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An Efficient Protocol for a Pd(OAc),-Catalyzed Ligand-Free
Suzuki Reaction in Toluene
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Abstract: An efficient protocol for a PA(OAc),-catalyzed ligand-free Suzuki reaction of aryl bromides with arylboronic acids in the presence
of K3PO47H>0 in toluene under mild and aerobic conditions afforded cross-coupling products in good to excellent yields. Under the opti-
mized reaction conditions (i.e., 0.5 mmol ArBr, 0.75 mmol ArB(OH),, 1 mol% Pd(OAc),, 1.0 mmol K3PO47H,0, 2 ml toluene), the Suzuki
reaction between 4-nitrobromobenzene and phenylboronic acid afforded a 99% isolated yield in 5 min at 75 °C and a TOF of up to 1 188 h™’.
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Table 1 Optimization of reaction conditions for the Suzuki reaction

Temperature Time Isolated yield
Entry Pd source Base

QY (min) (%)
1 Pd(OAc), K,COs 100 80 99
2 PdCl, K,COs 100 80 65
3 Pdy(dba), K,CO; 100 80 25
4 Pd/C K,COs 100 80 44
5 Pd(OAc), K;PO,7H,O 100 70 98
6 Pd(OAc), CH;0Na 100 210 81
7 Pd(OAc), NaOH 100 120 54

8 Pd(OAc), Na,COs 100 180 trace
9 Pd(OAc), K;PO,7H,O 100 50 95
10" Pd(OAc), KsPO,7H,O 75 60 99
11" Pd(OAc), K;PO,7H,0 50 120 97

Reaction conditions: 0.5 mmol 4-bromoanisole, 0.75 mmol arylboronic
acid, 1.0 mmol base, 1 mol% catalyst, 4 ml toluene ("2 ml toluene).
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Table 2  Suzuki reaction between aryl halides and arylboronic acids

Ri= = Rl=—  ~—=

X=Br,CLY=CN

Isolated
1me
Entry Ar-X Product . yield
(min)
(%)
1 OzNOBr OzN 5 99
2 NCOBl NC 7 99
3 CH3OCOBr CH3OC 15 98
4 CH;OBr CH3 40 98
CH OCH;
6 cmo@—m CHf,o 60 99
7 cmoOBr CH3OCH3 150 83
H;C
3 CH3O—QBr 150 91
o)<
9 CHgO—O—Br 110 99
O a®
10 crgo@m CH3OOCH3150 85
H;CO
1 cmo@m 150 24
o)<
12 CH3O©—B1 CHsOF 150 35
13 OZN—Q—CJ 02N 360 7°
14 <__>’Br 4 480 20/39°
\ N N\
15 CH; /)—Br CH; / 480 27/42°
N N
16 OzNO*Br OzNW 480  trace
N N

Reaction conditions: 0.5 mmol 4-bromoanisole, 0.75 mmol arylbo-
ronic acid, 1 mmol K;PO,-7H,0, 75 °C (*100 °C), 1 mol% Pd(OAc),
(°2 mol% Pd(OAc),), 2 ml toluene.
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English Text

Since the first report on the palladium-catalyzed
cross-coupling of aryl halides with arylboronic acids in 1979
[1], Suzuki chemistry has attracted attention from many
researchers [2-7] and is considered to be an exceedingly
important methodology for the construction of car-
bon-carbon and carbon-heteroatom bonds during the syn-
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thesis of biaryls. In particular, structural unit formation in
compounds for pharmaceuticals, herbicides, natural prod-
ucts, and advanced materials is of interest [8,9]. Generally,
the efficiency of the palladium-mediated catalyst is strongly
dependent on the nature of the coordination ligands and a
series of ligand-assisted palladium catalysts have been syn-
thesized and screened for various types of reactions and these
[11], and
N-heterocyclic carbene complexes [12]. However, most of

include phosphines [10], palladacycles
the ligands and complexes are difficult to synthesize and are
sensitive to oxygen and/or moisture. Recently, ligand-free
catalytic systems for the Suzuki reaction have been devel-
oped because they are simpler and cheaper than
ligand-promoted systems [13-20]. As a readily accessible
and cheap solvent, toluene is widely applied to the
ligand-promoted palladium-catalyzed Suzuki reaction
[21-23]; however, it is rarely used in ligand-free systems
[24]. We thus report a fast and efficient protocol for the
Pd(OAc),-catalyzed ligand-free Suzuki reaction of aryl
bromides with arylboronic acids in toluene and under air.

All aryl halides and arylboronic acids were purchased
from Alfa Aesar. All other chemicals were obtained com-
mercially and used without any prior purification. 'H NMR
spectra were recorded on a Varian Inova 400 spectrometer.
All products were isolated by short chromatography using a
silica gel (200-300 mesh) column with petroleum ether
unless otherwise noted.

A mixture of aryl halides (0.5 mmol), arylboronic acid
(0.75 mmol), Pd(OAc), (1 mol%, 1.12 mg), K;PO,-7H,O
(1.0 mmol, 338 mg), and toluene (2 ml) was stirred at 75 °C
for the indicated time and monitored by TLC. The mixture
was added to brine (15 ml) and extracted twice with acetic
ether (15 ml x 3). The solvent was concentrated under vac-
uum and the product was isolated.

In general, an efficient palladium-catalyzed cross-cou-
pling reaction is regulated by a number of factors such as
palladium source, base, reaction temperature, and time. For
our initial studies, the Suzuki reaction was carried out using
0.5 mmol 4-bromoanisole, 0.75 mmol phenylboronic acid in
toluene, and 1 mol% palladium salts under specific tem-
peratures and reaction times depending on the reactions
executed.

