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ABSTRACT- The acyclic keto-amide has multiple 

reactive centers with electrophilic and nucleophilic 

characteristics. This methodology has a broad 

substrate scope (aromatic amines and aliphatic 

amines) and opens up an exciting and appealing 

avenue for synthesizing a-ketoamide derivatives. 

Alpha ketoamide is produced in a single step from 

Aromatic derivatives and amines amidated using 

palladium catalysis. This review concentrates on 

synthesizing alpha ketoamide in a single step and 

its mechanistic studies. 

Keyword- Palladium catalysis, amidation of 

amines and mechanistic studies.  

 

I. INTRODUCTION- 
 α-Keto amide is an essential building 

block in biology and synthetic organic chemistry. 

Based on the potential biological properties of α-

keto amide-containing molecules, one of the main 

components of natural products and biologically 

significant compounds is alpha-keto amides and 

their derivatives (
1
anti-viral including anti-HIV 

anti-tumor
,
 anti-inflammatories including anti-

IBD,
2
 anti-bacterial5)—the creation of synthetic 

preparation techniques for alpha-keto amides and 

their use in organic compounds and medicinal 

chemistry.
3,4

 Several processes, such as alkylation, 

arylation, acylation, nucleophilic addition at the 

carbonyl group, chemo-selective reduction 

(hydrogenation), and oxidation, are carried out on 

alpha-keto amides. The amide can be a handle for 

asymmetric catalysis Michael reaction 
[5,6]

and a 

reactivity moderator.
7
 Additionally, appropriately 

substituted α-keto amides engage in many classical 

reactions, including Michael
[8-10]

iso-Pictet-

Spengler,
[11]

Mannich, Stetter, and others, to 

produce a wide range of valuable intermediates and 

finished compounds.
12

 The varied reactivity of α-

keto amides has been further studied to synthesize 

various compounds. Numerous research articles on 

the synthesis of α-keto amides can be found after 

thoroughly investigating the scientific literature. 

However, when we began this research, we only 

found one review paper that dealt with the 

synthesis of α-keto amides.
13

 A thorough overview 

of the synthesis of keto amides was just 

published—recently discovered aerobic oxidative 

processes using molecular oxygen present 

particularly alluring methods for dealing with α-

keto amides. The oxidative amidation-

diketonization of terminal alkynes,
14

 the coupling 

of aryl acetaldehydes and aryl methyl ketones with 

amines, the oxidative amidation-diketonization of 

terminal alkynesarylacetamides directly 

oxidized,oxidative aminations of hetero aryl
15

 and 

2,2-dibromo-1-aryl ethanes compunds
[16-18]

 alpha-

arylamino amides undergo oxidative cleavage in 

Aerobic oxidative coupling of aryl methyl ketones 

with formamides
19

. Aerobic oxidative cross 

dehydrogenative coupling (CDC) of amines with 

alpha-carbonyl aldehydes
20

, and C=C bond 

activation of enaminones Even though, Cu(I) 

catalyzed synthesis of α-Ketoamides in neat 

conditions
21

 was reported previously, versatile 

organic compounds, and are easily transformed to 

different functional groups. Ketones can undergo 

oxidative transformations by Pd
22

, and 

photocatalysis 
23

. Due to the ready availability of 

the starting materials, the use of carbon monoxide 

as a direct source of carbonyl functionalities, and 

the use of molecular oxygen (O2) or air as the 

alkene terminal oxidant, the following two 

approaches, namely double amino-carbonylation 

and oxidative amidation, have received much more 

attention and have been extensively studied among 

the various catalytic methods of alpha-ketoamide 

formation. 

Scheme. 1 single-step synthesis of alpha-

ketoamide. Drug molecules 
24,25

 contain α-keto 

amide moieties thrombin inhibitor
26,

 cathepsin k 

inhibitor
27

,
28

 HIV protease inhibitor
29,30

telaprevir
31

, 

Cytokine inhibitor
32

, Varespladib
33,

histone 
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deacetylase inhibitor
34

, and Boceprevir35.And 

Inhibitors of Coronavirus and Enterovirus 

Replication
36

.  

 

 

 
 

It is used to synthesize organic 

compounds; copper catalysis has earned a 

reputation as a potent tool. It is one of the most 

affordable and plentiful metals and has a variety of 

oxidation states that can be used in catalytic cycles. 

