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Abstract 

Transamidation is a popular way for amide transformation from another amide despite conventional 

amide bond formation methods. Acid and acid chloride were utilised as starting ingredients in previous 

procedures. Transamidation has shifted the perspective of researchers on amide synthesis. Nowadays, 

many methodologies have recently come to light for amide transformation, using non-metal and metal-

mediated techniques. On the other hand, a few approaches involving amide bond activators have been 

reported. Moreover, N-Boc, Tosyl, and Mesyl groups are commonly utilised as amide bond activators. 

As a result, many amides transformations have been synthesised and published in the literature over the 

last few decades. Based on previous research, we have attempted to develop cost-effective and novel 

techniques of transamidation for unactivated amides, which could serve as a potential alternative to 

synthesising amide bond containing compounds from lab to plant scale. We also demonstrated a novel 

approach for synthesising 2-substituted benzoxazole/benzothiazole compounds using this 

transformation.  

The history and development of unactivated amides transformation are briefly described in Chapter 2. 

This chapter also discusses different transamidation methods for primary, secondary, and tertiary 

unactivated amides that are transformed into other amides without the need for an amide bond activator. 

The development of a novel green, efficient catalyst-free, one-pot synthetic methodology to synthesise 

amides is described in Chapter 3. Under the optimisation investigations, the effects of various acids, 

solvents, temperatures, and time intervals were also described. The reaction was catalysed by 

hydrochloride, which activated the carbonyl bond, and then attacked the carbonyl carbon with an 

additive amine as a nucleophile. Finally, the amine as a byproduct is removed, resulting in the desired 

converted amide. Furthermore, this new transamidation process allows for a wide range of amide types, 

including primary, secondary, and tertiary. This approach also works with a variety of primary and 

secondary amines, including aliphatic and bulky, hetero-aromatic substituted amines. 

To continue the work begun in Chapter 4, we develop a new solvent-free and metal-free method for 

synthesising 2-substituted benzoxazole and benzothiazole in Chapter 4. In this approach, we increase 
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the temperature and employ substituted 2-aminophenols or 2-aminothiophenols instead of amines. To 

lead the annulation product, the oxygen or sulphur atom of phenol or thiophenol attacks the carbonyl 

carbon of the transformed amide group. Furthermore, this technique works well with a variety of 

substituted 2-aminophenols. Additionally, the amide scope for this reaction is quite broad. 

Chapter 5 describes the development of a new method for the transamidation of aliphatic amides using 

CuCl2 as a catalyst. The effects of various catalysts and Lewis acids and the effect of different solvents 

were explained. Moreover, the annulated substituted 2-benzoxazole and 2-benzothiazole derivatives 

obtain in the case of 2-aminophenol and 2-aminothiophenol. Besides, this new versatile methodology 

provides a wide substrate scope for the synthesis of different functionally substituted amides and 1,3-

benzoxazole scaffolds. It can be further exploited as building blocks for the synthesis of pharmaceutical 

drugs. 
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Chapter 1 

 

1.0 General Introduction 

Amide  

A nitrogen (N) atom is joined to an acyl group (R-C=O) to form an amide. The presence of two highly 

electronegative atoms i.e. N and O in close proximity to each other makes amides capable of forming 

strong H-bond. The amide bond functionality plays is a key role in biological systems as it constitutes 

an important part of peptides and proteins essential for survival of living beings and in organic 

chemistry. As a result, the amide bond serves as an essential linkage in many industries, including 

natural products, pharmaceuticals, polymers, lubricants, agrochemicals, and others1. A number of amide 

based drugs are known for binding to their receptor site through amide functional group to exert their 

therapeutic action. A 2006 study found that 25% of all pharmaceutical drugs currently on the market 

and about 70% of drug contenders contained amide bonds2,3. Several amide-containing medicines are 

illustrated in Figure 1. 
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Fig 1: Examples of drugs carrying an amide bond functionality.  

Methods for amide synthesis 

Conventionally, amide synthesis is carried out by reacting activated carboxylic acid derivatives like 

acid chlorides, anhydrides and esters with amines, including ammonia (Scheme 1). Most of these 

methods employ stoichiometric amounts of coupling reagents, making them expensive and wasteful by-

products. 

 

Scheme 1: Conventional method of amide synthesis 

Presently, a major area of interest for researchers in the development of new techniques that are practical 

and affordable, have a wide substrate scope, produce the desired product in maximum yield with the 

least amount of waste generation, and avoid using a stoichiometric amount of coupling reagents leading 

to high atom economy. In this respect, numerous atom-efficient catalytic techniques have been 

developed in the last few years for synthesising amides from alcohols, aldehydes, nitriles, oximes, 

imines, esters, etc., resulting in a significant amount of publications in this field. The oxidative 

amidation process is used in the majority of these techniques, but very few efforts have been made to 

develop transamidation processes.  

