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New air-stable PdCI »{ PBu,(p-R-Ph)}, (R = H, NMe,, CF3,) complexes represent simple, general, and efficient catalysts for the Suzuki —Miyaura
cross-coupling reactions of aryl halides including five-membered heteroaryl halides and heteroatom-substituted six-membered heteroaryl chlorides
with a diverse range of arylboronic acids. High product yields (89 —99% isolated yields) and turn-over-numbers (10 000 TON) are observed.

The Suzuki—Miyaura cross-coupling reaction has emerged Although catalysts for cross-coupling reactions of aryl

as one of the most powerful, attractive, and widely utilized chlorides with a range of electronic and steric properties are
methods for the construction of carbecarbon bonds. now extensively developed, catalysts for general cross-
Notably, the pioneering development of novel and highly coupling reactions of heteroaryl halides, and particularly five-
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Table 1. CatalystB-Catalyzed Suzuki—Miyaura Reactiéns

chlorides bearing heteroatom substituents (such-8f,
—NH,, and—OR), remain underdevelopé#.1*

The Suzuki-Miyaura cross-coupling reaction of heteroaryl
chlorides with heteroatom substituents is of interest to the
pharmaceutical industry for the preparation of biologically
active compounds. Historically, however, these substrates
have been found to be problematic coupling partners. The

ineffectiveness of these substrates has been attributed to the
potential binding nature of such substrates to the metal center 3

resulting in the formation of inactive (substratejnetal
complexes? Recently, the groups of Bryt&and ItoH* have
reported the SuzukiMiyaura cross-coupling reactions of
heteroaryl chlorides bearing a primary amine group using
PdCL(PPh), and Pd(OAcyD'BPF catalysts, respectively,
although high catalyst loadings of 5 mol % were typically
required. The electron-rich bidentatéBPF ligand-based
Pd/L catalyst was found to be more general and effective
compared to the monodentate BPBusP, and biphenyl-
PR, (R = Cy, 'Bu) ligand-based Pd/L catalysts purportedly
because of the ability of the chelatindBPF ligand to inhibit
the formation of inactive (substrate)metal complexe$!
However, the Buchwald group has recently reported a
successful example of a Pd/L-catalyzed SuzMiyaura
cross-coupling reaction of a NFsubstituted chloropyridine
with pyridin-3-ylboronic acid using a monodentate sulfonated
S-PHOS ligand®

As part of our efforts to develop efficient processes to
biologically active compounds, we were interested in the
Suzuki—Miyaura cross-coupling reactions of heteroaryl
halides. The state-of-the-art Pd/L catalysts including Pd/
D'BPF under typical conditions were found to be practically
unattractive for the synthesis of specific targets of interest.
Therefore, we initiated a study for the development of new
and improved catalysts for the cross-coupling reactions of
heteroaryl halides. Herein, we report our preliminary results
which include the synthesis, characterization, and reactivity
of new air-stable PA@PBu,(p-R-Ph}, (R=H (A), NMe;,
(B), CR: (C)) complexe¥ and the utility of PAGK PBu,-
(p-NMex-Ph)}, (B) as a simple, general, and highly active
catalyst for the efficient SuzukiMiyaura cross-coupling
reactions of aryl halides including six-membered heteroaryl
chlorides with—SR, —NH,, and—OR substituents and five-
membered heteroaryl halides.

The air-stable PdG]PBux(p-R-Ph), (A—C) complexes
were readily prepared in two steps from commercially
available inexpensive reagents (Schemé’ The selected

Scheme 1. Synthesis of New Palladium/Phosphine Complexes
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a8 Reaction conditions: ArX (1.0 equiv), A-B(OH),; (1.2 equiv),
K2CO;3 (2.0 equiv), catalysB (1.0 mol %), toluene/water (:20% water),
reflux for 12 h. Yields correspond to % isolated prod®®60 TON
observed at lower catalyst loadir2 mol % of catalystd 0.1 mol % of
catalyst.0.01 mol % of catalyst. Anhyd toluened KsPQ, baseh GC-

MS. | For comparison, 1:81.2 mol % of catalyst was required for complete
conversion with Pd(OAg)js-PHOS and Pd@ID'BPF) catalysts under
otherwise identical conditions.

