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Abstract 

Palladium and other platinum group metals are widely used because of their special characteristics. The most important 

reactions of Palladium are the cross-coupling reactions, which are palladium-catalyzed, have grown to be extremely effective 

processes for producing new C-C and C-N bonds. C–N and C–C bonds are used in the Synthesis of Heterocycles, Medicinal 

Chemistry and Natural Products. 
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1. Introduction 

Since the second half of the 20th century and up to 

the present, transition metals have played a 

significant role in organic chemistry [1-4] which has 

led to the invention of numerous processes for the 

synthesis of organic compounds that are transition 

metal-catalyzed.[5] Different organic compounds can 

be uniquely activated by transition metals, and as a 

result of this activation, they can promote the 

formation of novel bonds..[6-11] Palladium was one 

of the first metals to be utilized for catalyzing organic 

reactions. The discovery that ethylene is oxidized to 

acetaldehyde by air in a palladium-catalyzed 

reaction—which later became the Wacker process—

was one occasion that sparked study into the use of 

palladium in organic chemistry.[12]  

Later studies on palladium-catalyzed carbonylation 

produced novel processes for the synthesis of carbon-

carbon bonds.[13-15] All life on Earth depends on 

the creation of new carbon-carbon bonds, which is 

crucial to organic chemistry. Complex compounds, 

can be made by linking carbon atoms together into 

chains. Wittig reaction, the Grignard process (1912 

and the Diels-Alder reaction (1950) were all 

recognized with Nobel Prizes in Chemistry, 

highlighting the significance of the synthesis of 

carbon-carbon bonds. (1979) 

The Nobel Prize in chemistry was awarded in 2005 

for the creation of carbon-carbon double bonds using 

metal catalysts. Professor Richard F. Heck from the 

University of Delaware in Newark, Delaware, 

Professor Ei-ichi Negishi from Purdue University in 

West Lafayette, Indiana, and Professor (emeritus) 

Akira Suzuki from Hokkaido University in Sapporo, 

Japan, all share this year's Nobel Prize in Chemistry. 

The three chemists received awards from the Royal 

Swedish Academy of Sciences for "palladium-

catalyzed cross couplings in organic synthesis". The 

three distinguished chemists' discoveries have greatly 

influenced academic work, the creation of new 

medicines and materials, and are employed in 

numerous industrial chemical processes for the 

manufacture of pharmaceuticals and other 

physiologically active substances. 

 

2. Overview on Palladium 

Palladium is a chemical element with the chemical 

symbol Pd and an atomic number of 46. Palladium is 

a rare and lustrous silvery-white metal. 

The platinum group metals, (PGMs) which include 

Palladium, platinum, rhodium, ruthenium, iridium, 

and osmium. In (PGMs) Palladium has the lowest 

melting point and is the least dense of the valuable 
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metals, however they all have similar chemical 

properties.  

2.1- History 

William Hyde Wollaston discovered palladium in 

1803.[16, 17] In 1804 this element was named by 

Wollaston in honor of the asteroid Pallas, which had 

been found two years before. By dissolving the ore in 

aqua regia, neutralizing the solution with sodium 

hydroxide, and precipitating platinum as ammonium 

chloroplatinate with ammonium chloride, Wollaston 

discovered palladium in crude platinum ore from 

South America. To create the combination palladium 

cyanide, which was heated to release the metal 

palladium, he added mercuric cyanide. 

2.2- Occurrence 

With a 44% global production share in 2007, Russia 

dominated the palladium industry. South Africa came 

in second with a 40% share. The only other 

significant palladium producers are Canada (6%) and 

the United States (5%).[18, 19] 

Palladium can be discovered in placer deposits in the 

Ural Mountains, Australia, Ethiopia, North and South 

America as a pure metal or alloyed with gold and 

other platinum group metals. These deposits only 

have a small impact on palladium output. Nickel-

copper deposits in the Sudbury Basin of Ontario and 

the Norilsk-Talnakh deposits in Siberia are the most 

significant commercial sources of palladium. The 

Merensky Reef platinum group metals deposit in 

South Africa's Bushveld Igneous Complex is the 

other significant deposit. The two further sources of 

palladium in Canada and the United States are the 

Roby zone ore body of the Lac des Îles igneous 

complex in Ontario and the Stillwater igneous 

complex in Montana.[18] 

Palladium is also produced in nuclear fission 

reactors and can be extracted from spent nuclear fuel 

though the quantity produced is insignificant.[20] 

Palladium is found in the rare minerals cooperite [21] 

and polarite.[21, 22] 

2.3- Characteristics 

Palladium belongs to group 10 in the periodic 

table but has a relatively uncommon arrangement in 

its outermost electron shells compared to the rest of 

the members of group 10, if not to all elements. It is 

the least dense and has the lowest melting point of the 

platinum group metals. In hydrochloric, nitric, and 

sulfuric acids, palladium dissolves slowly. This metal 

also does not react with oxygen at normal 

temperatures (and thus does not tarnish in air). 

Palladium heated to 800°C will form a coating of 

palladium(II) oxide (PdO). 

At room temperature, the metal possesses the 

incredibly rare capacity to absorb hydrogen up to 900 

times its own volume. It is thought that this produces 

palladium hydride (PdH2), it is still unclear whether 

this is a genuine chemical compound.[23] Palladium 

will slightly enlarge after absorbing a significant 

amount of hydrogen.[24] 

Palladium often exists in the oxidation states 0, +1, 

+2, and +4. Palladium does not occur the +3 

oxidation state; X-ray diffraction analysis of a variety 

of compounds indicates a dimer of palladium(II) and 

palladium(IV) instead. Despite the fact that +3 was 

once believed to be one of the fundamental oxidation 

states of palladium. Palladium(VI) was originally 

detected in 2002.[25, 26] 

 

2.4-Applications 

Palladium and other platinum group metals are 

widely used because of their special characteristics. 

In today's manufacturing process, the platinum group 

metals either make up one in every four products or 

are essential to their production.[27-29] 

 2.4.1- Catalytic converters 
Palladium is currently most commonly used in 

catalytic converters.[30] Catalytic converters, which 

transform up to 90% of toxic gases from vehicular 

exhaust (hydrocarbons, carbon monoxide, and 

nitrogen oxide) into less damaging compounds, use 

more than half of the supply of palladium and its 

congener platinum. (nitrogen, carbon dioxide and 

water vapor).             

Cross section of a metal-core catalytic converter 

2.4.2-Electronics 

Making multilayer ceramic capacitors is the second-

largest use of palladium in electronics.[31] Multi-

layer ceramic capacitors use palladium (and 

palladium-silver alloys) as its electrode material.[32] 

Consumer electronics employ palladium for 

connector platings, which is occasionally alloyed 

with nickel. 

Numerous electronic products, such as computers, 

cell phones, component plating, low voltage electrical 

contacts, and SED/OLED/LCD televisions, include 

palladium. 

 

2.4.3-Catalysis 
Palladium is a flexible catalyst that speeds up 

hydrogenation and dehydrogenation reactions as well 

as petroleum cracking when it is finely divided, as in 

palladium on carbon. Palladium also works well as an 

electrocatalyst for the oxidation of primary alcohols 

to aldehydes in alkaline solutions when it is 

disseminated on conductive surfaces.[33] Pd is a 

versatile metal that can be used in homogeneous 

catalysis. It is employed in a wide range of ligand 

combinations to carry out highly selective chemical 

http://en.wikipedia.org/wiki/Nuclear_fission
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http://en.wikipedia.org/wiki/Polarite
http://en.wikipedia.org/wiki/Catalytic_converter
http://en.wikipedia.org/wiki/Catalytic_converter
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reactions. Palladium is a powerful catalyst for 

forming carbon-fluoride bonds, according to a 2008 

study.[34] 

 

2.4.4-Technology 

Heat-induced hydrogen diffusion through heated 

palladium offers a way to purifying the gas. 

Therefore, high pure hydrogen is produced using 

membrane reactors with Pd membranes. In 

electrochemical investigations, it is a component of 

the palladium-hydrogen electrode. Fuel cells use a 

technology called palladium to mix hydrogen and 

oxygen to create electricity, heat, and water. Carbon 

monoxide detectors use palladium(II) chloride, which 

has a large-scale carbon monoxide gas oxidation 

capacity.[35] 

 

2.4.5-Other applications 

Dentistry, medicine, and groundwater treatment all 

make use of palladium.[36]  Palladium is also used in 

the manufacture of watches, blood sugar test strips, 

spark plugs for aircraft, surgical equipment, and 

electrical connectors. Professional transverse flutes 

are additionally made of palladium. 

Palladium bullion bears the ISO currency codes XPD 

and 964 as a commodity. Only four metals—gold, 

silver, and platinum—have such codes, with 

palladium being one of them. 

Since 1939, palladium has been used as a substitute 

for platinum or white gold as a precious metal in 

jewellery. [37] 

 

3- The chemistry of organopalladium compounds  

3.1- Palladium compounds, complexes, and 

ligands widely used in organic syntheses       

Pd(II) salts and Pd(0) complexes, two different types 

of Pd substances, are utilized in chemical syntheses. 

Pd(II) compounds are mostly employed as catalysts 

or oxidizing reagents in a few processes. Catalysts 

are always made of Pd(0) complexes.[33]  Due to the 

simplicity of interconversion between Pd(0) and 

Pd(II) intermediates, palladium compounds are 

highly reactive. 

 

3.1.1- Pd(II) Compounds: 

Pd(II) Compounds: can be used as both Pd(0) 

complex intermediates and special stoichiometric 

oxidising agents. 

PdCl2: is stable, however it has a low solubility in 

organic and water solvents. It dissolves in diluted 

HCl and, after producing a PdCl2(PhCN)2 complex, 

also dissolves in organic solvents. PdCl2 and PdBr2 

are not monomers; in order to produce the more 

reactive acetonitrile complex monomers, they 

frequently need to be refluxed in acetonitrile.[38] 

 

PdX2 + 2 MeCN → PdX2(MeCN)2 (X = Cl, Br) 
 

M2PdCl4 (M = Li, Na, K) are soluble in water, lower 

alcohols and some organic solvents. 

Pd(OAc)2: is commercially available. In organic 

liquids, it is stable and soluble. It is stable and soluble 

in organic solvents. As reducing agents for 

Pd(OAc)2, phosphines can be employed most 

conveniently. For instance, triphenylphosphine oxide 

and Pd(0) species are slowly generated when PPh3 is 

used to treat Pd(OAc)2.[39, 40] By quickly reacting 

Pd(OAc)2 with P(n-Bu)3 in a 1:1 ratio in THF or 

benzene, a highly active Pd(0) catalyst can be 

created.[41]  P(n-Bu)3 is quickly converted to 

phosphine oxide, and in addition to Ac2O, a 

phosphine-free Pd(0) species is created. This catalyst 

is extremely active but unstable and needs to be 

employed right away; if no substrate is added, black 

Pd metal starts to precipitate within 30 minutes. A 

particularly practical method for preparing Pd is the 

in situ production of Pd(0) species using P(n-Bu)3 as 

a reducing agent.  

 

3.1.2- Pd(0) Complexes: 
 

Pd(PPh3)4: is a yellowish-green crystal, air-instable, 

light-sensitive, coordinatively saturated Pd(0) 

complex. Because it is overligated and contains too 

many ligands to allow some reactants to be 

coordinated, Pd(PPh3)4 is less effective as a catalyst.  

