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ABSTRACT: Suzuki cross coupling reaction is one of the most famous reaction in the field of chemistry. It is a very effective 

method for making carbon – carbon bonds. It has been extensively utilized in the synthesis of many carbon molecules including the 

most complex ones. It also find application in the synthesis of compounds of biological sources like   (+)-dynemicin, Adragmacidin F, 

Flurbiprofen, Felbinac, Fenbufen, Difunisal, Aporphinoids, Oximidine II, Nemertelline, Gymnocin A, Palytoxin, Michellamine, CP-

263,114, Halenaquinone, Brevetoxin, Yuehchukene, caparratriene etc which have been synthesized using the same reaction along with 

some other organic compounds. The present review article emphasis on carbon-carbon bond formation via cross coupling reaction, 

mechanism and applications in a natural product synthesis. © 2011 IGJPS. All rights reserved. 
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In recent times Suzuki- miyaura reaction which is more commonly known as “Suzuki coupling reaction” is one of the most useful 

cross-coupling reactions between aryl or vinyl boronic acid with aryl or vinyl halides and and also with different reagents like alkenes, 

alkynes, amines, pseudohalides, metallorganic compounds etc. catalyzed by palladium (0) complexes.[1][2][3][4].     It is widely used in 

the production of olefins (including poly olefins also), styrenes and substituted biphenyls are among some common examples. 

Generally an alternative of boronic acid which is organotrifloroborate salts are in common use. 

Palladium-catalyzed Suzuki cross coupling reactions are amongst the most powerful and most applicable method for C—C 

bond formation [5][6][7] .  The reaction is generally carried out at temperatures range of 60–80°C with generally excellent yield results. 

Despite the availability of other cross coupling reaction like heck reaction, stille reaction to name a few, but due to various conditions 

like: 

1) Milder reaction conditions. 

2) Commercial availability of the diverse boronic acids derivatives that are environmentally safer than the other organometallic 

reagents. 

3) The handling and removal of boron-containing byproducts is easy as compared to other organometallic reagents, especially in case 

of large-scale synthesis of a product. 
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So we can say that Suzuki cross coupling reaction has an edge over the other cross coupling reactions as this reaction is not only 

restricted to simple compounds but is frequently used in the production of complex compounds also. [8]

.

An example of suzuki reaction

Role of Transition metals in organic chemistry 

In the late 20th century when extensive work on development of newer way of producing organic compounds was gaining interest

among chemists, transition metals became the first choice of the chemists in organic chemistry synthesis which led to the development 

of a large number of transition metal-catalyzed reactions for the same. Transition metals can activate various organic compounds and 

through this activation they can catalyze the formation of new bonds. Palladium was the first known transition metal which was used 

in organic synthesis which can induce the formation of carbon- carbon bond on the account that ethylene was  oxidized to 

acetaldehyde by air in a palladium-catalyzed reaction and this became the industrially important Wacker process[9]. Subsequent 

research on palladium-catalyzed carbonylation led to newer reactions for the formation of carbon-carbon bonds. 

Palladium-catalyzed carbon-carbon bond formation via cross coupling 

The principle mechanism of palladium-catalyzed cross couplings is that two molecules are adsorbed on the metal via the formation of 

metal-carbon bonds( an example of Heterogenous catalysis) . In this way the carbon atoms bound to palladium are brought very close 

to one another. In the next step they couple to one another and this leads to the formation of a new carbon-carbon single bond. There 

are two types of cross-coupling reactions according to this principle that have become important in organic synthesis. These two types 

of reactions are as follows: 

   RX              +        R’
                   Pd (0)                   R’

R

electrophilic partner             nucleophilic partner 

  RX                 +      R”M               Pd (0)            R-R”
electrophilic partner        nucleophilic partner 

Both reactions are catalyzed by zerovalent palladium and both reactions employ an organohalide RX (or analogous 

compound) as the electrophilic coupling partner. However, the nucleophilic coupling partner differs in the two reactions. In the first 

type of reaction it is an olefin whereas in the second type of reaction it is an organometallic compound R’’M. A common feature of 

the two types of cross couplings is that the organic groups from the reagents are assembled on palladium. Furthermore, both reactions 

begin by generating an organopalladium complex RPdX from the reaction of the organic halide with Pd(0). The organopalladium 

species RPdX will subsequently react with the nucleophilic coupling partner (see detailed mechanisms below). The reactions are very 

mild since they utilize organic halides (or analogous compounds) and olefins or organometallic compounds R’’M of low reactivity, 

where M is typically zinc, boron, or tin. 
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Mechanism of the Suzuki Coupling

