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Copper-catalysed coupling of aryl tosylates with sodium arylsulfinates

Chunjie Wang*, Hui Zhang, Zhiwei Li and Ziyun Wang
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Diaryl sulfones derivatives were easily synthesised from aryl tosylates and sodium arylsulfinates in high vyields using
[Cu(CH,CN),]PF, as catalyst. The transformation is efficient, simple and the starting materials are readily available.
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Diaryl sulfones are commonly used in organic chemistry,?
and also show considerable biological activities as medicine
and pesticide intermediates.’* Recently they have been widely
used as antibacterial, antifungal and antitumor agents.>¢ Diaryl
sulfones represent a new class of nucleoside inhibitor drug
which can inhibit HIV-1 reverse transcriptase’ without drug
resistance and toxicity.'*!"

Conventional synthetic methods to obtain diaryl sulfone
derivatives involve Friedel-Crafts sulfonylation, which
often requires strong acid and is carried out under harsh
conditions.”>"* Moreover, the site-selectivity of electrophilic
substitution is restricted by the nature of the substituents.
Thus, a novel method for diaryl sulfone synthesis with high
regioselectivity under mild conditions is absolutely imperative.

Recent researches concerning transition metal-catalysed
transformations with arylsulfinate salts have emerged."**
Sodium arylsulfinates have been used as an aryl sulfonyl source
with several advantages over the corresponding arylsulfonyl
chlorides in that they are more stable and easily handled. The
reactions can usually be carried out at low temperatures and
without the need for bases or additives. Sodium arylsulfinates
have provided sulfone groups by Cu(I)-catalysed cross-coupling
with aryl iodides,**?” aryl bromides,”®?' aryl chlorides,* and
arylboronic acids (Fig. 1).***° However, aryl triflates could
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only be coupled with sodium arylsulfinates under palladium
catalysis.?*** To the best of our knowledge, no examples of
copper-catalysed coupling of sodium arylsulfinates have been
reported with phenyl based electrophiles. We describe here our
results concerning a novel Cu(I)-catalysed cross-coupling of
aryl tosylates with sodium arylsulfinates in DMSO.

Results and discussion

We optimised reaction conditions for phenyl tosylate and
sodium phenylsulfinate as a template substrate in the presence
of 10 mol% CuOTf in DMF. However, only a 25% yield of
diphenyl sulfone was formed. In order to improve the reaction
further, we tested the copper catalyst and the nature of the
solvent on the yield (Table 1). The study of the reaction with
several catalysts in DMF showed that copper salts are necessary
to generate the desired product (entries 1-10). The cross-
coupling reaction proceeds in moderate yield in the presence of
CuCl as compared to Cul and CuBr (entries 2—4). Specifically,
CuCN leads to higher yields as compared to other Cu(I) salts
(entry 5). Tetrakis(acetonitrile)copper(I) hexafluorophosphate
[Cu(CH,CN),IPF, has been used as an efficient catalyst in
organic synthesis.* * The introduction of [Cu(CH,CN),]PF,
dramatically promoted the conversion to diphenyl sulfone in
84% yield (entry 6). On the contrary, Cu(Il) catalysts were

Me OS@ Wang's group

(0]
DMSO, 110°C
Br SO,Na __ Cul 2 M
©/ ¥ ©/ L-proline g s group
DMSO, 90°C
CuCl
Cl SO,Na li
oNa _ quinoline @g@ Guo's group
+ NMP 4
MW, 140°C
B(OH)2 SONa  Cu,0 2 '
. IS Fu's group
NH3 H,0, rt o)
Pd,(dba);
oTf SO,Na
! 27% _ Xantphos @"@ Cacchi's group
Cs,C03,n-BuyNCl o
120°C

OTs SOzNa [CU(CH3CN)4]PF6 ;
@SO This work
* DMSO, 120°C

Fig. 1 Diaryl sulfone synthesis with sodium arylsulfinates.
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Table 1 Catalyst and solvent selection on the reaction?

Entry Catalyst Yield/%®  Entry Solvent  Yield/%®
1 CuOTf 25 1 Toluene 20
2 CuCl 38 12 Xylene 32
3 CuBr 39 13 +-BuOH 39
4 Cul 35 14 Toluene 33
5 CuCN 59 15 Dioxane 40
6 [Cu(CH,CN),]PF, 84 16 DME 39
7 Cu(OAc), - 17 CH,CN 75
8 CuCl, - 18 NMP 87
9 Cu(0Tf), - 19 DMA 86

10 - - 20 DMSO 95

“Reaction conditions: PhOTs (1.0 mmol), PhSO,Na (1.0 mmol),
(0.1 mmol), solvent (2 mL), 120 °C, 3 h.
Isolated yield using "DMF as solvent; “Cu(CH,CN),]PF, as catalyst.

catalyst

totally ineffective (entries 7-9). None of the desired products
have been detected without a copper catalyst (entry 10). The
solvent for the coupling reactions was investigated carefully in
order to uncover optimum reaction conditions (entries 11-20).
Reactions conducted in various organic solvents occurred in
low yield with [Cu(CH,CN),]PF, under 120 °C, possibly due
to the poor solubility of sodium phenylsulfinate in the solvent
(entries 11-16). Specifically, aprotic polar solvents lead to a
much higher yield compared to other solvents (entries 17-19).
The brief survey indicated that reaction efficiencies are highest
when [Cu(CH,CN),[PF, is the catalyst and DMSO is used as
solvent (Table 1, entry 20).