Amines as precursors for amide synthesis 

Amines are the most significant precursors for amide production and are found in many natural and 

pharmaceutical products. As a result, modern organic synthesis and medicinal chemistry both actively 

pursue the synthesis of amines. While C-N bond formation techniques are the most extensively used 

method for the synthesis of substituted amines, methods such as nitro reduction, nitrile reduction, and 

amide reduction are among the most popular procedures for the synthesis of primary amines. 
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Methods for C-N bond formation 

For C-N bond formation reactions leading to substituted amines, a number of approaches are available 

such as N-alkylation of amines with alkyl halides, N-alkylation of amines with alcohols, reductive 

amination of carbonyl compounds and reductive hydroamination of terminal alkynes. Moreover, the 

naming reaction and non-classical routes4 for amide synthesis from various functionalities5 include 

well-known synthetic approaches such as the acid-catalysed Schmidt reaction6,7, Ritter reaction8,9, 

Schotten-Baumann reaction10, Passerini11, Ugi reaction12 and Beckmann rearrangement13,14 (Fig. 2) are 

well known for the synthesis of substituted amines via C-N bond formation. Despite having numerous 

methods for C-N bond formation, sustainable approaches utilising environment-friendly catalysts and 

solvents are highly demanded. 

 

Fig 2: Name Reactions for amide bond synthesis. 

Without a doubt, amide linkages are a privileged bond in organic chemistry; hence, reactions for 

forming these bonds are among the most often employed conversions in organic and medicinal 

chemistry. In addition, the innovative ways to synthesise amide bonds from various functionalities have 
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attracted the scientific community's attention; consequently, the synthetic methods for obtaining these 

structural moieties continue to progress. Traditional methods for forming amide bonds involve the 

condensation of a carboxylic acid and an amine with a pre-activation of the acid moiety4,5.  

Transamidation 

The direct conversion of amides, commonly known as transamidation (Scheme 2), is a typical reaction 

that is gaining importance rapidly because it offers an alternative method for preparing amides that 

would exchange the constituents of two different amide groups. The reactivity of amide is based on the 

reaction conditions, activating agent, and amide structure. However, due to their resonance structure 

and reactivity, amides are extremely inert under normal conditions15 (Figure 3). Despite the fact that 

amides are usually weak electrophiles, they can be activated in the presence of metal16,17 or non-metal 

additives to undergo transformation reactions18,19. 

Since many simple amides are readily available, this strategy could become a valuable tool in protein 

engineering or preparing complicated bio-inspired derivatives. In the next chapter, we are describing 

the literature on the transamidation of unactivated amides. 

 

 

Scheme 2:  General representation of transamidation reaction. 
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Fig 3: Amide bond resonance structures, amide bond strength and reactivity. 

Objective of the Present Research Work 

The aims and objective of the present research work are:- 

1. To carryout a through literature survey on transamidation of unactiviated amides. 

2. To develop a convenient and efficient method for the transamidation of HCl salt amines with 

unactiviated amides. 

3. To establish a new green method for the synthesis of 2-subsitututed benzoxazole and 

benzothiazole through 2-aminophenol HCl salt transamidation with amides. 

4. To develop a Cu-catalyzed chemo selective transamidation method of unactiviated aliphatic 

amides and its application to synthesize 2-subsitututed benzoxazole and benzothiazole. 
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Abstract 

In recent years, transamidation has been an essential topic in the formation of amide bonds over 

the conventional route due to chemoselectivity and greenside products. So many groups have disclosed 

new amide transformation techniques. Transamidation is typically classified into two categories based 

on amide activation: activated amide and unactivated amide. We conducted a review of the pertinent 

literature that discusses the cross amidation reactions of unactivated amides employing a variety of 

reagents, enabling contemporary research professionals to overcome synthetic barriers. 
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Introduction 

Amides are also known as carboxamides, an organic functional group in which amine is directly 

linked to the carbonyl carbon having the general structure “R1-CO-NR2R3”, whereby the variables R1, 

R2 and R3 can be any organic groups or a hydrogen atom1,2. Amides and their analogues are widely 

present in biomolecules3, natural products4, pharmaceuticals5,6, drugs7, polymers8. The amide unit 

contains drugs that display anthelmintic, antitumor, antifungal, antispasmodic, herbicide, insecticide, 

and antibacterial activity9–11. In biomolecules such as proteins, amides are the key components used to 

connect two amino acids known as peptide linkages12. 

Based on the substituents on the nitrogen atom of amide, they are categorised as primary, 

secondary and tertiary amides (Fig-2-1a). Because of its intermolecular hydrogen bonding13,14, the order 

of amides' boiling point and melting point is primary > secondary > tertiary. The amide resonance 

structure shows the C-N double bond character with its plane geometry15, which reveals its stability and 

inner strength in the presence of other chemical substances (Fig-2-1b). 
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Figure 2- 1: Category and Resonance structures of amides 

Due to amides' low reactivity, transamidation reactions have been challenging for researchers 

over the years. Many researchers have activated amides by N-substitution of an activated group on the 

nitrogen atom of amide to boost its reactivity. N-tosyl, N-Boc, N-acetyl, and N-triflyl are commonly 

used as activated groups to activate the unactivated amides. However, this step has disadvantages 

because it is a two-step reaction, and only primary and secondary amides have predominantly been 

explored because an activating group can replace the one proton of amide. 

On the other hand, multiple groups have published a variety of unactivated amide transamidation 

approaches utilising various reagents. The main advantage of these approaches is that no activation 

group is required for the amide transformation. Furthermore, these methods do not produce any side 

products that may be employed as activating groups. The only byproduct of this coversion is the 

elimination of amide’s amine (Fig-2-2). In a single step, these procedures can convert amides into other 

amides. These methodologies are mostly chemoselective reactions.  

  

Figure 2- 2: Unactivated amide reaction  
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Transamidation reagents list 

 

 

The preceding chart summarises the metal, non-metal, and miscellaneous reagents used to carry 

out the transamidation reactions discussed in this article. 