These include Cu(0), Cu(I), Cu(II), and Cu (III) 

enable, ing one-electron or two-electron processes 

for its action. As a result, strong two-electron 

reactions and radical pathways are feasible to 

produce bonds are possible. Bond-forming 

pathways could take place. These characteristics 

enable copper to catalyze the oxidationnumber of 

substrateoxidation and oxidative coupling 

remarkable range of applications.Direct C-

Hfunctionalization is possible through copper-

catalyzed aerobic oxidative cross-coupling, which 

can also effectively create an effective method for 

creating C-C and C-X (X = N/O/S) bonds. With 

oxygen acting as a stoichiometric oxidant, reactions 

can occurinn the open air or in an O2 atmosphere. 

O2 is reduced to water or H2O2, which is less toxic 

than other oxidants. 

 

α-Ketoamides syntheses under palladium 

catalysis 

Palladium-catalyzed double carbonylation 

is a prominent catalytic strategy for the production 

of alpha-ketoamides. It works as a catalyst in 

palladium-catalyzed cross-coupling. Individual 

carbon atoms are "encouraged" and "allowed" to 

react. Catalysts are used to initiate or accelerate a 

wide range of chemical reactions, running from 

manufacturing processes to chemical reactions in 

our bodies. Pd-Pd-catalyzed doss-coupling methods 
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have emerged as critical catalysts for the creation 

of bonds between carbon atoms and 

heteroatoms.Cross-coupling chemistry has been 

extensively used in the discovery, development, 

and marketing of novel medications during the last 

three decades. Completion among several Pd-

catalyzed cross-coupling procedures, as well as 

decarboxylative, carbonylative, alpha-arylative, and 

carbon-nitrogen reactions. These include Heck 

reaction Negishi,  Sonogashira, Suzuki, 

and  Stille reactions. 

Palladium catalysis plays a crucial role in 

the synthesis of Active Pharmaceutical Ingredients 

(APIs). It enables the construction of complex 

molecular structures with high efficiency and 

precision. Cross-coupling reactions, a common 

application of palladium catalysis, facilitate the 

creation of key bonds in the synthesis of drug 

molecules. This method allows chemists to 

assemble diverse building blocks, contributing to 

the development of novel and targeted 

pharmaceuticals. Suzuki-Miyaura cross-coupling, 

palladium catalysis enables the coupling of boron-

containing compounds with aryl or vinyl halides. 

This reaction is widely utilized for synthesizing 

biaryl compounds, a common structural motif in 

pharmaceuticals. 

Heck coupling involves the palladium-

catalyzed coupling of aryl or vinyl halides with 

olefins. This versatile reaction is valuable for 

constructing carbon-carbon bonds in the synthesis 

of complex molecules, including many 

pharmaceuticals 

palladium-catalyzed synthesis of alpha-

keto amides, the use of isocyanides and amines as 

starting materials provides a versatile platform for 

constructing diverse molecular structures. The 

process is often employed in the context of 

multicomponent reactions, allowing for the 

simultaneous incorporation of different functional 

groups into the final product.Key steps in this 

synthesis include: 

 

Activation of Isocyanide: 

The palladium catalyst activates the isocyanide, 

making it reactive towards nucleophilic attack. 

Amination:The amine reacts with the activated 

isocyanide, forming an amidine intermediate. This 

step is crucial for introducing the nitrogen 

functionality. 

Oxidative Insertion:The amidine undergoes 

oxidative insertion into the palladium center, 

forming a palladium amidinate complex. 

Reductive Elimination:Reductive elimination from 

the palladium amidinate complex results in the 

desired alpha-keto amide and regenerates the 

palladium catalyst in organic synthesis. 

The Buchwald-Hartwig amination, a palladium-

catalyzed process for carbon-nitrogen bond 

formation, has several key features: 

 

Catalyst System:Typically employs a palladium(II) 

source, a phosphine ligand, and a base. Common 

ligands include triphenylphosphine (PPh3) and 

biaryl phosphines such as BINAP (2,2'-

bis(diphenylphosphino)-1,1'-binaphthyl). 

 

Reaction Mechanism: 

Oxidative Addition: Palladium inserts into the aryl 

halide, forming a Pd(II) complex. 

Transmetallation: The amine coordinates with the 

Pd(II) complex, leading to the formation of a Pd(II) 

amido intermediate. 

Reductive Elimination: The carbon-nitrogen bond 

is formed, and the palladium catalyst is regenerated. 

Scope and Selectivity:Compatible with a wide 

range of aryl halides and amines, providing access 

to various aryl amines.Exhibits excellent 

regioselectivity and chemoselectivity. 

Applications: 

Widely used in the synthesis of pharmaceuticals, 

agrochemicals, and other fine chemicals. 