To establish a relative reactivity profile, reactions of sodium
arylsulfinates with aryl tosylates, promoted by 10 mol% of
[Cu(CH,CN),]PF, in hot DMSO, were probed (Table 2). Both
electron-rich and electron-deficient aryl tosylates reacted with
sodium phenylsulfinate to give the respective sulfonylation
products in high yields (entries 1-5). Aryl tosylates bearing
a fluoride group are particularly attractive, since they display
high selectivity in cross-coupling reactions (entry 6). On the

other hand, the sterically hindered aryl tosylates reacts only
slowly with sodium phenylsulfinate to give somewhat lower
yields of the corresponding coupling products (entries 7 and 8).

Next, we explored the coupling procedure utilising other
sodium arylsulfinates with phenyl tosylates. Electron-rich
arylsulfinate salts displayed slightly higher reactivity than
electron-deficient arylsulfinate salts in the cross-coupling
reactions (entries 9-13). As shown in entry 14, our procedure
afforded 1-fluoro-4-(phenylsulfonyl)benzene in 86% yields.
The components in entries 15 and 16 underwent the cross-
coupling reaction in slightly lower yields, owing to the steric
effect of the ortho-aryl substituent.

Conclusions

In conclusion, we report a new method to synthesise
unsymmetrical diaryl sulfone derivatives through copper-
catalysed cross-coupling of sodium arylsulfinates and aryl
tosylates. Further investigation of the mechanism is undergoing
in our laboratory.

Experimental

All solvents were purified and dried according to standard methods
prior to use. Proton NMR spectra were recorded in CDCI, on a Bruker
Avance 111400 MHz spectrometer. Proton chemical shifts are reported
in parts per million (ppm) relative to tetramethylsilane (TMS) with
the residual solvent peak as the internal reference. Multiplicities are
reported as: singlet (s), doublet (d), triplet (t) and multiplet (m). HRMS
(EI) data were collected on High resolution mass spectrometer (MAT
900 XL, Thermo Finnigan, USA). The tosylates and sulfinates were
prepared according to literature procedures.”®** Other materials
were purchased from common commercial sources and used without
additional purification.

Synthesis of aryl tosylates; general procedure®

p-Toluenesulfonyl chloride (1.9 g, 10 mmol) and the corresponding
phenol (10 mmol) were dissolved in dichloromethane (15 mL).
DABCO (1.35g, 12mmol) in dichloromethane (5 mL) was added,
resulting in rapid warming and precipitate formation. After

Table 2 Cu-catalysed coupling of aryl tosylates with arylsulfinic salts

Lron s Do

o)

[CU(CHSCN)PFs Qé @
/,
" DMSO, 120°C R/ 5 N\ g

Entry R! R? Yield/% °
1 4-0CH, H 92
2 4-CH, H 94
3 4-COOCH, H 87
4 4-NO, H 83
5 4-CF, H 80
6 4-F H 90
7 2-CH, H 81
8 2-F H 76
9 H 4-0CH, 91

10 H 4-CH, 95

1 H 4-COCH, 90

12 H 4-CF, 87

13 H 4-NO, 85

14 H 4-F 86

15 H 2-0CH, 81

16 H 2-F 82

“Reaction conditions: ArOTs (1.0 mmol),

(0.1 mmol), DMSO (2 mL), 120 °C, 3 h.
®|solated yield.
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completion, 1 M NaOH (3 mL) was added and the reaction mixture
was diluted into ethyl acetate (100 mL). The organic layer was
extracted with 5% NaHCO, (3 x50 mL), 0.1 M HCI (3 x50 mL), water
(25 mL), and brine (25 mL). The solvent was dried with sodium sulfate
and removed in vacuo.

Synthesis of sodium arylsulfinates, general procedure®

Sodium arylsulfinates were prepared by heating 2.5g of sodium
sulfite (2.5g), the appropriate ArSO,Cl (10 mmol) and sodium
hydrogen carbonate (1.68 g) in water (9.6 mL) at 70—80 °C for 4 h.
After cooling to room temperature, water was removed under vacuum
and the residue was extracted with ethanol.

Synthesis of diphenyl sulfone derivatives, general procedure

A mixture of the sodium arylsulfinate (I mmol), aryl tosylate
(1 mmol), [Cu(CH,CN),]PF, (0.1 mmol) and DMSO (2 mL) was stirred
at 120 °C under air for 6 h. Afterwards, water (2 mL) was added to the
reaction solution which was then filtered and the solution extracted by
Et,0 (3x2mL). The organic phases were combined and evaporated
under reduced pressure. The residue was purified on a SiO, column to
afford the desired product (eluent; ethyl acetate/hexane 1:15).