 

Pd(t-Bu3P)2: a significant ligand, the large and 

electron-rich P(t-Bu)3 has drawn attention. It's 

interesting to note that the commercially available 

and stable Pd(0) complex Pd(t-Bu3P)2 has a 

significant degree of coordination unsaturation. The 

bulkiness of the ligand is undoubtedly responsible for 

the stability of this unsaturated phosphine complex. 

This complex is an extremely active catalyst in 

several processes, particularly for aryl chlorides.[42] 

 

Pd2(dba)3-CHCl3: (dba = dibenzylideneacetone) is 

another Pd(0) complex that is readily accessible on 

the market. It appears as purple needles and contains 

one molecule of CHCl3 after Pd(dba)2, which was 

first generated during preparation, recrystallizes from 

CHCl3, where Pd(dba)2 is equivalent to Pd2(dba)3-

dba.[43]  

 

Colloidal Pd nanoparticles protected with 

tetraalkylammonium salts, lately come to light as 

potent catalysts. Without phosphine ligands, they are 

employed for Heck and Suzuki-Miyaura reactions, 

[44, 45] Aryl iodides and diazonium salts are 

examples of active substrates. Pd(OAc)2 is most 
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commonly utilized without a ligand, creating some 

sort of colloidal or soluble Pd(0) species in situ. 

These Pd(0) catalysts are thought to function as 

homogeneous catalysts as they lack ligands.[46] 

3.1.3- Ligands:  

phosphine ligands :a number of phosphine ligands are 

used. The majority of them are marketed for sale.[47] 

PPh3 is by far the substance that is utilized the most. 

Recrystallization from ethanol easily gets rid of any 

contaminated phosphine oxide. Heck utilized bulky 

tri(o-tolyl)phosphine for the first time, which is a 

particularly powerful ligand.[48] This phosphine's Pd 

complex is not only active, but also has a longer 

catalytic life. The palladacycle 1, also known as the 

Herrmann complex, which is stable to air and 

moisture and is marketed, provides an explanation for 

this.[49] It makes a great underligated single 

phosphine Pd(0) catalyst precursor. However, this 

catalyst only works at 110 °C and not at low 

temperatures. 

 

 

 

 

 

Scheme 1 

Tricyclohexylphosphine and P(n-Bu)3, as well as 

arylphosphines like tri(2,4,6-

trimethoxyphenyl)phosphine (TTMPP) and tri(2,6-

dimethoxyphenyl)phosphine (TDMPP), are more 

electron-donating alkylphosphines that are effectively 

used in a variety of catalytic processes.. The 

"oxidative addition" phase is sped up by these 

phosphines, which are electron-rich. Furthermore, it 

was discovered that P(t-Bu)3 was an essential ligand, 

particularly for aryl chloride reactions. 

 

Since Koie and coworkers initially described the use 

of P(t-Bu)3 in the Pd-catalyzed amination of aryl 

chlorides in 1998 [50], numerous bulky and electron-

rich phosphines connected to P(t-Bu)3 have been 

synthesized and used.These di- and 

trialkylphosphines [51] have a limited air sensitivity. 

However, their air-stable phosphonium salts can be 

employed for catalytic processes since phosphines 

can be extracted from them by treating them with 

bases.[52] 

 

Sulfonated phosphine ligands:  Sulfonated 

triphenylphosphine [TPPTS (triphenyl-phosphine, m-

trisulfonated); tri(m-sulfophenyl)phosphine] and 

mono-sulfonated triphenylphosphine [TPPMS 

(triphenylphosphine, monosulfonated); 3-diphenyl-

phosphino)benzenesulfonic acid] are commercially 

available ligands and their sodium salts are water-

soluble.[53, 54] The moderately soluble TPPMS is 

selected since the Na salt of the ligand TPPTS is very 

soluble and may be excessively soluble in water. 2-

(diphenylphosphinoethyl)trimethyl ammonium halide 

is a different phosphine that is soluble in water. 

Water can be used to conduct Pd-catalyzed reactions, 

which is reported to have an accelerating impact in 

some catalytic reactions.[55] Pd complexes 

coordinated by these phosphines are soluble in 

water.[56] 

Bidentate phosphines: for examples DPPP 

(diphenyl- phosphinopropane), DPPB 

(diphenylphosphinobutane) and DPPE 

(diphenylphosphinoethane) play important roles   in 

some reactions. Other bidentate phosphines include 

DPPF (1,1'-bis(diphenyl-phosphino)ferrocene), 

which differs from other bidentate phosphines by 

exhibiting its own individual activity. 

Tedicyp (cis,cis,cis-1,2,3,4-

tetrakis(diphenylphosphino-methyl) cyclopentane), a 

tetra-podal phosphine ligand, has been discovered to 

be a good ligand and its Pd complex exhibits high 

turnover rates.[57, 58] 

 

Phosphite ligands:, Triisopropyl phosphite and 

triphenyl phosphite, for example, are weaker electron 

donors than the equivalent phosphines but are useful 

in particular processes due to their higher ability to 

operate as a π--acceptor. 

Trimethylolpropanephosphite (TMPP), also known as 

4-ethyl-2,6,7-trioxa-1-phospha-bicyclo-[2.2.2]-

octane, is a cyclic phosphite that exhibits significant 

catalytic activity in specific processes. Although not 

readily available commercially, it is simple to 

prepare.[59, 60] 

 

Phosphinous acids ligands: Recently Li[61] 

reported that When transition metals are present, air-

stable phosphine oxides 4a [R'RP(O)H] tautomerize 

to the less stable phosphinous acids 4b [R'RPOH], 

which then coordinate to Pd centers through 

phosphorus atoms to form Pd phosphinous acid 

complexes 4c that act as active catalysts for inactive 

aryl chlorides.[61, 62]  



 CHEMISTRY AND APPLICATIONS OF ORGANOPALLADIUM COMPOUNDS  .. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

823 

Scheme 2 

Heterocyclic carbene ligands: are currently drawing 

interest as novel ligands. Carbenes are unstable. and 

reactive species that are challenging to separate. They 

can be stabilized and isolated, as is well known, by 

coordinating to W, Mo, and Cr metal complexes.[63] 

Imidazol-2-ylidenes with high substituents on 

nitrogens are stable carbenes and can be isolated, 

according to a recent discovery by Ardeuengo.[64] 

They are known as "phosphine mimics" and are 

effective ligands for transition metal complexes 

because they are bulky, electron-rich, and so active 

for aryl chloride reactions. Dihydroimidazolium salts 

8, which are made easily from primary amine 6, 

glyoxal 5 and ortho-formate 7, can be used to 

produce the carbenes.[65] Scheme 3 

 

Scheme 3 

Alkyl-substituted imidazolium salts are ionic liquids 

that are frequently employed as special solvents for a 

variety of processes, including Pd-catalyzed 

reactions.[66, 67] 

 

3.2 Fundamental Reactions of Pd Compounds 

3.2.1 Oxidative Addition 
In organic chemistry uses the word "oxidation" 

differently than organometallic chemistry, where it 

refers to processes like the conversion of secondary 

alcohols to ketones. "Oxidative addition" refers to the 

addition of a molecule X—Y to Pd(0) after its 

covalent link is broken, creating two new bonds. [68] 

Due to the connection between the two Pd electrons 

that were previously not in a bond, Pd increases its 

formal oxidation state by two units, going from Pd(0) 

to Pd.(II). This technique is comparable to how alkyl 

halides and magnesium are used to create Grignard 

reagents Mg(0) is oxidized to Mg(II) by the 

"oxidative" addition of alkyl halides to create two 

covalent bonds, which is how Grignard reagents are 

created. Scheme 4 

 
Scheme 4

Higher electron density of Pd makes oxidative 

addition easier, and generally, -donor ligands like 

R3P coupled to Pd make oxidative addition easier. 

Alkenes and CO, on the other hand, have a tendency 

to restrict oxidative addition.[33, 69] Oxidative 

addition occurs with alkenyl, aryl, acyl, and sulfonyl 

halides.  Scheme 5             

Substrates with halogen bonds 

 
Scheme 5
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The following H-C and H-M-bonded molecules are 

combined through oxidative addition to produce Pd 

hydrides. It is known that the C-H bonds of terminal 

alkynes and aldehydes serve as the catalyst for the 

oxidative addition of other molecules. The process, 

known as "orthopalladation," creates a Pd—H bond 

and palladacycles on the aromatic C—H bond in 

position 3 by adding donor atoms including N, S, O, 

and P. Scheme 6. 

Scheme 6 

Substrate with metal- metal bonds: 

 

In oxime derivatives 9, the N-O bond breaks through 

oxidative addition to create a Pd-imino bond 10. 

Scheme 7 

Scheme 7 

Substrate with metal- metal bonds:  

As previously mentioned, oxidative addition entails 

the breakage of covalent bonds. In addition, bond 

cleavage is not necessary for oxidative addition in a 

broader sense. Alkene and alkyne -complexes, for 

instance, are thought to generate η2* complexes 

through oxidative addition. The ensuing alkene 

complexes are better defined as the 

palladacyclopropane 12 and the alkyne complex may 

be viewed as the palladacyclopropene 14. Two 

separate Pd—C bonds are created. As a result, formal 

oxidation of Pd occurs as a result of the coordination 

of the alkene and alkyne. Scheme 8. 

 
Scheme 8 

By oxidative addition cyclopropane 15 with bond 

cleavage, palladacyclobutane 16 is created. Scheme 9 

Scheme 9 

Oxidative cyclization is a different type of oxidative 

addition that doesn't involve bond breakage. The 

addition processes involving two molecules of 

ethylene 17 are catalysed by Pd. The two double 

bonds undergo an intermolecular process known as π-

-complexation, which is followed by cyclization to 

produce palladacyclo-pentane 19. Oxidative 

cyclization is the term for this.[33] Scheme 10. 

 

Scheme 10 

The palladacyclopentane 22 is produced by the 

oxidative cyclization of 1,6-diene and goes further 

transformations. Similar to this, palladacyclopentene 

25 is produced via the oxidative cyclization of α,ω--

enyne. These five-membered rings are formed 

incrementally, and their formation can be explained 

in terms of the formation of palladacyclopropene or 

palladacyclopropane. Then, palladacyclopentane 22 

and pallada-cyclopentene 25 are created by the inter- 

and intramolecular insertion of alkene into the three-

membered rings. Acetylene reacts with Pd(0) to 

produce palladacyclopropene 14, which is then 

converted into palladacyclo-pentadiene 26 via 

intermolecular acetylene insertion. Scheme 11. 

 

Scheme 11 

3.2.2 Insertion 

Different unsaturated ligands, such as alkynes, alkenes, 

and CO, officially insert into an adjacent Pd-ligand 

bond to create 12 in Pd complexes. The term 

"insertion" is a little deceptive. The ideal way to 
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conceptualise the insertion is as a transfer of a nearby 

ligand from the Pd to the Pd-bound unsaturated 

ligand.[33] 

The insertion is reversible. There are two forms of 

insertion. They are α,α- (or 1,1-) and α,β- (or 1,2-) 

insertions. α,β-insertion  is the most insertion 

observed of unsaturated  bonds like alkenes and 

alkynes.[68] 

 

 

 

 

 

The following unsaturated bonds undergo α,β-insertion: 

The insertion of alkene to Pd-H, which is called 

‘hydropalladation’ of an alkene, yields the 

alkylpalladium complex 72, and insertion of alkyne 

to Pd-R links creates the vinylpalladium complex 72. 

