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An efficient method for preparing aryl thiosulfonates through aryne
intermediates is disclosed. Following aryne halothiolation with
potassium xanthate, the resulting aryl xanthates were transformed
into thiosulfonates using iodine and sodium sulfinates. The
versatility of thiosulfonates together with divergent aryne
precursors enabled the access to a wide range of highly
functionalized organosulfur compounds.

Thiosulfonates are promising bench-stable sulfur surrogates
owing to their good electrophilicity, which enables the synthesis
of a wide range of sulfides in an odorless manner (Figure 1A).!-2
For example, carbanions readily react with thiosulfonates to
afford various sulfides with liberation of water-soluble sulfinate
anions.2»2b21 ' We have developed efficient methods for the
preparation of sulfides from thiosulfonates and aryl- and
alkenylborons catalyzed by copper2d-2e2k or rhodium.2¢ In
addition, alkynyl sulfides were also synthesized from
thiosulfonates and terminal alkynes with copper catalysis.2

In view of the versatility of thiosulfonates, their limited
availability should be addressed to improve access to diverse
organosulfur compounds.? In particular, conventional thiol-
based syntheses are limited in the scope of accessible
thiosulfonates owing to the instability of thiols under air, their
incompatibility with electrophilic functionalities, and their
unpleasant odor (Figure 1B). We herein disclose an efficient
method for the synthesis of a wide variety of aromatic
thiosulfonates from o-silylaryl triflates via halothiolation of
aryne intermediates followed by oxidative S-sulfonylation.

Our recent studies on organosulfur chemistry involving
transformations of aryne intermediates have enabled the efficient
synthesis of aryl xanthates bearing a masked thiol functionality
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Fig. 1 (A) Transformations of thiosulfonates. (B) Synthesis of thiosulfonates from thiols.
(C) Our previous study. (D) This work. (E) Working hypothesis.

from o-silylaryl triflates, potassium xanthates, and electrophiles
such as pentafluorophenyl bromide (Figure 1C).*> Building on
this novel transformation, we envisioned a stepwise
thiosulfonate synthesis from o-silylaryl triflates involving aryne
halothiolation followed by oxidative S-sulfonylation of the
resulting aryl xanthates, thereby enabling umpolung of the
masked thiol functionality to an electrophilic sulfur surrogate
(Figure 1D). In light of our previous study on the direct oxidative
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transformation of thioesters into sulfinate esters, we
hypothesized that oxidation of aryl xanthates followed by
addition of metal sulfinates would promote thiosulfonate
formation owing to the electron-rich nature of the xanthate
moiety (Figure 1E). Compared with the previous hydrolysis—
oxidation approach,* the present strategy offers a significant
advantage by avoiding thiols, which often exhibit poor
functional-group compatibility due to their high nucleophilicity.
We first examined the oxidation of dimethyl-substituted aryl
xanthate 2a with an equimolar amount of iodine in
dichloromethane at room temperature, followed by the addition
of sodium sulfinate (Table 1, entry 1). Under these conditions,
3a was obtained in moderate yield leaving the methyl groups
untouched. Subsequent optimization of the reaction conditions
enabled more efficient thiosulfonate formation. Increasing the
amount of iodine slightly improved the yield of 3a (entry 2). The
use of other oxidants including N-iodo-, N-bromo-, and N-
chlorosuccinimide decreased the yields of 3a (entries 3-5).
While thiosulfonate synthesis in ethanol or THF resulted in lower
efficiencies (entries 6 and 7), we succeeded in the preparation of
3a in good yield when using acetonitrile (entry 8). Finally,
treatment of 2a with iodine in acetonitrile at 80 °C followed by
the addition of sodium p-toluenethiosulfinate at room
temperature provided thiosulfonate 3a in high yield (entry 9).

Table 1 Optimization of the reaction conditions

1. oxidant .
Mem s (S%I(\)/.??eurag., 24h Mejg\ 00
Me S)J\OEt 2. p-TolSO,Na Me S’\s,\p-Tol
2a ff‘gfﬂ”'v) 3a
entry oxidant solv. temp yield (%)®

16 l2 CHCl rt 57
2 I2 CHCl> rt 63
3 NIS CHCl» rt 30
4 NBS CHCl» rt 54
5 NCS CHCl rt 25
6 I2 EtOH rt 50
7 I2 THF rt 18
8 I2 MeCN rt 72
9 I2 MeCN 80 °C 87¢

a1H NMR yields. 212 (1.0 equiv) was employed. cIsolated yield.

