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Homocoupling of Aryl Halides Promoted by Tetrabutylammonium Fluoride
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Abstract: The palladium-catalysed homocoupling of aryl halides
takes place in the presence of anhydrous, in situ generated, tetrabu-
tylammonium fluoride (TBAF).
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Symmetrical  biaryls have been prepared by the classic
Ullmann-copper mediated synthesis,1 whereas modern
methodologies take advantage of arylstannanes,2 arylbo-
ronic acids3 and arylzinc4 derivatives. These methods are
efficient even though they suffer from the drawbacks re-
lated to the use of stoichiometric amounts of organometal-
lic species.

Recently, the homocoupling of aryl halides using
Pd(OAc)2 and Bu4NBr5 has been reported therefore
prompting us to present our results in this field.

In a previous paper6 we described a new synthesis of pen-
tacoordinated tetraalkylammonium (difluoro)silicates 3
by reaction of a trisubstituted silane 1, containing at least
one aryl group, and a quaternary onium hydrogendifluo-
ride, e.g. tetrabutylammonium hydrogendifluoride (2)
(TBABF) (Scheme 1). Since trialkylsilanes did not react

with 2 under these reaction conditions, we developed an
alternative procedure to generate trialkyl(difluoro)sili-
cates 5 through the reaction of TBABF with a silyl enol
ether 4 (Scheme 2). The reaction of 2 with (cyclopentenyl-
oxy)triphenylsilane (4a) or (cyclopentenyloxy)diphenyl-
methylsilane (4b) generated the known crystalline quater-
nary (difluoro)silicates 5a,b7 in good yields (85-87%)
confirming the effectiveness of the procedure. However,
in the case of trimethyl- and t-butyldimethylsilyl enol
ethers 4c,d, the corresponding trialkyl(difluoro)silicates
5c,d could not be isolated as a consequence of their low
stability.8 On the contrary, after trapping of the transient
ammonium enolate by 2, the short lived pentacoordinate
anion silicon intermediate 5 generated the fluorosilane 7,
cyclopentanone 6 and tetrabutylammonium fluoride (8)
(TBAF). Indeed, after treatment at 0.01 mmHg at 20°C,
examination of the reaction mixture by 1H and 19F NMR
spectroscopy indicates that the residual brown syrupy oil
basically consists of TBAF (8) in a low hydration state.9

This highly reactive form of TBAF, although relatively
stable at room temperature, promotes a fast palladium ca-
talysed homocoupling of aryl halides. The reaction of 1-
iodo-4-nitrobenzene (9b) in dimethylsulfoxide (DMSO)
at 120°C in the presence of 8, generated in situ according
to Scheme 2,10 and 2.5 mol % of allylpalladium chloride
dimer [PdCl(p-C3H5)]2 10 afforded 77% of 4,4'-dinitrobi-
phenyl (11b) after only 1.5 hours (Table 1, entry 2). The
water content of TBAF is crucial for the good outcome of
the reaction since 11b was generated in a 10% yield only
after 24 hours by using commercially available
TBAF◊3H2O (entry 1).
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In a control experiment TBAF◊3H2O was dehydrated by
gently heating for 31 hours under sonication and high vac-
uum.11 TBAF◊0.5H2O thus obtained generated the homo-
coupled product 11b in 68% yield in 20 h (entry 4). It
seems likely that the slower reaction can be ascribed to a
partial decomposition to the less reactive TBABF (2) tak-
ing place during dehydration of the commercial salt.11 In
fact under the same reaction conditions TBABF afforded
55% of 11b in 7 hours without complete conversion of 9b
(entry 5). The use of tributylamine (12) instead of 8 or
Pd(OAc)2 as a substitute for 10 gave lower yields (entries
6-8).

A representative list of aryl halides 9a-g bearing various
functionalities  were  converted  into  the corresponding
biaryl derivatives 11a-g in moderate to good yield (Table
2). Iodo- and bromoaryls can be successfully used. 4-Bro-
moacetophenone (9f) generated 4,4’-diacetylbiphenyl
(11f) in a 75% yield, whereas the homocoupling of 2-bro-
moacetophenone (9g) did not take place indicating that
the reaction is sensitive to steric hindrance.

In conclusion we developed a simple procedure for the
phosphine-free palladium catalysed homocoupling of aryl
halides. Further work is under way in order to determine
the exact nature of the process and will be reported in due
course.
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