Enables the efficient construction of complex 

molecules due to its versatility and efficiency. 

Mild Reaction Conditions:Typically conducted at 

moderate temperatures and under relatively mild 

conditions, allowing for the incorporation of 

various functional groups. 

Overall, the Buchwald-Hartwig amination is a 

powerful tool in organic synthesis, contributing to 

the rapid and selective formation of carbon-

nitrogen bonds. Its broad applicability has made it a 

cornerstone in the development of diverse organic 

compounds. 

applications in the synthesis of various organic 

compounds. Some notable applications include: 

Pharmaceuticals: 

Crucial in the synthesis of pharmaceutical 

intermediates and active pharmaceutical ingredients 

(APIs). 

Enables the efficient construction of aryl amine 

motifs, which are prevalent in many drug 

molecules. 

Agrochemicals: 

Used in the synthesis of agrochemicals and crop 

protection agents. 
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Provides a versatile method for introducing specific 

nitrogen functionalities into target molecules. 

Materials Chemistry: 

Valuable in the synthesis of organic materials and 

polymers.Allows for the creation of functional 

materials with tailored properties.Fine Chemicals 

and Specialty Compounds:Applied in the 

production of various fine chemicals, flavors, and 

fragrances.Useful for generating compounds with 

specific structural features required in specialty 

industries. 

Biologically Active Compounds:Facilitates the 

preparation of biologically active compounds for 

research and development purposes.Enables the 

synthesis of molecules with diverse biological 

activities. 

 

Pd-Catalyst for Amino Di-carbonylation of Aryl 

Halides for alpha-Ketoamide Synthesis with 

Hemilabile P, C-Hybrid Ligand[70]Ye Liu, and 

their group proposed the synthesis of alpha-

ketoamide from the amino di-carbonylation of aryl 

halides 1 affording α-ketoamides with Pd 

catalysts(Pd (II)-complex).   

 

 
Scheme 1. Synthesis of alpha-ketoamide from the iodophenyl and amines by Pd. 

 

Scheme 2  illustrates a method for 

carbonylationof phenyl iodides with an amine 

group over a Palladium catalyst that contains 

various phosphines. An active Pd(0)-intermediate is 

produced by the immediate reaction of 

PdCl2(MeCN)2 with di-phosphine ligands in the 

Carbon and Oxygen environment.In process I, 

complex intermediate 7 is readily formed when L4 

is used as a better precursor to a hemilabile P, 

Chybrid ligand. The P, C-hybrid ligand in question 

demonstrates the hemilabile "coordination 

dissociation" property. To create intermediate 6b, 

which can irreversibly separate the labile PPh2 

fragment and enable the amine to produce 

intermediate 6c after HI scavenging by K2CO3 and 

concurrent CO-coordination in cycle 2, AriI 

immediately oxidatively adds the true active 

catalyst, complex intermediate 7.Following CO 

incorporation into the Palladium with 

Aromatic derivative bond and the 2nd carbon 

mono-oxide coordination, 8 is quickly transformed 

into the acyl-palladium complex intermediate 10. 

The desired alpha-ketoamide was created by that of 

the reductive combination of two 

carbonyl substituent along with catalyst 7 renewal 

through continuous migration and formation of the 

coordinated Carbon mono oxide into the Palladium 

nitrogen bond.  6 stabilised intermediate 6 is easily 

added by AriI to yield intermediate B′ when there 

is a greater concentrate of amine substrate present. 

In this precursor, the dissociation about one PPh2 

remnant as from Palladium canter embraces the 

amine substrate is found to suppress because of the 

helpful pincer-type complexation. Due to aa, 7 

changes into 6a′, which causes I to transfer ligands 

with carbon monooxide. When CO is introduced 

into the Palladium-Aryl bond and the amine 

substrate is coupled at the same time, 6b is 

transformed into the acyl-palladium intermediate 

6c. 6c eventually yields the amide by reductive 

elimination because repeated carbon mono-

oxide insertion into the Pd-CO bond in 6c is not 

conceivable 
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Scheme 2. Phenyl halides were catalyzed to undergo an amino carbonylation reaction with primary amines to 

create alpha-ketoamides. 

 

Using CHCl3 as the CO, POP-

Palladium(II) accelerated simple and secure in-

situ carbonylation to produce alpha-keto amides 

from secondary cyclic amines, KaushikGhosh, 

Manirul Islam[71] and colleagues developed a 

novel type of catalyst used to manufacture alpha-

ketoamide. The reconditioning converts aromatic 

iodides to their corresponding alpha-keto amides. 

