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The palladium-catalyzed Suzuki cross-coupling reaction
of aryl bromides, aryl iodides, and pseudohalides (e.g.
triflates) is a general method employed for the formation of
C—C bonds.! The use of aryl chlorides as chemical feedstock
in coupling chemistry has proven difficult but would eco-
nomically benefit a number of industrial processes.?® The
use of phosphine ligands in organometallic chemistry and
catalysis is widespead.* Recently, Buchwald® and Fu® have
reported phosphine-modified palladium-mediated Suzuki
coupling reactions which employ inexpensive aryl chlorides
as substrates. The use of bulky phosphine (P'Bus) or phos-
phine-containing moiety (PCy,) in ancillary ligation was
shown to be fundamental in triggering the observed catalytic
behavior.

Nucleophilic N-heterocyclic carbenes, the imidazol-2-
ylidenes or so-called “phosphine mimics”, have attracted
considerable attention as possible alternatives for the widely
used phosphine ligands in homogeneous catalysis.”® The
primary advantage of these ligands appears to be that they
do not dissociate from the metal center, as a result an excess
of the ligand is not required in order to prevent aggregation
of the catalyst to yield the bulk metal.8 The application of
these ligands in palladium-catalyzed Heck reactions,® 13
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rhodium carbene complexes in hydrosilylation,4 and ruthe-
nium carbene catalysts in olefin metathesis'®162 has opened
new opportunities in catalysis.

Recently we examined the solution calorimetry of transi-
tion metal-centered ligand substitution involving nucleo-
philic N-heterocyclic carbenes.'® This class of ligands exhib-
ited a considerable stabilizing effect in organometallic
systems.817 An understanding of ligand stereoelectronic
effects provided by the thermochemical investigations led
to the use of this ligand class in a ring-opening/closing
metathesis system. Herrmann and co-workers have reported
Suzuki cross-coupling activity of carbene ancillary ligands
involving aryl bromides and activated aryl chlorides.® In
view of the stereoelectronic phosphine factors required in
the report of Fu and Littke® and results from the thermo-
chemical studies which more clearly defined the electron-
donating ability (better donating than PCys) and steric
demand (larger than PCys) of the carbene ligands, 1,3-bis-
(2,4,6-trimethylphenyl)imidazol-2-ylidene (1, 1Mes)® was
examined as a potential ancillary ligand in Suzuki cross-
coupling reactions of aryl chlorides and arylboronic acids.

Me M
l—‘
M N _N Me
Me 5 Me

In our initial experiments we observed that the coupling
of 4-chlorotoluene and phenylboronic acid (1.5 equiv) in the
presence of 1.5 mol % of Pdy(dba)s, 3.0 mol % of the carbene
1,1% and Cs,CO; in dioxane at 80 °C proceeded to give
4-phenyltoluene in 59% isolated yield (Scheme 1). The
reaction proceeded rapidily with complete consumption of
the aryl chloride as observed by TLC within 1.5 h.

Since imidazol-2-ylidene carbenes are considerably less
stable to air and moisture than the corresponding imidazo-
lium salts, to avoid the preparation and isolation of the
carbene 1 we sought to develop a protocol in which the
carbene ligand 1 would be generated in situ from salt 2.
When the coupling reaction of 4-chlorotoluene with phenyl-
boronic acid was performed with 2 under the same general
conditions, the product 4-phenyltoluene was isolated in 96%
yield (Table 1, entry 5). This result represents a significant
improvement over the procedure employing the nucleophilic
carbene 1 in terms of both isolated yield and ease of
execution.
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Table 1. Effect of the Base on the Rate of Pdx(dba)s/
IMes-HCI (2) Catalyzed Suzuki Cross-Coupling Reactions
of 4-Chlorotoluene with Phenylboronic Acid

Me

Me B(OH)» O
+ @

Pdy(dba)z (1.5 mol %)
cl 2 (3.0 mol %)
base (2 equiv.)

dioxane, 80 °C

15h
entry base time (h) yield (%)*°
1 ELN 24 <5°
2 Na,CO, 43 6
3 KOAc 43 42°
4 K,CO, 24 53
5 CsF 2 65
6 Cs,CO, 1.5 96

a |solated yields. ® All reactions were monitored by TLC. ¢ 4-
Chlorotoluene was not completely consumed within the indicated
reaction time (TLC).

An investigation of the base for in situ generation of the
carbene ligand 1 from the salt 2 and enhanced catalytic
activity revealed that Cs,CO3; was the reagent of choice

Me M
Me-Q*@N«bee
Me CI me
2

(Table 1). Other inorganic bases such as Na,CO3, KOAc, K-
COg3, and CsF resulted in longer reaction times for complete
consumption of the aryl chloride and afforded moderate to
low yields of coupling products. When the organic base
triethylamine was employed, the reaction ceased within
minutes and precipitation of palladium black was observed.

As illustrated in Table 2, the palladium-catalyzed Suzuki
reaction with the ancillary ligand 2 was exceptionally
tolerant of a variety of functional groups substituted on the
aryl chlorides and arylboronic acids. Electron-donating and
electron-withdrawing substituents were both well tolerated
by the catalytic system and provided the corresponding
coupling products in excellent yields.
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Table 2. Functional Group Tolerance of Pdy(dba)s/
IMes-HCI (2) Catalyzed Suzuki Cross-Coupling Reactions
of Aryl Chlorides with Phenylboronic Acid Derivatives

B(OH),

sz(dba)g (1 .5 mol %)
2 (3.0 mol %)
Cs,C03 (2 equiv.)
dioxane, 80 °C

entry X Y time (h) yield (%)*
1 4-Me H 1.5 96
2 4-Me H 1.5 97°
3 4-Me 4-OMe 1.5 99
4 4-Me 2-Me 1.5 88
5 4-Me 3-OMe 1.5 91
6 H 4-OMe 1.5 99
7 2,5-diMe H 1.5 89
8 4-OMe H 1.5 93
9 4-CO,Me H 1.5 99

a |solated yields. 6.0 mol % of 2.

Use of the imidazolium salt 2 allowing for the in situ
generation of IMes 1 is a significant improvement upon
existing Suzuki cross-coupling reaction methods. Further-
more, preliminary studies have shown that the use of other
imidazolium salts as well as Pd(OAc), can affect the Suzuki
cross-coupling reaction of aryl chlorides with arylboronic
acids. However, reactions performed with other imidazolium
salts required longer times and afforded lower yields, while
Pd(OAc), was found to be equally as effective as Pd,(dba)s
under the reaction conditions described above. Detailed
investigations focusing on imidazol-2-ylidene substituent
effects, functional group tolerance, and catalytic activity in
this and other coupling transformations are ongoing.
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