The basic and most simple mechanism for Suzuki reaction can be studied using  palladium as a  catalyst. The first step of which  is the 

oxidative addition  of palladium to the alkyl halide (designated as 2 in the mechanism) to form an organopalladium  species(3), 

addition of a base to the  Reaction gives intermediate(4)  via transmetalation [10] , with the boron-ate complex (6) forms an 

organopalladium species (8).  The desired product (9) is then obtained by reductive elimination and the catalyst (palladium) is 

restored.  This type of mechanism is a type of Heterogenous catalysis.  

Application of Suzuki cross coupling reaction in natural product synthesis

1) The first ever application of suzuki cross-coupling reaction in natural products synthesis was reported in the year 1981 by Rossi and 

his coworkers in which an insect pheromone isolated from Diparopsis castanea has been synthesized (11) .                                                                   

[ IUPAC NAME (E)-9,11-dodecadien-1-yl acetate ]

           +         THP

Synthesis of insect pheromone 121 using suzuki cross coupling reaction
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2)   (+)-dynemicin A a potent natural antitumor agent has been successfully synthesized in lab. With a high yield using Suzuki cross 

coupling reaction.(12)

Structure of (+)-dynemicin A

3) Suzuki reaction has been successfully used for preparing the antiviral bromoindole alkaloid dragmacidin F which is naturally 

synthesized in a marine sponge of the genus Halicortex. In vitro studies of dragmacidin F has proved antiviral activity against HSV-1 

and HIV 1 virus. (13) 

4) Synthesis of various NSAIDs

4.1) Flurbiprofen  is a commercially available nonsteroidal antiinflammatory and analgesic Drug(14) which is used extensively to treat 

the inflammation and pain of arthritis(15) has been successfully synthesized using Suzuki cross coupling reaction by using palladium 

charcoal in water.(16)

                                        ethyl methylmalonate                                               HOAc, H2SO4, H2O, reflux                      

                          

                                                                                                                                       H2/Pt

      Ph4 BNa, Na2 CO3, 0.05 mol% 5% Pd/C,H2O, reflux in air for 1 h   
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4.2) Felbinac (also known as biphenylylacetic acid) is a topical medicine, belonging to the family of NSAIDs which is used to treat 

muscle inflammation and arthritis(17) has been also successfully synthesized using cross coupling reaction, 

Structure of Felbinac.

4.3) Fenbufen a NSAID which is extensively used in the treatment of  inflammation in astroarthritis, ankylosing spondylitis and 

tendinitis,  which is also used to relieve backaches, sprains, and fractures(18) has also been synthesized using Suzuki cross coupling 

reaction.  

Structure of fenbufen

4.4) Difunisal a  NSAID which has proven chemical analogs of aspirin(18) has also been synthesized using Suzuki cross coupling 

reaction.  

Structure of Difunisal

5) Aporphinoids form an important group of plant secondary metabolites which has been isolated from more than 500 different plant 

families. It is used in traditional medicine for the treatment of various diseases(19), from benign syndromes to more severe illnesses. 

Aporphinoids also show display potent cytotoxic activities which may be exploited for the design of anticancer agents. Some 
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Aporphinoids has also been reported to have antiplatelet and vasorelaxing activity. Suzuki cross coupling reaction able us to prepare 

such important natural compounds in the lab.  

Structure of 4,5- Dioxo Aporphines (suau et al.)
6) Oximidine II 

The oximidines are among a family of natural products known as benzolactone enamides. Almost all the compounds in this class of 

compounds exhibit strong biological potency. Oximidines in particular show antitumor activity and are selective towards mammalian 

vacuolar type ATP-ases(20). This compound has also been synthesized suing Suzuki cross coupling reaction.

Structure of oximidine

7) Nemertelline (a neurotoxic tetra-pyridine compound) which is naturally found in the marinehoplonemertide worm Amphiporus 

angulatus(21) is used as an anti fouling agent Interest in potential application of this compound as an antifouling agent for boats and 

other marine installations this is due to this reason that this compound is synthesized for commercial production using Suzuki cross 

coupling reaction..(22)

Structure of Nemertelline
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8) Gymnocin A

Gymnocin A  is present and has been sucessfully isloated from red tide dinoflagellate, Karenia mikimotoi which Contains 14 

contiguous rings with two repeating 6/6/7/6/6 systems. gymnocin A contains largest number of rings of polyethers known to date and 

latest studiestells about the in vitro cytotoxicity against P388 cancer cells(23). 