For the purpose of in situ double carbonylation, 

KOH was utilised as a standard base and PEG(600) 

as a solvent. To produce the selective alpha-keto 

amides, too much base and chloroform were used. 

The heterogeneous reaction was conducted in a 

sealed tube for 16 hours at 80 °C with 

chloroform acting as an external source of CO. 

scheme 3.  

 

 
Scheme 3. Synthesis of alpha ketoamide from the aromatic iodides and morpholine by using Pd catalysis. 

 

Preparation of catalyst: 

Pd@POP-2 (50 mg/2.3 mol%), 8–20 

hours, and Poly-ethylglycol–600 (4 ml). the 

isolated alpha-ketoamide yield. grafted onto a 

porous organic polymer (POP-2) catalyst was a 

novel Pd(II) catalyst. Alpha-keto amides are 

produced by carbonylation using the reusable 

heterogeneous catalyst, which has undergone 

thorough investigation and evaluation. 

After mixing toluene imidazole (6.8 gm) 

and KI (0.1 gm) in 5 mL of Nan 2 atmosphere, the 

reaction liquid was heated to 400 ° C. After about 

30 minutes, CH3ONa (5.4 gramme) in 10 ml of 

CH3OH was added drop by drop while being 

constantly stirred to produce imidazole 

salt.Chloromethylated polystyrene (1.8 gm) was 

mixed with sodium imidazole solution in 15 ml 

acetonitrile. After that, the solution was continually 

agitated at 650°C for 48 hours. The imidazole 

functionalized polystyrene beads were rinsed with 

ethanol and dried at 400 degrees Celsius. The 

reaction mixture was prepared with ml of Nan 2 

atmosphere. Heating in a CH3CN (ACN) solvent 

for two and a half hours at 1100 C degree celsius 
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produced the imidazole salt of chloromethyl 

derivativepolystyrene polymer (0.5 gm) and 

cyanuric chloride (0.184 gm, 1 mmowasere) 

The crystalline product was obtained, and 

it was then cleaned using ACN and 

CH3OH.  (0.5gm) polymer ligand and  The 

tBuONa (2.2 mmol) in THF (15 mL) was treated 

for 40 minutes with 9 weight percent palladium 

acetate while being constantly stirred on this 

polymer, which supported the PImdCC-ligand (0.5 

gm). Then, for one day, the solution was heated to 

800 degrees Celsius. The palladium (II) catalyst 

(PImdCC@Pd) has been subsequently produced, 

filtered, CH3OH washed, and dried under vacuum 

at 400 °C. 

 

 
Scheme 4.Preparation of polymer-incorporated palladium (II) catalyst. 

 

Versatile Double Carbonylation of Aryl by 

Palladium Catalysis,Bromides Alpha-ketoamide 

can be made from morpholine, bromides, and 

amines using a palladium catalyst, as was 

demonstrated by Xiao-Feng Wu and 

colleagues.[72] 

 

 
 Scheme 5 

 

Reductive elimination happened in the 

hypothesized mechanism amino acylpalladium 

intermediate 16 Complex 16, on the other hand, is 

susceptible to reduction elimination reaction, which 

yields the amide as the main product when 

additional CO was added to the Palladium-

Nitrogen bond (scheme 5, intermediate 16).  
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Scheme 6 possible pathway 

 

[73] In 1982, Fumiyuki Ozawa and Akio 

Yamamoto published the first report on the double 

carbonylative technique for producing alpha-keto 

amides. To obtain excellent yields and selectivity, 

they employed stoichiometric mono-alkyl 

Pd complexes in a CO environment with secondary 

amines.Scheme 7.  

 
Scheme 7 Stoichiometric alkyl palladium complexes are used to describe the first double carbonylation pathway 

to alpha-ketoamides. 

 

[74]In the presence of catalytic Pd-salts, 

the first catalytic amino de-carbonylation method to 

alpha-ketoamide synthesis was created, mixing 

aryl, aryl alkyl, heteroaryl, and vinylic halides. This 

was a catalytic adaptation of previously 

documented stoichiometric processes scheme 8. 

 

 
Scheme 8. The first catalytic approach to alpha-ketoamides by amino double carbonylation. 

