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ABSTRACT

In this review, the most important Pd-catalyzed C-C cross-coupling named reactions have been
presented and discussed. It has been proposed that in Pd-catalysed reactions, the Pd decreases the
activation energy or reacting species by simply stabilizing the transition state as it is an unstable
and short-lived. The catalyst may get coordinated to one or more of the reactants and remains
coordinated throughout the transition state of the catalytic process. During this process, the
dissociation of the product either regenerates the Pd directly or generates a species that will be
converted into the Pd. This is a typical in enzyme—catalyzed processes occurs in organometallic
chemistry.
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INTRODUCTION

Palladium is used as homogeneous catalyst in many coupling reactions. In this direction, a number
of palladium—catalysed cross coupling reactions were carried out by different scientists. Heck
(1968) reported an in situ-generated methyl- and phenyl palladium halides (RPdX; R=Me, Ph;
X=halide) when added to olefins at room temperature leads to formation of styrene. This reaction
became one of the most important reactions for making carbon —carbon single bonds! Suzuki et al
(1979) reported a novel palladium catalyzed cross- coupling reaction between aryl boronic acids
and aryl halides?2 which have a diverse spectrum of applications, ranging from pharmaceuticals
to material sciences. In addition, Negishi showed one example of coupling with an alkynyl boron
compound. Also, N. Miyaura, made lot of improvements on boron couplings. The Suzuki reaction
has been extended to aryl chlorides by G. C. Fu by the use of sterically hindred phosphine
ligands*. The Sonogashira coupling reaction has been employed in a wide variety of reactions,
because of formation of carbon-carbon bonds carried out at room temperature in aqueous media
and mild base, which helps in the synthesis of wide variety of complex molecules .1t finds wide
spectrum of applications in pharmaceuticals, natural products, nanomaterials and organic
materials. In this review, a collection of Pd-catalysed named reactions has been presented and
discussed.

Heck Reaction

The Heck reaction is also referred to as the Mizoroki-Heck reaction as discovered by Tsutomu
Mizoroki and Heck in 1972 through independent research. It is a Pd catalyzed cross-coupling
reaction between alkenes and aryl or vinyl halides to form a substituted alkenes (Fig. 1). This is
the first reaction to present C-C bond forming reaction. It is highly stereoselective in nature. °.
Heck proposed both inter and intramolecular reactions are known used for construction of rings of
variable size with high degree of region and stereoselectivity. This mechanism is used in a wide
range of applications for the preparation of hydrocarbons, novel polymers, dyes, pharmaceuticals

and natural products®-1°,
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Figure 1: Intermolecular Heck reaction

The general mechanism of catalytic cycle begins with oxidative addition on Pd (0) complex to

form Pd (I1) complex is presented in (Figure 2).
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Figure 2: Mechanism for the Heck reaction

Suzuki-Miyaura Reaction/Suzuki Cross-coupling

The Suzuki-Miyaura cross-coupling reaction was first published in 1979 by Akira Suzuki and
Norio Miyaura. It is also known as the Suzuki-Miyaura reaction or Suzuki coupling. It is a
palladium catalyzed cross-coupling reaction between an organic born compounds (R? -B-(OR)2 )
and organic halides (R! —X) in the presence of a base for the activation of the boron compound
and proceeds under mild conditions finds wide application for the synthesis of pharmaceuticals
and total synthesis of complex natural products 116 (Figure 3). The Suzuki —Miyaura reaction

mechanism occurs in 3 general steps.

www.ajphr.com



http://www.ajphr.com/

|Alolga et al., Am. J. Pharm Health Res 2020:8(04) ISSN: 2321-3647|

1. Oxidative addition
2. Transmetalation

3. Reductive elimination.
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+ Pd(PPhy), (3 mole%)
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H3C aCO3 2 equivalent

H,C

Figure 3: Suzuki- Miyaura Reaction/Suzuki Cross-coupling reaction
In the mechanism, two reaction pathways have been proposed (Figure 3). In the Pathway A the
coordination of base to the organoboron compound undergo organoboronate formation, which
undergoes nucleophilic attack on a palladium halide complex. On the other hand, pathway B base
undergo halide substitution in the coordination sphere of the catalyst and the subsequent reaction
with a neutral organoboron compound!’. It was proposed that the pathway A involving the

organoboronate species is the most favourable.
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Figure 4 Suzuki-Miyaura cross-coupling reaction.
The overall mechanism of Suzuki cross-coupling reaction begins with oxidative addition of the
organ halide to the Pd(0) to form a Pd (Il) complex. A molecule of the hydroxide or alkoxide base
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then replaces the halide on the palladium complex, while another adds to the organoborane to form
a borate reagent making its R group more nucleophilic. Transmetalation with the borate then
follows by which R group replaces the halide anion on the palladium complex. Reductive

elimination then leads final product formation with the regeneration of palladium catalyst (Figure
4)18,

