NICIy(PCys3),: A Simple and Efficient
Catalyst Precursor for the Suzuki
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NiCl,(PCys), associated with PCy; promotes the selective cross-coupling of aryltosylates with arylboronic acids under relatively mild reaction
conditions, and a variety of functional groups are tolerated in both arenes. This is one of the simplest and most efficient experimental procedures
for the coupling of arylboronic acids with aryl tosylates reported to date.

NiClo(PCya)o
PCys

The transition metal catalyzed Suzuki cross-coupling reaction hydrolyze readily, associated with the higher price of
is one of the most efficient methods for the construction of triflating agents, restricts their application. From a synthetic
Canyi—Cary bonds? Indeed, in recent years various efficient point of view, the use of aryl sulfonates (in particular
Pd catalyst precursors have been developed that allow aryltosylates) is a very attractive alternative because they are
iodides, bromides, triflates, and chlorides to be effectively easily prepared from phenols, are more stable than triflates,
coupled with aryl boronic acids under mild reaction condi- and are cheap and easily available starting materials.
tions2 Moreover, Ni-based catalysts have also been successHowever, there are only few reports on the application of
fully used for the Suzuki reaction of aryl chloridgé#ryl arene sulfonates in catalytic Suzuki coupling reactions. Yields
triflates and sulfonates are regarded as synthetic equivalentaip to 81% have been obtained using large quantitid9go)

of aryl halides; however, the propensity of triflates to
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of NiCl(dppf) and Zn (1.7 equiv) for the coupling of aryl
mesylates with boronic acidsHigher yields have been
obtained employing lithium arylborat&ésHowever, this
reaction is limited to mesylates and tosylates containing an
electron-withdrawing group. Herein, we report the use of a
simple and general catalyst system for the nickel-catalyzed
Suzuki cross-coupling reaction of aryl tosylates.

A series of experiments were performed in order to
determine the feasibility of using aryl tosylates in the Ni-
catalyzed Suzuki reaction. Initially, we examined the cou-
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pling of 4+ert-butylphenyltosylate with PhB(Okl)using
Ni(0) viz. [Ni(cod);] in the presence of phosphine ligands,
or NiCl,L, (L = PPh and PCy) under various reaction

are efficiently coupled to provide the corresponding biaryl
products in excellent isolated yields>94%). Although
complete conversion was not observed for the coupling of

conditions. 1,4-Dioxane was found to be the most effective the aryl tosylates containing electron-donating groups, the
solvent, and KPO, was the base of choice. The addition of corresponding biaryl products were isolated in good yields
further phosphine ligands is necessary, and f§awe the (79—89%, entries 36). Side reactions such as the homo-

best results. Similar results were obtained using Ni(0) or coupling of aryl boronic acid and aryl tosylate hydrolysis

Ni(ll) catalyst precursors in the presence of an excess of were negligible. Ortho methyl-substituted aryl tosylates (entry
PCys. Since NICL(PCy), is a stable complex and easy to 7) gave lower yields as compared to meta- and para-
prepare and manipulate, we used it instead of the unstablesubstituted analogues (entries 5 and 6, respectively). Lower

and air-sensitive Ni(codf To our surprise, we found that
the reaction can be carried out using 2% mol % of
NiCly(PCys). in the absence of reducing agents such a$ Zn.
The coupling of a wide variety of aryl tosylates with
PhB(OH) was examined using NigfPCy), under opti-
mized reaction conditions (Table 1).

Aryl tosylates containing electron-withdrawing groups

yields were found for the Suzuki reaction of 2-@pCCsHy-

OTs with PhB(OH) (entry 8). Ni-catalyzed reactions are
more sensitive to steric hindrance than those involving Pd-
catalysig232Attempts to perform the cross-coupling of 2,4,6-
trimethylphenyltosylate with PhB(Ohl)gave only modest
yields (30%) of biphenyl product. However, the promising
results obtained for para- and meta-substituted aryl tosylates

(entries 1 and 2) and naphthyl tosylates (entries 9 and 11)render this system a new and useful tool in the Suzuki cross-

Table 1. NiCly(PCy)-catalyzed Suzuki Cross-Coupling of Aryl
Tosylates and PhB(OR)