 

Similar to the alpha-keto amides, 

Kobayashi and Tanaka[75]discovered a catalytic 

double carbonylative reaction. They also attempted 

to carbonylate primary amines doubly, but the 

imine of alpha-keto amides was found to form 

instead. Scheme 3 depicts a system with two 

coupled catalytic cycles. When Pd(0) is oxidatively 

added to an aryl halide, It forms a transitional that 

is used in both cycles, an organopalladium(II) 

product 1.It can then be coordinated with another 

CO to create complex 4 with two mono-

carbonylated ligands, which, when reductively 

eliminated, yields alpha-ketoamide and restores the 

active Pd(0) catalyst, completing the cycle. A 
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further CO insertion produces acyl-palladium 

species 2 (cycle I), which may then be coordinated 

with another CO.As part of catalytic cycle II, 

palladium and CO combine to generate aryl-

carbonyl palladium. 

 
Scheme 9. The catalytic cycle of the amino carbonylative pathway to alpha-ketoamides/amides using Pd as the 

catalyst 

 

 

[76]The ideal catalysts during the double-

carbonylation process were found to be 

Pd complexes with tertiary phosphine 

ligands.However, the phosphines monodentate and 

bidentate have also been demonstrated to be useful 

in other cases. Most alpha-keto amides were 

created by the tertiary phosphine ligand's balanced 

(not too strong or too weak) coordinating capacity. 

The Palladium-catalyzed amino-decarbonylation of 

phenyl iodides with amine nucleophiles was 

demonstrated to be particularly successful when the 

bidentate phosphine ligand N, N′ bis-

[(diphenylphosphino)phenyl]formamidinate 

(dpfam) has been used scheme 10.  

 

 
Scheme 10 Amino carbonylation process mediated by Pd2Me2(-Cl)(-dpfam) 

 

The impact of CuI co-catalyst on the 

Palladium-catalyzed amino carbonylation 

procedure has been examined by Nomura and 

colleagues. The intermediate palladium complex's 

one phosphine ligand was removed by the copper 

iodide to create a much more reactive do-bridged 

heterobimetallic (Pd/Cu) species, which facilitated 
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the amino carbonylation process and improved the generation of alpha-ketoamide scheme 11.  

 

 
Scheme 11. Iodo-bridged heterobimetallic (Pd-Cu) species. 

 

A double carbonylation process that is catalysed 

by PdIn 1994, Yamamoto,[77] he was described 

the catalytic amino carbonylation of allylic 

chlorides 24 at high CO pressure (100 atm) to 

produce unsaturated 25 alpha-keto amides scheme 

12. 

 

 
Scheme 12 Yamamoto's procedure for allyl choloride amino de-carbonylation using a Palladium catalysis. 

 

The creation of "alpha-allylpalladium 

complexes" 26 is preceded by Carbon mono 

oxide to create acyl-Pd species 27 as the process 

moves forward. Further carbon mono oxide bond 

formation, an amine assault on 28, and eliminate by 

reduction of 29 result in the production of the 

required 25 alpha-ketoamide. in scheme 13. 

 
Scheme 13. Proposed mechanism for Pd-catalysed amino de-carbonylation of allyl chlorides. 
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In the presence of a palladium catalyst, Fuchikami 

[78]and colleagues reported 2-iodoalkanes 30 with 

perfluoroalkyl substitutions can be amino di-

carbonylated with either a primary or secondary 

amine. 

 

 

 
Scheme 14. Fuchikami's method for perfluoroalkyl-containing alkyl iodides to undergo Palladium-catalyzed 

amino di-carbonylation. 

 

Secondary amines were used by Zhou and 

Chen[79] to amino di-carbonylate diaryliodonium 

ions. in the presence of a Pd/Cu-catalyzed system 

to create alpha-ketoamides with high yields and 

selectivity under mild reaction conditions.  

 

 
 

Scheme 15. The di- & mono-

carbonylation of diaryliodonium complexes in the 

addition of secondary amines is shown in Scheme 

16 of Zhou's technique for the Pd-catalyzed amino 

di-carbonylation of diaryliodonium salt. When 

intermediate 32 undergoes carbon mono-

oxide insertion to create the aroyl Pd species 33, 

alpha-ketoamide is created. A different way to 

make the easy amide is to coordinate carbon mono 

oxideto produce 34 before combining it with an 

NH2. As a result, the reactivity of NH2 to 33 

largely determines the selectivity for alpha-

ketoamide production.The specificity for the 

production of alpha-ketoamide is improved by the 

rapidity at which amines react with 33. Primary 

amines are often not good candidates for this 

reaction since it only forms amides at ideal 

circumstances. Similar changes were made to the 

selectivity for the salt used in alpha-ketoamide 

production by the diaryliodonium. the presence of 

electron-removing derivatives. 

 
Scheme 16. Mechanism route for diaryliodonium salts to undergo amino di-carbonylation under the influence of 

Palladium. 

