
Chemical
Science

EDGE ARTICLE

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

1 
A

ug
us

t 2
02

3.
 D

ow
nl

oa
de

d 
on

 5
/4

/2
02

6 
6:

28
:1

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Synthetic explora
aKey Laboratory of Synthetic and Natural

Education, College of Chemistry & Materia

710127, China. E-mail: zhudianhu@nwu.ed
bShaanxi Natural Carbohydrate Resource

Food Science and Technology, Northwest U

wql0143@nwu.edu.cn

† Electronic supplementary information (
and crystallographic data in CIF or
https://doi.org/10.1039/d3sc03194b

‡ These authors contributed equally to th

Cite this: Chem. Sci., 2023, 14, 9197

All publication charges for this article
have been paid for by the Royal Society
of Chemistry

Received 23rd June 2023
Accepted 30th July 2023

DOI: 10.1039/d3sc03194b

rsc.li/chemical-science

© 2023 The Author(s). Published by
tion of electrophilic xanthylation
via powerful N-xanthylphthalimides†

Shuo Wang,‡a Liuqing Yang,‡a Fangcan Liang,a Yu Zhong,a Xueru Liu,a

Qingling Wang*b and Dianhu Zhu *a

Organic xanthates are broadly applied as synthetic intermediates and bioactive molecules in synthetic

chemistry. Electrophilic xanthylation represents a promising approach but has rarely been explored

mainly due to the lack of powerful electrophilic reagents. Herein, synthetic exploration of electrophilic

xanthylation via powerful N-xanthylphthalimides was investigated. This strategy might provide a new

avenue to less-concerned but meaningful electrophilic xanthylation in organic synthesis. With the help

of these powerful reagents, electrophilic xanthylation of a wide range of substrates including aryl/alkenyl

boronic acids, b-keto esters, 2-oxindole, and alkyl amines, as well as previously inaccessible phenols (first

report) was achieved under mild reaction conditions. Notably, this simple electrophilic xanthylation of

alkyl amine substrates will occur in the desulfuration reaction, consistent with the previously reported

methods. Similarly, xanthamide and thioxanthate groups could also be transformed into desired

nucleophiles via this electrophilic reagent strategy. The broad substrate scope, excellent functional

group compatibility and late-stage functionalization of bioactive or functional molecules made them

very attractive as general reagents which will allow rapid incorporation of SC(S)R (R = OEt, Oalkyl, NEt2
and SEt) into the target molecules.
1 Introduction

Organic sulfur compounds have become the focus of research
interest due to their presence in myriad natural products,1

organic synthesis,2,3 biological processes4 and materials
science.5 Xanthates and their analogues, a special class of
sulfur-containing compounds with the S–C(S) linkage,6 have
gained extensive importance because of their potential appli-
cations in the area of synthetic intermediates and bioactive
molecules (Fig. 1). As an important functional group in
synthetic chemistry, the rst encounter with xanthates could
generate (Z)-olens through the famous Chugaev elimination
(Fig. 1A)7 at a high temperature, which perhaps serve as key
intermediates in the manufacture of viscose from cellulose.8

Besides, the well-developed Barton–McCombie deoxygenation9

serving as a convenient source of alkyl radicals from alcohols10

had a profound impact on the modication of carbohydrates in
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organic synthesis. Most importantly, organic xanthates could be
also utilized as alkyl, acyl or nitrogen radical sources11 for
further diverse or multifunctional transformations. Moreover,
the extensive application of aryl xanthates is the famous
Leuckart thiophenol reaction via nucleophilic xanthylation with
diazonium salts (Fig. 1A).12 Furthermore, in the eld of mate-
rials science, the RAFT polymerization process (Fig. 1A)13 can
introduce xanthate groups into long-chain alkyl groups, which
can thus avoid the disadvantage of chain termination in
Fig. 1 Xanthates and its analogues as synthetic intermediates and
bioactive molecules.
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View Article Online
traditional polymerization reactions and make the free radical
polymerization more controllable, providing a new method for
the functional improvement of polymer materials. Additionally,
xanthate units and their analogues are present prominently in
agrochemicals (Fig. 1B, insecticide and fungicide)14a,b and
pharmaceuticals (nervous system agent and anti-cancer
agent),14c,d which has attracted increasing interest from both
academia and the pharmaceutical industry. Therefore, devel-
opment of new and valuable strategies for the efficient synthesis
of organic xanthates from numerous substrates has been
attracting continuous interest from the synthetic community.