Alkylpalladium complex 27 is produced by the so-

called "hydropalladation" of an alkene, while 

vinylpalladium complex 28 is produced by the 

insertion of an alkyne into a Pd-R bond. Alkynes can 

be thought of as being "ciscarbopalladated" in this 

reaction. Conjugated dienes react with Pd complexes 

to create the π-allyl complex 29. The -allylpalladium 

complex 29 is created when one of butadiene's double 

bonds is inserted into the Ph-Pd bond.[33]Scheme 12 

 

 
 

Scheme 12

Mg and Pd complexes both undergo insertion and 

oxidative addition. The main reaction pathway for 

Grignard reagents is the insertion of a carbonyl 

group, whereas the Pd complexes can undergo both 

oxidative addition and insertion with a range  

of -bonds.It should be emphasised as well that several 

sequential insertions are possible. For instance, the 

alkyl complex 30 is produced by adding an alkene to 

a Pd-C or Pd-H bond. Next, CO is added to produce 

the acyl complex 31.[70]  Scheme 13 

 

                                                 Scheme 13

3.2.3 Transmetallation 

Pd complexes (A-Pd-X) produced by oxidative 

addition react with organometallic compounds M-R 

and hydrides M-H of main group metals (M= Mg, 

Zn, B, Al, Sn, Si, Hg), and the organic group or 

hydride is transferred to Pd by replacing X with R or 

H. In other words, transmetallation, also known as Pd 

alkylation or hydride production, occurs. The 

main group metal M must be more electropositive 

than Pd for transmetallation to occur, and this 

electropositivity difference between the two metals is 

thought to be the driving factor behind 

transmetallation. The sequence of oxidative addition-

transmetallation is well recognised. 

Benzoylpalladium chloride 33 is produced by the 

reaction of benzoyl chloride with Pd(0), and benzoyl-

methylpalladium 34 is produced by transmetallation 

with methyltributyltin. [33] Scheme14
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Scheme 14  

3.2.4 Reductive Elimination 

Similar to the term "oxidative," "reductive" in 

organometallic chemistry refers to a process that is 

different from reduction in organic chemistry. The 

opposite of oxidative addition is the unimolecular 

breakdown route known as reductive 

elimination.Two cis-configured ligands are lost from 

the Pd centre in 35 during reductive elimination (or 

reductive coupling), and their combination results in 

a single elimination product 36.[33] Scheme 15 

 

Scheme 15

3.2.5 β-H Elimination (β-Elimination, Dehydropalladation) 
Synthesis of Pd hydride (H-Pd-X) and an alkene are 

produced as a result of the syn elimination of 

hydrogen from carbon at the β-position to Pd in 

alkylpalladium complexes. Either "β-hydride 

elimination" or "-hydrogen elimination" is the name 

given to this procedure. Because the β-H is 

eliminated as the Pd-hydride, the phrase "- β-hydride 

elimination" is most commonly used. (H-Pd-X). 

Dehydropalladation, used in a cis way, is the correct 

and unambiguous term for this process. 

The reaction is known as " β-hydride elimination" 

because the -H is eliminated as a hydride by 

dehydropalladation to form H-Pd(II)-X (Pd-hydride) 

and an alkene, the latter of which is in coordination to 

the Pd centre to form 37. Lastly, H-Pd(II)-X affords 

Pd(0) and HX by reductive elimination in the 

presence of a base. Scheme 16 

 

Scheme 16 

       3.3 Electrophilic Attack by Organopalladium 

Species 

Pd complexes can be used to create a wide variety of 

beneficial reactions that are completely different from 

common chemical reactions. The coordination's 

impact is striking. Due to their abundance of 

electrons, unsaturated organic molecules like CO, 

alkenes, and alkynes are relatively inert towards 

nucleophiles. When these unsaturated molecules 

coordinate to electron deficient Pd, their reactivity is 

reversed. This is a significant outcome of the 

coordination. One of the most distinctive and 

advantageous reactions of Pd complexes is the 

reaction of nucleophiles with the coordinated 

unsaturated bonds. Coordinated alkenes are attacked 

by numerous nucleophiles. According to 38, the 

Wacker process typically involves the OH anion 

attacking ethylene coordinated to Pd(II) in order to 

produce acetaldehyde.[71] Scheme 17
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Scheme 17 

3.4 Termination of Pd-Catalyzed Reactions and a 

Catalytic Cycle  

  In many instances, when Pd(0) complexes are 

attacked by nucleophiles, the reactions involving 

these complexes proceed with a catalytic quantity of 

Pd(0) molecules. The most beneficial aspect of 

synthetic reactions involving Pd complexes are the 

catalytic reactions that may be carried out with only a 

little quantity of pricey Pd complexes. The 

phenyldiazonium salt 39 undergoes oxidative 

addition, followed by CO insertion to produce the 

acylpalladium intermediate 41 as a typical example 

of the catalytic cycle. Then, benzaldehyde 43 is 

produced by reductive elimination from 42 following 

transmetallation with triethylsilane.[72]  

Scheme 18  

 

 

Scheme 18  

3.5 Reactions Involving Pd(II) Compounds and 

Pd(0) Complexes 
Oxidative reactions with Pd(II) salts and catalytic 

reactions with Pd(0) complexes are the two 

categories of organic reactions involving Pd. Pd(II) 

salts [PdCl2, Pd(OAc)2] are special oxidising or 

dehydrogenating agents, and the reactions promoted 

by Pd(II) can be expressed by the following general 

equations 

 

Two hydrogen atoms are combined to form Pd(0) and 

the product A-B after being extracted from the two 

substrates A-H and B-H. (eq. 1). This reaction is 

stoichiometric with Pd(II), but when Pd(0) is oxidised 

in situ to Pd(II) with the proper oxidants (OX), the 

reaction becomes catalytic (eq. 2), and the entire 

reaction can be summarised by a third equation.(eq. 

3).  

Examples of formal dehydrogenation reactions 

include the oxidative coupling of benzene and the 

production of vinyl acetate 45 from ethylene 44. 

Scheme 19
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Scheme 19  

3.6. Palladium-Catalyzed Cross-Coupling 

Reactions: Generation of 

Carbon–Nitrogen Bond 

Due to the widespread availability of C-N functional 

groups in natural products, pharmaceuticals, 

catalysts, and organic materials, as well as their 

presence in aromatic amines, C-N bond formation is 

of special interest in organic chemistry. The first 

amino group was created by Ullmann and Goldberg 

by combining activated aryl (pseudo)halides with 

amine nucleophiles. Due to its sharpness and the 

waste it produces, the use of stoichiometric quantities 

of copper salts limited this methodology's ability to 

produce useful materials. Later, the Pd-catalyzed 

amination reactions, created in the 1990s by 

Buchwald and Hartwig, have become the most 

common method for forming C-N bonds.[73-76]  

 

3.6.1 The Buchwald–Hartwig amination reaction. 

One useful technique in synthesis chemistry is the 

amination of aryl, vinyl, and heteroaryl halides and 

pseudohalides via Pd-catalyzed C-N coupling. 

Stephen L. Buchwald and John F. Hartwig first 

described the aryl halide and amine C-N cross-

coupling process in 1983. 

The Goldberg reaction, nucleophilic aromatic 

substitution, and other extremely harsh methods were 

replaced by the synthetic effectiveness of this 

reaction, which also pointedly increased the substrate 

scope with the aid of a flexible strategy for the 

synthesis of (hetero) arylamines on both a small-scale 

academic level and a large-scale industrial level.[77-

79] Scheme 20 

 

 

Scheme 20 

4. Applications of Palladium-Catalyzed C−N 

Cross-Coupling Reactions 

The synthesis of aromatic amines in a variety of basic 

and practical research fields has been made possible 

by the Pd-catalyzed cross-coupling of amines with 

aryl halides and pseudohalides to generate C-N 

bonds.[80-82] The use of this technique has been 

extraordinarily varied due to the pervasiveness of 

arylated amines in pharmaceuticals, organic 

materials, natural products, and catalysts. Protocols 

have become more widely applicable and trustworthy 

as a result of the ongoing development of better 

ligands and precatalysts.[73, 83-85] 

 

Monodentate symmetrical ligands of the PR3- or 

PAr3-type, as well as ligands with various alkyl 

substituents [for example, n-BuP(Ad)2], have 

frequently been used.[86, 87] Nevertheless, BINAP 

14, 17 and Xantphos 18, 19 have emerged as the 

ligands utilised in Narylation processes the most 

frequently. The supporting ligands DPEPhos, dppf, 

CyPF-t-Bu, and dppp are further common examples 

of bidentate ligands. A third class of often used 

ligands is the dialkylbiarylphosphines 22 

Diakylbiarylphosphines can be modified to enhance 

the desired reactivity or selectivity because of their 

structural diversity. Moreover, Pd-catalyzed C-N 

cross-coupling occasionally makes use of ligands like 

BippyPhos 23 and MorDalPhos 24. When exposed to 

base, these air-stable compounds easily transform 

into the active catalyst. Precatalysts have been 

described in four generations since their discovery, 

with progressively easier activation.[88-91] Out of all 

the precatalysts that are currently accessible, base-
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activated precatalysts have been used the most in C-N 

coupling reactions. 

  

4.1 Applications of C−N Coupling in the Synthesis 

of Heterocycles 

In the fields of natural product synthesis, medicinal 

chemistry [92], and organic materials, nitrogen-based 

heterocycles are essential building components. Pd-

catalyzed C-N coupling chemistry-based methods for 

their preparation often offer sizable advantages over 

conventional ones. Often, structurally complicated 

heterocycles can be easily produced by tandem 

procedures comprising at least one C-N bond 

formation event. The requirement for isolating or 

purifying intermediate products can often be avoided 

by performing multistep reactions in a single pot. 

Therefore, it is typically possible to use one catalyst 

to complete processes requiring many Pd-catalyzed 

reactions. This method has been used to manufacture 

a variety of heterocycles, from tiny molecules to big 

polycyclic ones that contain many heteroatoms. 

 

 

 

 
 

Figure 1: displays a list of the ligands that were most commonly utilized in the examples of C-N coupling in this 

analysis.
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 Figure 2. Main fields of application of Pd-catalyzed C−N cross-coupling reactions. 

4.2 Applications of C−N Coupling in Medicinal 

Chemistry 

Pd-catalyzed C-N coupling reactions have had the 

most influence is medicinal chemistry.[93-95] The 

development of compound libraries for application in 

medicinal chemistry has been sped up by the ease of 

the synthetic processes and the adaptability of the 

results. The production of complex drug-like 

molecules has recently been studied using high-

throughput techniques for Pd-catalyzed C-N coupling 

at the nanomolar scale. Moreover, the functional 

group tolerance of these procedures has made it 

possible for C-N bonds to form along the entirety of 

synthetic routes. 

