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An ultrasound-assisted synthesis of functionalized symmetrical biaryls with electron-withdrawing or
electron-donating substituents is described and illustrated by the palladium-catalyzed detelluration of
1,2-diarylditellanes. This procedure offers easy access to symmetrical biaryls in short reaction time
and the products are achieved in good to excellent yields.
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Figure 1. Structures of biologically active biaryl scaffolds.

Table 1
Study of the catalyst effect on detelluration of 1,2-diphenylditellane 1a

Entry Catalysta Yieldb (%)

1 — nr
2 PdCl2 95
3 Pd(AcO)2 82
4 Pd(dba) 20
5 Pd(BzCN)2 62
6 PdCl2(PEPPSI) 46
7 Fe(acac)3 nr
8 Cu(OAc)2 nr
Biaryl scaffolds are important structural motifs for both syn-
thetic and medicinal purposes. These scaffolds are also common
structural features found in a large number of biologically impor-
tant natural products.1 Aside from their occurrence in complex
natural products and pharmaceutical agents,2 these compounds
are also applied as chiral ligands,3 liquid crystal materials,4 and or-
ganic conductors.5

Several synthetic biaryl compounds have been reported to have
diverse biological activities6 such as antidiabetic,7 anticancer,8 anti-
bacterial,9 and c-secretase inhibitory activity.10 Some symmetric
and asymmetric biaryls such as a-DDB (methyl 4,40-dimethoxy-
5,6,50,60-dimethylenedioxy biphenyl-2,2-dicarboxylate) and bicyc-
lol (Fig. 1) are used as leading hepatoprotective agents.11 Recently,
some biaryl scaffolds have been identified as a new class of antile-
ishmanial agents.12

Aryl–aryl bond formation for the preparation of symmetrical
and unsymmetrical biaryl compounds is one of the most useful
and important tools in modern organic chemistry. The synthesis
of some unsymmetrical biaryl compounds has been achieved by
metal-catalyzed13 and non-metal-catalyzed14 approaches in the
past few years. Symmetrical biaryls are traditionally obtained
using the Ullmann reaction15 and some other methods.16 In the
past decade, the synthesis of symmetrical biaryl scaffolds has con-
tinued using metal-assisted homocoupling of aryl halides,17 boro-
nic acids,18 aryl Grignard reagents,19 and arene diazonium salts.20

Wong and Zhang reported the synthesis of these systems through
the palladium-catalyzed homocoupling of aryl boronic acids, but
Elsevier Ltd.
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this method requires phosphine or phosphate ligands and harsh
reaction conditions.21 In the past few years, Yamamoto et al. re-
ported an efficient method to obtain symmetrical biaryls through
Reaction conditions: diphenylditelluride (1 equiv), catalyst (10 mol %), Na2CO3

(2 equiv), Ag2O (2 equiv), MeOH, irradiate in ultrasonic bath.
a 10 mol % of catalyst was used.
b The yields were determined by GC analysis.
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Table 2
Study of the effects of additive and base on the detelluration of 1,2-diphenylditellane
1a

Entry Base Additive (equiv) Pd(PPh3)4 (mol %) Yielda (%)

1 — AgOAc (2) PdCl2 (10) nr
2 Na2CO3 AgOAc (2) PdCl2 (10) 95
3 Cs2CO3 AgOAc (2) PdCl2 (10) 92
4 NaHCO3 AgOAc (2) PdCl2 (10) 72
5 DIPEA AgOAc (2) PdCl2 (10) 79
6 Et3N AgOAc (2) PdCl2 10) 84
7 Na2CO3 — PdCl2 (10) nr
8 Na2CO3 AgOAc (2) PdCl2 (10) 95
9 Na2CO3 Ag2O (2) PdCl2 (10) 98

10 Na2CO3 CuI (2) PdCl2 (10) 35
11 Na2CO3 Ag2O (2) PdCl2 (10) 55
12 Na2CO3 Ag2O (2) PdCl2 (8) 78
13 Na2CO3 Ag2O (2) PdCl2 (10) 70

Reaction conditions: diphenylditelluride (1 equiv), PdCl2 (10 mol %), base (2 equiv),
additive (2 equiv), MeOH, irridiate in ultrasonic bath.

a The yields were determined by GC analysis.

Table 3
Study of the solvent effect on the detelluration of 1,2-diphenylditellane 1a

Entry Solvent Yielda (%)

1 MeOH 98
2 MeCN 38
3 THF 35
4 1,4-Dioxane 17
5 Toluene 23

Reaction conditions: diphenylditelluride (1 equiv), PdCl2 (10 mol %), Na2CO3

(2 equiv), Ag2O (2 equiv), solvent, irradiate in ultrasonic bath.
a The yield was determined by GC analysis.