The palladium sources employed in the Suzuki reaction
are crucial to the catalytic efficiency. As shown in Table 1,
the palladium sources dramatically affect the reaction activ-
ity. It is clear that precatalysts with palladium(Il) salts such
as Pd(OAc), and PdCl, exhibited high catalytic activity
(Table 1, entries 1 and 2). Pd(OAc), performed more effi-
ciently in the Suzuki reaction than PdCl, in toluene, which is
consistent with the results of Leadbeater and Marco [25].
Using 1 mol% Pd(OAc), as the catalyst, the cross-coupling
reaction was completed quantitatively within 80 min (Table

1, entry 1). However, the catalytic activity was relatively low
using zerovalent palladium sources such as Pd/C or Pd,(dba);
(Table 1, entries 3 and 4), which is consistent with our recent
results [16,17] and Venkatraman et al. [26]. Among the
palladium sources screened, PA(OAc), gave the best results.

The influence of the base on the reaction was examined
and the results are listed in Table 1. The cross-coupling of
4-bromoanisole with phenylboronic acid was complete
within 70 min in the presence of 1.0 mmol K;PO,-7H,O
(Table 1, entry 5). The reason for this might be that
K5PO4-7TH,O acts as a base and a stabilizer for the active
palladium species [27,28]. K,CO; also exhibited high activ-
ity in the model reaction (Table 1, entry 1). However,
CH;0ONa and NaOH were not noticeably effective in the
cross-coupling reaction (Table 1, entries 6 and 7). To our
surprise, only a trace amount of cross-coupling product was
obtained when using Na,CO; as a base, even over a pro-
longed reaction time of 3 h (Table 1, entry 8). An explanation
has been proposed by Zhang et al. [29] who found that the
large potassium cation has a templating effect during the
nucleophilic attack of phenylboronic acid on the Pd(Il) in-
termediate formed by oxidative addition. However, the
smaller sodium cation is less reactive because of more steric
crowding in the transmetalation step.

To optimize the reaction temperature, we carried out ex-
periments at different temperatures (50, 75, and 100 °C) for
the Suzuki reaction between 4-bromoanisole and phenylbo-
ronic acid and the results are shown in Table 1 (Entry 9-11).
We found that better results were obtained in terms of reac-
tion time and yield at 75 °C in toluene and in the presence of
Pd(OAc), as well as K;P0,-7H,0 (Table 1, entry 10).

To evaluate the scope and limitations of this procedure, the
reactions of a series of aryl halides with arylboronic acids
were examined using 1 mol% Pd(OAc), at 75 °C in toluene
and with K;PO,-7H,O as a base. As shown in Table 2, the
cross-coupling reactions of the phenylboronic acids with
various aryl bromides resulted in high isolated yields of the
products. The Suzuki reaction of 4-nitrobromobenzene with
phenylboronic acid afforded a 99% isolated yield in 5 min
and a TOF of up to 1 188 h™'. In addition, the sterically de-
manding aryl bromides were coupled with phenylboronic
acid to give high yields of the product. For example,
2-bromoanisole was as reactive as 4-bromoanisole and re-
sulted in a high product yield (Table 2, entry 5).

The effect of substituents in different positions for the
arylboronic acids on the Suzuki coupling reaction was stud-
ied further (Table 2, entries 7-12). Generally, the coupling
reactions of the arylboronic acids containing electron-rich
groups such as methyl and methoxy proceeded more effi-
ciently than those of phenylboronic acid in aqueous media
[16,17,30]. However, our results show that the presence of
substituent groups (Table 2, entries 7-12) on the aromatic
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ring of the arylboronic acid reduced its reactivity in toluene,
which was consistent with the report of Klingensmith et al.
[31]. In agreement with previous literature [16,17,25,30], the
arylboronic acid with an electron-withdrawing group (Table
2, entry 12) was found to be less catalytically active than that
with an electron-donating group (Table 2, entry 7). Interest-
ingly, the arylboronic acid bearing an electron-donating
group at the para-position (Table 2, entry 7) showed lower
reactivity compared to that with an electron-donating group
at the ortho-position (Table 2, entry 8). The sterically hin-
dered arylboronic acid with a 2-CH; substituent (Table 2,
entry 8) was more reactive than that with a 2-OCH; sub-
stituent (Table 2, entry 11). Presumably, the 2-CH; group
results in weak steric crowding in the transmetalation step,
however, the 2-OCH; group gave a lower yield because of
increased steric crowding in the transmetalation step [32].
We subsequently investigated the application of this
catalytic system to the coupling reaction between aryl chlo-
ride or heteroaryl bromides with arylboronic acids, respec-

tively. Under our reaction conditions, the cross-coupling
between the aryl chloride and the arylboronic acid gave
incomplete conversion even with an increase in the reaction
temperature (100 °C). We then screened representative het-
eroaryl bromides for the Pd(OAc),-mediated Suzuki reac-
tion. The heteroaryl bromides can be coupled using this
protocol but only in low yields even with the use of 2 mol%
Pd(OAc),.

In conclusion, we developed a fast and efficient protocol
for the Suzuki reaction between aryl bromides and arylbo-
ronic acids catalyzed by Pd(OAc), in toluene under air and
ligand-free conditions. The advantages of this procedure are
a rapid reaction time, low catalyst loading, absence of
ligands, aerobic reaction conditions and relatively mild re-
action temperatures.
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