The conventional approach for the construction of xanthy-
lated compounds typically involves metal-free nucleophilic
substitution of electrophiles15 or a copper-mediated xanthyla-
tion of aryl halides with potassium ethylxanthate,16 well devel-
oped by Zard, Sekar, Melchiorre and others (Scheme 1A). As an
alternative strategy, recent radical xanthylations using xanthy-
lated synthons as radical acceptors or donor sources have
emerged.17–19 In 2022, a facile, efficient, and practical protocol
that enables the preparation of aryl xanthates from function-
alized dibenzothiophenium salts and sodium ethyl-
xanthogenate via a photoactivated electron donor–acceptor
(EDA) complex was rst established by Wang and his
coworkers.18 Notably, Alexanian19a,b recently reported a direct C–
H radical xanthylation or decarboxylative radical xanthylation
Scheme 1 Synthetic strategies for xanthylation.

9198 | Chem. Sci., 2023, 14, 9197–9206
by distinctive reagent N-ethylxanthylamides under redox-
neutral conditions to unlock a wide array of conversions of
hydrocarbons (Scheme 1B).

Considering that structurally diverse organic molecules
especially lead compounds of drugs are typically electron-rich,
electrophilic xanthylation represents an attractive strategy that
will be widely applied in the future of drug research and
development (R&D), but it has rarely been explored due to the
scarcity of general and powerful electrophilic reagents. So far,
only two electrophilic reagents (EtO(S)CS–SC(S)OEt (1) and
EtO(S)CSNa/I2 (2)) have been reported for electrophilic substi-
tutions of methylene compounds (1) and special amines (2).20

Our further electrophilic attempts disclosed that these previ-
ously developed reagents (Scheme 1C, 1–2) have restricted
reactivity for common C/N/O nucleophiles (boronic acids, keto
esters, alkyl amines, and phenols, please see the ESI† for more
details). Therefore, the search for a practical and efficient
synthetic auxiliary that can conveniently play the role of xanthyl
group transfer, as a general and powerful electrophilic xanthy-
lating reagent, is of high demand and scientic interest.
Inspired by the successful development of electrophilic
phthalimide-based reagents,21,22 which probably benets from
the cleavage of the weak “N–S” bond, we wished to consider
whether N-xanthylphthalimides could serve as broadly appli-
cable reagents that enable electrophilic xanthylation of various
nucleophiles. The reactivities of electrophilic xanthyl reagents
were then demonstrated by xanthylation of a wide range of
substrates, including C and N common nucleophiles as well as
the rst report of O nucleophiles in good to excellent yields with
superb functional group compatibility under mild conditions
(Scheme 1C). Notably, this simple electrophilic xanthylation of
amine substrates will occur in the desulfuration reaction to give
important and valuable thiocarbamates. Especially, the late-
stage direct xanthylation of bioactive or functional molecules
made this electrophilic xanthyl reagent very attractive to allow
rapid incorporation of SC(S)OEt into target electron-rich mole-
cules during the search for new drugs.
2 Results and discussion
2.1. Preparation of electrophilic ethylxanthyl reagents with
amide or sulfonamide skeletons

N-Ethylxanthyl phthalimide 3c was originally synthesized in
16% yield by De Greef in 2006,23 but its synthetic applications
are unexplored. As an air and moisture-stable solid, it can be
simply and rapidly synthesized from commercially available
phthalimide and potassium ethylxanthate in 71% yield via
a modied synthesis protocol, as shown in Fig. 2. X-ray crys-
tallographic analysis of 3c24 shows that the N (1)–S (1) bond
length is 1.683 Å, which is longer than the comparable bonds in
a crystal of previously developed N-diuoromethylthioph-
thalimide and N-triuoromethylthio succinimide (1.681 Å and
1.676 Å, respectively) (please see the ESI† for more details).
These data reveal that reagent 3c is likely to be a potential
electrophilic reagent. Similarly, ethylxanthyl reagents based on
other amide or sulfonamide skeletons (succinimide 3a, 5,5-
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3sc03194b


Fig. 2 Two-step scalable preparation of N-ethylxanthylphthalimide
3c and its analogues.

