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Abstract: Stoichiometric copper(I) iodide, in the presence of potas-
sium carbonate and ethylene glycol, promotes the coupling of even
highly sterically encumbered 2,6-disubstituted thiophenols and aryl
iodides to form hindered diarylsulfides. Hindered diarylsulfones
may be made in a complementary fashion by ortholithiation of the
sulfone oxidation products of less hindered diarylsulfides.
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In connection with studies on the stereochemical
properties1 of potentially atropisomeric sulfur com-
pounds,2 we required a supply of various hindered (i.e. tri
or tetra-ortho-substituted) diarylsulfides 1 and diarylsul-
fones 2 (Figure 1). A recently reported method3 employs
Cu(I) to catalyse the Ullmann-style coupling of thiophe-
nols (and other thiols) with aryl halides.4 However, this
method was used only to make relatively unhindered sul-
fides bearing one or two groups ortho to the sulfur atom,
and no examples were reported with either coupling part-
ner being 2,6-disubstituted. In this paper we report an ex-
tension of Buchwald’s method to the synthesis of more
heavily substituted diarylsulfides and diarylsulfones ei-
ther by increasing the quantity of metal used or by oxida-
tion of the sulfide coupling products to sulfones and
subsequent directed ortholithiation.5 The only previous
synthesis of a 2,2¢,6,6¢-tetraalkyl (in fact, tetramethyl) di-
aryl sulfide by direct coupling employed the sodium thi-
olate with CuI in the presence of toxic HMPA.4n

Figure 1 Hindered diarylsulfides 1 and diarylsulfones 2

Precursors for lithiation in the form of less hindered 2,2¢-
disubstituted diarylsulfides 5 were made from thiols 3 and
iodides 4 by the method of Buchwald et al.3 and oxidised
to the corresponding sulfones 6. Sodium perborate in ace-
tic acid at 50 °C6 was found to be a reliable reagent for the

transformation in all the but the most hindered systems,
such as 5c, for which MCPBA was required to ensure ox-
idation of the intermediate sulfoxide (Scheme 1).

Scheme 1 Synthesis of 2,2¢disubstituted sulfones by coupling and
oxidation. a 1-Naphthyl; b Method A gave the sulfoxide in 90% yield

The 2,2¢-bis-t-butyl sulfone 6c was successfully mono-
lithiated and quenched with a range of electrophiles6–8 to
give 2,2¢,6-tri-orthosubstituted sulfones 7a–d as shown in
Scheme 2. Yields were good in all cases.

Further attempted lithiations of 7 were unsuccessful, as
was the attempted one-pot double lithiation of either 6c or
6d. Even the use of excess sec-BuLi with 6b gave a singly
quenched product 8 when acetone was used as the electro-
phile. However, after methylation to yield 9, further lithi-
ation was possible and, in the presence of cyclobutanone,
the tetra-ortho-substituted sulfone 10 was obtained, which
has the property of being atropisomeric.2

Martin showed8 that substituted diarylsulfones may be
made by lithiating the cyclic sulfone 12, which is conve-
niently made from diphenylsulfone 11. We used a related
strategy for the synthesis of tetrasubstituted diaryl ethers.9

Attempted double lithiation of 128 returned a mixture of
13 and 14, both of which were converted into alkenes 15
and 16 on attempted reduction with triethylsilane
(Scheme 3). Hydrogenation of 15 gave the diisopropyl-
substituted cyclic sulfone 17.

Although lithiation of the sulfones provided some useful-
ly hindered sulfones,2 it was not general enough for our
purposes, so we returned to the synthesis of 2,2,6,6¢-tetra-
substituted diarylsulfides by Cu-promoted coupling of
2,6-disubstituted thiophenols and 2,6-disubstituted aryl
halides. Buchwald’s original publication3 did not detail
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the direct synthesis of such tetrasubstituted diarylsulfides
by coupling, but we found that 2,6-disubstituted thiophe-
nols 18 and the related aryl iodides 19 nonetheless made
suitable coupling partners (Scheme 4). Both of the start-
ing materials were made from readily made aryl bromides
by the methods shown in Scheme 5. Thus, bromide 21b
(made by bromination of available 3,5-di-tert-butyltolu-
ene 21a) was converted into the corresponding aryllithi-
um by bromine-lithium exchange. Trapping with iodine
gave the iodide 19a in 87% yield; trapping with dimeth-
yldisulfide yielded methylsulfide 21f (93%), which was
demethylated using sodium 2-propanethiolate10 to yield
thiophenol 18a in 93% yield. Bromination and oxidation11

of 21b yielded aldehyde 21d, which was protected and
converted into the iodide 19b similarly. Both the 2-bro-
mo-substituted iodide 19c and thiophenol 18b were made
by iodination (I2, Selectfluor12) of 21g, followed by (io-
dide-selective13) copper-catalysed coupling3 with 4-meth-
oxybenzylthiol (to give 21h) and acid-catalysed
deprotection.

Optimal yields for the hindered couplings shown in
Scheme 4 were obtained by using equimolar amounts of
each of the coupling partners 18 and 19, along with one
equivalent of copper(I) iodide and two equivalents of ethy-
lene glycol. Heating this mixture with base (potassium
carbonate) in tert-amyl alcohol at 120 °C for 16 hours

Scheme 2 Functionalisation of diarylsulfones by lithiation. a E+ = MeI; b E+ = I2; 
c E+ = (CH2I)2; 

d E+ = PhCHO; e E+ = p-Tol2S2
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Scheme 4 Tetra-ortho-substituted diarylsulfides by Cu-promoted
coupling
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Table 1 Synthesis of 2,2¢,6,6¢-Tetrasubstituted Diarylsulfides by 
the Coupling Method of Scheme 4

Entry Thiol 18 (R1) Iodide 19 (R2) Product 20, Yield (%)

1 18a (Me) 19a (Me) 20a (79)

2 18a (Me) 19c (Br) 20b (76)

3 18b (Br) 19c (Br) 20c (30)
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generally returned moderate to high yields of the coupled
sulfides 20 (Scheme 4 and Table 1).14 Notably, the selec-
tivity for insertion of Cu into even a hindered C–I bond al-
lowed sulfides containing bromo-substituents to be made
– substituents which, in principle, allow further function-
alisation to more elaborate derivatives.

In summary, highly hindered sulfides may be formed by
copper-promoted coupling of thiols with aryl iodides;14

comparably hindered sulfones may be formed either by
oxidation of these sulfides or by lithiation/electrophilic
quenching of simpler sulfones.
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7.33 (d, J = 2 Hz, 1 H, ArH), 6.93 (d, J = 2 Hz, 1 H, ArH), 
1.75 (s, 3 H, ArCH3), 1.65 (s, 9 H, CMe3), 1.64 (s, 9 H, 
CMe3), 1.30 (s, 9 H, CMe3), 1.28 (s, 9 H, CMe3); 

13C NMR 
(100 MHz, CDCl3): d = 150.8, 150.2, 149.0, 148.5, 139.0, 
133.1, 131.8, 129.7, 127.0, 126.1, 123.6, 122.5, 38.3, 37.5, 

34.7, 34.5, 31.3, 31.3, 31.1, 30.9, 23.0; MS (CI): m/z (%) = 
502 (40) [79Br M]+, 504 (40) [81Br M]+, 503 (50) [79BrM + 
H]+, 505 (50) [81BrM + H]+; HRMS: m/z calcd for 
C29H43BrS: 502.2263; found: 502.2264.
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