With the optimized conditions in hand, we synthesized a
wide variety of thiosulfonates 3 from aryl xanthates 2 prepared
by our previously reported aryne chemistry (Figure 2). For
example, 3b was obtained from O-ethyl S-phenyl xanthate (2b)
in good yield. In the case of electron-deficient 3,4-
difluorophenyl-substituted xanthate 2¢, we achieved the
synthesis of 3¢ in moderate yield. Also, oxidation—S-
sulfonylation of electron-rich aromatic xanthates also proceeded
smoothly, affording 3d-3f in high yields. Notably, we
accomplished the synthesis of 3g in good yield without oxidation
of the 4-methoxyphenylthio group. This result demonstrates that
hydrothiolation of 3-sulfanylbenzyne followed by oxidative
conversion enabled the selective synthesis of 3-sulfanylphenyl-
substituted thiosulfonates.” Unfortunately, attempts to synthesize
3h from O-ethyl S-(3-morpholinophenyl) xanthate, prepared
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from 3-morpholinobenzyne precursor,® were unsugggssful.oand
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that the oxidation—S-sulfonylation took place efficiently with o-
bromo-substituted aryl xanthates without affecting the ortho
substituents, to afford thiosulfonates 5b, 5S¢, and 5f.

(3.4 equiv)

1. 1 (2.0 equiv)
s MeCN, 80 °C, 24 h
SJ\OEt
1,24 h 3ors
: 5~ ~pTol F::\'\pTol Meo:i\'\Tolo : 55 p Tol

3b 80% 3c51% 3d 80% 3e 79%

e QL () ()
QE, @
8

\\ //

2. p-ToISOZNa p-ToI

OMe

Br
.S N
Sp-Tol 5b 98% p-ToI 5¢ 57% S” p-Tol

Fig. 2 Synthesis of various thiosulfonates from aryl xanthates 2. “, (4.0 equiv) was
employed and 2nd step was conducted at 80 °C. See the ESI for details.
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Fig. 3 Synthesis of various thiosulfonates from o-silylaryl triflates 1. DME = 1,2-
dimethoxyethane. See the ESI for details. “ IH NMR yield. tStep B was performed at 80 °C.

Then, efficient preparation of S-aryl thiosulfonates 3, 5, 9,
and 10 was achieved from o-silylaryl triflates 1 as aryne
precursors (Figure 3). For instance, a mixture of thiosulfonates
3i and 3i’ (= 3f) was synthesized by hydrothiolation of 4-
methoxybenzyne (step A) followed by oxidation—S-
sulfonylation (step B).? Of note, the synthesis of thiosulfonate 3j
bearing an ester moiety was realized by hydrothiolation of the
corresponding aryne intermediate followed by oxidative S-
sulfonylation. Because ester functionalities are often susceptible

This journal is © The Royal Society of Chemistry 20xx


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6cc01087c

Page 3 of 6

Open Access Article. Published on 20 April 2026. Downloaded on 4/20/2026 11:30:26 PM.

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

to hydrolysis under basic conditions, this result supports the
advantage of the present thiol-free protocol for the preparation of
thiosulfonates bearing electrophilic functional groups such as
esters. We accomplished the synthesis of Sa through
bromothiolation of 3,4-dimethylbenzyne followed by oxidation—
S-sulfonylation developed in this study. Furthermore,
chlorothiolation of aryne intermediates was achieved using
tetrachloromethane as an electrophilic chlorine source.
Subsequent conversion of the resulting xanthates afforded 9a and
9b in good yields. Preparation of 10a, 10b, and 10d—-10g was
accomplished by iodothiolation of arynes using 1-iodo-2-
phenylacetylene, followed by oxidation with iodine and
subsequent addition of sodium sulfinate. These results clearly
demonstrate that a wide range of o-halogen-substituted aryl
thiosulfonates can be synthesized through aryne intermediates,
benefiting from the recent great achievements in readily
accessible aryne precursors.!0:11

To clarify the reaction mechanism of thiosulfonate formation,
we conducted a series of control experiments (Figures 4A—4D).
Treatment of aryl xanthate 2a with iodine in acetonitrile-ds at
80 °C furnished disulfide 11a and iodoethane, as identified by 'H
and 13C NMR analysis of the crude reaction mixture (Figure 4A).
The formation of iodoethane was further supported by an
experiment in which 2-naphthalenethiol (12) was added,
affording sulfide 13 (Figure 4B). While 11a was not observed
when sodium p-toluenesulfinate was added to disulfide 11a in
acetonitrile (Figure 4C, upper), treatment of 11a with sodium
sulfinate in the presence of iodine afforded 3a in high yield
(Figure 4C, lower), consistent with the report by Fujiki and
coworkers.?» These control experiments indicate that residual
iodine plays a crucial role in the S-sulfonylation.