Table 1 Reaction optimizationa,b
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dimethylhydantoin 3b, and saccharin 3d) could also be
prepared in acceptable yields (10–33%) via this strategy.
a Standard conditions: 4-biphenylboronic acid (0.10 mmol), reagent 3c
(0.12 mmol, 1.2 equiv.), CuSO4 (5 mol%), bpy (5 mol%) and Na2CO3
(0.5 equiv.) in MeCN (1.0 mL) at 60 °C for 15 h. b Yields were
determined by 1H NMR spectroscopy using 1,3,5-trimethoxybenzene
as an internal standard.
2.2. Xanthylation of aryl/alkenyl boronic acids

With these xanthyl reagents 3a–3d based on the amide or
sulfonamide skeleton in hand, radical aliphatic C–H xanthyla-
tions were investigated and failed to give xanthylated hydro-
carbons, indicating that the current N-xanthyl reagents,
developed by De Greef and our group, are signicantly different
from Alexanian's N-xanthyl amides.19a,b Thus, we are trying to
determine whether they can achieve electrophilic xanthylation
that has received little attention but represents a meaningful
strategy. Thus, we chose easily available, bench-stable aryl
boronic acids as the precursors of aryl nucleophiles to investi-
gate Chan–Lam-type xanthylation with electrophilic reagents 1–
3d (Table 1A). The initial attempt had proved that EtO(S)CS–
SC(S)OEt (1) or EtO(S)CSNa/I2 (2) has no reactivity for the cross-
coupling of 4-biphenyl boronic acid. Further explorations with
the mixing of 4ap and N-ethylxanthyl succinimide (3a) or N-
ethylxanthyl saccharin (3d) in the presence of CuBr at 60 °C
failed to deliver the xanthyl group to the aromatic ring, while
unsuccessful conversion also occurred if the commercially
available 5,5-dimethylhydantoin auxiliary (3b) was used.
Surprisingly, the phthalimide skeleton (3c) was masked as the
excellent leaving group in promoting the envisioned electro-
philic transformation and could afford the desired ethylxanthyl-
substituted 5ap in 86% yield. Subsequently, systematic inves-
tigations were conducted to obtain the optimal conditions of
the reaction by choosing 3c as the model xanthyl reagent (Table
1B). A range of Cu(I) or Cu(II) catalysts (CuCl, CuBr, CuI and
Cu(OAc)2) were screened, but no enhancement in the yield was
detected (entries 2–3). Surprisingly, a reaction in the presence of
cheap CuSO4 using 2,2

′-bipyridine as the ligand in MeCN at 60 °
C for 15 h provided a 97% yield of EtOC(S)S-derived product 5ap
(entry 1). Notably, this Chan-Lam-type xanthylation can be
© 2023 The Author(s). Published by the Royal Society of Chemistry
catalyzed by a hydrated copper catalyst (CuSO4$5H2O), albeit
the yield decreases slightly (entry 4). Control experiments
showed that simple 2,2′-bipyridine is the most effective ligand
for copper catalysts to promote this conversion, while other
bidentate nitrogen ligands such as 4,4′-di-tert-butyl-2,2′-bipyr-
idine (L2), o-phenanthroline (L3), and N,N′-dimethyl-1,2-
ethanediamine (L4) gave unsatisfactory results (entries 5–6).
Considering that the base plays an important role in the
transmetalation process of cross coupling,25 a series of strong
and weak bases including Li2CO3, Na2CO3, K2CO3, Cs2CO3 and
tBuOK were investigated, and Na2CO3 was found to be the
optimal base (entries 1, 7–8). Additionally, the effect of solvent
on this coupling reaction was also explored (entries 9–12): DCM,
toluene, and ether solvent (THF and DME) could afford the
target product 5ap in 41–70% yields, while no target product
was observed if DMF was employed which might be attributed
to the coordination effect between DMF and the copper catalyst.
As anticipated, this xanthate coupling reaction can be carried
out at room temperature with a slightly reduced yield (78%,
entry 13). By contrast, only 33% yield of the desired product was
detected when it was conducted in air instead of an argon
atmosphere (entry 14).