9) Palytoxin is one of the most toxic non-peptide substances known.. Palytoxin is a natural compound that is produced by several 

marine species and can be found in many more species due to accumulation. Originally it was  isolated from a seaweed-like coral 

commonly known as “seaweed of death from hana” .(24) 

Structure of palytoxin

10) Michellamine (an atropisomeric alkaloid)obtained from leaves of Ancistrocladus korupensis(25) has been found to be a strong anti-

HIV viral replication inhibitor. Out of  3 michellamines known (Michellamine  A, B, and C) , Michellamine B is the most active 

against the NID-DZ strain of HIV-2(26). Its lab. synthesis using Suzuki cross coupling reaction has been possible by the collaborative 

work of  Dawson and co-workers(27) which is given as follows 
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                                +                                 

                                                             

                        +                         

                                                           

Synthesis of Michellamine

11) CP-263,114 a compound which is known for inhibiting squalene synthase inhibitor and Ras farnesylation enzymes(28) has also 

been synthesized using Suzuki cross coupling reaction. 

CP-263,114
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12) Halenaquinone, a chemical compound that inhibits the secondary DNA binding of RAD51 (gene which is known to play an 

important role on tumor formation) has been synthesized by Shibasaki and co-workers using a number of palladium catalysed 

reactions. 

Halenaquinone

13) Brevetoxin is a compound  produced naturally by a species of dinoflagellate known as karenia brevis are neurotoxins that binds 

to voltage gated sodium channel in nerve cells, leading to disruption of normal neurological processes(29)(30). 

Structure of Brevetoxin

14) Yuehchukene isolated from the roots of Murraya paniculata and others of the Murraya species possesses anti-fertility and 

estrogenic activities. Has been successfully synthesized by Ishikura and co-workers using Suzuki cross coupling reaction.(31)(32)(33)
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Structure of Yuehchukene

15) The Suzuki coupling has been used for the synthesis of caparratriene using derivatives of cirronellal.  Caparratriene so obtained 

was checked for its pharmacological activity and the compound was found to be highly active against leukemia.(34) 

These mentioned molecules are only a few very recent examples. The Suzuki cross coupling has, since its discovery, been used for a 

large group of different natural products(61).

1) A highly stereoselective  approach for cross coupling reaction between 1,1-diboryl-1-alkenes with electrophiles to form 1,1,2-

triaryl-1-alkenes as given  by shimizu et al.(35)  

2) A successful attempt has been made to make alkyl- alkyl Suzuki cross couples of inactivated secondary alkyl halides at very mild 

conditions (the reaction also gets to completion even under room temperature)(36)

RECENT DEVELOPMENTS
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3) Under similar conditions stereoconvergent amine directed alkyl alkyl Suzuki reactions of unactivated secondary alkyl chlorides has 

been synthesized under similar conditions as mentioned above.(37)

4) To synthesize high order alkane compounds, boronic acids (derivatives of boric acid in which 1 of the –OH group has been 

replaced by an aryl, vinyl or alkyl group) has been successfully cross coupled with alkyl bromides. The main feature of this reaction is 

that not only the percentage yield is high but also it requires very mild conditions for the synthesis.(38)

5)  To prepare alkyl derivatives of aryl compounds, Suzuki cross coupling reaction has been used in which aryl halides has been cross 

coupled with alkylboronic acid using tetraphosphine or palladium as a catalyst.(39)

6) In this reaction primary alkyltrifloroborates has been successfully cross coupled with aryl chlorides (reaction known as Suzuki-

miyaura cross coupling reaction)(40)

7) For obtaining phosphine free catalyst for Suzuki cross coupling reaction a new lead derivative which is pd(N,N-Dimethyl beta-

alaninate)2 has been been synthesized and used as a catalyst.(41)
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8) For joining two aryl groups with each other (as in fittig reaction), Suzuki cross coupling reaction has been used using 

guanidine/Pd(OAc)2 as a catalyst which not only gives better results but also can be performed under mild conditions.(42) 