Table 4
Detelluration of functionalized 1,2-diarylditellanes 1a–j
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the homocoupling of aryl boronic acids, but this method suffers
from low yields with electron-withdrawing functionalities as aryl
boronic acids.22

Organotellurium compounds have undergone remarkable
development as intermediates in synthetic organic chemistry.
Organotellurium compounds have been used instead of halogens
as electrophilic partners in some palladium-catalyzed cross-cou-
pling reactions.23,24 Recently, we reported the synthesis of sym-
metrical biaryls25 through the palladium-catalyzed homocoupling
of n-butyl aryltellurides, which proceeds in a few minutes using
ultrasonic waves as a source of energy. The ultrasound effects are
attributed to a physical process called cavitation.26

Herein, we report a new protocol for the synthesis of symmetri-
cal biaryls using a palladium-catalyzed detelluration reaction of
functionalized 1,2-diarylditellanes with ultrasonic waves as a
source of energy. The strength of the procedure lies in the formation
of a C–C bond and the introduction of electron-donor or -acceptor
functionalities into the products.

The approach to prepare biaryl compounds 2a–i was based on a
palladium-catalyzed detelluration reaction of functionalized 1,2-
diarylditellanes 1a–i. The parent precursors 1,2-diarylditellanes
1a–j were conveniently prepared in high yields through the Grig-
nard reaction of aryl halides followed by the addition of tellurium
and oxidation by air.27

Initially, we optimized the conditions for the detelluration of
functionalized 1,2-diarylditellanes 1. In order to find appropriate
conditions for the detelluration reaction of 1,2-diarylditellanes,
1,2-diphenylditellane 1a was selected as a model substrate and a
variety of conditions were screened, as described in Tables 1–3.
The reactions were monitored by TLC or GC.

Initially, we surveyed palladium catalysts for this detelluration
reaction. We attempted reactions with some palladium (Table 1,
2CO3
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Table 4 (continued)

Entry Diarylditellurides (1) Biaryls (2) Reaction time (min) Yielda (%)

h Te
Te

OMe
MeO

2h28

OMeMeO
30 92

i Te
Te

Me

Me

Me

Me

2i29

Me

MeMe

Me

40 82

j Te
TeMe

Me

Me

Me

Me

Me

MeMe

Me

Me

Me

Me

60 —

Reaction conditions: diarylditelluride (1 equiv), PdCl2 (10 mol %), Na2CO3 (2 equiv), Ag2O (2 equiv), MeOH, irridiate in ultrasonic bath.
a Isolated yields.
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entries 2–6) and non-palladium (Table 1, entries 7 and 8) catalysts,
but the reaction only worked with palladium catalysts. Pd(II) and
(0) species were used in these detelluration reactions, but the best
results were obtained with Pd(II) species (Table 1, entries 2, 3 and
5). Two equivalents of Ag2O as an additive were used, with 2 equiv
of sodium carbonate and methanol as the solvent. The reaction was
irradiated for 30 min in an ultrasound bath. The best result was ob-
tained with PdCl2 (Table 1, entry 2).

The next step was the determination of the best base and the
necessity of an additive in the reaction. Initially, we used sodium
carbonate as a base in the presence of Ag2O, and the desired com-
pound was observed in 95% yield (Table 2, entry 2). We attempted
the same reaction with some other inorganic bases such as cesium
carbonate and sodium bicarbonate and observed a slight decrease
in the yield of the desired biaryl compound (Table 2, entries 3 and
4). When the same reaction was performed with organic bases
such as DIPEA and triethylamine, the desired compound was iso-
lated in 79% and 84% yields (Table 2, entries 5 and 6). We also per-
formed the reaction without using any base, but no reaction was
observed (Table 2, entry 1).
Table 5
Detelluration reaction of dinaphthylditellurides 3a–c
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4a25

b
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Reaction conditions: dinaphthylditelluride (1 equiv), PdCl2 (10 mol %), Na2CO3 (2 equiv)
a Isolated yields.
To observe the influence of the additive, we performed the same
reaction with three different additives: AgOAc, Ag2O, and CuI. The
desired biphenyl product 2a was observed in 95%, 98%, and 35%
yields, respectively (Table 2, entries 8–10). To establish the correct
stoichiometry of the reaction, we performed it with 1 equiv of
Ag2O and the desired product was observed in 55% yield (Table
2, entry 11), while the intermediate diphenyltellane was also ob-
served in 45% yield. No reaction was observed in the absence of
an additive (Table 2, entry 7).