Control experiments shown in Figures 4A—4C support the
following plausible reaction mechanism for thiosulfonate
formation from 2a using iodine and sodium sulfinate (Figure 4D).
First, oxidation of 2a with iodine generates disulfide 11a,
presumably via Ia, which undergoes deethylation promoted by
iodide. This novel oxidation of xanthates realized an umpolung
transformation of masked thiols into electrophilic sulfur
surrogates. In the synthesis of 3h, which bears a strong electron-
donating morpholino group, competing intramolecular
electrophilic aromatic substitution of Ia may have resulted in the
formation of side-product 4. Second, thiosulfonate formation
proceeded from 1la with sodium p-toluenesulfinate and an
additional equivalent of iodine, according to the previous report
by Fujiki.?® Thus, we have established not only a practical and
efficient method for the synthesis of thiosulfonates from aryne
precursors, but also a novel iodine-mediated oxidative
transformation of aryl xanthates 2. In contrast to previous
oxidative transformations of xanthates leading to S-oxidation or
thiocarbonate formation,'> the present finding enables
thiosulfonate synthesis by S-sulfonylation of disulfides.

The good versatility of thiosulfonates was demonstrated by
odorless sulfide synthesis (Figure 5A). Treatment of 3a with 4-
methoxyphenylmagnesium bromide in THF provided 15a in
high yield (Figure 5A, upper).?® Preparation of 15b bearing an
ester moiety was achieved by copper-catalyzed S-arylation with
arylboronic acid 16a under mild conditions (Figure 5A, middle),

This journal is © The Royal Society of Chemistry 20xx
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following our recently developed protocol.?d In addjtion,alkymnyl
sulfide 15¢ was efficiently synthesized Fr3m0 38> %hd tephviial
alkyne 17 in the presence of a catalytic amount of copper iodide
and Xantphos (Figure 5A, lower).2i These results clearly
demonstrate that a broad range of sulfides can be accessed from
o-silylaryl triflates via thiolation of aryne intermediates,
oxidative conversion to thiosulfonates, and subsequent S-
with  diverse reaction partners, including
organomagnesium reagents, organoborons, and terminal alkynes.
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Fig. 4 (A) NMR analysis of crude products from 2a. (B) Trap of iodoethane generated in
situ. (C) Reaction of disulfide 11a with sodium p-toluenesulfinate in the absence and
presence of iodine. (D) Plausible reaction mechanism. See the ESI for details.

Thiosulfonate synthesis via aryne halothiolation followed by
oxidation—S-sulfonylation ~ enabled access to  highly
functionalized o-arylamino-substituted diaryl sulfides 20 in
combination with our aryne-based organosulfur chemistry
(Figures 5B—5E). Specifically, we accomplished the preparation
of 18 through copper-catalyzed S-arylation of 5 followed by S-
imidation and subsequent hydrolysis. Sulfilimines then served as
aminothiolation reagents for aryne intermediates generated from
19 under carbanion-free conditions using triethylsilane and
cesium fluoride, affording a wide variety of sulfides 20a—20d
while retaining fluoro, bromo, methyl, benzyloxy, methoxy, and
dibenzofuran moieties (Figures 5B and 5D).13.!* For example,
following the  synthesis of  S-(2-bromophenyl)-S-(4-
tolyl)sulfilimine (18a) from 5b and arylboronic acid 16b, we
succeeded in preparing 21a—21c¢ by migrative aminothiolation of
arynes generated from 19a—19c¢ in moderate to good yields. It is
worth noting that sulfide 20d possessing fluoro, bromo, and
methoxy substituents was synthesized via bromothiolation of
4,5-difluorobenzyne from 4,5-difluoro-2-silylphenyl triflate,
where methoxy group was selectively introduced during the
hydrolysis in sulfilimine synthesis under basic conditions.!’
Moreover, we achieved the synthesis of 21a—21¢ by #-BuOK-
facilitated migrative N-arylation from arylthio group followed by
ring-closing S-arylation through C-Br cleavage (Figures 5B and
5E).!¢ Notably, a pentacyclic scaffold was constructed in 21c

Chem. Commun., 20XX, 00, 1-4 | 3
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from 19¢ through aryne aminothiolation, ~BuOK-promoted
migrative N-arylation, and subsequent ring closure.

4-MeOCgH,MgBr 14 Me:©\ Q/
THF, 0°Cto rt Me s

15a 94%

Me S

15b 93%

OMe
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Fig. 5 (A) Synthesis of 15. (B) Transformations of 5. [step A: 16, cat. CuSO,4, NaHCO;,
MeOH, rt; step B: CF3C(O)NH,, cat. Rhy(OAc)s, Phl(OAc),, MgO, CH,Cl,, rt; step C: K,COs,
MeOH, rt] (C) Substrates. (D) Sulfides 20. (E) Phenothiazines 21. See the ESI for details.

In conclusion, we have established an efficient method for
synthesizing aryl thiosulfonates from o-silylaryl triflates. A key
finding is an umpolung transformation in which aryl xanthates
are readily oxidized with iodine to afford the corresponding
thiosulfonates via disulfide intermediates. The versatility of
thiosulfonates, together with our divergent aryne-based toolbox,
enables access to highly functionalized sulfides involving
phenothiazine derivatives. Further studies in our group are
underway, including detailed mechanistic investigations
supported by theoretical calculations and applications to the
synthesis of bioactive organosulfur compounds.
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