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A TFA promoted multi-component reaction of aryldiazonium with sodium metabisulphite and thiols to
construct thiosulfonates under transition-metal free conditions is reported. The thiosulfonates were
isolated in good yields with broad tolerance of functional group. Readily available inorganic Na2S2O5 was
applied as the sulfur dioxide surrogate. This strategy features easily available substrates, mild reaction
conditions and free transition-metal catalyst.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Thiosulfonates have attracted widespread attention because of
their potent bactericidal, antimicrobcial and fungicidal activities,
together with their various applications in pharmaceuticals,
materials, and agriculture [1]. In addition, thiosulfonates have
been utilized in many organic transformations as significant
synthetic building blocks due to their superior reactivity and
stability [2]. In view of the important application value of
thiosulfonate, the research on synthesis method of thiosulfonate
has also been rapidly developed. In general, direct oxidation of
thiols or disulfides [3] and reduction of sulfonyl chlorides [4] afford
symmetrical thiosulfonates with the assistance of additional
oxidants or reductants. The traditional approaches for the
synthesis of unsymmetrical thiosulfonates including reaction of
potassium thiosulfonates with diaryliodonium salts [5] and the
coupling of sulfides/disulfides with sodium sulfinates [6]
(Scheme 1a). In addition, the radical cross-coupling reaction of
sulfonyl hydrazides with thiols/disulfides (Scheme 1b) has been
developed for the synthesis of unsymmetrical thiosulfonates [7].
However, these methods usually use toxic, unstable sulfenylating
agents, some special additives or transition metal catalysts.
Recently, Wang and co-workers developed an approach to prepare
thiosulfonates with the assistance of BF3 [39_TD$DIFF]�OEt2 (Scheme 1d) [8].
), shunjun@suda.edu.cn,
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Chen and Sun's groups also reported an efficient electrochemical
transformation of sulfonyl hydrazides or arylsulfinic acids and
thiols to afford thiosulfonates (Scheme 1c) [9]. Despite the great
achievements made in this field, the development of a more
convenient, sustainable and practical protocol for the generation of
unsymmetrical thiosulfonates is still an essential issue.

Sulfur dioxide (SO2) as a kind of harmful air pollutant is a major
cause of acid rain [10]. However, in laboratory organic synthesis
field, sulfur dioxide (SO2) is an important kind of intermediates,
showing several advantages including abundance, cheap, and easy
conversion to sulfonyl structural motifs viainsertion reactions.
Thus, the fixation of sulfur dioxide into organic molecules is
meaningful and attractive in synthetic community. In 2010, Willis
group developed an elegant aminosulfonylation reaction using
DABSO as sulfur dioxide precursor [11]. Subsequently, syntheses of
sulfonohydrazides, sulfones and sulfonamides [12] were reported
respectively, using similar strategy. In recent reports, Yang and
Volla's groups described the synthesis of thiosulfonates using
thiols, diazonium salts and DABSO [13]. Sodium metabisulfite is a
stable inorganic salt widely exist in nature. It is an ideal sulfur
dioxide (SO2) source for the formation of sulfonyl derivatives due
to its abundance, and environmentally friendly character. Recently,
Na2S2O5 has been developed as a sulfur dioxide surrogate and
emerged with significant advantages for assembling sulfonyl
derivatives [14]. Inspired by these results, we envisioned that
Na2S2O5 might be employed in the construction of unsymmetrical
thiosulfonates as well. Herein, we report a novel and efficient
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Aproposed route for unsymmetrical thiosulfonateswith the insertion of
sulfur dioxide.
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strategy for the preparation of unsymmetrical thiosulfonates using
sodium metabisulfite as a sulfur dioxide surrogate in the reaction
with aryldiazonium salts and thios under transition-metal free
conditions.

Initially, the multicomponent reaction of 4-methylphenyldia-
zonium tetrafluoroborate 1a, 4-methylbenzenethiol 2a, and
Na2S2O5 was performed in the presence of TFA (1 equiv.) in
CH3CN/DCM (1/1) at [40_TD$DIFF]60 �C under air (Table 1, entry 1). Pleasingly,
Table 1
Optimization of the reaction conditions.a

[TD$INLINE]

Entry Additive Solvent Yield (%)b

1 TFA MeCN/DCM (1:1) (78)c

2 HCl MeCN/DCM (1:1) 25
3 HOAC MeCN/DCM (1:1) 33
4 HCOOH- MeCN/DCM (1:1) 67
5 BF3OEt MeCN/DCM (1:1) 75
6 —— MeCN/DCM (1:1) 24
7 TFA DCM 55
8 TFA DMF 21
9 TFA H2O trace
10 TFA THF trace
11 TFA MeCN 56
12 TFA DCE 63
13 TFA MeCN/DCE: 1:1 82(80)c

14d TFA MeCN/DCE: 1:1 52
15e TFA MeCN/DCE: 1:1 60
16f TFA MeCN/DCE: 1:1 68
17g TFA MeCN/DCE: 1:1 45
18h TFA MeCN/DCE: 1:1 62
19i TFA MeCN/DCE: 1:1 83

a Reaction conditions: 1a (0.40mmol), 2a (0.20mmol), Na2S2O5 (0.5mmol),
solvent (2mL).