 

Castanet and colleagues [80]evaluated the 

impact of several Pd-catalysts on the amino di-

carbonylation of iodopyridines, both with and 

without external phosphine ligands. Pd(OAc)2 and 

PCy3 performed best for simple 2-iodopyridine, 

but Pd(dba)2 and PPh3 performed best for 6-
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chloro-2-methoxy-3-(methoxymethyl)-4- iodopyridine 17.  

 

 
Scheme 17 Castanet's approach to iodopyridine amino dicarbonylation using Palladium as the catalyst 

 

Iodo-heteroarenes such as 2-iodopyridine, 

3-iodopyridine, and iodopyrazine, as well as a 

range of primary and secondary amines,were 

studied by Kollár and co-workers in the amino-

decarbonylation process using the Pd(OAc)2/PPh3 

catalyst system. When employing 2-iodopyridine 

and iodopyrazine, an entire generation of N-

alkyl/aryl-carboxamides was produced instead of a 

combination of -ketoamide and carboxamide when 

using 3-iodopyridine. 

 
Scheme 18.Kollar's method for iodo-heteroarenes' amino di-carbonylation on a Palladium catalyst 

 

The predominant stabilisation of the Pd-

arylglyoxyl derivative by chelation of the 

heteroaryl substituent and the stop of 

reduction elimination from the acyl-

aminocarbonyl-Pd moieties to respective alpha-

ketoamide were much more probable the causes of 

the unique amide creation inside the scenario of 2-

iodopyridine scheme 19.  
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Scheme 19 Possible stages for 2-iodopyridine's aminocarbonylation 

 

[81]Li and colleagues reported the first 

occurrence of Pd-catalyzed direct inter-

aminocarbonylation of indoles, resulting in amides 

and alpha-keto amides that tolerated both 

secondary and primary amines (Scheme 15). The 

amino de-carbonylation of indoles with varied N-

protective groups resulted in modest to good alpha-

ketoamide yields. Furthermore, indoles with 

electron-donating groups were more reactive than 

those with halide moieties. N-methyl indole was 

used to assess the compatibility of various amines, 

and as was predicted, secondary amines 

outperformed primary amines.Furthermore, the 

double carbonylation method performed well with 

primary amines such as allylamine and 

benzylamine, producing the required chemicals at 

yields that are inadequate. 

 
Scheme 20 Direct inter-amino di-carbonylation of indoles under Palladium catalysis 

 

Pd-catalyzed double carbonylation 

reaction Pd is a very versatile accelerator for dual 

carbonylation processes. However, the expensive 

price of Palladium-catalysts and the poor recovery 

of conventional homogeneous Palladium-catalysts 

prompted the use of easily separable solvents to 

overcome the challenges Green reaction mediums 

are used in amino de-carbonylation. Ionic 
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liquids(ILs), water, supercritical fluids, and other 

greener solvents have developed as future solvents 

to lessen the environmental impact of volatile 

organic solvents.They make it easier to separate 

compounds from catalysts as well. 

Hexafluorophosphate, as well as 1-butyl-

3-methylimidazolium tetrafluoroborate, are two 

instances of phenyl halides that Tanaka,[82] as well 

as collaborators, initially disclosed carbamylated 

with amines 37 in an ionic liquid using a customary 

Pd catalyst with precise for the production of alpha-

keto amides 38 scheme 21. When the compounds 

were isolated using ether, the process enables the 

catalyst/ionic liquid mixture to really be recovered. 

 
Scheme 21 aryl iodide is amino dicarbonylated utilizing an ionic liquid as the reaction media. 

 

Scheme 22 Reaction procedure the 

mixture of ionic solution PPh3 (2 mol%), (2 

ml),PhI (2.66 mmol), and NEt2H (13.3 mmol) 

Pd(OAc)2 (0.5 mol%) were used in the reaction, 

which took place at 80 °C for three hours. The 

internal standard used in the Gas chromatographic 

was n-decane. 

[83]Ryu and colleagues achieved long-

term amino di-carbonylation using ionic liquid as 

the reaction media.In comparison to the 

conventional batch method, they described the 

effective employing of microflow system for 

Palladium-catalyzed amino di-carbonylation 

operations in ionic liquids at low carbon mono 

oxide pressures with greater selectivity and better 

productivity figure   Subsequent research revealed 

that the selectivity percentage in a batch 

process was limited by CO penetration into the 

ionic liquid at reduced pressure. 

 

 
Scheme 22. Iodophenyl is amino di-carbonylated using Ryu's technique in an ionic liquid medium. 

