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Thallium in Organic Synthesis. 46. Oxidative
Coupling of Aromatic Compounds Using Thallium(III)
Trifluoroacetate. Synthesis of Biaryls!

Summary: Treatment of a variety of aromatic compounds
with thallium(III) trifluoroacetate in trifluoroacetic acid,
carbon tetrachloride, or acetonitrile results in oxidative cou-
pling to give symmetrical biaryls in good to excellent yield.

Sir: There are few preparatively useful procedures for the
synthesis of biaryls. The most important, and commonly used,
methods are the Ullmann reaction,? the Gomberg reaction,?
the thermal decomposition of aroyl peroxides,* and various
Kharasch-type reactions in which an aromatic Grignard re-
agent is treated with an organic halide in the presence of a
metal halide.” More recent methods which have not yet been
widely utilized include the reaction of aromatic Grignard re-
agents with thallium(I) bromide,® treatment of aryllead (IV)
triacetates with trifluoroacetic acid in the presence of acti-
vated hydrocarbons,’ reaction of diaryltellurium(IV) dihalides
with Raney nickel at 200 °C,8 treatment of aryl halides with
zerovalent nickel complexes,® and the coupling of arylmer-
cury(II) salts with copper metal and a catalytic amount of
palladium(II) chloride in the presence of pyridine.!® The re-
quirement that the starting material possess a substituent
group which must eventually be lost in the coupling process
i§ the common denominator in all of the above biaryl syn-
theses.!!

We now report that treatment of a variety of aromatic
substrates with thallium(III) trifluoroacetate (T'TFA) in tri-
fluoroacetic acid (TFA), or in carbon tetrachloride or aceto-
pitrile containing boron trifluoride etherate results in smooth,
rapid, and direct oxidative coupling to give symmetrical
biaryls in good td excellent yield.

~ Thus, reaction of 4-bromoveratrole 1a (1 equiv) with TTFA
(0.5 equiv) in TFA is complete within a few minutes; pure
2,2’-dibromo-4,4',5,5'-tetramethoxybiphenyl 2a is obtained
in 88% yield (92% conversion!?) after recrystallization from
toluene/petroleum ether (bp 100-120 °C).13 The anisole de-
rivatives 1b—f react analogously to give the biaryls 2b-f, and
the naphthalene derivatives 3a-g are smoothly converted into
the binaphthyls 4a-g.!*

Thus, this method constitutes a simple, effective procedure
for the preparation of a variety of highly substituted biaryls
in which the ring substituents are either electron-donating or
mildly electron-withdrawing groups. Aromatic substrates
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¢, R, = CH,0O; R, = CH, 83 92
d,R, =CH,O;R,=Cl 89 82
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which contain powerful electron-withdrawing groups (COOR,
CN, NOs,) fail to couple under the above conditions. Conse-
quently, the T'TFA method is complementary to the Ullmann
reaction since the latter procedure usually gives satisfactory
yields of biaryls only when the aromatic halides contain
powerful electron-withdrawing groups, and is normally an
inefficient reaction for the preparation of binaphthyls.

Another important aspect of the present procedure is the
facility with which 2,2,6,6’-tetrasubstituted biaryls can be
prepared in good yields. Gibson and Bailey, for example, re-
ported recently that both the Ullmann reaction of the benzyl
ether of 2,3,5-trimethyl-4-iodophenol and the Kharasch-type
reaction of the corresponding Grignard reagent with cupric
chloride failed to yield any biaryl.15 Treatment of the benzyl
ether of 2,3,5-trinrethylphenol with TTFA in acetonitrile
containing boron trifluoride, however, gives 2,2',3,3,6,6'-
hexamethyl-4,4’-dibenzyloxybiphenyl in 39% yield (51%
conversion) in 10 min.

The effectiveness of this procedure for intramolecular
coupling is illustrated by the conversion of 1,3-bis(3,4-di-
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methoxyphenyl)propane (5) to the bridged biphenyl 6 in 81%
yield (100% conversion).1¢ Applications to the construction
of aporphine and homoaporphine alkaloids!” from 1-benzyl-
and 1-phenethyl-1,2,3,4-tetrahydroisoquinolines are under
investigation.

The detailed mechanism of this coupling reaction is not yet
known, but the available evidence is compatible with the se-
quence (a) reaction of TTFA with the aromatic substrate and
generation of the radical cation Ar-*; (b) reaction of this
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electrophile with the aromatic substrate; and (c) oxidative
aromatization of the intermediate thus produced by TTFA.
Formation of arene radical cations in the reactions of certain
alkyl benzenes with TTFA in TFA has been demonstrated by
Elson and Kochi,!® while formation of small amounts of
biaryls during electrophilic aromatic thallation using TTFA
and other thallium(IIT) salts has been noted on several occa-
sions.!® Moreover, treatment of durene with TTFA in TFA
gives the heptamethyldiphenylmethane 7 (~15% vield), which
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is also one of the products formed by electrochemical oxida-
tion of durene, a process known to proceed via the radical
cation.2® An important consequence of the radical cation
mechanism is that the oxidation potential of an aromatic
substrate should be one of the major factors governing the
particular reaction course which will be followed when that
aromatic substrate is treated with T'TFA, i.e., electrophilic
aromatic thallation or oxidative coupling. Studies to establish
this point and to define more rigorously the scope and limi-
tations of this new biaryl synthesis are currently in prog-
ress.
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Sulfuranes. The Use of Tetraoxysulfuranes in
the Formation of Olefins and Ethers from Alcohols

Summary: Phenylene orthosulfite synthesized from SF, and
the dilithium salt of catechol reacts with alcohols to form
olefins probably by means of a cyclic elimination route.

Sir: Interest in alkoxysulfuranes has been stimulated by re-
ports of their utility as dehydrating reagents.1-¢ The dial-
koxysulfurane [CgH5C(CF3)20]2S(CgH;)s reacts with primary
alcohols to form unsymmetrical ethers of the type
CsH5C(CF3)20R and with secondary alcohols to form olefins
preferentially by trans coplanar elimination.!

We report results indicating that considerable control over
the stereochemistry of elimination and the products formed
from primary alcohols may be possible by a judicious choice
of the sulfurane reagent.

Tetraoxysulfurane 1 reacts rapidly with cyclohexanol in
CDClI; solution at room temperature to provide cyclohexene.
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Both the cis and trans isomers of 2-methylcyclohexanol pro-
vide a 1:1 mixture of 1-methyl- and 3-methylcyclohexene to-
gether with o-phenylene sulfite. The sulfite is incapable of
effecting the dehydration, and the olefins are stable under the
reaction conditions.

This result is inconsistent with expectations for either an
E1 or E2 elimination route. A trans coplanar elimination of
the trans isomer could produce only 3-methylcyclohexene. By
analogy with the phosphoric acid catalyzed dehydration of the
isomeric 2-tert-butylcyclohexanols,” the trans isomer of 2-
methyleyclohexanol would be expected to give a mixture of
1- and 3-methylcyclohexene but the cis alcohol should give
mainly 1-methylcyclohexene. The observed result is consistent
with a cyclic elimination mechanism similar to that found for
amine oxide pyrolyses.8

In this mechanism the sulfurane undergoes ligand exchange
with the alcohol to form 2 with the sulfurane group occupying
the equatorial position of the cyclohexane ring by virtue of its
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