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The Suzuki coupling is a transition metal-catalyzed, cross-coupling carbon—carbon (C—C) bond forming reaction
between organic boron compounds and organic halides. As an operationally simple and versatilely applicable
procedure, the Suzuki coupling reaction has found immense applications in drug discovery and development in the

pharmaceutical industry.

Suzuki reaction transition metal catalyst catalyst recycling

| 1. Introduction

The Suzuki coupling reaction, also known as the Suzuki-Miyaura cross-coupling reaction, is one of the most
versatile reactions to form carbon—carbon (C—C) bonds and involves a cross-coupling of organoboranes with an
aryl halide in the presence of a transition metal catalyst, a ligand, and an aqueous base. The air- and moisture-
stabilities, flexibility of substrates, and excellent reaction yields have led this reaction into the eminent position in

synthetic organic chemistry.

The Suzuki coupling reaction has been extensively utilized in the synthesis of various industrially important
compounds, such as olefins, styrenes, and substituted biphenyls [l For instance, Frederick et al. recently reported
a total synthesis of abemaciclib using the Suzuki coupling reaction 2. Abemaciclib is a compound that blocks the
growth of malignant cells by inhibiting cell cycle progression and hence, has a consequential application as a
bioactive anti-cancer drug in the pharmaceutical industry B4 The Suzuki coupling reaction successfully
introduced a C—C bond between boronic ester and pyrimidine to form a building block of abemaciclib. The Suzuki
coupling reaction played a pivotal role for the synthesis of many other drugs and late-stage drug candidates, such
as rucaparib, merestinib, and lapatinib &,

While the Suzuki coupling reaction has been an irreplaceable part of pharmaceutical synthesis, the process heavily
relies on harsh reaction conditions, toxic reagents, and copious amounts of solvents, which could cause health-
and environment-related concerns and problems 2. To address these issues, the concept of green chemistry
was introduced to the industry in the 1990s . Green chemistry is the design of chemical products or processes
that maximize the product yield while reducing the use or generation of hazardous substances and hence, navigate
the industry toward sustainable manufacturing. From the business point of view, green chemistry has also brought
manufacturers considerable advantages, such as reduction in production cost, faster manufacturing, capacity

increase, and energy savings, ultimately leading to more profitable outcomes [&l. To date, a myriad of studies has
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been conducted to develop sustainable synthetic processes by renovating the feedstocks, reaction conditions, and

purification and isolation methods for the Suzuki coupling reaction BI2I10],

One propitious approach for sustainable synthesis is to develop a recyclable transition metal catalyst that can be
completely removed from the reaction mixture and is reusable in consecutive runs without a significant loss of
catalytic performance. In the conventional Suzuki coupling process, the costly metal catalyst is not only discarded
as it loses activity during the first run but may also be incorporated into the final product as a contaminant since
complete removal is hardly achievable. Therefore, it has been evident that the development of a novel recyclable
catalytic system is of great importance to minimize health- and environment-related concerns as well as the

production cost.

| 2. Principles of the Suzuki Coupling Reaction

The Suzuki coupling reaction is a versatile method to form a C—C bond between an organoboronic nucleophile and
an organic electrophile under basic conditions in the presence of a metal catalyst and ligand 111, As illustrated in
Figure 1, the Suzuki coupling reaction begins with the formation of a catalyst-ligand complex. The organic
electrophile is then introduced into the complex via oxidative addition, followed by transmetalation during which the
organoboronic nucleophile is introduced into the complex. Lastly, the palladium—ligand complex is separated from

the coupling product via reductive elimination.

Ln-Pd® R'=X (Organic electrophile)
Rl (Catalyst-ligand complex) Oxidative
Addition
X
Reductive :
Elimination Ln-Pd
R4
R2
Ln-Pd Transmetalation
n_

R'—B(OH), (Organoboronic nucleophile)
OH- (Base)

X = Halogen
Figure 1. Catalytic cycle of the Suzuki coupling reaction 121,

A typical Suzuki coupling reaction is illustrated in Figure 2. The metal catalyst undergoes a two-electron transfer
and thus, changes its oxidation state. For instance, the commonly used palladium catalyst is oxidized from Pd(0) to

Pd(ll) during oxidative addition to receive the organic electrophile, while Pd(ll) is reduced back to Pd(0) during
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reductive elimination of a coupling product. The alternative Pd(Il)/Pd(IV) mechanism, where Pd (IV) forms from
Pd(Il), has also been proposed in recent literature 13, For either pathway, the aqueous base is essential in the
reaction to convert the boronic acid to a more reactive organoborate that can be efficiently coupled with the organic
electrophile 141, The ligand joins the catalytic cycle by forming a complex with the metal catalyst and combines with
the organic electrophile 12!,

Catalyst
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B(OH); Br Cul O
+ :
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Easa/‘ —
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Figure 2. General reaction scheme for the Suzuki coupling reaction 18],

There are various other cross-coupling reactions that enable organic transformations via similar mechanisms, such
as the Stille coupling and the Negishi coupling (Figure 3 and Figure 4). However, the Stille coupling reaction relies
on organotin reagents, which are mostly toxic and expensive and have a low tolerance to functional groups 2. As
for the Negishi coupling, it suffers from low yields and low tolerance to functional groups because zinc is normally
strongly bonded to carbon atoms and is less reactive toward halides 2812l On the other hand, the Suzuki coupling
reaction offers various advantages over other coupling reactions. For instance, organoboron compounds are
readily available on the market, less toxic, and highly stable to heat, oxygen, and water. In addition, a wide range of
reagents can react under mild conditions. Moreover, by-products can be easily isolated from the product by
extraction and/or chromatography (22122 Thys, the Suzuki coupling reaction has been widely used in the

synthesis of a variety of fine chemicals and pharmaceuticals in industrial research over several decades [23124],
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Figure 3. General reaction scheme for the Stille coupling reaction 221,
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Figure 4. General reaction scheme for the Negishi coupling, where iBu,AlH is diisobutylaluminium hydride 23],

Before Suzuki and Miyaura discovered the palladium-catalyzed cross-coupling reaction of organoboronic acids, the
cross-coupling reactions were limited to the use of magnesium-, manganese-, iron-, and nickel-based Grignard
reagents as nucleophiles 28271 |n 1976, Negishi demonstrated the efficacy of organonickel reagents as
nucleophiles, while Heck observed the coupling reaction of boronic acid with an alkene in the presence of
stoichiometric quantities of palladium 3. It was in 1979, when Suzuki and Miyaura integrated Heck’s and Negishi’s
discoveries and reported the well-known palladium-catalyzed cross-coupling reaction between 1-alkenylboranes
and aryl halides, using a palladium(0) catalyst. Since then, an enormous number of studies, including the use of
nickel and copper catalysts instead of palladium catalysts, have been undertaken on the Suzuki coupling reaction

to synthesize various industrially important substances.

Most of these cross-coupling reactions have long relied on the use of palladium compounds as catalysts due to the
superior catalytic performance and the high stability in various reaction conditions [28. More recently, however,
other transition metal catalysts, such as copper and nickel catalysts, have also been explored to develop more

environmentally benign synthetic processes 22,
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