 

Using ionic solution like [bmim][PF6] and 

[bmim][NTf2] as well as a catalytic quantity of a 

Pd-carbene complex, Ryu and colleagues have 

demonstrated photo-induced amino di-

carbonylation reactions with alkyl halides to create 

amides and alpha-ketoamides. Unfortunately, 

alpha-ketoamide production showed low selectivity 

and yields. Reusing the Pd-catalyst and ionic liquid 

for product extraction with cyclohexane is an 

option figure. 

 

 
Scheme 23. Ryu's method for the microflow-enabled Palladium-catalyzed amino dicarbonylation of cyclohexyl 

iodide in ionic liquid media. 

 

Uozumi and colleagues[84] discovered 

that in scheme 24 aryl halides38 might be 

carbonylated twice using a palladium-catalyzed 

method at atmospheric CO pressure and room 
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temperature (25 °C) (1 atm). Due to the fact that 

earlier combinations of ligands, bases, and solvents 

DNSO etc.  as well as 2-

bis(diphenylphosphino)ethane and n-Bu3P, 

significantly decreased 

selectivitytriphenylphosphine was used as a ligand 

in the presence of THF and 1,4-and DABCO. As a 

result, an efficient catalytic system with 

substantially improved selectivity for the double 

carbon was developed. 

 

 
Scheme 24. 

 

In a uniquely designed sealed 2-chamber 

glass reactor53 operating on room temp, 

Skrydstrup and associates came up with a clever 

strategy in 2012. They used COgen (9-

methylfluorenecarbonyl chloride) as a solid source 

of CO (Scheme 25). There has been much research 

done on the 13C-isotope tagging of norepinephrine, 

mescaline, and clenbuterol. Alpha-amino alcohols, 

phenethylamines, 2-oxazolidinones, and other new 

13C and 2H phenethylamine derivatives have all 

been produced using this double carbonylation 

process. 

 
Scheme 25. Using 9-methylfluorenecarbonyl chloride as a solid source of Carbon mono oxide, Palladium 

catalyses the amino carbonylation of phenyl iodide. 

 

[85]To create aryl iodides and amines via a 

practical, all-purpose process with high selectivities 

and conversions at atmospheric CO pressure, sergio 

Castillo created a phosphine-free Pd/DBU catalyst. 

 
Scheme 26. Castillo's method for the phosphine-free, Palladium-catalyzed amino di-carbonylation of 

phenyl iodide. 

 

At room temperature and atmospheric CO 

pressure, Han and colleagues have recently 

reported double carbonylation of PhI with either 

secondary or primary amines to create alpha-

ketoamides. At ambient carbon mono 

oxide pressure and ambient temperature, Han and 

colleagues recently reported double carbonylation 

of aryl iodides with primary or secondary amines to 

create alpha-ketoamides scheme 27. 
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Scheme 27. Han's method for the Palladium-catalyzed double carbonylation of PhI without the need of a ligand 

or additives. 

 

Palladium-catalyzed heterogeneous amino 

dicarbonylation 

In a two-step procedure, Sato and 

colleagues[86] employed palladium nanoparticles 

(PdNPs). Sato and colleagues utilised nanoparticles 

(PdNPs) in a two-step approach to amino 

dicarbonylate aryl iodides with amines while 

working at atm pressure. The nanoparticle have 

probably absorbed from a sulfur-treated gold-

supported Pd substance (SAPd). Excellent to good 

alpha-ketoamide yields were achieved after the 

process scheme 28.  

 
Scheme 28 Sato's method for amino dicarbonylating PhI when SAPd is present. 

 

A potent anti-HIV medication was 

produced in one step by doubly carbonylating 2-

iodonaphthalene 45 with N-benzoylpiperazine 46 

(Scheme 29).With outstanding yields (85%), they 

subsequently showed a large-scale reaction 

utilizing SAPd. 

 
Scheme 29 double carbonylation in the addition of SAPd to create an anti-HIV molecule in a single step. 

 

Zhang and colleagues [87] discovered a 

covalent triazine framework-supported palladium 

(Pd/CTFs) for selective double carbonylation of 

aryl iodides 45 at room temperature. This ligand-

free technique was used to synthesize46 alpha-keto 

amides with high selectivity (Scheme 30). 

 

 
Scheme 30.Zhang’s protocol for the amino-di-carbonylation of aryl iodides using covalent triazine framework-

supported palladium (Pd/CTFs). 
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alpha-arylamino amides are oxidatively 

broken down in an aerobic reaction by 

Palladium to produce alpha-ketoamides, 

Laurent[88]As a novel method of producing alpha-

keto amides, Kaim presented a unique Pd-catalyzed 

aerobic oxidative cleavage of alpha-arylamino 

amides. 

