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An efficient Cu-catalyzed one-pot approach for the synthesis of unsymmetrical diaryl thioethers using potassium ethyl xanthogenate as a thiol
surrogate is developed. This new protocol avoids usage of intricate thiols and makes use of its easily available xanthate as a precursor, and thiol
will be generated in situto prepare the diaryl thioethers through a Cu-catalyzed double arylation. This strategy was further successfully utilized for
the synthesis of symmetrical diaryl thioethers, aryl alkyl thioethers, and benzothiazoles.

Sulfur-containing organic molecules are a very impor-
tant motif; particularly, aryl sulfides and their derivatives
are imperative molecules having biological, pharmaceuti-
cal, and material interest (Figure 1)."* The traditional
methods for the synthesis of aryl sulfides involve conden-
sation of arenethiols with aryl halides,® base-mediated
nucleophilic substitution of activated aryl halides with
thiols,* and treatment of aryl lithium or Grignard reagents
with sulfurated electrophiles.” However, these methods often
require harsh reaction conditions which are not suitable
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for molecules containing sensitive functional groups.® The
development of transition-metal-catalyzed coupling of
thiols with aryl halides has overcome these difficulties to a great
extent. A number of methods have been developed for the
synthesis of aryl sulfides using Pd,” Cu.® Fe,” and other metal
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Figure 1. Some of the sulfur-containing biologically important

molecules.

catalysts.'” But, these metal-catalyzed reactions require readily
oxidizable, foul-smelling, expensive, and less available aren-
ethiols. In addition, there are only a very few methods available
in the literature for preparation of aromatic thiols.""

Recently, Hartwig reported the Pd(OAc),-CyPF-'Bu
complex as a catalyst for the synthesis of diaryl thioethers
from TIPS-SH and two different aryl halides, which is a
striking improvement over the current methods.'? Firouz-
badi et al. used thiourea as a thiol precursor for the one-pot
synthesis of aryl alkyl thioethers using copper as a catalyst.'?
However, this protocol works only for alkyl aryl thioether
synthesis, as this method generates only alkyl thiolates.

As part of our continuous effort toward copper-catalyzed
C(aryy—heteroatom bond formatlon and its application in
important heterocycle synthesis,'* herein, for the first time,
we report a new one-pot synthesis of unsymmetrical diaryl
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Scheme 1. One-Pot Synthesis of Unsymmetrical Aryl Thioethers
from Two Aryl Halides and Xanthate
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thioethers from two different aryl halides and potassium ethyl
xanthogenate as a thiol precursor.'” In this one-pot synthesis,
initially a copper-catalyzed C,y,—S bond forming coupling
reaction takes place between an aryl halide and potassium
ethyl xanthogenate. Next, aryl xanthate hydrolysis takes
place yielding an arene thiolate, which in turn undergoes a
second C,ry1y—S coupling reaction with another aryl halide
to produce diaryl thioethers (Scheme 1).

We started our studies by reacting p-iodoanisole 1 with
potassium ethyl xanthogenate 2 in the presence of 20 mol %
Cul and 20 mol % ethylene glycol L1 as a ligand at 105 °C.
After 28 h, KOH and PhlI were added to the reaction mix-
ture and the resulting mixture was further heated for 20 h
which afforded 46% of an unsymmetric diaryl thioether,
(4-methoxyphenyl)(phenyl)sulfane 5. In this reaction, first,
there is a copper-catalyzed Ullmann type Ce,ryy—S bond
formation between p-iodoanisole 1 and potassium ethyl
xanthogenate 2 (xanthate coupling) to give O-ethyl S-4-
methoxyphenyl carbonodithioate 3.'® Then, this carbono-
dithioate 3 was hydrolyzed by KOH to give corresponding
thiolate 4, and this in situ generated thiolate reacted with
iodobenzene in the presence of the same copper catalyst to
form a second C,,—S bond (thiolate coupling) to give
the product unsymmetrical diaryl thioether 5 (Scheme 2).

It is very important to mention that this new one-pot
protocol avoids usage of the above-mentioned intricate thiols
and makes use of easily available xanthate 2 as a precursor
which is doubly arylated through Cu-catalyzed C,y—S bond
forming coupling reactions to give the diaryl thioether.