In order to determine the best solvent for the biaryl formation,
we performed different reactions with different types of solvents.
The best result was achieved with a polar protic solvent (metha-
nol), which furnished the desired product in 98% yield (Table 3, en-
try 1). The optimization results with different solvents are
described in Table 3.

Finally, to observe the effect of ultrasonic waves in this reaction,
we attempted the same reaction under reflux conditions. The reac-
tion was completed in 6 h and desired compound 2a was isolated
in 70% yield (Table 2, entry 13). The role of Ag2O can be attributed
to the removal of phosphine ligands from the catalyst or from one
a2CO3

eOH
) R

R

4

(4) Reaction time (min) Yielda (%)

60 72

4b28

30 81

4c25

OMe

35 85

, Ag2O (2 equiv), MeOH, irridiate in ultrasonic bath.
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of the catalytic intermediates formed in the course of the
reaction.13a

The catalyst loadings were analyzed, and the best result was
obtained with 10 mol % of PdCl2, which provided a 98% yield.
During the optimization studies for biphenyl 2a, was observed
that a reaction mixture of 1.0 equiv of 1,2-diphenylditellane 1a,
2.0 equiv of Ag2O, 2.0 equiv of sodium carbonate, and 10 mol %
of PdCl2 in methanol irradiated under ultrasonic waves for
30 min were the best conditions for the synthesis of biphenyl
2a. After optimizing the conditions for the synthesis of biphenyl
2a, we synthesized a series of functionalized biaryl compounds
(2a–i) using the optimized conditions in 78–95% yields (see Table
4). Interestingly, the reaction proceeded nicely with both elec-
tron-withdrawing and electron-donating substituents in the biar-
yl architecture. When we attempted the same reaction with more
hindered 1,2-dimesitylditellane 1j under similar reaction condi-
tions, we isolated the dimesityltellane instead of corresponding
biaryl derivative 2,20,4,40,6,60-hexamethylbiphenyl 2j. All of the
synthesized compounds were characterized by spectroscopic
analysis.30

In order to demonstrate the utility of this approach, we pre-
pared 1,2-naphthylditellanes 3a–c from functionalized bromo-
naphthalenes using a Grignard reaction followed by the addition
of tellurium and air oxidation,27 and prepared binaphthyls 4a–c
in good yields (Table 5).

On the basis of the available literature31 we propose a possi-
ble catalytic cycle for the detelluration reaction of diarylditellu-
rides as described in Figure 2. According to this cycle, the
reaction proceeds with the formation of a telluride–palladium(II)
complex (A) followed by the conversion of this intermediate into
another palladium species (B), which leads the formation of dia-
ryl telluride (C) along with Pd(0). Further, Pd(0) oxidized into Pd
(II) by Ag+ ions and Pd(II) formed a telluride–palladium(II) com-
plex (D) with diaryl telluride (C). After that telluride–palla-
dium(II) complex (D) converted into an intermediate (E), which
finally offered biaryl compounds along with Pd (0) and metallic
tellurium. The palladium species is later oxidized with Ag2O to
give palladium(II) thus completing the cycle. We observed the
formation of diaryl telluride in one reaction during the screening
by GC–MS.

In summary, we demonstrated the ultrasound-assisted synthe-
sis of functionalized symmetrical biaryls through the homocou-
pling reaction of easily accessible aryltellurides. This
methodology has the flexibility of introducing electron-donor or
electron-acceptor functionalities in the biaryl architecture. Further
applications of our methodology for the synthesis of biaryls are
currently in progress.
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Figure 2. Possible catalytic cycle of detelluration reaction of 1,2-diarylditellurides.
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160–162 �C; 1H NMR (300 MHz, CDCl3) d 7.41 (d, J = 8.2 Hz, 4H, ArH), 7.52 (d,
J = 8.2 Hz, 4H, ArH); 13C NMR (75.5 MHz, CDCl3) d 121.93, 128.48, 132.00,
138.91; GC–MS (%) 312 (66), 152 (100), 151(25), 76 (94). 1,10-Binaphthyl25 4a:
white solid; mp 138–140 �C; 1H NMR (300 MHz, CDCl3) d 7.20 (t, J = 7.8 Hz, 2H,
ArH), 7.36–7.52 (m, 4H, ArH); 7.65–7.76 (m, 6H, ArH); 8.18 (d, J = 8.4 Hz, 2H,
ArH); 13C NMR (75.5 MHz, CDCl3) d 122.93, 126.25, 126.78, 127.19, 127.42,
128.03, 128.40, 129.99, 132.09, 134.56; GC–MS (%) 254 (90), 253 (100), 252
(80), 250 (25), 126 (98), 125 (47).

31. Barton, D. H. R.; Ozbalik, N.; Ramesh, M. Tetrahedron Lett. 1988, 29, 3533.
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