 

Literature study 

Following that, we discussed a summary of the literature that reported trans amidation 

reactions, categorising them as metal, non-metal, and miscellaneous catalysts, in which we 

systematically summarised optimisation studies and reaction scope of all previously covered articles. 

Metal Catalysed 

 

In the metal catalysed transamidation, the metal activates the amides due to its poor electrophilic nature. 

We proposed a general metal catalyst mechanism to explain the transformation based on previous 

mechanistic experiments and research, as shown in Fig-2-3. Initially, metal (M) activates the amide 

bond of amide 2 to generate amidate complex T1, which can be synthesised from free metal. When the 

complex T1 is treated with amine 1, the Cu-N bond of T1 is cleaved, resulting in the unstable species 

T2. Usually, basic ligand amines exchange with the amide, resulting in protonated free ligands; it has 

been proposed in other similar mechanisms. T2 annulates occur due to intramolecular interactions 



 
 

Vishal Kumar 219095362           UKZN2022  

12 Chapter 2 

between the amine nitrogen atom and the carbonyl carbon atom, leading to intermediate T3, which is 

in equilibrium with its isomer T4. T3 can regenerate T2 in the same way that T4 can produce T5 (an 

isomer of T2). As a result, the removal of amine generates the M complex species T6. Eventually, T6 

splits to give the transamidated product 3, and the M catalyst is used for the next cycle. 

       

             Figure 2- 3: Proposed metal-catalysed transamidation mechanism pathway between primary 

or secondary amides with secondary amines. 

 

Yu et al.16 developed a metal-catalysed transamidation reaction between N-Phenyl-substituted 2o 

benzamide and 1o amines (Scheme 2-1). The researcher examined different nickel catalysts during the 

optimisation study, but Ni(glyme)Cl2 showed better conversion. The authors observed that the highest 

yield of transamidated products was obtained when Briphos-Ni(glyme)Cl2 was used as the ligand-

catalyst combination and NMP as the solvent. They performed reactions of numerous amines with 

amide under optimised conditions and found that the para-substituted anilines showed a much better 
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yield than ortho substitutes. However, the reaction had failed with 2,6-diisopropylaniline due to steric 

hindrance. They reported that hetero-aromatic, bulky anilines and aliphatic amines performed well in 

this procedure. Moreover, the authors studied the scope of amide by bringing the different substitutions 

on the phenyl ring and found them compatible under standard conditions. They also tried reaction with 

2o amines, which showed a poor yield of the desired product (1h and 1i). Finally, the author concluded 

by the control experiment that the electron-donating amine and the electron-withdrawing benzamide 

have been triggering the reaction. 

                                     
Scheme 2- 1. Ni-catalysed transamidation of 2o benzamide derivatives with amines. 

 

The same group also reported a transamidation of N-methyl-N-phenylbenzamide derivatives and 

primary amines using a similar condition (Scheme 2-2)17. The authors used trimethylsilyl chloride as 

an activator to investigate several nickel (II) species in the presence of manganese. They concluded 

from optimisation studies that NiCl2 delivered the best yield with the help of methoxy substituted t-Bu-

briphos. This method worked well with electron-withdrawing and donating groups substituted aniline. 

Heterocyclic and aliphatic amines also had yielded a good yield of transamidation products. However, 

the bulky group substituted aliphatic amines (2f) had generated a moderate yield due to steric hindrance. 
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Furthermore, the diversity of amides used in this reaction resulted in moderate to good desired products. 

The researchers conducted some experiments to demonstrate the relevance of N-methyl and N-benzyl 

in activating the amide for this transamidation. 

                                     
Scheme 2- 2. Ni-catalysed transamidation of 3o benzamide derivatives with amines. 

 

Arefi et al.18 established a methodology in which unactivated amides can be converted to another amide 

(Scheme 2-3). The researchers observed that a recyclable magnetic nanocatalyst Fe(OH)3@Fe3O4 had 

enhanced the amide scope during this transformation. In catalyst preparation, they used 90.6% vibrating 

sample magnetometry of Fe3O4 and 9.4% of Fe(OH)3. Additionally, the nano size of the catalyst was 

confirmed by SEM and TEM images. However, several catalyst concentrations and organic solvent 

studies were carried out during the process optimisation. Furthermore, their analysis of the reaction 

scope concluded that arylamines with electron reach groups yielded more product than electron-

deficient groups. Additionally, this process has been shown to be consistent with phthalimide, urea, and 

thiourea.  
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Scheme 2- 3. Fe-catalyzed transamidation of carboxamides, phthalimide, urea and thiourea. 

 

One more methodology of recyclable magnetic nanoparticle of Fe3O4-Guanidine acetic Acid (Fe3O4-

GAA) catalysed transamidation reported by same group19 (Scheme 2-4). They attached -COOH of 

guanidine acetic on magnetic nanoparticle during catalyst preparation. In addition, the resultant Fe3O4-

GAA-immobilised magnetic particle was also confirmed by FT-IR spectra, SEM image, vibrating 

sample magnetometer, and X-ray diffraction. Catalysts performed effectively in the absence of solvent, 

according to the researchers. Indeed, they reported that the reaction of electron-donating (OCH3 and 

CH3) and withdrawing (Cl and Br) substituted anilines with acetamide, urea, and thiourea formed 

targeted amides in good to excellent yields. However,  benzamide produced a moderate to a good yield 

of amide transformation. It's also worth mentioning that this organocatalyst can be re-used up to six 

times without losing its catalytic activity. 
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Scheme 2- 4. Fe-catalysed transamidation of carboxamides, phthalimide, urea and thiourea. 