All products are known compounds and were characterised by their
'"H NMR spectra and by HRMS.

Diphenyl sulfone: White solid, m.p. 125-127 °C (1it.’” 125-126 °C);
'H NMR (400 MHz, CDCL,): 8 7.95 (d, J=7.2Hz, 4H), 7.54 (t,
J=7.6Hz, 2H), 7.50 (t, J=7.2 Hz, 4H); HRMS calcd for C H,O,S:
[M*]218.0402; found: 218.0403.

4-Methoxyphenyl phenyl sulfone: Yellow solid, m.p. 91-92°C
(lit.* 88-90 °C); 'H NMR (400 MHz, CDCL,): & 7.85-7.95 (m, 4H),
7.47-7.54 (m, 3H), 6.93—6.99 (m, 2H), 3.85 (s, 3H); HRMS calcd for
C,H,,0,S: [M'] 248.0507; found: 248.0506.

4-Methylphenyl phenyl sulfone: White solid, m.p.125-126 °C (lit.*’
126-127°C); '"H NMR (400 MHz, CDCL,)): & 7.94 (d, /=8.0 Hz, 2H),
7.81 (d, J=7.6 Hz, 2H), 7.55 (t, J=7.6 Hz, 1H), 7.48 (t, J=7.6 Hz, 2H),
729 (d, J=8.0Hz, 2H), 2.37 (s, 3H); HRMS calcd for CH ,0,S:
232.0558; found: 232.0559.

Methyl 4-(phenylsulfonyl)benzoate: Colourless o0il*7; 'H NMR
(400 MHz, CDCL,): 6 8.14 (d, J=7.6 Hz, 2H), 8.01 (d, J=7.6 Hz, 2H),
7.94 (d, J=7.6 Hz, 2H), 7.61 (d, J=6.8 Hz, 1H), 7.52 (m, 2 H), 3.94 (s,
3H); HRMS calcd for C H ,0,S: [M*] 276.0456; found: 276.0458.

4-Nitrophenyl phenyl sulfone: Yellow solid, m.p. 145-147 °C (lit.*®
143-145°C); '"H NMR (400 MHz, CDCl,): 8 8.27-8.37 (m, 2H),
8.07-8.16 (m, 2H), 7.92-8.01 (m, 2H), 7.58-7.66 (m, 1H), 7.51-7.60 (m,
2H); HRMS caled for C ,H,NO,S: [M"] 263.0252; found: 263.0251.

4-Trifluoromethylphenyl phenyl sulfone: Colourless solid, m.p.
89-91 °C (lit.** 90-91 °C); 'H NMR (400 MHz, CDCl,): & 8.08 (d,
J=8.0 Hz, 2H), 7.90-8.02 (m, 2H), 7.81 (d, /=8.4 Hz, 2H), 7.50-7.64
(m, 3H); HRMS calcd for C ;H,F,0,S: [M*] 286.0275; found: 286.0278.

4-Fluorophenyl phenyl sulfone: White solid, m.p. 103-105 °C (lit.*’
105-107 °C); 'THNMR (400 MHz, CDCl,): § 7.93-8.01 (m, 4H), 7.58 (t,
J=7.6Hz, 1H), 7.50 (t,J=7.2 Hz, 2H), 7.14-7.22 (m, 2H); HRMS calcd
for C ,H,FO,S: 236.0307: [M"] found: 236.0309.

2-Methylphenyl phenyl sulfone: White solid, m.p. 125-127°C
(lit.* 125-127 °C); '"H NMR (400 MHz, CDCl,): & 7.65-7.75 (m, 5H),
7.19-7.35 (m, 4 H), 3.33 (s, 3 H); HRMS calcd for C,;H,0,S: [M']
232.0558; found: 232.0556.

2-Fluorophenyl phenyl sulfone: White solid; (m.p. 93-95°C
(lit.* 92-94 °C); 'H NMR (400 MHz, CDCl,): 6 7.40-7.52 (m, 5 H),
7.09-7.22 (m, 4 H); HRMS calcd for C ,H,FO,S: [M'] 236.0307; found:
236.0310.

4-Acetylphenyl phenyl sulfone: Yellow solid, m.p. 131-133 °C (lit.*
132-134°C); 'H NMR (400 MHz, CDCl,): 5 7.94-8.03 (m, 6H),
7.50-7.62 (m, 3H), 2.61 (s, 3H); HRMS calcd for C H,,0,S: [M']
260.0507; found: 260.0504.
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2-Methoxyphenyl phenyl sulfone: White solid, m.p. 76-77 °C (lit.*®
75°C); 'TH NMR (400 MHz, CDCL,): & 7.38-7.55 (m, 5 H), 7.13-7.23
(m, 4 H), 3.81 (s, 3H); HRMS caled for C_H,_0,S: [M'] 248.0507;
found: 248.0506.
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