Aer obtaining the optimal conditions, the boronic acid
scope of this Chan–Lam-type coupling was explored in Table 2.
Overall, a variety of aryl boronic acids with electron-donating or
Chem. Sci., 2023, 14, 9197–9206 | 9199
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Table 2 Xanthylation of aryl/alkenyl boronic acidsa,b

a Reaction conditions: aryl or alkenyl boronic acid (4, 0.50 mmol), reagent 3c (0.6 mmol, 1.2 equiv.), CuSO4 (5 mol%), bpy (5 mol%) and Na2CO3 (0.5
equiv.) in MeCN (3.0 mL) at 60 °C for 15 h. b Isolated yields.
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-withdrawing substituted groups at the para, meta, and ortho-
positions proceeded smoothly to deliver a set of corresponding
xanthylated products in good to excellent yields (59–98%),
which displays excellent reactivity and functional group
compatibility over the traditional nucleophilic aromatic xan-
thylation. Many functional groups including methoxy, tert-
butyl, phenoxy, trimethylsilyl, methyl, triuoromethoxy,
alkenyl, chlorine, bromine, iodine, aldehyde, acetyl, ester,
methanesulfonyl, cyano and nitro were all tolerated (5aa–5bg).
Diphenylamine (5af) and carbazole (5ah, 5au) groups widely
used in the eld of functional materials can be compatible with
this system to afford 77–98% yields of ethyl arylxanthates. This
transformation also proceeded smoothly for disubstituted aryl
boronic acids bearing methoxy, triuoromethoxy, uorine,
chlorine, aldehyde or ester substituents and gave desired
products in good to excellent yields aer simple column chro-
matography purication (5bb–5bg). These outcomes implied
that the vast change in electronic properties of aryl boronic
acids did not shut down the occurrence of the reaction. In
particular, reserved bromide (5al and 5az), iodine (5am) and
unprotected vinyl substituents (5aj) were compatible in this
coupling, thus allowing subsequent functional-group orthog-
onal transformations. Besides, boronic acids from the 9,9-
dimethyl-9H-uorene (5bk) and polybenzo skeleton (naphtha-
lene, phenanthrene or pyrene, 5bh–5bj) were further tested and
could be well tolerated in this developed xanthylation, which
provide modication methods of these meaningful molecules
9200 | Chem. Sci., 2023, 14, 9197–9206
in uorescence chemistry. Encouragingly, this simple copper-
catalyzed coupling protocol can be applied to structurally
diverse heteroaromatic boronic acids such as benzofuran,
benzothiophene and quinoline, delivering the desired Chan–
Lam-type coupling products in 92%, 42% and 43% yields,
respectively (5bl–5bn). Additionally, satisfactory yields could be
obtained when styryl boronic acid and cyclohexenyl boronic
acid were used asmodel substrates in this strategy (5bo–5bp). In
accordance with the general trend of reactivity, alkyl boronic
acid was tested but failed to achieve the desired xanthyl
coupling (5bq).
2.3. Xanthylation of other nucleophiles