H—P(Bu), (COD)PdCI, \
R~< >—Br — R—< >—P( Bu), |,PdCl,
Pd,dbas
(A)R=H MG-0
(B)R=NMe, MG-1
(C)R=CF; MG-2

aryl bromides were reacted with thft-butylphosphine in
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the presence of the Ritbg catalyst and a base to afford the
desired phosphine ligands, which were then reacted with the
PdCL(COD) complex to afford the desired palladium
complexesA—C. The complexes were characterized by
and®P NMR. Elemental analysis ar‘®P NMR studies of
mixtures (1:1 molar ratio) of Pd&PPh), with A, B, and
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C, respectively, confirmed the presence of two phosphine went to completion efficiently even at lower catalyst loadings
ligands in each of the palladium complex&s-C. (1.0—0.01 mol %, 10610 000 TONSs) (entries-812). The

The cross-coupling reaction of 3-methyl-2-chloropyridine reaction of 3-chloro-6-methoxypyridazine with 4-methoxy-
with 4-(trifluoromethyl)phenylboronic acid in the presence phenylboronic acid gave the desired product in high yield
of catalystA was studied to identify suitable bases and (entry 13). The reactions of five-membered heteroaryl halides
solvents. In toluene solvent, the base€Rx;, KsPO,, KOAC, including 2-chlorothiophene and 1,3,5-trimethyl-4-bromo-
CsCQ;, CsF, and NzCO; were found to be the best. The pyrazole with arylboronic acids also proceeded efficiently
solvent/base combinations of butanol/KOAc, 1,4-dioxane/ (entries 14—16). The reactions of traditional aryl chlorides
CsF, and acetonitrile/CsF were also found to be suitable. with arylboronic acids were also very successful (entries 17

The cross-coupling reaction of 2-chlono-xylene with 18). Notably, the reaction of 2-chlorobenzonitrile with
p-tolylboronic acid in the presence of,8O; base and p-tolylboronic acid proceeded to completion in the presence
toluene solvent was used to evaluate the reactivity of catalystsof only 0.01 mol % of catalysB (10 000 TON) to afford
A—C.Y The catalyst reactivity was found to be dependent the desired industrially significant intermediate, OTBN
on the electronic properties of the ligands. The cataB/st  (o-tolylbenzonitrile), in high yield (entry 17). Turn-over-
with the most electron-rich phosphine ligand was found to numbers higher than 10 000 were not investigated in this
be the best under these anhydrous conditions (6 h, %study.

conversion at 100°C: A, 81; B, 94; C, 63). Aqueous In conclusion, we have demonstrated that new air-stable
conditions resulted in further improvement (faster reaction) PdChL{ PBux(p-R-Ph)}, complexes are readily available from
in performance of catalyd3. simple inexpensive reagents and the complex KdBu,-

The efficacy of catalysB (MG-1) for general Suzukt (p-NMex-Ph)}, (B, MG-1), in particular, represents an
Miyaura cross-coupling reactions of heteroaryl and aryl efficient and general catalyst for the Suzukiiyaura cross-
halides was further investigated (Table'1)The reactions  coupling reactions of aryl halides including five-membered
were conducted with CO; or KsPOy base in toluene/water  heteroaryl halides and heteroatom-substituted six-membered
(10-20% water) solvents. Catalyst loadings of +@1 mol heteroaryl chlorides with a diverse range of arylboronic acids.
% were typically employed. The reactions of amino- High product yields (89:99% isolated yields) and turn-over-
substituted 2-chloropyridines with arylboronic acids bearing numbers (up to 10 000 TON) are generally observed. Overall,
both electron-withdrawing and electron-donating substituents these results significantly advance the scope of Suzuki—
were efficient and afforded the desired products in high yields Miyaura cross-coupling reactions and are of tremendous
(entries £-6). The reaction of 4-amino-2-chloropyridine with  value to the research and development efforts in the
the sterically demanding 2,4,6-trimethylphenylboronic acid pharmaceutical industry. Studies to delineate catalyst struc-
also afforded the desired product in high yield (entry 7), ture and activity relationships and to explore catalyst utility
although a slightly higher catalyst loading was required. In for other reactions are currently in progress.
comparison, the previous best conditions for these substrates
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