In 2016, another example of unactivated amides being transamidation by iron-mediated was disclosed. 

Shankarling and colleagues20 synthesized transamide products with the Fe3O4 nanocatalyst, which they 

re-used six times without decreasing its efficiency (Scheme 2-5). The researchers noted that Fe3O4 

catalysts performed effectively in the absence of a solvent and produced the desired product in a high 

yield. However, the outputs of those processes that took place in the presence of solvents were almost 

useless. Indeed, the additional catalysts Al2O3, MgO, and ZnO were also examined, but none of them 

could compete with Fe3O4. They obtained a converted amides yield between 68 to 98 % by reacting 

benzamide with aromatic and aliphatic amines. Interestingly, the yield observation revealed that 

aliphatic amines produced more yield than aromatic amines. It's important to note that they had good 

results with benzylamine derivatives after transamidation with acetamide, formamide, and phthalimide. 
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Scheme 2- 5. Fe-catalysed transamidation of carboxamides, phthalimide, urea and thiourea. 

 

Porras et al.21 published their work on cross-amidation between thioacetamide and amines using SbCl3 

catalyst (Scheme 2-6). Thioacetamide was shown to be compatible with both aliphatic and aromatic 

amines in this study. Furthermore, secondary aliphatic amines were yielded less yield in more time than 

primary aliphatic amines. However, in the case of aromatic amines, the transamidation results were 

obtained a moderate to good range. Additionally, aromatic amine conversion takes longer than aliphatic 

amine conversion. The authors also attempted to broaden the thioamide scope from aliphatic to 

aromatic, but no changes occurred. They also reported a phthalimide and benzylamine reaction, but the 

yield was substantially lower after more time was spent on it.   
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Scheme 2- 6. Sb-catalysed transamidation of thioacetamide. 

 

Sheng et al.22 got the idea to perform the multimetallic catalysed transamidation reaction after 

investigating the previous literature23–26 (Scheme 2-7). Researchers examined different lanthanoids 

catalysts while standardising reaction conditions and found that Nd2Na8(OCH2CF3)14(THF)6 was the 

most effective catalyst. They also observed that heterobimetallic lanthanide/sodium alkoxide complexes 

performed better during transamidation than monometallic lanthanide complexes. Furthermore, this 

approach helped researchers to obtain a satisfactory yield of transamidated products from 1° and 2° 

aromatic, aliphatic, and heterocyclic amines on treatment with a benzamide. Notably, the reported 

protocol showed that benzylamine and long-chain aliphatic amine were compatible with the reaction of 

aromatic and heteroaromatic carboxamides.  
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Scheme 2- 7. Multimetallic catalysed transamidation reaction between benzamide and amine. 

 

Gu et al.27 developed a novel method of palladium catalysed reaction among DMF derivatives and 

substituted 1° anilines (Scheme 2-8). The study utilises several ligands and also organic acids and Lewis 

acids as additives at different temperatures to standardise the reaction. In addition, the optimisation 

study revealed that the addition of additives has a significant effect on product yield. The electron-

donating substituted aniline yielded a higher yield than electron-deficient substituted anilines. 

Moreover, para-substituted anilines were more comfortable with this transformation than ortho- and 

meta-substituted. Additionally, the bulky group produced a moderate yield of the desired product due 

to steric hindrance. Furthermore, formamide derivatives produced moderate to good results in this 

conversion. The researcher observed that the transamidation yield was lowered due to the bulky 

replacement on the nitrogen atom of amides. In a subsequent analysis, they tried different amide 

derivatives with aniline, and the study concluded that formyl derivatives were more compatible than 

acetyl derivatives.  
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Scheme 2- 8. Pd-catalysed transamidation between carboxamide of DMF and anilines. 

Bhanage and his colleagues reviewed the literature on manganese oxide applications and found that it 

is a good oxidant as well as an excellent catalyst in organic reactions28–30. They established a 

transamidation method of a broad range of primary amides and amines utilising MnO2 as a catalyst, 

based on the previous research31 (Scheme 2-9). This process showed excellent tolerance to aromatic 

amines that were substituted with electron-donating and withdrawing groups during the treatment with 

formamide. However, ortho-substituted anilines had produced a lower yield than meta- and para-

substituted anilines. Similarly, meta and para substitutions were found to be more efficient than ortho 

substituents during the transformation of substituted benzamides. Furthermore, the protocol showed the 

compatibility of phthalimides with aromatic and aliphatic amines. As a consequence, the authors were 

able to scale up their technique to the grams scale and obtain a good yield of transamide product. 
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                Scheme 2- 9. Mn-catalysed transamidation of primary carboxamides and phthalimide. 