As a supplement to the traditional synthesis of a-xanthylation of
1,3-carbonyl compounds under strong base conditions,20b,c our
attempt of N-ethylxanthyl phthalimide 3c with so nucleophile
b-keto esters was conducted under mild conditions to expand
the synthesis of Csp3-xanthates, as shown in Table 3. With the
assistance of K2CO3, a range of b-keto esters including methyl,
tert-butyl and adamantane esters, could be well compatible in
this protocol (6aa–6aj). Moreover, this transformation pro-
ceeded smoothly to afford the a-xanthyl products from inda-
none substrates with electron-withdrawing (F, Cl, Br, 6aa, 6ac–
6ad, 6af) or electron-donating (Me, OMe, 6ab, 6ae, 6ag) func-
tional groups at different positions of phenyl rings. Notably, the
N-Boc-3-phenyl-2-oxindole substrate derived from dye isatin was
© 2023 The Author(s). Published by the Royal Society of Chemistry
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also tolerated and afforded the xanthylated product in a satis-
factory yield for this transformation (6ak). Unfortunately, the
reactions of 3c with additional 1,3-dicarbonyls such as cyclic
and acyclic diketones, diesters, and dinitrile with or without
substituents at the alpha position as well as a ketone or its silyl
enol ether failed under our standard or revised conditions.

With the successful development of methods for the forma-
tion of C-xanthates, we next sought to investigate the electro-
philic xanthylation of heteroatomic nucleophiles, which is an
attractive yet rarely reported issue in xanthate chemistry. Elec-
trophilic coupling with weakly nucleophilic phenols to obtain O-
xanthate products was rst reported by us. As summarized in the
bottom of Table 3, phenol substrates were smoothly converted to
the corresponding O-xanthates in 68–97% yields with the aid of
Cs2CO3, bearing multiple functional groups including methoxyl,
tert-butyl, methylthio, phenoxy, benzyl, halides, ester and cyano
at different positions of phenyl rings (7aa–7ao). Polysubstituted
halophenols could successfully deliver the corresponding prod-
ucts in acceptable yields (7ap–7aq). Similarly, 2-naphthol could
be also expediently xanthylated under these mild reaction
conditions (7ar). However, aliphatic alcohols are not applicable
to obtain corresponding O-xanthate products (7as–7at). Encour-
aged by the superior performance of N-ethylxanthyl phthalimide
3c of phenols, coupling with amine substrates to obtain N-xan-
thylamines, which could display the potential fungicidal activi-
ty,20d was further explored. Surprisingly, it was found that the
reaction of alkyl amines with powerful reagent 3c could
successfully generate moderate to high yields of structurally
diverse thiocarbamates with different rotamers via desulfuration
Table 3 Xanthylation of other C and O nucleophilesa,d

a Reaction conditions: other C nucleophile (0.50 mmol), reagent 3c (0.6 m
b Ketone (1.05 equiv. NaH as the base) or its silyl enol ether (w/or w/o
(0.7 mmol, 1.4 equiv.) and Cs2CO3 (1.1 equiv.) in DCE (3.0 mL) at 80 °C f

© 2023 The Author(s). Published by the Royal Society of Chemistry
of N-xanthylamines (Table 4), which is indirectly proved by
control experiments (Scheme 2, and see the ESI† formore details)
and consistent with the occurrence of the desulfurization
phenomenon in previous literature.20a,e,f Electron-rich and
electron-decient benzylamines bearing different halogens, tri-
uoromethyl, cyano, methoxy and tert-butyl were all tolerated in
the reaction with 3c to deliver the corresponding thiocarbamate
products (8aa–8ag) in high yields. As expected, electrophilic
xanthylation of long-chain alkyl amines (phenylethylamine and
cetylamine, 8ah–8ai) and even cycloalkyl amines (1-indamine and
4-amino-1-boc-piperidine, 8aj–8ak) can occur smoothly for the
desulfuration conversion. Notably, heterocyclic amines including
furfurylamine, thiophene-2-ethanamine and tryptamine could be
coupled to afford the desired N–C(S)OEt products in this system
(8al–8an). In addition to the primary alkyl amines, the reaction of
secondary alkyl amines 4-phenylpiperidine and di-n-propylamine
with 3c also proceeded in high to excellent yields under standard
conditions (8ao–8ap). Additionally, tert-butylamine with a large
steric hindrance can also successfully deliver the corresponding
target product (8aq). Furthermore, when we extended this system
to the substrates of aromatic amines or amide salts from 2-pyr-
rolidinone or substituted benzamide, the corresponding N-xan-
thylamides or thiocarbamates cannot be obtained (8ar–8at).
2.4. Applications of xanthyl-derived reagents