 

4.3 Applications of C−N Coupling in Process 

Chemistry 

In recent years, the applications of Pd-catalyzed N-

arylation processes in process chemistry have 

expanded quickly.[95-97] In many instances, the 

intended cross-coupling reaction can be adjusted to 

proceed successfully on a wide scale with little 

catalyst loading, possibly enabling the process to be 

profitable. New techniques for large-scale metal 

scavenging, such as the use of functionalized 

silicas48 and fixed-bed adsorption processes49, 

which enable isolation of the desired coupling 

product with low levels of residual palladium, as 

required by regulatory bodies for active 

pharmaceutical ingredients, have also aided in the 
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development of process-scale C-N cross-coupling 

reactions for the synthesis of pharmaceuticals. 

Process chemists frequently use C-N cross-coupling 

reactions to bypass time-consuming synthesis steps or 

low yielding processes when the medicinal chemistry 

pathway is not scaleable. Pd-catalyzed methods are 

also seen as a good substitute for potentially 

hazardous procedures or the usage of harmful 

chemicals. Sometimes, after the coupling reaction has 

been optimised for manufacturing conditions, the 

identical N-arylation reactions are used in the 

discovery and process routes. 

 

4.4 Applications in the Synthesis of Natural 

Products 

Whole synthesis frequently involves extremely 

difficult transformations in Pd-catalyzed C-N 

coupling reactions. They are frequently N-arylations 

that create heterocycles that are incorporated into the 

final natural product structure. Furthermore, the 

adaptability of C-N couplings permits the addition of 

nitrogen centres carrying protective groups, which 

may be necessary for later steps in the synthesis. In 

very convergent synthetic methods, Pd-catalyzed C-N 

couplings have been reported to either form C-N 

bonds between two sophisticated pieces or to 

functionalize complicated structures at a late stage. 

 

4.5 Applications in Materials Chemistry and 

Chemical Biology 

N-arylation reactions are frequently used in materials 

research because they are common in highly 

conjugated systems in organic materials and because 

nitrogen-containing functional groups can act as 

donors.  Furthermore, C-N cross-coupling reactions 

are also used to generate a variety of useful 

compounds for chemical biology applications (such 

as biological probes). Several C-N couplings are 

frequently performed in a single step, either by 

utilizing aryl halides with numerous reactive sites or 

by using coupling partners with multiple nucleophilic 

nitrogens. 

 

4.6 Applications in the Synthesis of Ligands and 

Catalysts 

Nitrogen atoms are frequently included in the ligands 

for new catalytic processes because of their capacity 

to coordinate to transition metals. In the synthesis of 

ligands, Pd-catalyzed N-arylation reactions are used 

to construct heterocycles or insert chelating 

functional groups into a current framework. The core 

of the structure can have many nitrogen atoms 

connected to it in order to access multidentate 

ligands. There have also been examples of C-N 

coupling reactions carried out on both free ligands 

and ligands that are already bonded to a metal. 

Another developing application of N-arylation is the 

preparation of amine-containing organocatalysts for 

enantioselective catalysis. 

 

4.6.1 ALKYLAMINES 

Primary Alkylamines 

One of the most developed Pd-catalyzed C-N cross-

coupling reactions is the N-arylation of primary 

alkylamines. Avoiding the development of 

undesirable tertiary anilines as a result of the 

competing diarylation reaction is the basic problem 

of this transformation. Hence, selecting a supporting 

ligand wisely is essential for obtaining the 

appropriate reaction selectivity. The C-N coupling of 

primary alkylamines has been demonstrated to be 

possible using a variety of Pd catalysts, with the 

earliest examples recorded by Wolfe and Buchwald 

[98] and Hartwig and coworkers [99, 100] based on 

L6 and L10, respectively, displaying the greatest 

generality. Since then, a strong ligand known as 

dialkylbiarylphosphine, L18, [101], has come to light. 

It exhibits high activity and selectivity for a variety of 

aryl halides, including aryl chlorides and 

(pseudo)aryl halides, at extremely low catalyst 

loadings.[102] 

 

4.7 Applications of the Coupling of Primary 

Alkylamines in the Synthesis of Heterocycles.  

Jørgensen and colleagues presented two strategies for 

the Pd-catalyzed cross-coupling of primary 

alkylamines to yield nitrogen-based heterocycles. The 

first methodology was a one-pot procedure that 

converted biologically intriguing N-alkyl- and N-

arylphenothiazines 49 from 2-bromothiophenol 47, a 

primary amine, and a functionalized 1-bromo-2-

iodobenzene 48.[103] Scheme 20   

The consecutive inter- and intramolecular N-arylation 

processes were preceded by a C–S bond formation 

phase using the more activated aryl iodide due to the 

strong nucleophilic nature of thiols. Trace amounts of 

the desired product were produced when triaryl- or 

trialkylphosphine-based catalysts (L1, L2, L3a) were 

used, while dialkylbiarylphosphine-based catalysts 

(L14, L17) encouraged the undesirable 

intermolecular interaction between the amine and the 

aryl iodide. 
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Scheme 20 

4.8 Applications of the Coupling of Primary 

Alkylamines in Medicinal Chemistry. 

 Jensen and colleagues created a number of 3,7-

disubstituted analogues of the tricyclic antidepressant 

imipramine (R = H) 51. [103]  In a single pot, the 

bisaryl bromides 50 were used to produce the 

dibenzazepines. A first-generation L17 palladium 

precatalyst with a weak base in t-BuOH permitted the 

two N-arylation processes.[104] Scheme 21.

 

 

Scheme 21

 

Figure 3 Tricyclic antidepressant imipramine 
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In order to facilitate the reaction of primary amines  

and aryl chloride 52 to produce the compounds 53a 

and 53b, which were examined as potential 

treatments for human breast cancer, L11 or L13 were 

suitable supporting ligands.[105] Scheme 22.

 

 

Scheme 22 

Scheme 23 provides additional illustrations of the N-

arylation of primary linear alkylamines.  By carefully 

combining aryl iodide with 1-(2-

aminoethyl)piperidine 55 54, Gopalsamy et. al. 

(Wyeth) synthesized Hsp90 inhibitor 57 as a possible 

anticancer drug.[106] 

 

 

Scheme 23 

 

Pd(OAc)2/L17 was used by Dow and colleagues 

(Pfizer) to create the DGAT-1 inhibitor 61 for 

research on the treatment of type II diabetes or 

obesity.[107] This led to a 70% yield coupling of the 

enantioenriched aryl triflate 58 to the O-protected 

main amine. Scheme 24

 

 

Scheme 24 
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Similar to this, primary aminocycloalkanes are 

frequent building blocks in pharmaceutical targets. 

By combining aryl bromide 62 with aminoazetidine 

63, George and colleagues (AbbVie) produced 

compound 65, a promising protein kinase 

Cθ inhibitor for the treatment of autoimmune 

diseases. This reaction produced an outstanding yield 

(91%). [108] Scheme 25

 

 

Scheme 25 

A number of Hsp90 inhibitors generated from 

indazol-4-one were also created by Huang and 

colleagues (Pfizer) using Pd-catalyzed cross-coupling 

processes, like the N-arylation of cyclohexyl amine 

67.[109] Scheme 26  

 

Scheme 26 

Two alkylamine C-N bond-forming reactions were 

crucial steps in Griffin and colleagues' (AstraZeneca) 

synthetic pathway to δopioid agonist 74.[110] 

(Scheme 27). Alkyldiarylamine analogues 74 were 

easily produced by sequential N-arylation reactions 

of 4-aminopiperidine 71. There were two kinds of L6 

and L7-based catalysts used. 
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Scheme 27 

Prinjha, Bamborough, and their colleagues 

(GlaxoSmithKline) documented the N-arylation of 

chiral aminopiperidine 76 to access an anti-

inflammatory compound 78.[111] Scheme 28 

 

Scheme 28

5. Palladium-Catalyzed Cross-Coupling 

Reactions: Generation of 

Carbon–Carbon Bond 

There have been numerous attempts to create novel 

processes involving the formation of C-C bonds 

because they are one of the most potent tools in 

synthetic organic chemistry. These attempts are 

documented in the literature. Numerous catalyst 

systems have been developed and a wide variety of 

novel organic molecules have been synthesised as a 

result of testing a wide range of ligands. Additionally, 

numerous supported zerovalent palladium 

nanoparticles and heterogenized palladium 

complexes were commonly pursued for more 

sustainable recycling purposes.[112, 113] Cross-

coupling reactions facilitated by palladium have 

become extensively used in the synthesis of 

functionalized structures, fine chemicals, complex 

and pharmaceutical intermediates. Heck, Negishi, and 

Suzuki received the 2010 Nobel Prize in Chemistry 
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for their groundbreaking work using palladium 

catalysts in organic chemistry.[114] 
  

 

 
Scheme 29 

 

Palladium-catalyzed cross couplings work on the 

basis that two molecules are bonded together on the 

metal by the synthesis of metal-carbon bonds. The 

carbon atoms bonded to the palladium are brought 

very near to one another in this manner. They couple 

with one another in the following phase, which 

causes a new carbon-carbon single bond to form. 

According to this concept, there are two cross-

coupling reactions that have become crucial in 

organic synthesis.[115] Scheme 29 

 

Both reactions use an organohalide RX (or related 

molecule) as the electrophilic coupling partner and 

are catalysed by zerovalent palladium. The 

nucleophilic coupling partner in the two processes, 

however, varies. It is an olefin in the first type, while 

it is an organometallic complex R''M in the second 

type. Scheme 29 palladium-catalyzed cross-coupling 

reactions complement one another in this manner 

with respect to the nucleophilic coupling partner. 

 

5.1-Heck’s pioneering work on cross couplings 

involving olefins 

In 1968 Heck stated that in situ-produced methyl- and 

phenylpalladium halides (RPdX; R = Me, Ph; X = 

halide) are added to olefins at room temperature.[13, 

116-119] Styrene 82 was produced by adding 

phenylpalladium chloride (PhPdCl) 79 to ethylene 80 

and then elimination the palladium. Scheme 30

 

 

Scheme 30 

Heck significantly altered his reaction in 1972, 

increasing the reaction's usefulness for synthesis 

purposes. The reaction of an aryl halide and an olefin 

in the presence of a palladium catalyst led to the 

arylation of an olefin as a result of this novel 

modification.[120]  Figure 4 
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Figure 4 Mechanism of Heck reaction 

5.2-Negishi’s development of a mild cross coupling 

Negishi began a sequence of investigations in 1976 to 

investigate additional chemoselective organometallic 

species in the palladium-catalyzed couplings with 

organo-halides. He used substances with 

organozirconium or organoaluminum as coupling 

partners.[121] 

In an advance in cross coupling that was catalysed by 

palladium, Negishi introduced organozinc 

compounds as the nucleophilic coupling partners in 

1977.[122, 123]    

The Negishi reaction, which is the name of the novel 

coupling reaction, has become an essential method 

for creating carbon-carbon single bonds. Schem 31 

 

Scheme 31 

5.3-Suzuki’s discovery of a practical process 

Suzuki and coworkers discovered that organoboron 

compounds can be used as coupling partners in the 

palladium-catalyzed cross coupling of vinyl and aryl 

halides.[124] Scheme 32 

 
Scheme 32 

Later, the process was expanded to incorporate 

couplings with alkyl groups. The Suzuki reaction is 

the name of the process. A further important finding 

was the discovery that arylboronic acids can take part 

as coupling partners in the cross-coupling reaction 

that is catalysed by palladium.[125-127]  

The mechanism of the Negishi and Suzuki cross-

coupling reactions 

The cross-coupling reactions by Negishi and Suzuki 

used organohalide (or an analogous compound such 

as an organotriflate or a diazo compound) pairs with 

an organozinc or an organoboron compound, 

respectively, in the presence of a catalytic amount of 

a palladium(0) complex. During the reaction, a fresh 

carbon-carbon single bond is created. Figure 5 

 

Figure 5  

6. Application of palladium-catalyzed cross 

couplings 

Heck, Negishi, and Suzuki's invention of palladium-

catalyzed carbon-carbon bond forming processes has 

greatly influenced synthetic organic chemistry and 

has found numerous uses in target-oriented synthesis. 