 

Recently, Feng et al. reported a tungsten-catalyzed conversion of tertiary alkyl amides to another amide 

in the presence of NMP utilising phenanthroline as a ligand (Scheme 2-10). Compared to other metal 

catalysts such as Al, Fe, Zr, and Mo, the tungsten catalyst produced the best results during the process 

optimization study. In addition, the yield was decreased when they performed the experiments in each 

absence of ligand, catalyst and TMSCl. This approach had a wide scope of anilines containing electron-

donating groups (CH3, OCH3, SCH3, CO2CH3, i-Pr and t-Bu), halogen (F, Cl and Br), electron-

withdrawing groups (CF3, CN, NO2, CO2H and COCH3) and bulky ring (Naphthyl). Moreover, the 

aliphatic amines (benzyl, cyclohexyl and cyclopentyl) and heterocyclic amines (indole, pyridine, 

thiazole and benzothiazole) had also familiar with reaction conditions. Similarly, the various substituted 

amides had generated transamide products in good to excellent yields. Finally, they concluded from 

competition studies of primary, secondary, and tertiary amides transamidation that tertiary amides 

produced more yield than primary and secondary amides. 
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Scheme 2- 10. W-catalysed transamidation of tertiary alkyl amides with amines. 

 

Singh and his group reported a binuclear Mn-catalysed transamidation of acetamide and formamide 

with amines under solvent-free conditions30 (Scheme 2-11). The observation indicated that lowering 

the temperature below 120 °C had an effect on the yield of the transformation. The approach uses a 

wide range of amine substrates, including both electron-withdrawing and electron-donating groups. 

         

                  Scheme 2- 11. Mn-catalysed transamidation of acetamide and formamide with amines.  
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In April 2017, another example of Ni-catalyzed transamidation conversion of DMF and DMA came to 

light. Sonawane et al. found that a Ni (II)-metal complex with 8-hydroquinoline [Ni(quin)2] was an 

excellent catalyst for the N-formaylation and N-acylation of various amines with DMF and DMA32 

(Scheme 2-12). The catalyst is efficiently transformed into another amide in the presence of imidazole. 

Interestingly, the reaction conditions were found to be feasible and did not necessitate the use of an 

inert atmosphere. The technique is quite versatile since it may be used to N-formylate and N-acylate of 

electron-withdrawing (F, Cl, Br, and NO2) and electron-donating (CH3 and OCH3) substituted anilines. 

Notably, both amide transformations are compatible with linear, cyclic, and heterocyclic aliphatic 

amines. It has been noted that when electron-withdrawing groups substituted anilines are utilized as 

coupling partners, the yield is often lowered.       

        

            Scheme 2- 12. Ni-catalysed transamidation of DMA and DMF with amines.  

Wagh et al.33 promoted a transamination of urea and thiourea in the presence of heterogeneous catalyst 

sulfated tungstate; they recycled and re-used the catalyst 4-5 times without losing efficiency (Scheme 

2-13). After the optimisation study, they obtained 98% of desired urea on the neat reaction between 

aniline and urea in the presence of 10 wt % of sulfated tungstate at 90 °C within 1.5 hr. The method 

produced transamide symmetrical and unsymmetrical ureas and thioureas from unsubstituted and 
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monosubstituted ureas and thioureas. The researcher obtained an excellent yield of symmetrical and 

unsymmetrical ureas under the set condition from reacting aniline, aliphatic amines, hetero amines and 

aryl hydrazides with unsubstituted and monosubstituted ureas. They also confirmed the similar kind of 

reactivity of thioureas against different amines.  

 
Scheme 1- 13. Sulfated tungstate catalysed transamidation of N-substituted urea and thiourea. 

 

Ma et al.34 used cobalt catalyst to perform N-formylation and N-acetylation of a variety of amines and 

carboxamides (Scheme 2-14). Prior to selecting cobalt catalysts, they screened a variety of transition 

metal catalysts, including Ni, Cu, Mn, and Fe, of which Co catalyst was found to be the most prevalent 

for obtaining the best results. This study systematically examined the scope of amines and 

carboxamides. They formylated 1o and 2o aliphatic amines, and the results indicated that 1o aliphatic 

amines produced an excellent yield of product. They observed that aromatic amines have no reactivity. 

Further, the amide scope revealed a predominance of formylation over acetylation; benzamide and 

thiophen amide exhibited significantly lower reactivity.  
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Scheme 2- 14. Co-catalysed N-formylation and N-acetylation reaction. 

Non-metal Catalysed 

Ghosh et al.35 reported a strong base potassium tert-butoxide mediated transamidation of primary and 

tertiary amides. Initially, they tried readily available inorganic bases viz KOH, K2CO3, Cs2CO3, KOtBu, 

DBU, and NaOH. Among them, KOtBu showed the best-desired product yield. They claimed that this 

method supported amines including aryl, heteroaryl and aliphatic amines, transamidation with amides 

such as DMF and DMA (Scheme 2-15). Moreover, the yield observation concluded that the electron-

withdrawing group substituted aniline took place more time with less yield as the comparatively 

electron-donating group substituted aniline. Furthermore, the method features broad substrate scope of 

amides, including DMA, DMF, trifluoroactamide and benzamide. Finally, they concluded from 

mechanistic studies that the transmaidtion proceeded through a free-radical pathway.  
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Scheme 2- 15. KOtBu mediated transamidation reaction of primary and secondary amide. 

Tan et al. reported one more t-BuOK-mediated methodology for transamidation of tertiary amide in the 

same year36 (Scheme 2-16). The transamidation of DMF proceeds smoothly in the presence of t-BuOK 

as a base (4.0 equiv) and DMF as solvent at 25°C for 2 hours in an inert environment. However, when 

DMA and dimethylbenzamide (DMB) are used for transformation, this reaction acts differently because 

it occurs at 110-130 °C in the microwave for 30-50 minutes while utilising its diglyme as a solvent and 

in the presence of t-BuOK. The transamidation of DMF produces excellent yields of amide compounds. 

