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Summary: (2,4,6-Trifluorophenyl)- and (2,6-difluoro-
phenyl)boronic acids react with PdI(C6H4O-4-Me)(tmen)
(tmen ) N,N,N′,N′-tetramethylethylenediamine) in the
presence of Ag2O to produce cis-diarylpalladium com-
plexes with a tmen ligand via intermolecular transfer
of the fluorophenyl group from B to Pd. The isolated
complexes undergo coupling of the two aryl ligands upon
heating the solution to 45-60 °C to afford unsymmetrical
biaryls.

The reactions of organolithium, -magnesium, and
-aluminum compounds with halogeno transition-metal
complexes provide a useful method for the preparation
of alkyl and aryl complexes of late transition metals.
Reports of the preparation of organotransition-metal
complexes via the reactions of organoboronic acids with
halogeno transition-metal complexes are much less
common, although organoboronic acids are employed as
the convenient source of an aryl or alkenyl group in the
C-C bond-forming reactions catalyzed by Pd and Rh
complexes.1 Since organoboronic acids contain nonpolar
and stable C-B bonds, the above catalytic reactions
often require addition of a base such as OH-, which
activates the C-B bond and/or the transition-metal-
halogen bond. Very recently, Miyaura reported the
reaction of phenylboronic acid with [Pd(dppe)(MeCN)2]2+

(dppe ) 1,2-bis(diphenylphosphino)ethane) in the pres-
ence of PPh3 to form [PdPh(dppe)(PPh3)]+ via transfer
of the phenyl group from B to Pd.2 A monophenyl-
palladium complex with a similar structure, [PdPh-
(dppe)(L)]+ (L ) solvent, etc.), is a plausible intermedi-
ate in 1,4-addition reactions of arylboronic acids with
R,â-unsaturated ketones catalyzed by [Pd(dppe)-
(MeCN)2]2+. Transmetalation of an arylboronic acid with
a monoarylpalladium complex, giving diarylpalladium
species, and the subsequent coupling of the two aryl
ligands are believed to be involved in the Pd-catalyzed
cross-coupling reaction of aryl halides with organobo-
ronic acids (Suzuki-Miyaura reaction). The existence
of a diarylpalladium complex in the reaction mixture
of arylboronic acid with an arylhalogenopalladium
complex

was demonstrated by ESI/MS characterization.3 We
recently found that the reaction of (2,4,6-trifluoro-
phenyl)boronic acid with trans-Pd(C6F5)I(PEt3)2 afforded
the transmetalation product trans-Pd(C6H2-2,4,6-F3)-
(C6F5)(PEt3)2.4 The isolated diarylpalladium complex,
however, did not undergo smooth coupling of the two
aryl ligands, due to the stable Pd-C bond and trans
geometry of the complex. In this paper, we report the
reaction of a fluorine-free arylpalladium complex having
tmen (tmen ) N,N,N′,N′-tetramethylethylenediamine)
with di- and trifluorinated phenylboronic acids to form
the isolable cis-diarylpalladium complexes and their
reductive elimination of biaryls on gentle heating.

Complex PdI(C6H4-4-OMe)(tmen) reacts with (2,6-
difluorophenyl)- and (2,4,6-trifluorophenyl)boronic acids
in the presence of Ag2O and H2O to produce Pd
complexes with a cis structure, Pd(C6H3-2,6-F2)(C6H4-
4-OMe)(tmen) (1) and Pd(C6H2-2,4,6-F3)(C6H4O-4-Me)-
(tmen) (2), respectively. Complexes 1 and 2 give satis-