Numerous natural products [128-130] and 

biologically active compounds with complicated 
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molecular structures have been synthesized using 

these three cross-coupling reactions.[131-133] They 

have also been used in the pharmaceutical and fine 

chemical sectors.[76, 134-138] 

 

6.1 In the fine chemical and pharmaceutical 

industries 

The Heck reaction has been used for a number of 

large-scale industrial applications, and the cross-

coupling reactions facilitated by palladium are 

appropriate for large-scale execution. On a multiton 

basis each year, a number of these processes are 

carried out. Ciba-Geigy created a method for mass 

producing the sulfonyl urea herbicide Prosulforon 

86.[139] A diazonium salt produces an aryl palldium 

intermediate in the crucial Heck reaction, which 

combines with the olefin.[140] 

Scheme 33. 

 

Scheme 33 

The asthma medication Singulair 87 (Merck, 1993) 

and the anti-inflammatory drug Naproxen 88 

(Albermarle, Hoechst AG, 1994) are two additional 

instances of pharmaceuticals produced industrially 

using the Heck reaction.[141] Figure 6  

  

 

 

Figure 6 

 

 

DVS-bis-BCB (Cyclotene)[142], which is an 

advanced electronics resin used in a number of 

crucial microelectronic applications, is one 

example of how the Heck, Negishi, and Suzuki 

reactions are used in the production of fine 

compounds in industry. Some applications of the 

Heck, Negishi, and Suzuki reactions in 5-

HT1AAgonist[79] which is used to address 

depression and social phobia conditions, as well as 

generalised anxiety disorder.[143] and the 

fungicide Boscalid.[144, 145] Figure 7. 
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6.2  In the synthesis of other biologically active 

compounds 

Diaryl ketone is a flexible structural motif that can 

be found in natural products like Cotoin and 

Papaveraldine, as well as in non-steroidal anti-

inflammatory medications like Ketoprofen, 

Suprofen and UV screens (e.g. Oxybenzone, 

Sulisobenzone). Recently, a general method of 

synthesising Suprofen 95 using a three-component 

cross coupling reaction of carbon monoxide, aryl 

and heteroaryl bromide 92, and boronic acid 93 

was described. [146] Scheme 34 

 

 

Scheme 34  

Terphenyls have gained attention due to a variety 

of biological activities that are important, such as 

their strong immunosuppressive, neuroprotective, 

antithrombotic, anticoagulant, specific 5-

lipoxygenase inhibitory, and cytotoxic effects. 

Terphenyl 99 and polyphenyl systems are also 

significant structural components in fluorescent 

substances [147] and liquid crystals. [148] Using 

the Suzuki coupling process, Taylor and Felpin 

have created a highly effective one-pot method of 

producing unsymmetrical terphenyls.[149] Scheme 

35 

 

 
Scheme 35 

There are numerous alkaloids with extraordinary 

biological activities that contain the quinolin-

2(1H)-one core. Members of this class are used as 

anticancer, antiviral, and antihypertensive agents, 

among many other medicinal chemistry uses,[150] 

a simple and practical method for making 3, 4-

Disubstituted Quinolin-2(1H)-ones 102 was 

described. [151] Scheme 36 

 

 
Scheme 36 
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Key structural components in many compounds 

with biological action include 9-fluorenylidenes. 

Substituted 9-fluorenylidenes 105 are produced in 

excellent yields by the annulation of arynes by 

substituted ortho-halostyrenes 103, which is 

palladium-catalyzed. Pharmaceutical [152] and 

cosmetically significant exist for 9H-fluoren-9-

ylidenes' derivatives. Scheme 37  

 

Scheme 37   

The significance of synthetic amino acids as 

building blocks for creating peptide-based 

biologically active molecules is growing in the 

field of biochemistry. [153] They are also utilized 

as molecular scaffolds, conformational restrictions, 

and pharmaceutically useful products. [154] 

Particular focus has been paid to 

homophenylalanine analogues as components of 

potential pharmaceuticals, such as 4-

methoxyhomo-phenylalanine. [155] Scheme 38 

shows how the compound described by Johnson et 

al. was synthesised. [156]  

 

 

Scheme 38 

6.3 In Carbon nanotubes  

Unique nanostructures called carbon nanotubes 

have exceptional electrical and mechanical 

characteristics. Carbon nanotubes of the SWNT 

(single wall nanotube) variety are finding 

increasing use in pharmacology and technology. In 

this regard, functionalizing carbon nanotube walls 

is becoming more important.[157] Cheng and 

Adronov published a technique for Suzuki 

coupling reaction-based covalent functionalization 

of SWNTs with chromophores.[158] Porphyrin, 

fluorene, and bithiophene are potential candidates 

for the Ar group in Figure 8 

 

 
7. Palladium organometallic anticancer agents 

Organopalladium compounds, among others, have 

attracted a lot of attention in recent years due to 

their typically high stability under physiological 

conditions. A large number of these substances 

have demonstrated promising antiproliferative 

efficacy in vitro and in vivo against a variety of 

cisplatin-resistant and cisplatin-sensitive cancers, 

and they occasionally displayed a different mode of 

action from platinum-based medications. 

The most significant palladium organometallic 

compounds as potential anticancer agents: 

7.1 Palladacyclic complexes  

Cyclopalladated imines and tetranuclear 

cyclopalladates.  

Palladacyclic species play a significant role among 

the organopalladium complexes that have received 

the greatest attention as prospective anticancer 

treatments. These compounds are often stable in 

both ordinary organic solvents and the 
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physiological environment because they contain 

multidentate ligands and at least one palladium - 

carbon link. Numerous examples of palladium 

complexes falling under this category were 

reported. Some of these show an unusual 

anticancer impact on both cisplatin-sensitive and 

cisplatin-resistant cell lines, according to the 

review by Fairlamb and Kapdi[148] from the 

beginning of 2014.. Figure 9 

 

 

Figure 9 Cyclopalladated complexes with anticancer and antiparasitic activity

 

Mono- and dinuclear endo cyclopalladated 

benzophenone imines were synthesised and their 

biological activity was thoroughly examined by 

Albert and colleagues [159,160]. Particularly, 

MDA-MB-231 and MCF-7 cancer cells responded 

favourably to the antiproliferative activity of 

cyclopalladates 111 and 112 with ahydrogen on the 

nitrogen atom. Figure 10 

7.2 Dinuclear palladacyclic complexes with 

bridging diphosphine ligands 

In the area of polynuclear complexes, Karami et.al. 

revealed dinuclear cyclopalladates with exceptional 

anticancer activities between 2014 and 2017. 

Complexes 113 and 114 in particular, which 

include the bridging diphosphines DPPF (1,1'-

bis(diphenylphosphine)-ferrocene) and BPP (1,3-

bis(4-pyridyl)propane) showed high cytotoxicity 

against the JURKAT and SKOV3 cell lines.[161] 

Both substances showed considerable binding 

affinity for DNA and BSA and lesser cytotoxic 

activity towards healthy peripheral blood 

mononuclear cells (PBMCs). Figure 11 

8. Conclusion 

Palladium is a rare metal that works as a 

"matchmaker" or catalyst to combine various 

ingredients to create helpful products for flat-

screen displays, cancer treatments, asthma 

medications, and more. 

Additionally, palladium is now a common 

component of almost every car automotive 

catalyst, which uses it to reduce hazardous 

emissions from internal combustion engines. 

The crucial function of palladium, on the other 

hand, is unknown to the broader public but has 

since been recognized with the 2010 Nobel 

Prize for Chemistry. 

Due to their typically great stability under 

physiological conditions, organopalladium 

compounds, among others, have attracted 

considerable interest in medical uses.The cross-

coupling reactions, which are palladium-

catalyzed, have grown to be extremely effective 

processes for producing new C-C and C-N 

bonds. Typically, with the aid of 

organopalladium molecules, bonds are formed 

between various carbon nucleophiles and less 

reactive organic electrophiles. 

9. References 

1. Jack, R., et al., Principles and applications of 

organotransition metal chemistry. 1987: 

University Science Books. 

2. Lehtonen, A. and R. Sillanpää, Synthesis and 

crystal structure of two copper (II) halide 

complexes with trans-1, 2-cycloheptanediol. 

Acta chemica scandinavica (Copenhagen. 

1989), 1992. 46(3): p. 249-254. 

3. Lehtonen, A., et al., Synthesis and ROMP 

activity of aminophenol-substituted tungsten 

(VI) and molybdenum (VI) complexes. Journal 



 M. El-Hussieny et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

842 

of Organometallic Chemistry, 2008. 693(7): p. 

1171-1176. 

4. Salminen, E., R. Sillanpää, and A. Lehtonen, 

Metal complexes of an amine bisphenol with a 

thiophene side-arm. Collection of 

Czechoslovak Chemical Communications, 

2010. 75(10): p. 1051-1060. 

5. Milstein, D. and J. Stille, A general, selective, 

and facile method for ketone synthesis from 

acid chlorides and organotin compounds 

catalyzed by palladium. Journal of the 

American Chemical Society, 1978. 100(11): p. 

3636-3638. 

6. Kharasch, M. and E. Fields, Factors 

determining the course and mechanisms of 

grignard reactions. IV. The effect of metallic 

halides on the reaction of aryl grignard 

reagents and organic halides1. Journal of the 

American Chemical Society, 1941. 63(9): p. 

2316-2320. 

7. Gilman, H., R.G. Jones, and L. Woods, The 

preparation of methylcopper and some 

observations on the decomposition of 

organocopper compounds. The Journal of 

Organic Chemistry, 1952. 17(12): p. 1630-

1634. 

8. Tamura, M. and J.K. Kochi, Vinylation of 

Grignard reagents. Catalysis by iron. Journal 

of the American Chemical Society, 1971. 

93(6): p. 1487-1489. 

9. Corriu, R. and J. Masse, Activation of 

Grignard reagents by transition-metal 

complexes. A new and simple synthesis of 

trans-stilbenes and polyphenyls. Journal of the 

Chemical Society, Chemical Communications, 

1972(3): p. 144a-144a. 

10. Tamao, K., K. Sumitani, and M. Kumada, 

Selective carbon-carbon bond formation by 

cross-coupling of Grignard reagents with 

organic halides. Catalysis by nickel-phosphine 

complexes. Journal of the American Chemical 

Society, 1972. 94(12): p. 4374-4376. 

11. Yamamura, M., I. Moritani, and S.-I. 

Murahashi, The reaction of σ-vinylpalladium 

complexes with alkyllithiums. Stereospecific 

syntheses of olefins from vinyl halides and 

alkyllithiums. Journal of Organometallic 

Chemistry, 1975. 91(2): p. C39-C42. 