Additionally, the approach utilizes a broad range of amines during the treatment with DMF and DMA, 

including anilines substituted with electron-withdrawing and electron-donating groups, heteroaromatic, 

and aliphatic amines. Notably, the procedure's main flaw is that ortho-substituted anilines produced 

lower yields than other positions. This method follows the same mechanism as Scheme 2-15.  
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.              

        Scheme 2- 16. KOtBu mediated transamidation reaction of tertiary amide. 

 

One methodology reported by our group was the use of amine salt instead of an additional salt additive37 

(Scheme 2-17). Notably, the simplicity of processing and the moisture and air reliability provided are 

significant advantages of this technique. In particular, this approach allowed the development of 

functionalised transamide products from amides, including sterically hindered, aliphatic, 

heteroaromatic, and aromatic amides. The method is also efficient with primary, secondary, and tertiary 

amides, yielding good to exceptional converted amide yields. Furthermore, various cyclic and linear 

aliphatic, heteroaromatic, and aromatic amines are substituted with electron-rich and deficient groups 

that were compatible as nucleophiles for this amide conversion in the substrate scope. This methodology 

has additional advantages if it raises the temperature in the case of substituted 2-aminophenols as 

nucleophiles reacting with amides to produce 2-substituted benzoxazole as a final product. The 

hydrogen ion activates the amide, followed by amines attack as a nucleophile and eliminating the amine 

as a side product, leading to the final amide product. 
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               Scheme 2- 17. HCl-mediated transamidation of unactivated amides. 

One more example of transmaidation conversion of DMF and DMA using metal free conditions, 

published by Zhang and Xie’s38 team. Authors found that NH4I is the best salt to use as a reagent among 

the other salts evaluated, such as KI, CuI, NH4F, NH4Cl, and NH4Br (Scheme 2-18). They also tried 

DMSO and o-Xylene as solvents but observed low transamidation conversion. Researchers 

demonstrated an excellent to a good yield of transamidation from a wide range of substituted anilines 

and DMF. The procedure was less compatible with ortho-substituted anilines when used. Furthermore, 

the scope of amine with DMA yielded a transamide product with a conversion range of 33 to 52 % 

utilising 2 equiv of NH4I. Nevertheless, the range of the reaction is narrow; this approach can only use 

DMF and DMA.  
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Scheme 2- 18. NH4I catalysed transamidation reactions of unactivated amides. 

 

The transamidation of N,N-dimethyl amides with various primary amines was also accomplished using 

the sodium-tert-butoxide (NaOtBu)39 (Scheme 2-19). They studied various bases during reaction 

optimisation and found that NaOtBu provided the highest yield of transamide product under an inert 

atmosphere. In addition, the procedure standardisation studies show that base equivalent plays a critical 

role in the success of conversion. A good to an excellent yield of amides was obtained from aromatic, 

heteroaromatic, and aliphatic primary amines. The primary disadvantage of this approach is that the 

base is incompatible with aromatic substitution on the α-position of amide. The mechanistic studies 

reveal that transamidation does not include a radical pathway in the reaction mechanism like KOtBu-

mediated methodologies.  
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Scheme 2- 19. NaOtBu-mediated transamidation of amides with a variety of 1o amines. 

 

Srinivas et al.40 developed a simple route to achieve transamidation without involving any hazardous 

metal catalyst (Scheme 2-20). The reaction was carried out by utilising K2S2O8 as an additive and water 

as the solvent. However, the transformation greatly relies on the reaction temperature. Additionally, the 

reaction carries out using both conventional and microwave methods. The comparative studies 

demonstrate that the microwave process is more effective and efficient than the conventional method, 

producing more than 95% of the desired product. The reaction scope revealed that this reaction 

produced an excellent yield of amides from halo, alkoxy, carboxyl and alkyl groups substituted anilines 

using both procedures. Notably, the reaction is compatible with aromatic, aliphatic, cyclic amines as 

well as N-substituted formamides and phthalimide, which yielded the desired transamide products in 

sound yields. According to a mechanistic analysis that K2S2O8 may activate the amide, followed by an 

amine approach as a nucleophile, to produce the required transamide product. 



 
 

Vishal Kumar 219095362           UKZN2022  

31 Chapter 2 

 
Scheme 2- 20. K2S2O8-mediated transamidation of amide derivatives with anilines. 

 

In 2019, Lee and co-workers41 developed a TMSCl mediated transamidation reaction to synthesise 

transamide products from primary amides (Scheme 2-21). This protocol demonstrated that TMSCl 

activates 1o amide, which triggers the transamidation reaction in the presence of NMP as a solvent. 

Except for TMSCl, no suitable results were obtained during optimisation studies when other silyl lewis 

acids were used as the additive. Some primary amides bearing phenyl, cyclohexyl, benzyl or even 

sterical hindered (tert-butyl) groups can be successfully converted under standard conditions. Moreover, 

aliphatic, heterocyclic, electron-deficient and donating group substituted and even steric hindered 

aromatic amines can be reacted efficiently with a benzamide. However, when 2,5-disubstituted aniline 

derivatives were utilised, the intended product was not produced, indicating that electronic and steric 

factors play a significant role in the success of this reaction. In addition, alkyl-substituted on the para 

position of aniline produced excellent results for transamide products.  It was also noteworthy that the 

aliphatic secondary amine and amides were reacted using NMP/CHCl3 solvent mixture. Further, the 

control experiment revealed that N,N-disilyated amides and amines are not active intermediates for 

transamidation reaction. 
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Scheme 2- 21. TMSCl mediated transamidation to synthesise 2o amides. 

