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Electron donor-acceptor complex enabled arylation of dithiocarbamate  m

Check for

anions with thianthrenium salts under aqueous micellar conditions

Considering the widespread presence of the dithiocarbamate
skeleton in pharmaceuticals and bioactive molecules, the devel-
opment of novel and convenient methods for the synthesis of
these useful sulfur-containing compounds is of significant inter-
est. Traditionally, S-aryl dithiocarbamates are constructed through
the reaction of amines with thiophenols and thiophosgene [1]. Re-
cently, transition-metal-catalyzed Ullmann-type coupling between
aryl boronic acids or iodoarenes with tetraalkylthiuram disulfides
or sodium dialkyldithiocarbamates has been reported [2]. The mul-
ticomponent reactions (MCRs) can minimize the pollution and
reduce the cost, and can effectively improve the atomic econ-
omy and step economy of the reaction process, which has at-
tracted extensive attention [3-5]. In recent years, the synthesis of
S-aryl dithiocarbamates based on MCRs tandem reaction has been
greatly developed (Scheme 1) [2]. Although many methods have
been reported, the development of an alternative approach to S-
aryl dithiocarbamates with high efficiency and generality is still of
great research significance.

In 2019, Ritter et al. developed an efficient method for the syn-
thesis of aryl thianthrenium salts through a site-selective C-H thi-
anthrenation process [6]. After that, various chemical transforma-
tions using thianthrenium salts as aryl sources have been greatly
developed. Because thianthrenium salts can be directly converted
from arenes by C-H thianthrenation, thus these methods also indi-
rectly realizes the aryl C-H bond functionalization.

In 2023, Yang from College of Chemistry and Molecular Engi-
neering, at Qingdao University of Science and Technology reported
a simple and sustainable strategy for the synthesis of aryl phos-
phonates via visible-light-induced single electron transfer process
of an EDA complex between thianthrenium salts and phosphites
(Scheme 2) [7]. The aryl phosphonates were obtained in good to
excellent yields. This developed method indirectly realizes the con-
struction of aryl phosphonates through site-selective C-H function-
alization of arenes, which has potential application value in drug
development and discovery.

Very recently, Yang and co-workers demonstrated an eco-
friendly and efficient method for the synthesis of S-aryl dithiocar-
bamates via visible-light-induced SET process of an EDA complex
between thianthrenium salt functionalized arenes and dithiocarba-
mate anions under mild aqueous micellar conditions (Scheme 3)
[8]. Various aryl thianthrenium salts which were directly syn-
thesized from diverse arenes reacted efficiently with carbon
disulfide and secondary amines, affording the target products in
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moderate to excellent yields. In addition, the present photochem-
ical reaction tolerated an array of structurally and electronically
diverse aryl thianthrenium salts. The method was also applied
to the late-stage functionalization of pharmaceuticals or their
derivatives.

In order to better understand the mechanism of this reac-
tion, some preliminary experiments including radical trapping
experiment, EDA complex determination, and 'H NMR titration
experiments by Yang and co-workers. As shown in Scheme 4,
dithiocarbamate anion A is obtained through nucleophilic addition
reaction between carbon disulfide 4 and amines 5 in the presence
of K,CO3. Then, the electron-poor aryl thianthrenium salt 1 and
the electron-rich dithiocarbamate anion A associates to generate
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Scheme 1. Classical methods toward S-aryl dithiocarbamates.
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Scheme 2. Thianthrenium-enabled phosphorylation of aryl C-H bonds.
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Scheme 3. An electron donor-acceptor photoactivation strategy for the synthesis of S-aryl dithiocarbamates using thianthrenium salts.
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Scheme 4. Possible reaction pathway.

an EDA complex B. Upon irradiation with visible-light, a SET
(single electron transfer) transformation from A to 1delivers a
thiyl radical E and an aryl radical D. Finally, the thiyl radical E
couples with aryl radical D, affording the desired product 6.

In conclusion, Yang and co-workers have developed an efficient
visible-light-induced EDA complex process for the synthesis of S-
aryl dithiocarbamates under mild aqueous micellar conditions. The
corresponding products were obtained in moderate to good yields
with excellent functional group tolerance. This protocol affords a
promising synthesis candidate for the synthesis of S-aryl dithiocar-
bamates.
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