12. Smidt, J., et al., Katalytische umsetzungen von 

olefinen an platinmetall‐verbindungen das 

consortium‐verfahren zur herstellung von 

acetaldehyd. Angewandte Chemie, 1959. 

71(5): p. 176-182. 

13. Heck, R.F., Acylation, methylation, and 

carboxyalkylation of olefins by Group VIII 

metal derivatives. Journal of the American 

Chemical Society, 1968. 90(20): p. 5518-5526. 

14. Li, J.J. and J.J. Li, Negishi cross-coupling 

reaction. Name Reactions: A Collection of 

Detailed Mechanisms and Synthetic 

Applications Fifth Edition, 2014: p. 430-431. 

15. Miyaura, N., K. Yamada, and A. Suzuki, A 

new stereospecific cross-coupling by the 

palladium-catalyzed reaction of 1-

alkenylboranes with 1-alkenyl or 1-alkynyl 

halides. Tetrahedron Letters, 1979. 20(36): p. 

3437-3440. 

16. Griffith, W. and H. Wollaston, Bicentenary of 

Four Platinum Group Metals-Platinum Metals 

Review. Platinum Metals Rev, 2003. 47(4): p. 

175-183. 

17. Wollaston, W.H., XVII. On a new metal, found 

in crude platina. Philosophical transactions of 

the royal society of london, 1804(94): p. 419-

430. 

18. Kielhorn, J., et al., Palladium–a review of 

exposure and effects to human health. 

International journal of hygiene and 

environmental health, 2002. 205(6): p. 417-

432. 

19. Wilburn, D.R. and D.I. Bleiwas, Platinum-

group metals—world supply and demand. US 

geological survey open-file report, 2004. 1224: 

p. 2004-1224. 

20. Kolarik, Z. and E.V. Renard, Recovery of value 

fission platinoids from spent nuclear fuel. 

Platinum metals review, 2003. 47(3): p. 123-

131. 

21. Verryn, S.M. and R.K. Merkle, Compositional 

variation of cooperite, braggite, and vysotskite 

from the Bushveld Complex. Mineralogical 

Magazine, 1994. 58(391): p. 223-234. 

22. Genkin, A. and T. Evstigneeva, Associations of 

platinum-group minerals of the Noril'sk 

copper-nickel sulfide ores. Economic Geology, 

1986. 81(5): p. 1203-1212. 

23. Manchester, F., A. San-Martin, and J. Pitre, 

The H-Pd (hydrogen-palladium) system. 

Journal of phase equilibria, 1994. 15(1): p. 62-

83. 

24. Greenwood, N.N. and A. Earnshaw, Chemistry 

of the Elements. 2012: Elsevier. 

25. Chen, W., S. Shimada, and M. Tanaka, 

Synthesis and structure of formally hexavalent 

palladium complexes. Science, 2002. 

295(5553): p. 308-310. 

26. Crabtree, R.H., A new oxidation state for Pd? 

Science, 2002. 295(5553): p. 288-289. 

27. Bossi, T. and J. Gediga, The environmental 

profile of platinum group metals. Johnson 

Matthey Technology Review, 2017. 61(2): p. 

111-121. 

28. Aleksandrova, T.N. and C. O’Connor, 

Processing of platinum group metal ores in 

Russia and South Africa: current state and 



 CHEMISTRY AND APPLICATIONS OF ORGANOPALLADIUM COMPOUNDS  .. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

843 

prospects. Записки Горного института, 2020. 

244: p. 462-473. 

29. Xun, D., et al., End-of-life recycling rates of 

platinum group metals in the automotive 

industry: Insight into regional disparities. 

Journal of Cleaner Production, 2020. 266: p. 

121942. 

30. Mugano, G., Special Economic Zones. 2021: 

Springer. 

31. Yoon, D., Tetragonality of barium titanate 

powder for a ceramic capacitor application. 

Journal of Ceramic Processing Research, 2006. 

7(4): p. 343. 

32. Hennings, D.F., Dielectric materials for 

sintering in reducing atmospheres. Journal of 

the european ceramic society, 2001. 21(10-11): 

p. 1637-1642. 

33. Tsuji, J.A., Palladium reagents and catalysts: 

New perspectives for the 21st century. 2004. 

34. Drahl, C., Palladium's hidden talent. Chemical 

& engineering news, 2008. 86(35): p. 53-56. 

35. Allen, T.H. and W.S. Root, An improved 

palladium chloride method for the 

determination of carbon monoxide in blood. 

Journal of Biological Chemistry, 1955. 216(1): 

p. 319-323. 

36. Rushforth, R., Palladium in restorative 

dentistry. Platinum Metals Review, 2004. 

48(1): p. 30-31. 

37. Rayner, H., Palladium, Jewelry-Making 

through History: An Encyclopedia. 2007, 

Greenwood Publishing Group. 

38. Zalevskaya, O., et al., Palladium complexes 

based on optically active terpene derivatives of 

ethylenediamine. Russian Journal of 

Coordination Chemistry, 2008. 34: p. 855-857. 

39. Ozawa, F., A. Kubo, and T. Hayashi, 

Generation of tertiary phosphine-coordinated 

Pd (0) species from Pd (OAc) 2 in the catalytic 

Heck reaction. Chemistry letters, 1992. 21(11): 

p. 2177-2180. 

40. Hayashi, T., A. Kubo, and F. Ozawa, Catalytic 

asymmetric arylation of olefins. Pure and 

applied chemistry, 1992. 64(3): p. 421-427. 

41. Mandai, T., et al., Highly active Pd (O) 

in untapped 1: 1 ratio: Preparation, reactivity, 

and 31P-NMR. Tetrahedron letters, 1993. 

34(15): p. 2513-2516. 

42. Dai, C. and G.C. Fu, The first general method 

for palladium-catalyzed Negishi cross-

coupling of aryl and vinyl chlorides: use of 

commercially available Pd (P (t-Bu) 3) 2 as a 

catalyst. Journal of the American Chemical 

Society, 2001. 123(12): p. 2719-2724. 

43. Ukai, T., et al., Chemistry of 

dibenzylideneacetone-palladium (0) 

complexes: I. Novel tris (dibenzylideneacetone) 

dipalladium (solvent) complexes and their 

reactions with quinones. Journal of 

Organometallic Chemistry, 1974. 65(2): p. 

253-266. 

44. Beller, M., et al., First palladium-catalyzed 

Heck reactions with efficient colloidal catalyst 

systems. Journal of organometallic chemistry, 

1996. 520(1-2): p. 257-259. 

45. Reetz, M.T. and E. Westermann, Phosphane‐

free palladium‐catalyzed coupling reactions: 

the decisive role of Pd nanoparticles. 

Angewandte Chemie International Edition, 

2000. 39(1): p. 165-168. 

46. Davies, I.W., et al., Are heterogeneous 

catalysts precursors to homogeneous 

catalysts? Journal of the American Chemical 

Society, 2001. 123(41): p. 10139-10140. 

47. Industrielle, Z., Strem Chemicals, Inc. 2016. 

48. Ziegler Jr, C.B. and R.F. Heck, Palladium-

catalyzed vinylic substitution with highly 

activated aryl halides. The Journal of Organic 

Chemistry, 1978. 43(15): p. 2941-2946. 

49. Herrmann, W.A., et al., Palladacycles as 

structurally defined catalysts for the Heck 

olefination of chloro‐and bromoarenes. 

Angewandte Chemie International Edition in 

English, 1995. 34(17): p. 1844-1848. 

50. Yamamoto, T., M. Nishiyama, and Y. Koie, 

Palladium-catalyzed synthesis of triarylamines 

from aryl halides and diarylamines. 

Tetrahedron Letters, 1998. 39(16): p. 2367-

2370. 

51. Ali, M.H. and S.L. Buchwald, An improved 

method for the palladium-catalyzed amination 

of aryl iodides. The Journal of Organic 

Chemistry, 2001. 66(8): p. 2560-2565. 

52. Netherton, M.R. and G.C. Fu, Air-stable 

trialkylphosphonium salts: Simple, practical, 

and versatile replacements for air-sensitive 

trialkylphosphines. Applications in 

stoichiometric and catalytic processes. Organic 

letters, 2001. 3(26): p. 4295-4298. 

53. Herrmann, W.A. and C.W. Kohlpaintner, 

Water‐soluble ligands, metal complexes, and 

catalysts: synergism of homogeneous and 

heterogeneous catalysis. Angewandte Chemie 

International Edition in English, 1993. 32(11): 

p. 1524-1544. 

54. Genet, J.P. and M. Savignac, Recent 

developments of palladium (0) catalyzed 

reactions in aqueous medium. Journal of 

Organometallic Chemistry, 1999. 576(1-2): p. 

305-317. 

55. Peiffer, G., et al., Synthesis of water-soluble 

ligands with a quaternary ammonium salt: use 

in bdphasic palladium-catalyzed 

telomerisation of butadiene and isoprene. 



 M. El-Hussieny et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

844 

Journal of molecular catalysis, 1990. 59(1): p. 

1-9. 

56. Shilov, A.E.e. and G.B. Shul'pin, Activation 

and catalytic reactions of saturated 

hydrocarbons in the presence of metal 

complexes. Vol. 21. 2001: Springer Science & 

Business Media. 

57. Feuerstein, M., et al., Palladium-

tetraphosphine complex: An efficient catalyst 

for allylic substitution and Suzuki cross-

coupling. Synthesis, 2001. 2001(15): p. 2320-

2326. 

58. Feuerstein, M., et al., Palladium catalysed 

cross-coupling of aryl bromides with 

functionalised arylboronic acids in the 

presence of a tetraphosphine ligand. Synlett, 

2002. 2002(11): p. 1807-1810. 

59. Kok, S.H. and T.K. Shing, A new synthetic 

approach towards N-alkylated 2-epi-

valienamines via palladium-catalyzed coupling 

reaction. Tetrahedron Letters, 2000. 41(35): p. 

6865-6868. 

60. Kok, H.L.S., Synthetic studies of 

pseudoaminodisaccharides. 2000: The Chinese 

University of Hong Kong (Hong Kong). 

61. Li, G.Y., Highly Active, Air-Stable Palladium 

Catalysts for the C− C and C− S Bond-

Forming Reactions of Vinyl and Aryl 

Chlorides: Use of Commercially Available [(t-

Bu) 2P (OH)] 2PdCl2,[(t-Bu) 2P (OH) PdCl2] 

2, and [[(t-Bu) 2PO⊙⊙⊙ H⊙⊙⊙ OP (t-

Bu) 2] PdCl] 2 as Catalysts. The Journal of 

Organic Chemistry, 2002. 67(11): p. 3643-

3650. 

62. Li, G.Y., The First Phosphine Oxide Ligand 

Precursors for Transition Metal Catalyzed 

Cross‐Coupling Reactions: C− C, C− N, and 

C− S Bond Formation on Unactivated Aryl 

Chlorides. Angewandte Chemie, 2001. 113(8): 

p. 1561-1564. 

63. Bourissou, D., et al., Stable carbenes. 

Chemical Reviews, 2000. 100(1): p. 39-92. 

64. Arduengo, A.J., Looking for stable carbenes: 

the difficulty in starting anew. Accounts of 

Chemical Research, 1999. 32(11): p. 913-921. 