 

Jiang et al. recently reported that phosphoric acid can be employed as a promotor in the transformation 

of DMF and DMA to transamide compounds42 (Scheme 2-22). In neat circumstances at 110-150 °C, 

they used an organophosphoric acid-mediated amide to amide conversion. Several anilines, including 

electron-donating and withdrawing group substitution and linear and cyclic aliphatic amines, provide 

good to exceptional yields of amide products. Interestingly, bromo, nitro, hydroxy, and bulky group 

substituted aniline and linear and cyclohexyl amines require more time and temperature to react with 

amides under these acidic circumstances. Furthermore,  DMA transamidation occurred around 140-150 

°C. This metal-free reaction occurs when an acid activates the amide, followed by a nucleophilic attack 

on the amine, which results in the amine being eliminated as a side product and the formation of the 

desired transamide product. 
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Scheme 2- 22. organophosphoric acid-mediated transamidation of DMF and DMA. 

 

The use of tert-butyl nitrite as a promoter facilitated in situ conversion of the N-nitrosamide, which can 

be held in various amines to generate the final transamide product43 (Scheme 2-23). The transamidation 

reaction was carried out at room temperature in DCM solvent utilising N-substituted benzamide amides 

as the precursor and amines, including linear, cyclic, and secondary aliphatic amines, gave the 

corresponding transamide product. Surprisingly, transamidation of aniline with N-methyl benzamide 

was unable to complete the transformation. However, secondary amines yielded a lower yield of amide 

products than primary amines. Additionally, the approach is compatible with the N-substitution of 

benzamide with aliphatic groups such as methyl, ethyl, n-propyl, n-butyl, cyclohexyl, and benzyl. 

Furthermore, benzamide substituted with 4-methoxy, nitro, or 2-fluoro effectively converts to other 

amides. Mechanistically, the tert-butyl nitrite attached with the nitrogen atom of amide to make N-

nitrosamide as a labile group followed by amine attack as a nucleophile affords the unstable 

intermediate, which provides transamide product with the release of alkyl N-nitrosamine. 
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Scheme 2- 23. Tert-butyl nitrite-mediated transamidation of N-alkyl benzamide. 

Transamidation of amides using iodine and hydroxylamine hydrochloride was recently reported by our 

group44 (Scheme 2-24). Both conventional and microwave methods carried out this reaction under neat 

conditions at 120 °C. The reaction has a wide range of amides, including aliphatic and aromatic, with 

different N-substitutions on amides. Furthermore, aryl, heteroaryl, and aliphatic amines can be easily 

converted to their amides. The proposed mechanism is quite similar to acid-catalysed transamidation. 

Initially, the amide is activated by a hydrogen ion and then attacked by hydroxylamine as a nucleophile, 

resulting in hydroxamic acid and amine elimination as a side product. Iodine then promotes the 

conversion of the acid intermediate to the nitroso moiety, resulting in the formation of a transamide 

product with the liberation of nitrosyl hydride.  
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                       Scheme 2- 24. I2-mediated transamidation of unactivated amides. 

Lewis acids were shown to be involved in the transamidation in metal literature. Sakurai et al.45. 

developed an efficient method to perform the formylation of various amines and hydrazides with the 

help of tert-butyldimethylsilyl triflate (TBSOTf) as an activator (Scheme 2-25). The optimisation study 

revealed that silane-based Lewis acids (TMSCl, TMSOTf and TBSOTf) showed better results than 

other Lewis acids such as BF3.OEt2, AlCl3, TiCl4 and SnCl4. The amide products had good to excellent 

yields and a high tolerance for aliphatic, aromatic, and heteroaromatic hydrazides. Moreover, the same 

conditions worked for amines, including aliphatic, aromatic, and heterocyclic amines. However, the 

yield statistics demonstrated that 2o amines had a higher yield than 1o amines. Notably, the additional 

equivalent of TBSOTf and imidazole were used in the reaction with amines/hydrazines bearing a 
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hydroxy group. According to the proposed mechanism, the amide is activated via lewis acid and then 

reacts with an amine to form the transamide product. 

              

        Scheme 2- 25. Tert-butyldimethylsilyl triflate (TBSOTf) catalysed transamidation reaction. 

 

Compared to metal-mediated transamidation, the salt-mediated conversion reaction has been regarded 

as a cost-effective approach. Imidazolium chloride had received much attention when Tian et al. 

disclosed a method for the transformation of 1o amines with tertiary amides utilizing imidazolium 

chloride salt as an additive46 (Scheme 2-26). Anilines with electron-rich and electron-deficient 

substituents, aliphatic and heteroaromatic amines all reacted to DMA admirably during the reaction 

scope evaluation. In particular, the nitro substituted anilines yielded less transamide product. Moreover, 

the study showed that the process is tolerant to amides such as DMF and benzamide. A mechanistic 

investigation was conducted to clarify the role of imidazolium chloride. The acidic proton of salt 

activates the amide, and the imidazole serves as a good leaving group to introduce the amine to the 

amide to obtain the other amide. 
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       Scheme 2- 26. Imidazolium chloride mediated transamidation reaction of tertiary amides. 