Phthalimide, an efficient amide transfer framework, can also
be used in the synthesis of xanthyl-derived reagents, which can
also be efficiently coupled with various C and O nucleophiles
mol, 1.2 equiv.) and K2CO3 (1.1 equiv.) in DCE (3.0 mL) at 80 °C for 16 h.
K2CO3 (1.1 equiv.)) was used. c O nucleophile (0.50 mmol), reagent 3c
or 16 h. d Isolated yields.

Chem. Sci., 2023, 14, 9197–9206 | 9201
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Table 4 Xanthylation of N nucleophilesa,b

a Reaction conditions: amine or amide salt (0.50 mmol) and reagent 3c (0.6 mmol, 1.2 equiv.) in toluene (3.0 mL) at RT for 16 h. b Isolated yields.
The ratio of the thiocarbamate product means the rotamer ratio.

Scheme 2 Control experiments.

Table 5 Applications of xanthyl-derived reagentsa,d

a Reaction conditions: 4-biphenyl boronic acid (0.50 mmol), reagent 3 (0.6
inMeCN (3.0 mL) at 60 °C for 15 h. b 4-Bromoindanonemethyl ester (0.50m
mL) at 80 °C for 16 h. c 4-Chlorophenol (0.50 mmol), reagent 3 (0.7 mmo
d Isolated yields.

9202 | Chem. Sci., 2023, 14, 9197–9206
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(4-biphenyl boronic acid, 4-bromoindanone methyl ester and
para-chlorophenol) to give manifold xanthate products in
excellent yields under the corresponding conditions (9aa–9ad,
10aa–10ad, and 11aa–11ad, Table 5). These diverse xanthyl
reagents could tolerate multiple functional groups such as
halogen, alkenyl, aromatic ring and thiophene heterocycle
during their preparations and synthetic transformations.
More specically, this strategy could also be employed for the
transfer of electrophilic xanthamide and thioxanthate groups,
incorporating –SC(S)R (R = NEt2 and SEt) into corresponding
organic molecules in satisfactory yields (9ae, 10af, 11af), which
mmol, 1.2 equiv.), CuSO4 (5 mol%), bpy (5 mol%) and Na2CO3 (0.5 equiv)
mol), reagent 3 (0.6 mmol, 1.2 equiv.) and K2CO3 (1.1 equiv.) in DCE (3.0
l, 1.4 equiv.) and Cs2CO3 (1.1 equiv.) in DCE (3.0 mL) at 80 °C for 16 h.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 6 Late-stage xanthylation of bioactive or functional moleculesa,d

a Reaction conditions: aryl boronic acid (0.50 mmol), reagent 3c (0.6 mmol, 1.2 equiv.), CuSO4 (5 mol%), bpy (5 mol%) and Na2CO3 (0.5 equiv.) in
MeCN (3.0 mL) at 60 °C for 15 h. b Phenol (0.50 mmol), reagent 3c (0.7 mmol, 1.4 equiv.) and Cs2CO3 (1.1 equiv.) in DCE (3.0 mL) at 80 °C for 16 h.
c Alkyl amine (0.50mmol) and reagent 3c (0.6 mmol, 1.2 equiv.) in toluene (3.0 mL) at RT for 16 h. The ratio of the thiocarbamate product means the
rotamer ratio. d Isolated yields.
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would provide a novel electrophilic alternative to the tradi-
tional synthesis of xanthamide- or thioxanthate-containing
compounds.26