To increase the efficiency of the one-pot synthesis of
diaryl thioethers, several ligands (L2—L11) were screened
with Cul, and the results are summarized in Figure 2.
A maximum yield of 72% thioether 5 was obtained in a
shorter reaction time when we replaced the ligand L1
with BINAM L6. Then the reaction was carried out with
different copper salts to find out the efficient copper
catalyst for this one-pot synthesis where the BINAM-
Cu(OAc), complex as a catalyst provided a maximum of
94% isolated yield for the diaryl thioether 5 (Table 1,
entry 6). In this reaction, 82% of the ligand BINAM was
recovered after the reaction which can be reused. Solvent
study shows that nonpolar solvents such as toluene and
xylene failed to provide any product, which may be due
to the poor solubility of xanthate in nonpolar solvents
(entries 12 and 13). DMF as a solvent gave the best
result. Though a wide range of bases promoted the one-
pot reaction, KOH turned out to be the most efficient

(16) O-Ethyl S-4-methoxyphenyl carbonodithioate 3 was isolated
with good yield.
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Scheme 2. Double Arylation of Sulfur Using Cu Catalyst
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Figure 2. Ligands screened for the Cu-catalyzed one-pot synth-
esis of a diaryl thioether.

base. The reaction provided only 35% diaryl thioether §
when only Cu(OAc), was used as a catalyst without a ligand.
Importantly, not even a trace amount of thioether formed
when the reaction was carried out without L6-Cu(OAc),.
Using this protocol, symmetrical diaryl thioether 6 could be
obtained in excellent yield (Scheme 3). Since, the syntheses of
unsymmetrical thioethers are more advantageous than sym-
metrical thioethers, we focused our interest on the synthesis
of unsymmetrical thioethers.

To probe the scope of copper-catalyzed in situ genera-
tion of thiolates and its application in a one-pot synthesis
of diaryl thioethers, the methodology was examined with
several types of aryl iodides, and the results are summar-
ized in Table 2. For this diaryl thioether synthesis, all types
of aryl iodides, particularly, electron-releasing, electron-
withdrawing, and sterically hindered ortho-substituted aryl
iodides are well tolerated. The xanthate coupling is favored
when substitution in an aryl iodide is more electron-with-
drawing in nature (entries 10 vs 15, 17), but the thiolate
coupling involves a slightly longer reaction time when the
thiolate has an electron-withdrawing substituent (entries
10 vs 17). The thiolate coupling is faster when the second
aryl iodide contains an electron-withdrawing group (entr-
ies 8 and 9). Sterically hindered ortho-substituted aryl
iodides also gave good yields for this diaryl thioether synth-
esis. Importantly, 60% of the isolated yield was obtained
even both of the aryl iodides are ortho-substituted (entry 12).
Heteroatom-containing aryl iodides also provided very good
results for the diaryl thioether synthesis (entries 5 and 13). In
this one-pot process, the coupling reaction selectively takes
place with the iodo group of o-bromoiodobenzene (entries 4
and 14). A wide range of functional groups including an
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Table 1. Effect of Cu Salts, Solvents, and Bases on One-Pot
Synthesis of Diaryl Thioether

S Sty Oy
{ii) base [;:'?-li\f?. Ph-l HaCO
OCH3

copper yield
entry salt solvent base (%)
1 Cul DMF KOH 72
2 CuBr DMF KOH 56
3 CuCl DMF KOH 57
4 Cu(OTDs DMF KOH 78
5 CuCly DMF KOH 51
6 Cu(OAc); DMF KOH 94°
7 Cuy,O DMF KOH 42
8 CuSO0y4 DMF KOH 74
9 Cu(OAc), DMSO KOH 41
10 Cu(OAc), dioxane KOH 12¢
11 Cu(OAc), acetonitrile KOH 32¢
12 Cu(OAc)s toluene KOH 00
13 Cu(OAc), xylene KOH 00
14 Cu(OAc), DMF NaOH 78
15 Cu(OAc), DMF NaO‘Bu 56
16 Cu(OAc), DMF K3COs 68
17 Cu(OAc), DMF Cs,CO3 84

“Isolated yield. ” 82% Of the ligand BINAM was recovered after the
reaction which can be reused. ¢ Reaction was carried out at boiling point
of the solvent.