Figure 4 mechanism of Suzuki cross- coupling reaction

The rate determining step of the catalytic cycle is oxidative addition. (Fig 5)
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Figure 5 Stereochemistry of oxidative addition reaction
Negishi Cross-Coupling reaction

\_/

Major

This reaction is named after Ei-ichi Negishi which is widely employed for transition metal

catalyzed cross-coupling reaction. It involves the coupling between an organic halide (R!-X') and

www.ajphr.com



http://www.ajphr.com/

|Alolga et al., Am. J. Pharm Health Res 2020:8(04) ISSN: 2321-3647|

an organozinc Compund like aryl- and benzyl zinc derivatives with aryl halides in the presence of
a catalytic amount of a Ni or Pd'® (Fig. 6). Among the most C-C cross-coupling reactions, the

Negishi reaction is commonly catalyzed by Ni or Pd complexes. %°.

Cat. Pd(o)/Ligands
R'—X'+ R2—2zn—x?2 R'—R?

Or Cat. Ni/ Ligands Couol d
R'= aryl, alkenyl, alkynyl oupling product

X1=Cl, Br, |,0Tf, OAc

RZ = aryl, alkenyl, benzyl
X2=Cl, Br, |

Figure 6 Negishi cross-coupling reaction
The Negishi coupling reaction must be performed in an oxygen and water free environment
because the organozinc compounds are moisture and air sensitive. This has become a fact that has
hindered its use relative to other cross- coupling reactions.
The reaction mechanism of Negishi cross-coupling reaction is thought to proceed via a standard
Pd catalyzed cross-coupling Pd(0) species, which is oxidized to Pd(Il) in an oxidative addition step
involving the organohalide species 2%, This step proceeds with aryl, vinyl, alkynyl and acyl halides

triflates or acetates, with substrates following standard oxidative addition relative rates( | > Otf >
Br >> Cl) (Fig. 7)

Figure 7 Mechanism for the Pd-catalyzed Negishi reaction
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The additions of cis- Pd (11) complex rapidly isomerizes to the trans-complex?? (Fig. 8)
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Figure 8 cis/trans isomerisation
This reaction is most importantly used in synthetic processes such as the synthesis of fine
chemicals, pharmaceuticals or natural products?®2°, Furthermore, the peculiarity of this reaction is
that it can be carried out using two types of organometallic reagents, ZnR, or ZnRX but among
the two has been found experimentally that all the reactions with ZnMe; are faster than with
ZnMeCl.
Sonogashira Cross Coupling Reaction
The Sonogashira reaction (also called the Sonogashira-Hagihare reaction) is a cross-coupling
reaction used in organic synthesis to form carbon-carbon bonds. It is a cross coupling reaction
between aryl or vinyl halides with terminal alkynes to generate conjugated enynes and arylalkynes
(Fig. 9 & 10) in the presence of a Palladium (0) catalyst, a copper (1) cocatalyst, and an imine
base?®. This reaction is widely used for preparing arylacetylenes and conjugated enynes?’-3° used
as precursors for natural products, pharmaceuticals, and materials with specialized optical and
electronic properties.

- —_— Pd] Cat. (Cu” Cat.
R—X +j———=r? % R’ R? + H-Base'X"
R = alkyl, alkenyl, alkyl, SiR; ete
R* = aryl, vinyl ete

X =1,Br,Cl, OTf
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Figure 9 & 10 Pd-catalyzed Sonogashira reaction

Furthermore, copper (1) salt acts as co-catalyst in the Sonogahira reaction in order to facilitate the
reaction by the in situ generation of copper acetylide. However, several modifications of the
original Sonogashira reaction have been also recently reported which have been carried out under
amine-free, ligand free and solvent free conditions3Z.
CONCLUSION
In the present review, the main attention was concentrated on to the study of pd-catalyzed reactions
proposed by different chemists. The whole literature survey was carried out to understand the
nature of the named C-C coupling reactions and was compiled for future research. This may help
the researcher, scholars and even students to design Pd catalysed reactions with great efficiency.
The main focus of future research will be developing and exploring new C-C coupling reactions
catalysed not only by Pd but also other metals
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