2.5. Late-stage xanthylation of bioactive or functional
molecules

The promising functional group tolerance and high efficiency of
this protocol enabled its application to the late-stage xanthylation
of structurally complicated bioactive, functional molecules or
druglike scaffolds (Table 6). For instance, boronic acid substrate
derived from uorescent indicator 7-hydroxycoumarin reacted
smoothly with N-xanthylphthalimide 3c catalyzed by cheap
CuSO4 (12aa). Besides, a 96% yield of the target O-xanthate was
successfully obtained for the N-protected amino acid drug L-
tyrosine (12ab). Moreover, the bioactive phenol substrate estrone
drug was tested as a superior candidate under the standard
reaction conditions and furnished the O–SC(S)OEt product in
89% yield (12ac). As a broad-spectrum antibacterial disinfectant
against Staphylococcus, Escherichia coli and Candida albicans,
phenol-derived triclosan could be decorated with the –SC(S)OEt
linkage in an excellent yield (95%, 12ad) through our developed
electrophilic ethylxanthyl reagent 3c. Likewise, natural or
Scheme 3 Synthesis of bioactive tetradifon and chlorbenside-
sulfoxide.

© 2023 The Author(s). Published by the Royal Society of Chemistry
synthetic food avoring agents such as vanillin and maltol
successfully underwent the reaction with 89–95% yields of target
O–S coupling products 12ae–12af, which shows good compati-
bility with activated carbon–carbon double bonds. Finally, 9,9-
bis(4-hydroxyphenyl)uorene as a monomer of polymer mate-
rials, was investigated and converted to the corresponding
xanthyl product in 77% yield under the optimized conditions
(12ag), displaying its potential applications in the eld of func-
tional materials. It is noteworthy that dehydroabietylamine
(optically active resolving agent) and an antidepressant sertraline
were coupled with reagent 3c to yield the corresponding desul-
furating thiocarbamates (12ah–12ai) in 36–50% yields. As ex-
pected, modication of esteried amino acid L-phenylalanine can
also produce the desired N–C(S)OEt product (12aj).

2.6. Synthetic applications

To highlight the practical utility of this protocol in synthesis, we
then unlock the synthesis of two important thioether-
containing bioactive insecticides (Scheme 3). Thus, treating 4-
chlorophenylboric acid with ethyl xanthyl reagent 3c by this
electrophilic xanthylation approach and thiolysis under alka-
line conditions could generate 4-chlorothiophenol. Aer cross
coupling with 2,4,5-trichloro-1-iodobenzene and excessive
oxidation by m-CPBA, a famous insecticide tetradifon (15)27 was
synthesized in 44% overall yield. Likewise, we then applied this
strategy in the synthesis of an acaricide chlorbenside (16),
which could also be selectively converted into the sulfoxide
derivative (18) by NFSI via a controllable oxidation.28

3 Conclusions

In summary, a highly desirable and remarkable electrophilic
xanthylation via easily accessible and shelf-stable xanthylating
Chem. Sci., 2023, 14, 9197–9206 | 9203
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reagent N-xanthylphthalimides has been developed. The
present protocol might provide a new avenue to the xanthate
derivatives in an unmet electrophilic manner in organic
synthesis. These xanthylating reagents are effective and
powerful for the direct transfer of the –SC(S)OR groups to a rich
portfolio of substrates, including Cu-catalyzed Cham–Lam-type
xanthylation with organoboronic acids, and electrophilic xan-
thylation of b-keto esters, 2-oxindole, alkyl amines, as well as
previously inaccessible phenols (rst report) under metal-free
conditions. Notably, this simple electrophilic xanthylation of
alkyl amines reported by us also occurs in the desulfuration
reaction, providing a novel synthesis method to access valuable
O-ethylthiocarbamates. Additionally, we also report the intro-
duction of xanthamide and thioxanthate groups into organic
molecules via this electrophilic reagent strategy. Highlighted
features of mild conditions, broad substrate scope, and excel-
lent tolerance, as well as late-stage functionalization of biolog-
ically active or functional molecules and further application to
the synthesis of bioactive drugs made them very attractive as
general reagents which will allow rapid incorporation of SC(S)R
(R = OEt, Oalkyl, NEt2 and SEt) into densely functionalized
drug-like molecules. Expanding the synthetic application of
these electrophilic reagents is underway and will be reported
shortly.
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