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ABSTRACT

A palladium complex derived from a sterically hindered diaminochlorophosphine allowed for Suzuki-Miyaura cross-couplings of chloroarenes
with ample scope and provided access to tetra-ortho-substituted bi(hetero)aryls.

Transition-metal-catalyzed cross-coupling reactions are in-
dispensable tools for regioselective C(sp2)-C(sp2) bond
formations, which have found valuable applications in
numerous research areas.1 Particularly, Suzuki-Miyaura
couplings have proven useful because of their remarkable
tolerance of functional groups, along with the low toxicities
and ready availability of organoboron nucleophiles.2 While
considerable progress in Suzuki-Miyaura coupling chemistry

has been accomplished in recent years through the develop-
ment of stabilizing ligands,2 syntheses of highly ortho-
substituted biaryls continue to constitute a significant chal-
lenge. Thus, high-yielding3 preparations of tetra-ortho-
substituted biaryls have thus far only been accomplished with
palladium complexes derived from biphenyl monophosphines
1,4,5 tertiary phosphine 2,6 or N-heterocyclic carbenes (salt
3 or complex 4)7 as sterically demanding, electron-rich
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stabilizing ligands (Figure 1). Contrarily, heteroatom-
substituted phosphines were, to the best of our knowledge,
as of yet not employed as ligands for these challenging
transformations.

Previously, we reported on applications of diaminochlo-
rophosphine 5a (Figure 2) as a ligand for palladium-catalyzed

cross-coupling reactions of aryl halides.8,9 While this catalytic
system enabled the use of chloroarenes in Suzuki-Miyaura

couplings, noteworthy limitations were represented by
unsatisfactory low conversions with sterically hindered
substrates, as well as the need for KOt-Bu as a strong base.
Given that more effective arylations of amines or R-C-H
acidic compounds could be achieved with sterically hindered
ligand 5c,10 we became interested in exploring its application
to challenging Suzuki-Miyaura couplings with sterically
congested substrates. Herein, we wish to report on these
studies, which resulted in the development of a catalytic
system for coupling reactions of aryl bromides as well as
aryl or alkenyl chlorides with CsF as a milder base.
Furthermore, these findings include the first use of a
heteroatom-substituted phosphine as ligand for syntheses of
tetra-ortho-substituted biaryls through Suzuki-Miyaura cou-
plings.

At the outset of our studies, we probed representative
chlorophosphines in the palladium-catalyzed synthesis of
tetra-ortho-substituted biaryl 8aa through Suzuki-Miyaura
coupling (Table 1). Preliminary experiments with diami-

nochlorophosphines 5 revealed 1,4-dioxane to be the solvent
of choice. While a variety of bases provided unsatisfactory
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Figure 1. Ligands 1-3 and complex 4 for syntheses of tetra-ortho-
substituted biaryls.

Figure 2. Diaminochlorophosphine ligands 5a-c.

Table 1. Chlorophosphines as Ligands in the Synthesis of
Tetra-ortho-Substituted Biaryl 8aaa

a Reaction conditions: 1a (0.50 mmol), 2a (0.75 mmol), [Pd2(dba)3]
(2.0 mol %), L (8.0 mol %), base (1.50 mmol), 1,4-dioxane (2.0 mL), 20 h,
GC conversion. b Yield of isolated product.
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results (entries 1-8), cesium salts were found to be more
effective (entries 9 and 10), with CsF being optimal (entry
10). Unfortunately, diaminochlorophosphine 5a or 5b only
gave rise to significantly less efficient catalysis (entries 11
and 12), as was also observed for alkyl-substituted phosphine
chloride 911 (entry 13).

With an optimized catalytic system in hand, we explored
its scope for the preparation of various tetra-ortho-substituted
biaryls 8 (Scheme 1).

Thus, diversely substituted products 8ab-8ai with valu-
able functional groups, such as esters, amides, or heteroare-
nes, could be prepared in good yields.

Moreover, the optimized palladium complex generated
from ligand 5c was not limited to bromoarenes 6 as
electrophiles but proved also applicable to the conversion
of less expensive chloroarenes 10 (Scheme 2). Contrary to
the previously reported catalytic system,8a CsF could be
employed as a mild base, thereby enabling the synthesis of
biaryls 8aj-8ao with various important functionalities.
Additionally, N-heteroaryl chlorides served as viable sub-
strates to yield biaryls 8ap-8ar. An intramolecular competi-
tion experiment highlighted an excellent chemoselectivity,
which resulted in the selective formation of biaryl 8as.
Further, ortho-substituted boronic acids also could be
employed to provide access to arylated arene 8at and alkene
8au.

Importantly, ortho-substituted chloroarenes 10 were also
efficiently converted (Scheme 3). Hence, di- and tri-ortho-

substituted biaryls 8av-8ax and 8ay-8az, respectively, were
obtained in high yields. Interestingly, the palladium catalyst
derived from diaminochlorophosphine 5c could be used for
the challenging synthesis of tetra-ortho-substituted products
8ag-8bc, as well.

We believe that the catalyst’s high efficacy in the
formation of tri- or tetra-ortho-substituted biaryls 8 is due
to the considerable steric bulk exerted by the substituents
on chlorophosphine 5c. Thereby, highly active monophos-
phine-coordinated palladium species12 are generated, a
feature that is reflected by the selective formation of
palladium(II) complex 11,13 the molecular structure of
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Scheme 1. Synthesis of Tetra-ortho-Substituted Biaryls 8

a [Pd] (8.0 mol %).

Scheme 2. Cross-Couplings with Chloroarenes 10
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which was confirmed by X-ray crystal structure analysis
(Scheme 4).14

In summary, we have reported on the use of a heteroatom-
substituted phosphine for challenging Suzuki-Miyaura cross-

coupling reactions with sterically hindered substrates. Hence,
a palladium complex derived from a diaminochlorophosphine
enabled inter alia the synthesis of tetra-ortho-substituted
biaryls.
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Scheme 3. Cross-Couplings with ortho-Substituted Aryl
Chlorides 10

a [Pd] (8.0 mol %), 110 °C, 24 h.

Scheme 4. Synthesis and Molecular Structure of Complex 11
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