factory results of elemental analyses and NMR (1H, 13C,
and 19F) spectra. Figure 1 shows the molecular structure
of 2 determined by X-ray crystallography.5 The molecule
has a square-planar coordination around the Pd center.
The two Pd-C bond distances are quite similar to each
other. The Pd-N1 bond (2.168(3) Å) is shorter than the
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Pd-N2 bond (2.177(3) Å), indicating that the trans
influence of the 2,4,6-trifluorophenyl ligand is less than
that of the 4-methoxyphenyl ligand. The reactions in
eq 1 form the complexes in high yields after 3 h at room
temperature, but a longer reaction causes partial for-
mation of the biaryl caused by coupling of the two aryl
groups. Analogous reaction of (2,4-difluorophenyl)-
boronic acid with PdI(C6H4-4-OMe)(tmen) does not lead
to isolation of the diarylpalladium complex but forms
the coupling product, MeOC6H4-C6H3F2, directly.
Smooth transmetalation does not occur in the reaction
of (2,4,6-trifluorophenyl)boronic acid using AgBF4 in-
stead of Ag2O, suggesting that Ag2O activates not only
the Pd-I bond but also the C-B bond.

Heating a C6D6 solution of 1 at 50 °C produces
4-methoxy-2′,6′-difluorobiphenyl via coupling of the two
aryl ligands in 94% yield, as shown in eq 2. The 1H NMR

spectra of the reaction mixture indicate the formation
of the biaryl as the sole aromatic product. 4,4′-Dimeth-
oxybiphenyl, which could be formed by intermolecular
coupling or intermolecular scrambling of the aryl ligands,
does not exist in the reaction mixture. Figure 2 depicts
first-order plots of the reaction monitored by 1H NMR
spectra. The reaction of 1 obeys first-order kinetics with
the kinetic parameters ∆Hq) 101 kJ mol-1, ∆Sq ) -10
J mol-1 K-1, and ∆Gq ) 103 kJ mol-1 at 25 °C.
Formation of the biaryl from a thermal reaction of 2 is
complete after 3 days at 50 °C and is much slower than
the thermal decomposition of 1. The above reactions
accompany deposition of Pd metal, which is inhibited

by addition of diethyl fumarate (8-fold molar amount
of Pd, 0.15 mM). The rate constants of the reactions
with addition of diethyl fumarate (1.12 × 10-4 s-1)
and without the additive (1.24 × 10-4 s-1) do not
differ significantly from each other. Thus, the Pd metal
formed during the reaction does not affect the reaction
rate.6

The diarylpalladium complexes trans-PdAr2(PEt2Ph)2
(Ar ) Ph, m-C6H4Me) have been reported in the
literature.7 They are stable, due to the trans structure,
although addition of aryl halides to their solutions
results in formation of biaryls via the cis-diarylpalla-
dium intermediates, which undergo reductive elimina-
tion of the products. Coupling of aryl ligands at cis
positions of square-planar complexes of group 10 metals
was reported to take place much more easily than that
of cis-dialkyl complexes.8-10 The cis-diarylpalladium
complexes reported so far contain fluoro, chloro,11 and
nitro12 substituents at the ligand or are stabilized by a
chelating anchor group13 of the aryl ligands. In this
study, the combination of the fluorinated and non-
fluorinated aryl ligands and the tmen ligand enabled
both isolation of the cis-diarylpalladium complexes and
thermally induced reductive elimination of biaryl under
mild conditions.
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Figure 1. ORTEP drawing of 2 with 30% ellipsoidal plots.
Selected bond distances (Å) and angles (deg): Pd1-N1 )
2.168(3), Pd1-N2 ) 2.177(3), Pd1-C1 ) 2.000(3), Pd1-
C8 ) 2.000(3); N1-Pd1-N2 ) 83.9(1), N1-Pd1-C1 )
94.6(1), N1-Pd1-C8 ) 178.1(1), N2-Pd1-C1 ) 178.5(1),
N2-Pd1-C8 ) 96.0(1), C1-Pd1-C8 ) 85.4(1).

Figure 2. First-order plots of the thermally induced
reductive elimination of 2,6-difluoro-4′-methoxybiphenyl
from complex 1: (a) at 45 °C; (b) with added diethyl
fumarate at 50 °C; (c) at 50 °C; (d) at 55 °C; (e) at 60 °C.
An Eyring plot is shown in the inset.
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