NiCly(PCy3)»
R KaPOq R

Dioxane ; 130 °C

entry  aryl tosylate product yield (%)
9 9
1t
2 CNO—OTS CN 96
3 MeOOOTs Meo 89
RS .
Me Me Me Me
IR .
COsMe COMe
e .
OTs
Ph
OTs
Ph
10
9

aReaction conditions: 1.0 equiv of aryl tosylate, 1.5 equiv of PhB(OH)
2.0 equiv of KgPQy, 1.5 mol % NIiCh(PCy). (entries 1, 2, 9, and 10), 3
mol % NiCL(PCy), (entries 3—8), PCYNICl(PCys), = 4, dioxane (5
mL), 130°C, 14—60 h. Isolated yields (average of two runs).

3050

coupling reaction. For instance, the combination of the
present reaction and the Pd-catalyzed Suzuki redctian

be used to produce unsymmetrically substituted terphenyl
compounds in high yields (Scheme 1).

Scheme 1. Synthesis of an Unsymmetric Terphenyl

Compound
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The catalytically active species are probably Ni(Bgy
formed from the sequence involving aryl boronic acid
transmetalation and reductive elimination (Scheme 2). In-

Scheme 2. Reaction Path for Ni-Catalyzed Suzuki
Cross-Coupling Reaction of Aryltosylates
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deed, in all cases 2—3% of the aryl boronic acid homo-
coupled product was observed. The general mechanism of a
transition metal catalyzed cross-coupling reaction between
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organo-electrophiles and organometallic reagents involving ||| | | R NG

sequential oxidative addition, transmetalation, and reductive

elimination can explain the observed results. In the first step, 0.6 -
the electron-rich Ni(0) complex formed is stabilized by RCy 0.4 - gc
and it undergoes the oxidative addition to aryl tosylates. 00 3

The low reactivity of aryl sulfonates and chlorides can be )

. . .. . . . = 0 - 6 N H
correlated with their poor reactivity toward oxidative addition
in the catalytic cycle. A plot of the relative reactivity of 02 - O Me
. . . @ OMe

substituted aryl tosylates against theonstant gave a value 04 ‘
of p = 2.0 and 1.6 for the coupling with 4-MePhB(OH) 0.5 0 0.5 L
and 4-MeOPhB(OH) respectively, as shown in Figure 1. o

Figure 2. Effects of substituents on aryl boronic acids: 4-N&g
. OTs (0), PhOTs £), and 4-MeOGH,OTS (D).

has been proposed for the reductive elimination of bidfyls.

L5 - Ocx Since the relative reactivity increases when aryl boronic acids
= - U oc containing electron-withdrawing groups are used, the trans-
== COMe . . . .

2 05 - metalation step is more likely to be the rate-determining step.
0. & Further evidence that transmetalation is the rate-determining
U OoMe step for aryl tosylates is that the reaction ofBuCsH,OTs
0.5

‘ with PhB(OH) proceeds more rapidly once the amounts of
boronic acid and KPO, are increased. A yield of 35% in

c biaryl product was obtained after 1.5 h with 1.5 equiv of
PhB(OH) and 2.0 equiv of KPO,, whereas a 50% yield
was observed after the same period of time when 3.0 equiv
of PhB(OH) and 4.0 equiv of KPO, were employed.

In conclusion, we have developed the first active and
general system for the Suzuki coupling of aryl tosylates based
on NiCl(PCys)2, which is stable and easy to prepare and
manipulate. From a synthetic point of view, these results open
new possibilities for exploiting the Suzuki reaction, since
aryl tosylates are easily prepared from phenols, are less
susceptible to hydrolysis than aryl triflates, and are cheap
and easily available starting materials. Moreover, in the case
of aryl tosylates the transmetalation reaction is the rate-
determining step. Further mechanistic studies are currently
under investigation.

Figure 1. Effects of substituents on aryl tosylates: 4-MePhB(©H)
(®) and 4-MeOPhB(OH)(0).

This electronic effect is not surprising, since electron-
withdrawing groups are expected to accelerate the Ar-OTs
oxidative step. However, the value is too low compared

to those observed for aryl chloridgég.hese values suggest
that oxidative addition is not the rate-determining step in
the case of aryl tosylates. We have noted that in a competitive
experiment using NiG(PCys),, aryl tosylates react twice as
fast as aryl chloride%.
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