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Abstract—A mild and efficient copper-catalyzed system for the coupling of aryl iodides and thiols was developed using a readily
prepared and highly stable oxime—phosphine oxide ligand. Good to excellent yields were obtained.
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Aryl sulfides are valuable intermediates in organic syn-
thesis and are of great importance to the pharmaceutical
industry.! Transition metal-catalyzed or -mediated aryl-
ation of thiols is a direct and powerful method to form
these products. Although palladium-catalyzed C-S bond
formation has achieved some good results,? the use of
copper catalysts for this transformation is still attractive
from an industrial perspective. Traditional copper-medi-
ated couplings between thiols and aryl halides have
required the use of copper salts in greater than stoichio-
metric amounts, polar solvents such as HMPA, and high
temperatures around 200 °C.*> Recently, along with the
development of the research on mild copper-catalyzed
aromatic carbon-heteroatom bond formations, copper-
catalyzed C—S bond formation has received attention3>#
and some efficient ligands have been developed for this
transformation, including phosphazene P,-Et base,’ neo-
cuproine,® ethene glycol,” and amino acids such as
N-methylglycine and N,N-dimethylglycine.® Though
some progress has been made, copper-catalyzed thioether
formations are less fruitful than the formations of aryl-
nitrogen and aryl-oxygen.* Therefore, the development

for more efficient and mild catalyst systems for copper-
catalyzed arylation of thiols is still desirable.

Our group has embarked on a programme aiming at the
development of ligands that are of low-cost and easily
prepared”!® and have found that Cu,O/oxime—phos-
phine oxide'? can efficiently catalyze the coupling of aryl
iodides with alkyl amines or N-H heterocycles. After
these discoveries, we found that the copper-mediated sys-
tem based on the oxime—phosphine oxide ligand could
also be used to catalyze the C-S bond formation. Herein,
we reported a mild and highly efficient copper-catalyzed
coupling of aryl iodides and thiols using a readily pre-
pared and highly stable oxime—phosphine oxide ligand.

The synthesis of oxime—phosphine oxide 5 was some-
what modified based on our previous procedure.!®!!
Intermediate 4 was easily prepared from commercially
available and low-cost crude material 1 by conventional
methods.'%!2 Ligand 5 was conveniently obtained with-
out the need of an additional step to isolate the hydro-
lysis product of 4 (Scheme 1).
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Scheme 1. Reagents and conditions: (a) TsOH, ethylene glycol, toluene, reflux; (b) n-BuLi, Et,0, —78 °C, 3-4 h, Ph,PCl, RT, 14 h; (c) H,O,,
CH,Cl,, RT, 1 h; (d) TsOH, C,HsOH, H,O, NaHCO;, NH,OH-HCI.
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Table 1. Screening of the reaction conditions®

| 10 moIZ/o [Cu] S~
©/ b "Nsh 20 mol% L ©/
2 .1 eq. Base, Solvent
90°C,12h

Entry [Cu] Solvent Base Yield® (%)

1 Cu,O Toluene Cs,CO3 60

2 Cu,O DMF Cs,CO;3 96

3 Cu,O CH;CN Cs,CO;3 89
4 Cu,O Dioxane Cs,CO3 77

5 Cu,O DMF*¢ Cs,CO3 97

6 CuZO DMF¢ K2C03 88

7 Cu,O DMF*¢ K;5PO, 93

8 CUQO DMF¢ K3PO43H20 95

9 Cu,O DMF*¢ KOH 85
10 Cu,O DMF*¢ KOAc 3
11 Cu,O DMF* NaO¢-Bu 63
12 Cu,O DMF* Et;N 4
13 Cul DMF*¢ Cs,CO; 96
14 CuBr DMF* Cs,CO;3 97
15 CuCl DMF* Cs,CO; 98
16 CuCN DMF¢ Cs,CO;3 87
17 Cu Powder DMF*¢ Cs,CO; 86

#Reaction conditions: 0.5 mmol Phl, 0.6 mmol n-butanethiol, 10 mol % [Cu], 20% ligand 5, 1.05 mmol base, 0.5 mL solvent, 90 °C, 12 h.

® GC vyield using n-dodecane as the internal standard.
“Reagent-grade DMF was degassed.

With the ligand 5 in hand, iodobenzene and n-butaneth-
iol were used as model substrates for the subsequent
screening experiments (Table 1).! Polar solvents were
better than less polar solvents (entries 1-4). Reagent-
grade DMF (degassed) gave similar result to newly dis-
tilled DMF (entry 5) K3PO4, K3PO4'3H20, K2C03 and
Cs,CO3 were found to be effective bases for this cou-
pling, while strong bases KOH and NaO¢-Bu and organ-
ic base Et;N gave bad results (entries 6-12). In addition,

Table 2. Coupling of aryl iodides with alkyl thiols or aryl thiols®

& N—1+ RsH

copper sources played a somewhat small role in the effi-
ciency (entries 13-17). Although Cul provided some-
what lower yield than CuCl, we chose to focus on the
use of Cul due to its stability to air. Therefore, Cs,COs;,
Cul and degassed DMF were used in the following
experiment.

To expand the scope of our catalyst system, a number of
aryl iodides and thiols were employed (Table 2).'* Good

10 mol% Cul
20 mol% L

R'"N— 2.1 equiv Cs,CO3  R''N\—= R

DMF, 90°C, 24 h

Entry Arl R-SH Product Yield® (%)
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#Reaction conditions: 1.0 mmol Arl, 1.2 mmol RSH, 0.1 mmol Cul, 0.2 mmol Ligand 5, 2.1 equiv Cs,COs3, 1.0 mL DMF (degassed), 90 °C.

®Isolated yield.

*DMF was distilled from CaCl,.

9K;POy as the base.
°Yield of the corresponding sulfone obtained after oxidation of sulfide with m-CPBA.

'Toluene as solvent, 100 °C, 29 h.
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to excellent yields were observed with primary alkyl thi-
ols (entries 1-13). Methoxy, trifluoromethyl, cyano,
methyl, bromo, acetyl and hydroxyl groups were all tol-
erated on the aryl iodide component. When secondary
alkyl thiol was employed as substrate, low yield was ob-
tained (entry 14). 4-Chlorothiophenol was also found to
be an effective nucleophile under these reaction condi-
tions (entries 15-21).

In summary, we have developed a mild and efficient cop-
per-catalyzed cross-coupling reaction between aryl iod-
ides and thiols using a readily prepared and highly
stable oxime-functionalized phosphine oxide ligand.
Good to excellent yields were obtained. Many func-
tional groups, especially the hydroxyl group, were toler-
ated. Although this method is restricted to the coupling
of aryl iodides, the readily available ligand with excellent
stability and high efficiency makes this protocol of
potentially practical utility in many cases. Further stud-
ies to expand the application of this method to other cat-
alytic reactions are currently under way.
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