates using sulfonyl hydrazides
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the reaction did not take place in the absence of either an
oxidant or an additive (Table 1, entries 4 and 5). Different
additives, such as I2, KI, and NIS, were further tested for the
reaction (Table 1, entries 6–8), and the best yield was
obtained with NIS (81%, Table 1, entry 8). Subsequently, fur-
ther optimization was done with the oxidants di-tert-butyl
peroxide (DTBP), K2S2O8, PhI(OAc)2 or H2O2, and K2S2O8 was
proved to be most effective for this transformation (Table 1,

entries 8–12). It is worth noting that the PhI(OAc)2 and
H2O2nearly have no reactivity for this radical coupling.
Several solvents including 1,4-dioxane, toluene, and N,N-di-
methylformamide (DMF) were then examined but were in-
ferior to THF (Table 1, entry 10 vs entries 13–15). Therefore,
the optimal reaction conditions are as follows: 4-methyl-
benzenesulfonohydrazide (0.3 mmol), NIS (20 mol%),
K2S2O8 (1.2 equiv), and THF (2 mL) under air at 70 °C for 8 h.

Using the optimal conditions described in Table 1, we
next explored the scope of this transformation.11 This reac-
tion displayed high functional group tolerance and proved
to be an efficient methodology for the preparation of thio-
sulfonates. Sulfonyl hydrazides with para-substituted elec-
tron-donating groups on aryl rings, such as methyl, tert-
butyl, and methoxy, all gave the corresponding radical cou-
pling product in 84–88% yields (Table 2, 2a–c). Benzenesul-
fonohydrazide (1d) was also applied to this reaction and
furnished the desired product in 80% yield (2d). In compari-
son, slightly lower yields (70–76%) were observed having
sulfonyl hydrazides with para-substituted electron-with-
drawing groups (fluoro, chloro, bromo, and nitro) on aryl
rings (2e–h). It was worth mentioning that the ortho- or
meta-chloro-substituted sulfonyl hydrazides still exhibited
high reactivity, affording the corresponding products in 72%
and 73% yields, respectively (2i,j). In addition, polysubsti-
tuted sulfonyl hydrazide 2,4,6-trimethylbenzenesulfonohy-
drazide (1k) also proceeded smoothly to give the desired
product in 88% yield (2k).

Polycyclic aromatic sulfonyl hydrazide (1l) also reacted
efficiently and produced the corresponding thiosulfonate in
good yield (2l). However, no reaction occurred when
heteroaromatic sulfonyl hydrazide that contain pyridine
(1m) was used as the substrate (2m). To our satisfaction,
alkyl-substituted sulfonyl hydrazide methanesulfonohydra-
zide (1n), successfully went through this protocol, giving
the corresponding product in 61% yield (2n). The known
methodology that require Pd/ZrO2 nanocomposite catalyst
is not compatible with such type of substrate.6

Table 1  Optimization of Reaction Conditionsa

Entry Additive (mol%) Oxidant (equiv) Solvent Yield (%)

 1 TBAI (20) TBHP (1.2) THF 53

 2b TBAI (20) TBHP (1.2) THF 36

 3c TBAI (20) TBHP (1.2) THF 55

 4 TBAI (20) – THF  0

 5 – TBHP (1.2) THF  0

 6 I2 (20) TBHP (1.2) THF 50

 7 KI (20) TBHP (1.2) THF 10

 8 NIS (20) TBHP (1.2) THF 81

 9 NIS (20) DTBP (1.2) THF 82

10d NIS (20) K2S2O8 (1.2) THF 87

11 NIS (20) PhI(OAc)2 (1.2) THF trace

12 NIS (20) H2O2 THF  0

13 NIS (20) K2S2O8 (1.2) 1,4-dioxane 43

14 NIS (20) K2S2O8 (1.2) toluene 12

15 NIS (20) K2S2O8 (1.2) DMF  7
a Reaction conditions: 1a (0.3 mmol), additive (0.06 mmol, 20 mol%), oxi-
dant (0.36 mmol, 1.2 equiv), and solvent (2 mL) open in air at 70 °C for 8 h.
b At 60 °C, and 1,2-di-p-tolyldisulfane (3a) was obtained in 15% yield.
c At 80 °C.
d 1,2-Di-p-tolyldisulfane (3a) was obtained in 5% yield.
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Table 2  Scope of Sulfonyl Hydrazidesa

Entry Substrate 1 Product 2 Yield (%)

1

1a 2a

87

2

1b
2b

84

3

1c 2c

88

4

1d 2d

80

5

1e 2e

76

6

1f
2f

71

7

1g 2g

73

8

1h 2h

70

9

1i
2i

72
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Table 2 (continued)

To gain insight into the reaction mechanism, two con-
trol experiments were performed under the standard con-
ditions (Scheme 2). We found that radical scavengers, such
as 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) and 2,6-
di-tert-butyl-4-methylphenol (BHT), significantly sup-
pressed the reaction progress, indicating that the transfor-
mation occurred via a radical process (Scheme 2, a). Moti-
vated by the result in Table 1, entry 2 and the literature
precedents,12 we speculated that the 1,2-di-p-tolyldisulfane
(3a) might be an intermediate for this reaction. However,
the designed reaction was inert under the standard condi-
tions (Scheme 2, b).

Lastly, a hypothetical mechanism for the radical cou-
pling reaction is outlined in Scheme 3 on the basis of the
above results and previously reports.6,13,14 At first, the
iodine radical was generated from NIS.13 Subsequently, sul-
fonyl hydrazide 1a can transfer to sulfonyl radical I and II
with the aid of iodine radical under the oxidative condi-
tions.13,14 The generation of sulfonyl radical II is supported
by the isolation of 3a. Finally, the cross-coupling reaction
between radical I and II forms the desired thiosulfonate 2a.6

In conclusion, we have demonstrated a novel and envi-
ronmentally benign method for the efficient synthesis of
thiosulfonates via NIS/K2S2O8-promoted radical coupling
reaction of sulfonyl hydrazides. The reaction proceeds
through a radical cross-coupling process, in which one new
S–S bond was formed. A possible reaction mechanism was

10

1j 2j

73

11

1k 2k

88

12

1l
2l

84

13

1m 2m

trace

14 MeSO2NHNH2
1n

2n

61

a Reaction conditions: 1 (0.3 mmol), NIS (0.06 mmol, 20 mol%), K2S2O8 (0.36 mmol, 1.2 equiv), and THF (2 mL) open in air at 70 °C for 8 h.
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proposed to explain the product formation. Further studies
of this strategy, focusing on the synthesis of other S-hetero-
cyclic compounds via a radical coupling process, is under-
way in our laboratory.
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