65. Herrmann, W.A., N‐heterocyclic carbenes: a 

new concept in organometallic catalysis. 

Angewandte Chemie International Edition, 

2002. 41(8): p. 1290-1309. 

66. Welton, T., Room-temperature ionic liquids. 

Solvents for synthesis and catalysis. Chemical 

reviews, 1999. 99(8): p. 2071-2084. 

67. Wasserscheid, P. and T. Welton, Ionic liquids 

in synthesis. Vol. 1. 2008: Wiley Online 

Library. 

68. Amatore, C. and A. Jutand, Mechanistic and 

kinetic studies of palladium catalytic systems. 

Journal of organometallic chemistry, 1999. 

576(1-2): p. 254-278. 

69. Tsuji, J., Palladium reagents and catalysts: 

new perspectives for the 21st century. 2006: 

John Wiley & Sons. 

70. Tietze, L.F., Domino reactions in organic 

synthesis. Chemical reviews, 1996. 96(1): p. 

115-136. 

71. Wang, J.-L., et al., Ethylene carbonate as a 

unique solvent for palladium-catalyzed Wacker 

oxidation using oxygen as the sole oxidant. 

Green Chemistry, 2009. 11(9): p. 1317-1320. 

72. Kikukawa, K., et al., Reaction of diazonium 

salts with transition metals: X. Formylation of 

arenediazonium salts with carbon monoxide 

and silyl hydrides under palladium catalysis. 

Journal of organometallic chemistry, 1984. 

270(3): p. 283-287. 

73. Bariwal, J. and E. Van der Eycken, C–N bond 

forming cross-coupling reactions: an overview. 

Chemical Society Reviews, 2013. 42(24): p. 

9283-9303. 

74. Ruiz-Castillo, P. and S.L. Buchwald, 

Applications of palladium-catalyzed C–N 

cross-coupling reactions. Chemical reviews, 

2016. 116(19): p. 12564-12649. 

75. Hosseinian, A., et al., Transition-metal-

catalyzed C–N cross-coupling reactions of N-

unsubstituted sulfoximines: a review. Journal 

of Sulfur Chemistry, 2018. 39(6): p. 674-698. 

76. Rayadurgam, J., et al., Palladium catalyzed C–

C and C–N bond forming reactions: an update 

on the synthesis of pharmaceuticals from 

2015–2020. Organic Chemistry Frontiers, 

2021. 8(2): p. 384-414. 

77. Forero-Cortés, P.A. and A.M. Haydl, The 25th 

anniversary of the Buchwald–Hartwig 

amination: development, applications, and 

outlook. Organic Process Research & 

Development, 2019. 23(8): p. 1478-1483. 

78. Anderson, K.W., et al., Monodentate 

Phosphines Provide Highly Active Catalysts 

Reactions of Heteroaromatic Halides/Amines 

and (H) N‐Heterocycles. Angewandte Chemie 

International Edition, 2006. 45(39): p. 6523-

6527. 

79. Kashani, S.K., J.E. Jessiman, and S.G. 

Newman, Exploring homogeneous conditions 

for mild Buchwald–Hartwig amination in 

batch and flow. Organic Process Research & 

Development, 2020. 24(10): p. 1948-1954. 

80. Torborg, C. and M. Beller, Recent applications 

of palladium‐catalyzed coupling reactions in 

the pharmaceutical, agrochemical, and fine 

chemical industries. Advanced Synthesis & 

Catalysis, 2009. 351(18): p. 3027-3043. 



 CHEMISTRY AND APPLICATIONS OF ORGANOPALLADIUM COMPOUNDS  .. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

845 

81. Corbet, J.-P. and G. Mignani, Selected 

patented cross-coupling reaction technologies. 

Chemical reviews, 2006. 106(7): p. 2651-2710. 

82. Schlummer, B. and U. Scholz, Palladium‐

ing–A 

Practical Guide from an Industrial Vantage 

Point. Advanced Synthesis & Catalysis, 2004. 

346(13‐15): p. 1599-1626. 

83. Surry, D.S. and S.L. Buchwald, Dialkylbiaryl 

phosphines in Pd-catalyzed amination: a user's 

guide. Chemical Science, 2011. 2(1): p. 27-50. 

84. Hartwig, J.F., Carbon–heteroatom bond 

formation catalysed by organometallic 

complexes. Nature, 2008. 455(7211): p. 314-

322. 

85. Lundgren, R.J. and M. Stradiotto, Addressing 

Challenges in Palladium‐Catalyzed Cross‐

Coupling Reactions Through Ligand Design. 

Chemistry–A European Journal, 2012. 18(32): 

p. 9758-9769. 

86. Hartwig, J.F., Transition metal catalyzed 

synthesis of arylamines and aryl ethers from 

aryl halides and triflates: Scope and 

mechanism. Angewandte Chemie International 

Edition, 1998. 37(15): p. 2046-2067. 

87. Hartwig, J.F., et al., Room-temperature 

palladium-catalyzed amination of aryl 

bromides and chlorides and extended scope of 

aromatic C− N bond formation with a 

commercial ligand. The Journal of organic 

chemistry, 1999. 64(15): p. 5575-5580. 

88. Bruno, N.C., M.T. Tudge, and S.L. Buchwald, 

Design and preparation of new palladium 

precatalysts for C–C and C–N cross-coupling 

reactions. Chemical science, 2013. 4(3): p. 

916-920. 

89. Bruno, N.C. and S.L. Buchwald, Synthesis and 

application of palladium precatalysts that 

accommodate extremely bulky di-tert-

butylphosphino biaryl ligands. Organic letters, 

2013. 15(11): p. 2876-2879. 

90. Bruno, N.C., N. Niljianskul, and S.L. 

Buchwald, N-Substituted 2-

aminobiphenylpalladium methanesulfonate 

precatalysts and their use in C–C and C–N 

cross-couplings. The Journal of organic 

chemistry, 2014. 79(9): p. 4161-4166. 

91. Mann, G., et al., Palladium-catalyzed C− N 

(sp2) bond formation: N-Arylation of aromatic 

and unsaturated nitrogen and the reductive 

elimination chemistry of palladium azolyl and 

methyleneamido complexes. Journal of the 

American Chemical Society, 1998. 120(4): p. 

827-828. 

92. Vitaku, E., D.T. Smith, and J.T. Njardarson, 

Analysis of the structural diversity, substitution 

patterns, and frequency of nitrogen 

heterocycles among US FDA approved 

pharmaceuticals: miniperspective. Journal of 

medicinal chemistry, 2014. 57(24): p. 10257-

10274. 

93. Tasler, S., J. Mies, and M. Lang, Applicability 

aspects of transition metal‐catalyzed aromatic 

amination protocols in medicinal chemistry. 

Advanced Synthesis & Catalysis, 2007. 

349(14‐15): p. 2286-2300. 

94. Roughley, S.D. and A.M. Jordan, The 

medicinal chemist’s toolbox: an analysis of 

reactions used in the pursuit of drug 

candidates. Journal of medicinal chemistry, 

2011. 54(10): p. 3451-3479. 

95. Cooper, T.W., I.B. Campbell, and S.J. 

Macdonald, Factors determining the selection 

of organic reactions by medicinal chemists and 

the use of these reactions in arrays (small 

focused libraries). Angewandte Chemie 

International Edition, 2010. 49(44): p. 8082-

8091. 

96. Buchwald, S.L., et al., Industrial‐Scale 

Palladium‐Catalyzed Coupling of Aryl Halides 

and Amines–A Personal Account. Advanced 

Synthesis & Catalysis, 2006. 348(1‐2): p. 23-

39. 

97. Carey, J.S., et al., Analysis of the reactions 

used for the preparation of drug candidate 

molecules. Organic & biomolecular chemistry, 

2006. 4(12): p. 2337-2347. 

98. Wolfe, J.P. and S.L. Buchwald, Scope and 

limitations of the Pd/BINAP-catalyzed 

amination of aryl bromides. The journal of 

organic chemistry, 2000. 65(4): p. 1144-1157. 

99. Shen, Q., et al., Highly reactive, general, and 

long‐lived catalysts for coupling heteroaryl 

and aryl chlorides with primary nitrogen 

nucleophiles. Angewandte Chemie 

International Edition, 2005. 44(9): p. 1371-

1375. 

100. Shen, Q., T. Ogata, and J.F. Hartwig, Highly 

reactive, general and long-lived catalysts for 

palladium-catalyzed amination of heteroaryl 

and aryl chlorides, bromides, and iodides: 

scope and structure–activity relationships. 

Journal of the American Chemical Society, 

2008. 130(20): p. 6586-6596. 

101. Fors, B.P., et al., A highly active catalyst for 

Pd-catalyzed amination reactions: cross-

coupling reactions using aryl mesylates and 

the highly selective monoarylation of primary 

amines using aryl chlorides. Journal of the 

American Chemical Society, 2008. 130(41): p. 

13552-13554. 

102. Maiti, D., et al., Palladium-catalyzed coupling 

of functionalized primary and secondary 

amines with aryl and heteroaryl halides: two 

ligands suffice in most cases. Chemical 

Science, 2011. 2(1): p. 57-68. 



 M. El-Hussieny et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

846 

103. Dahl, T., et al., Palladium‐Catalyzed Three‐

Component Approach to Promazine with 

Formation of One Carbon–Sulfur and Two 

Carbon–Nitrogen Bonds. Angewandte Chemie, 

2008. 120(9): p. 1750-1752. 

104. Christensen, H., et al., Synthesis of 3, 7‐

Disubstituted Imipramines by Palladium‐

Catalysed Amination/Cyclisation and 

Evaluation of Their Inhibition of Monoamine 

Transporters. Chemistry–A European Journal, 

2011. 17(38): p. 10618-10627. 

105. Dyrager, C., et al., Design, synthesis, and 

biological evaluation of chromone-based p38 

MAP kinase inhibitors. Journal of medicinal 

chemistry, 2011. 54(20): p. 7427-7431. 

106. Gopalsamy, A., et al., Discovery of 

benzisoxazoles as potent inhibitors of 

chaperone heat shock protein 90. Journal of 

medicinal chemistry, 2008. 51(3): p. 373-375. 

107. Dow, R.L., et al., Discovery of PF-04620110, a 

potent, selective, and orally bioavailable 

inhibitor of DGAT-1. ACS medicinal chemistry 

letters, 2011. 2(5): p. 407-412. 

108. George, D.M., et al., Discovery of selective and 

orally bioavailable protein kinase Cθ (PKCθ) 

inhibitors from a fragment hit. Journal of 

medicinal chemistry, 2015. 58(1): p. 222-236. 

109. Huang, K.H., et al., Discovery of novel 2-

aminobenzamide inhibitors of heat shock 

protein 90 as potent, selective and orally active 

antitumor agents. Journal of medicinal 

chemistry, 2009. 52(14): p. 4288-4305. 

110. Griffin, A.M., et al., Delta agonist hydroxy 

bioisosteres: The discovery of 3-((1-

benzylpiperidin-4-yl){4-[(diethylamino) 

carbonyl] phenyl} amino) benzamide with 

improved delta agonist activity and in vitro 

metabolic stability. Bioorganic & medicinal 

chemistry letters, 2009. 19(21): p. 5999-6003. 