Scheme 3. Synthesis of Cu-Catalyzed Symmetrical Diaryl
Thioether
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amino group are well tolerated. Less reactive aryl bromides
can be utilized for this diaryl thioether synthesis particularly
when they have electron-withdrawing substituent’s (entries
18—21). A heteroatom-containing aryl bromide also provided
a 62% isolated yield for the corresponding diaryl sulfide.

This new synthetic procedure was successfully utilized
for the synthesis of an aryl alkyl thioether by coupling the
appropriate aryl iodides and alkyl halides using xanthate 2
as a thiol precursor (Table 3). In this protocol, the overall
reaction takes a much shorter time for the final product
formation with 10 mol % catalyst, as the second C—S bond
formation is a simple nucleophilic substitution.

After completion of the synthesis of various diaryl and
aryl alkyl thioethers in a one-pot process through in situ
generation of an aryl thiolate using xanthate 2 as a thiol
precursor, this new methodology was successfully utilized
in the synthesis of biologically important benzothiazoles'’

(17) (a) Itoh, T.; Mase, T. Org. Lett. 2007, 9, 3687. (b) Ma, D.; Xie, S.;
Xue, P.; Zhang, X.; Dong, J.; Jiang, Y. Angew. Chem., Int. Ed. 2009, 48,
4222.
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Table 2. One-Pot Synthesis of Unsymmetrical Diaryl Sulfides
from Two Aryl Halides and Xanthate As Thiol Precursor”
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“Reaction conditions: 0.75 mmol of aryl iodide, 0.75 mmol of
potassium ethyl xanthogenate, 0.10 mmol of Cu(OAc),, 0.10 mmol of
L6, 2.0 mmol of KOH, and 0.50 mmol of Ar—X at 105 °C in 3 mL of
DME. ?Isolated yield.

from 2-iodoanilides and xanthate (Scheme 4). 2-(4-
Methoxyphenyl)benzothiazole 7 was obtained from the
copper-catalyzed one-pot reaction of N-(2-iodophenyl)-4-
methoxybenzamide and potassium ethyl xanthogenate in
the presence of 10 mol % of Cu(OAc), at 80 °C in DMF in
15 h. It is very important to mention that benzothiazole 9
containing an aliphatic tertiary butyl group at the 2-posi-
tion was also obtained in good yield.
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Table 3. Cu-Catalyzed One-Pot Synthesis of Aryl Alkyl
Thioether Using Thiol Precursor

5 i) L8 - Cu(OAc); (10 mol %)
P ] DMF, 105°C, 24 h
KS”™ TOEl
(i) KOH (4 equiv), 3h
R R'X . 1h

-
R
Q
R

product yield (%)"

*Isclated vield,

Scheme 4. Cu-Catalyzed One-Pot Synthesis of Benzothiazoles
Using Thiol Precursor

HTR- _ (i) CulOAG): (10 mol %) &
[ I i DMF, 80°C. 15 h R/C[ 3
A R
R 1 @ Kks” ToRt iHia Dbt s
R = H; R' = -CgHg-p-OMe: 7 (75% yield)
R = CHa; R' = -CeHs: 8 (77% yield)
R =H; R'=-Bu: 9 (72% yield)

In conclusion, we have developed a new Cu-catalyzed
one-pot approach for the synthesis of diaryl thioethers
using potassium ethyl xanthogenate as a thiol surrogate. In
this methodology, limitedly available, foul-smelling, and
unstable arene thiols are in situ generated from easily
available aryl iodides and potassium ethyl xanthogenate
through a C,y—S bond forming coupling reaction. The
readily formed aryl thiolate easily reacted with a second aryl
halide to provide unsymmetrical diaryl thioethers through
a second Curyn—S bond forming coupling reaction. This
strategy was successfully utilized for the synthesis of sym-
metrical diaryl thioethers, aryl alkyl thioethers, and benzo-
thiazoles. We are currently pursuing further application
of this one-pot procedure for the synthesis of several classes
of sulfur-containing biologically important molecules.
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