b GC-MS yield using naphthalene as an internal standard.
c Isolated yields.
d TFA (0.02mmol).
e TFA (0.04mmol).
f TFA (0.10mmol).
g 1a (1 equiv.).
h 1a (1.5 equiv.).
i 1a (2.5 equiv.).
the desired product 3awas isolated in [41_TD$DIFF]78% yield after 2.5 h (Table 1,
entry 1). Furthermore, a series of additive HCl, HOAC, HCOOH,
BF3OEt2 were explored (Table 1, entries [42_TD$DIFF]1–5). Among the above
additives examined, TFAwas found to be the most powerful one to
give the desired product 3a in [41_TD$DIFF]78% yield (Table 1, entry 1). The
desired product 3awas only obtained in [43_TD$DIFF]24% yield in the absence of
the additive (Table 1, entry 6). Next, a range of solvent and mixed
solvents were screened (Table 1, entries [44_TD$DIFF]7–13), with CH3CN/DCE
(1:1) being superior for the synthesis of desired product 3a in [45_TD$DIFF]80%
yield (Table 1, entry 13). We reduce the amount of TFA, which lead
to a decrease in the yields of 3a (Table 1, entry [46_TD$DIFF]14–16). We have
used 1 equiv., 1.5 equiv. and 2.5 equiv. of aryldiazonium salt 1a,
leading to the corresponding products in [47_TD$DIFF]45%, 62%, and 83% yields,
respectively (Table 1, entry [48_TD$DIFF]17–19).

With the optimal conditions in hand, we explore the substrate
scope of thiols and the results are summarized in Scheme 2. To our
delight, electron-sufficient thiophenols led to good efficiency in
the transform action, including methyl (3a) and methoxy (3d)
groups. Moreover, the halogen group (F, Br, Cl) substituted
thiophenols proceeded smoothly to afford the desired products
(3b, 3c, 3e) in good yields. The thiophenols with ortho-, meta-
methyl groups on the aromatic rings proceeded well (3f, 3h, 3i),
affording the desired products in excellent yields. It was
noteworthy that thiophenols bearing an electron withdrawing
group (CF3) led to the corresponding product (3[49_TD$DIFF]j) in 41% yield.
Heterocycle thiol such as pyridine-2-thiol afforded the corre-
sponding product (3[50_TD$DIFF]g) in 33% yield. Next, we transfer our attention
to aliphatic thiols. Pleasingly, the more challenging aliphatic thiols
were found to be effective and gave the corresponding thiosul-
fonates in good yields (3k, 3l, 3n, 3o, 3p).

The bulky tert-butyl thiol could also give the desired product
3m in [51_TD$DIFF]25% yield. It is worth mentioning that this method has been
successfully applied to the synthesis of cysteine derivatives, and
the desired product 3q is obtained in [52_TD$DIFF]64% yield.

Furthermore, the scope of the various diazonium salts 1 was
explored (Scheme 3). Similarly, 2a was successfully reacted with
fluoro/chloro/bromo functionalized aryldiazonium tetrafluorobo-
rates and Na2S2O5 to furnish the corresponding products
(4e, 4f, 4[53_TD$DIFF]g, 4l, 4n) with 40%–58% yield. Also, diazonium salts
bearing electron-rich group underwent smooth reaction to give
desired product (4a, 4c, 4h, 4k, 4m) withmoderate yields. 4-Nitro-
aryldiazonium, 4-trifluoromethyl- and 4-ester-aryldiazonium tet-
rafluoroborates were compatible with the optimized reaction
conditions as well, leading to the corresponding products in [54_TD$DIFF]57%
(4d), 51% (4i) and 30% yields (4j), respectively. Diazonium salts
with ortho substituents groups can also give great products in good
yields (4o, 4p, 4q).

To show the scalability of this protocol, diazonium salts 1a
reacted with thiols 2a at a 3.0mmol scale, and the desired
thiosulfonate 3a was obtained in [55_TD$DIFF]70% yield (0.59 g) (Scheme 4).

To investigate the possible reaction mechanism, several
control experiments were performed (Scheme 5). The reaction
of 4-methylbenzenethiol 2a under the standard conditions,
disulfide 5a was not observed (Scheme 5a). Disulfide 5a did not
react with 4-methylphenyldiazonium tetrafluoroborate 1a and
Na2S2O5 under the standard condition (Scheme 5b). This result
indicated that the disulfide is not the reaction intermediate for this
reaction. When TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl, 2.0
equiv.) was added to the reaction system, the reaction was
completely suppressed (Scheme 5c). This result meant that a
radical pathway might be involved. Furthermore, we tried to add
ethene-1,1-diyldibenzene to the reaction, and a [56_TD$DIFF]12% yield of the
compound 6 was obtained under the optimal conditions
(Scheme 5d).

On the basis of the previous reports and above experimental
results [15], we have proposed a possible mechanism for this
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Scheme 2. Substrate scope of the thiols with 2a. Reaction conditions: 1a (0.40mmol), 2a (0.20mmol), Na2S2O5 (0.5mmol), solvent (2mL). Yields mean isolated yields.
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Scheme 3. Substrate scope of the diazonium salts with 1a. Reaction conditions: 1 (0.40mmol), 2a (0.20mmol), Na2S2O5 (0.5mmol), solvent (2mL). Isolated yields.
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Scheme 4. Scale-up reaction.
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Scheme 5. Control experiment.
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reaction as shown in Scheme 6. First, TFA most likely reacts with
diazonium salt to form diazoacetate, and then decomposes to
generate the corresponding aryl radical A along, aryl radical A
reacts with Na2S2O5 to give the arylsulfonyl radical intermediate B
with releasing Na2SO3. Then, the sulfur anion is combined with the
arylsulfonyl radical intermediate C to generate the radical anion C.
C through a single electron transfer (SET) pathway to afford the
desired product thiosulfonates 3 or 4.

In summary, we have developed a convenient and efficient
method to construct thiosulfonates under transition-metal free
condition through multi-component reaction of aryldiazonium
with sodium metabisulphite and thiols. The reaction is easy to
handle and tolerates a variety of functional substrates, affording
the desired products.
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Scheme 6. Plausible mechanism.
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