111. Wellaway, C.R., et al., Structure-based design 

of a bromodomain and extraterminal domain 

(BET) inhibitor selective for the N-terminal 

bromodomains that retains an anti-

inflammatory and antiproliferative phenotype. 

Journal of Medicinal Chemistry, 2020. 63(17): 

p. 9020-9044. 

112. Pagliaro, M., et al., Heterogeneous versus 

homogeneous palladium catalysts for cross‐

coupling reactions. ChemCatChem, 2012. 

4(4): p. 432-445. 

113. Salih, K.S. and W.R. Thiel, Palladium‐

Catalyzed Coupling Reactions with 

Magnetically Separable Nanocatalysts. 

Palladium‐Catalyzed Coupling Reactions: 

Practical Aspects and Future Developments, 

2013: p. 57-78. 

114. Wu, X.F., et al., From noble metal to Nobel 

prize: palladium‐catalyzed coupling reactions 

as key methods in organic synthesis. 

Angewandte Chemie International Edition, 

2010. 49(48): p. 9047-9050. 

115. Stille, J.K., The palladium‐catalyzed cross‐

coupling reactions of organotin reagents with 

organic electrophiles [new synthetic methods 

(58)]. Angewandte Chemie International 

Edition in English, 1986. 25(6): p. 508-524. 

116. Heck, R.F., The arylation of allylic alcohols 

with organopalladium compounds. A new 

synthesis of 3-aryl aldehydes and ketones. 

Journal of the American Chemical Society, 

1968. 90(20): p. 5526-5531. 

117. Heck, R.F., Allylation of aromatic compounds 

with organopalladium salts. Journal of the 

American Chemical Society, 1968. 90(20): p. 

5531-5534. 

118. Heck, R.F., Aromatic haloethylation with 

palladium and copper halides. Journal of the 

American Chemical Society, 1968. 90(20): p. 

5538-5542. 

119. Heck, R.F., The addition of alkyl-and 

arylpalladium chlorides to conjugated dienes. 

Journal of the American Chemical Society, 

1968. 90(20): p. 5542-5546. 

120. Heck, R.F. and J. Nolley Jr, Palladium-

catalyzed vinylic hydrogen substitution 

reactions with aryl, benzyl, and styryl halides. 

The Journal of organic chemistry, 1972. 

37(14): p. 2320-2322. 

121. Baba, S. and E. Negishi, A novel stereospecific 

alkenyl-alkenyl cross-coupling by a palladium-

or nickel-catalyzed reaction of alkenylalanes 

with alkenyl halides. Journal of the American 

Chemical Society, 1976. 98(21): p. 6729-6731. 

122. Negishi, E., A.O. King, and N. Okukado, 

Selective carbon-carbon bond formation via 

transition metal catalysis. 3. A highly selective 

synthesis of unsymmetrical biaryls and 

diarylmethanes by the nickel-or palladium-

catalyzed reaction of aryl-and benzylzinc 

derivatives with aryl halides. The Journal of 

organic chemistry, 1977. 42(10): p. 1821-1823. 

123. AO, K., Okukado N. Negishi E.-i. J. Chem. 

Soc., Chem. Commun, 1977. 683. 

124. Suzuki, A., Organoborates in new synthetic 

reactions. Accounts of Chemical Research, 

1982. 15(6): p. 178-184. 

125. Dieck, H.A. and R.F. Heck, Palladium-

catalyzed conjugated diene synthesis from 

vinylic halides and olefinic compounds. The 

Journal of Organic Chemistry, 1975. 40(8): p. 

1083-1090. 

126. Littke, A.F. and G.C. Fu, A convenient and 

general method for Pd‐catalyzed Suzuki cross‐

couplings of aryl chlorides and arylboronic 

acids. Angewandte Chemie International 

Edition, 1998. 37(24): p. 3387-3388. 



 CHEMISTRY AND APPLICATIONS OF ORGANOPALLADIUM COMPOUNDS  .. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

847 

127. Miyaura, N., Metal‐catalyzed cross‐coupling 

reactions of organoboron compounds with 

organic halides. Metal‐Catalyzed Cross‐

Coupling Reactions, 2004: p. 41-123. 

128. Hirashima, S., S. Aoyagi, and C. Kibayashi, 

Total synthesis of pumiliotoxins A and 225F. 

Journal of the American Chemical Society, 

1999. 121(42): p. 9873-9874. 

129. Myers, A.G., et al., A convergent synthetic 

route to (+)-dynemicin A and analogs of wide 

structural variability. Journal of the American 

Chemical Society, 1997. 119(26): p. 6072-

6094. 

130. Wu, X.F., et al., Palladium‐Catalyzed 

Heteroarenes. Angewandte Chemie, 2010. 

122(40): p. 7474-7477. 

131. Zhang, Y., et al., One-step construction of 

fused tricyclic and tetracyclic structures from 

acyclic precursors via cyclic carbopalladation. 

Journal of the American Chemical Society, 

1990. 112(23): p. 8590-8592. 

132. Rawal, V.H. and S. Iwasa, A short, 

stereocontrolled synthesis of strychnine. The 

Journal of Organic Chemistry, 1994. 59(10): p. 

2685-2686. 

133. Kucera, D.J., S.J. O'Connor, and L.E. 

Overman, Total synthesis of (.+-.)-scopadulcic 

acid A. An illustration of the utility of 

palladium catalyzed polyene cyclizations. The 

Journal of Organic Chemistry, 1993. 58(20): p. 

5304-5306. 

134. Tu, S., et al., The destiny of palladium: 

Development of efficient palladium analysis 

techniques in enhancing palladium recovery. 

Organic Process Research & Development, 

2019. 23(10): p. 2175-2180. 

135. Martin, R. and S.L. Buchwald, Palladium-

catalyzed Suzuki− Miyaura cross-coupling 

reactions employing dialkylbiaryl phosphine 

ligands. Accounts of chemical research, 2008. 

41(11): p. 1461-1473. 

136. Vlaar, T., et al., Palladium‐catalyzed migratory 

insertion of isocyanides: an emerging platform 

in cross‐coupling chemistry. Angewandte 

Chemie International Edition, 2013. 52(28): p. 

7084-7097. 

137. Molnár, Á., Palladium-catalyzed coupling 

reactions: practical aspects and future 

developments. 2013: John Wiley & Sons. 

138. Zhu, Y., W. Dong, and W. Tang, Palladium-

catalyzed cross-couplings in the synthesis of 

agrochemicals. Advanced Agrochem, 2022. 

139. Blaser, H.-U. and M. Studer, The role of 

catalysis for the clean production of fine 

chemicals. Applied Catalysis A: General, 1999. 

189(2): p. 191-204. 

140. Ferreira, E.M., H. Zhang, and B.M. Stoltz, C–

H bond functionalizations with palladium (II): 

intramolecular oxidative annulations of 

arenes. Tetrahedron, 2008. 64(26): p. 5987-

6001. 

141. De Vries, J.G., The Heck reaction in the 

production of fine chemicals. Canadian Journal 

of Chemistry, 2001. 79(5-6): p. 1086-1092. 

142. HECK, R.F., et al., ATTUALITÀ. 

143. Nutt, D., Practical pharmacotherapy for 

anxiety disorders. Advances in Psychiatric 

Treatment, 1997. 3(2): p. 65-65. 

144. Eicken, K., et al. German Patent DE19531813, 

1997. in Chem. Abstr. 1997. 

145. Eicken, K., et al., German Patent 

DE19531813, 1997.(b) K. Eicken, M. Rack, F. 

Wetterich, E. Ammermann, G. Lorentz, and S. 

Strathmann, German Patent DE19735224, 

1999. 

146. Neumann, H., A. Brennfuhrer, and M. Beller, 

Chem. Eur. J. 2008. 

147. Kraft, A., A.C. Grimsdale, and A.B. Holmes, 

Electroluminescent conjugated polymers—

seeing polymers in a new light. Angewandte 

Chemie International Edition, 1998. 37(4): p. 

402-428. 

148. Ichimura, K., Photoalignment of liquid-crystal 

systems. Chemical reviews, 2000. 100(5): p. 

1847-1874. 

149. Taylor, R.H. and F.-X. Felpin, Suzuki− 

Miyaura reactions of arenediazonium salts 

catalyzed by pd (0)/c. one-pot chemoselective 

double cross-coupling reactions. Organic 

letters, 2007. 9(15): p. 2911-2914. 

150. Hopkins, A.L., et al., Design of non-nucleoside 

inhibitors of HIV-1 reverse transcriptase with 

improved drug resistance properties. 1. Journal 

of medicinal chemistry, 2004. 47(24): p. 5912-

5922. 

151. Wang, Z., R. Fan, and J. Wu, Palladium‐

catalyzed regioselective cross‐coupling 

reactions of 3‐bromo‐4‐tosyloxyquinolin‐2 

(1H)‐one with arylboronic acids. A facile and 

convenient route to 3, 4‐disubstituted quinolin‐

2 (1H)‐ones. Advanced Synthesis & Catalysis, 

2007. 349(11‐12): p. 1943-1948. 

152. Britten, N., et al., Dispersible formulation of an 

anti-inflammatory agent. 2004, Google 

Patents. 

153. Coyle, B., Solid-binding Proteins for 

Modification of Inorganic Substrates. 2014. 

154. Karstad, R., et al., Unnatural amino acid side 

chains as S1, S1′, and S2′ probes yield cationic 

antimicrobial peptides with stability toward 

chymotryptic degradation. Journal of 

medicinal chemistry, 2010. 53(15): p. 5558-

5566. 



 M. El-Hussieny et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66,  No. SI 13 (2023) 

848 

155. Palkowitz, M.D., et al., Overcoming 

Limitations in Decarboxylative Arylation via 

Ag–Ni Electrocatalysis. Journal of the 

American Chemical Society, 2022. 144(38): p. 

17709-17720. 

156. Sabat, M. and C.R. Johnson, Synthesis of 

unnatural amino acids via Suzuki cross-

coupling of enantiopure vinyloxazolidine 

derivatives. Organic letters, 2000. 2(8): p. 

1089-1092. 

157. Labulo, A.H., et al., Advances in carbon 

nanotubes as efficacious supports for 

palladium-catalysed carbon–carbon cross-

coupling reactions. Journal of Materials 

Science, 2017. 52(16): p. 9225-9248. 

158. DE JOARDER, D., A REVIEW PAPER ON 

SUZUKI COUPLING REACTION. 

159. Albert, J., et al., Cyclopalladated and 

cycloplatinated benzophenone imines: 

Antitumor, antibacterial and antioxidant 

activities, DNA interaction and cathepsin B 

inhibition. Journal of Inorganic Biochemistry, 

2014. 140: p. 80-88. 

160. Albert, J., et al., Cyclopalladated 

benzophenone imines: synthesis, antitumor 

activity, cell accumulation, DNA interaction, 

and cathepsin B inhibition. Organometallics, 

2014. 33(24): p. 7284-7292. 

161. Karami, K., et al., Synthesis, electronic 

structure and molecular docking of new 

organometallic palladium (II) complexes with 

intercalator ligands: the influence of bridged 

ligands on enhanced DNA/serum protein 

binding and in vitro antitumoral activity. 

Journal of Organometallic Chemistry, 2017. 

827: p. 1-14. 

 

 

 

 

 

 

 

 