9) A concept of using a precursor for a catalyst  in a reaction is relatively new as in majority of cases a catalyst is used directly. In this 

reaction a precursor ( a cyclobutene-1,2-Bis(imidazolium) salt ) of palladium is used in catalyzing  Suzuki – Miyaura reaction which 

requires no special temperature or pressure conditions for carrying out the reaction.(43)

10) A catalyst which is extremely active has been discovered which can be used for the Suzuki-Miryaura Coupling Reactions of aryl 

chlorides.(44)

11) An example of enhancing efficiency in the palladium-catalyzed Suzuki-Miyaura     Coupling Reaction is shown by a 

Triarylphosphine Ligand  which is bearing a Dodeca (ethylene glycol)chains.(45) 

12) A new family of Tunable indolylphosphine Ligands has shown application in Suzuki-Miyauara Coupling of aryl chlorides(46) 



              Indo Global Journal of Pharmaceutical Sciences, 2012; 2(4): 351-367

363

13) Selective Suzuki- Miyaura Monocoupling between 9-alkyl-9-BBN and 1,1-dichloro-1-alkenes yields a good amount of Z-

chlorinated internal alkenes using bisphosphine ligands  having large P-Pd-P bite angle. Further the transformation of these 

monochlorinated olefins can be done by introducing stereospecifically trisubstituted olefins.(47)

14) Non-ioninc amphiphiles can be used to facilitate Suzuki- Miyaura Couplings at room temperature.(48)

15) PEPPSI-iPr can be used as a catalyst in the solvent-free microwave-assisted Suzuki- Miyaura Coupling.(49)

16) Catalyst like (N-Heterocyclic carbene)Pd(allyl)Cl complexes can be used in Cross –Coupling and Dehalogenation Reactions.(50)

17) Cross-Coupling of sterically hindered Aryl Chlorides can be made possible by using N-Heterocyclic Carbene Ligand having 

flexible steric bulk at room temperature.(51)



              Indo Global Journal of Pharmaceutical Sciences, 2012; 2(4): 351-367

364

18) Ferrocenyl monophosphine ligands  can be used in Suzuki- Miyaura Coupling of Aryl Chlorides.(52)

19) pd(OAc)2/TBAB/PEG-400 system has emerged as a reusable and efficient system for the Suzuki- Miyaura Cross –Couplings 
reactions that are done in ligand-free conditions.(53)

20) Use of catalyst like phosphine-free Palladium acetate in Suzuki- Miyaura reaction in water.(54)

21)R2PN=P(iBuNCH2CH2)3N  is a new bulky  electron rich phosphine which  is used for the efficient Pd-assisted Suzuki-Miryaura 

Cross Coupling Reactions.(55)

22) Molecule Biphenylene-substituted Ruthenocenylphosphine used for the Suzuki-Miryaura Cross Coupling of Aryl Chlorides.(56)

23)Bulky Phenanthryl N-Heterocyclic Carbene ligand used in Paladium catalyzed Suzuki-Miryaura Cross Coupling  with aryl 

chlorides.(57)
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24) Based on a simple Merrifield Resin supported Phenanthroline Palladuim(II) complex  recyclable catalysts for Suzuki-Miryaura 

Cross Coupling Reactions at ambient temperature has been discovered.(58)

25) Highly efficient and reusable  catalyst Pd-EDTA which is held in an Ionic Liquid brush can be used in Suzuki-Miryaura reactions 

in water(59)

26) Catalyst loading reduced  to 0.2mol% for the coupling of non activated tosylates by using family of Indolyl phosphine ligands to 

Suzuki-Miryaura Cross Coupling of aryl tosylates with boric acids, trifluoroborates salts and boronate esters.(60)

Suzuki cross coupling reaction is a method for carbon–carbon bond formation which is a highly useful and versatile method needed 

for the development of modern drug discovery and in the synthesis of many natural products, polymers and other organic compounds . 

Although the method has found many applications in synthesizing many different molecules, there is still much work to do on the 

development towards an efficient catalyst applicable for structurally different substrates. There is a need to develop more effective 

catalyst for the reaction so as to enhance the efficacy and efficiency of the reaction. Also there is an urge to focus on the application of 

the reaction towards the chemistry of natural products so that the natural products which are pharmacologically important and whose 

occurrence is limited can be synthesized using this reaction.    

CONCLUSION
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