 

 

 

 
Kaim's method for the Palladium-catalyzed aerobic oxidative cleavage of alpha-arylamnio amides to alpha-

ketoamides is shown in scheme 31. 

 

Nevertheless, under similar circumstances, 

scheme 32, the alkyl substituents lost reactivity and 

were unable to produce the necessary alpha-keto 

amides.Pd is produced as a Pd enolate, which 

transforms into an iminium derivative, or 49.and It 

is most likely related to the substrate's need for an 

acidic proton under these circumstances because 

the reaction creates alpha-keto amides when water 

or peroxides are present in the aqueous. This 

clarifies why alkyl derivatives are unable to 

produce alpha-keto amides.   

 
Scheme 32 Pathway of the aerobic oxidative cleavage of pheylamnio amides to alpha-ketoamide by Palladium. 

 

Decarboxylative coupling of alpha-oxo 

carboxylic acids with cyanamides under the 

influence of Palladium.[89] The preparation of N-

monosubstituted alpha-keto amides using a new 

decarboxylative technique was reported by Patel  

 

 

and colleagues using a Pd(II)-catalyzed reaction of 

alpha-oxo carboxylic acid 51 with cyanamides 

52.by chemo-selective aroyl addition in a unique 

1,2-palladium migration from Nitrogen to Carbon, 

which is created from alpha-oxocarboxylic acid 

by decarboxylation.  
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Scheme 33 Patel's method for producing alpha-ketoamides using alpha-oxo carboxylic acids using Pd-catalyzed 

de-carboxylation. 

 

In terms of physics, transition 

compound 54 is created when the Palladium(II) 

first binds on cyanamide. Thus in presence of the 

oxidant (NH4)2S2O8, the produced acyl radical 

links to 54 to create a Pd(IV) species, which is 

represented by 55. Next, 1,2-Pd migrates  from 

nitrogen to Carbon as seen in the image, resulting 

in transitional compound  56. With the help of the 

transition complex of alpha-ketimine 53, the 

subsequent reductive elimination regenerates Pd(II) 

for another catalytic cycle. Alpha-keto amides are 

produced in situ by the hydrolysis of this 

intermediate. As a result, in this reaction, 

(NH4)2S2O8 serves as a dual oxidizing and a 

radical activator scheme 34.  

 
Scheme 34 Suggested method by which alpha-oxo carboxylic acids are decarboxylated to produce alpha-

ketoamides. 
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II. CONCLUSION 
In summary, this review briefly 

summarizes the advances of Palladium catalyzed 

synthesis of α-Ketoamides from various substrates 

like aryl methyl ketones, carboxylic acids, α-

ketoacids, Aldehydes, β-keto carbonyl compounds, 

α-azidoketones, benzylimidates, alkynes, and 

enaminones With suggested reaction mechanism. It 

is an alternate cost-effective metal in comparison to 

Other metals like Pd, Ag, Ni etc. There are growing 

demands for α-ketoamide containing drug 

Molecules. Starting from antiviral drugs boceprevir 

and telaprevir (approved in the year 2011) to 

Antiretroviral drug fostemsavir (year 2020) and 

snake venom inhibitor Varespladib (year 2022) 

Several drug molecules bearing α-keto amide 

moieties have been approved by US FDA 
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[8]. Baslé, O.; Raimondi, W.; del Mar Sanchez 

Duque, M.; Bonne, D.; Constantieux, T.; 

Rodriguez,J. Highly Diastereo- and 

Enantioselective Organocatalytic Michael 

Addition of α-Ketoamides to Nitroalkenes. 

Org. Lett. 2010, 12, 5246−5249. 

[9]. Acosta, P.; Becerra, D.; Goudedranche, S.; 

Quiroga, J.; Constantieux, T.; Bonne, D.; 

Rodriguez,J. Exploiting the Reactivity of 

https://doi.org/10.1021/ja805680z
https://doi.org/10.1021/ja901995a


 

 

International Journal of Pharmaceutical Research and Applications 

Volume 9, Issue 2 Mar-Apr 2024, pp: 830-852  www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0902830852        | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 848 

1,2-Ketoamides: Enantioselective 

Synthesis of Functionalized Pyrrolidines 

and Pyrrolo-1,4 benzodiazepine-2,5-

diones. Synlett 2015, 26, 1591−1595. 
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