Miscellaneous 

Hang Gong’s47 group have developed a reagent and solvent-free method for the cross amidation reaction 

between amides and amines (Scheme 2-27) and proved it on the gram scale. In the initial phase, they 

found the best result with simple formamide compared to N-substituted ones. The optimisation study 

revealed that the 10 equivalent of formamide at 150 oC within 24 h produced an excellent yield of 

formylation on p-toluidine. Using this standard condition, they performed formylation on aryl and 

heteroaryl amines with 60-98% range of yield of the corresponding products. The anilines with various 

electron-deficient groups such as (NO2, CN, CF3, CO2CH3), and bulky and heteroaryl amines showed a 

poor yield of transamide products. The formylation of aliphatic amines was more compatible with DMF 

at the same temperature for 24-96 h. Further, the competition analysis revealed that the formylation 

with DMF on aliphatic amine is more preferred over aromatic amine.  
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Scheme 2- 27. Solvent-free method for the cross amidation reaction. 

 

Bensalah et al.48 and their teammates developed a green approach to achieve selective transamidation 

on glycosyl carboxamide derivatives without disturbing any other hydroxy group. They were able to 

obtain an outstanding yield of the final product without the use of any solvent, reagent, or catalyst, 

despite the fact that they had tried catalysts such as L-Proline, D-Proline, and hydroxylamine 

hydrochloride, as well as solvents such as H2O and DMF. They investigated various aromatic, aliphatic, 

and cyclic amines and established their compatibility by demonstrating a satisfactory yield (60–94%) 

of final products (Scheme 2-28). Primary amines showed a better yield than secondary anilines. On the 

other hand, they showed well tolerance of glycosyl carboxamide derivatives with different amine 

reactions. 
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Scheme 2- 28. Green approach to achieving selective transamidation on glycosyl carboxamide. 

Chevella et al.49 developed a novel method to the obtained cross-amidation reaction of unactivated 

primary amides without using a solvent (Scheme 2-29). This method used nano zeolite beta as a catalyst 

that provides large micro-pore volume, a large-pore channel system used for facelifted acid catalysed 

reactions. In the reaction optimisation study, they used benzamide and benzylamine as ideal starting 

materials and treated them in the presence of zeolites, MCM-41 and Montmorillonite. Among them, 

nanosized zeolite beta provided 93% of respective amide in the 1:2 ratio of benzamide and benzylamine. 

The study of reaction scope confirmed that this method tolerated different substituted benzylamines and 

aliphatic amines viz cyclic and acyclic. It also demonstrated that a wide range of benzamide has been 

compatible under this method with good to an excellent yield of the final product. 
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Scheme 2- 29. Nano zeolite beta catalysed transamidation of amides. 

Researchers have recently drawn their attention to carbon nanomaterials because of their exceptional 

thermal, optical, mechanical, and electronic properties. They kept in that mind Patel et al.50 explored 

graphene oxide as a heterogeneous catalyst to conduct transamidation reactions. Researchers have 

systematically first fixed catalyst amount during reaction optimisation, followed by solvent choice and 

temperature adjustment. Additionally, other carbon nanomaterials were also tried, and the best results 

were obtained using 20% of graphene oxide at 130°C. The reaction obtained 97-76% yield of the desired 

compound from aryl-substituted benzylamine and unsubstituted benzamides, wherein substituted 

benzamides showed comparatively lower transformation (Scheme 2-30). The method is also compatible 

with the reactivity of branched-chain and cyclic aliphatic amines. Further, the reaction scope of 

formamides and the results confirmed the compatibility of aryl, heteroaryl, aliphatic and cyclic amines 

are suitable for conversion. Interestingly, researchers also showed the tolerance of phthalimide and 

thioamides with amines. Notably, the dimer transamide product obtains in the treatment of urea. The 

advantage of this mode is more selective toward aliphatic amines over aromatic and heterocyclic amines 

at the end of the study. 
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Scheme 2- 30. Graphene oxide assisted transamidation of unactivated amides. 

Rao et al.51 used H-β-Zeolite to assist the transamidation reaction of unactivated primary amides with 

amines under solvent-free conditions (Scheme 2-31). The optimisation experiments confirmed that 

solvent-free condition is more effective than the presence of solvent at 130 °C. The method generated 

a significant yield of the respective desired products from various substituted benzylamine/aniline. This 

study concludes that aliphatic amines showed a better result than aryl amines in reaction with acetamide. 

The yield of transamide product was less when a long chain substituted amide on the alpha position was 

used for conversion. Afterwards, they showed the compatibility of phthalimide and heteroaryl amide 

on treatment with a wide range of amines. Similarly, they also tried this method on thioamides and 

results shown its transformation into the desired product in good to excellent yields. 
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Scheme 2- 31. H-β-Zeolite, assisted transamidation of amides and thioamides. 

Bhattacharya et al.52 developed a metal-free and environmentally safe approach for transamidation. 

The researchers utilised a heterogeneous catalyst, graphene oxide (GO), that efficiently absorbs reactive 

molecules and accelerates the reaction (Scheme 2-32). During the optimisation of the process, they 

performed a reaction in the presence of organic and inorganic solvents at various temperatures using 

GO catalysts, but the results did not meet the predicted yield. Notably, the neat condition with the same 

amount of catalyst at 150°C produced a high yield of the target product. The method generated a range 

of converted formamides and acetamides products from the reaction of aromatic anilines with various 

aliphatic carboxamides. In contrast, the reaction of an aliphatic amine with carboxamides failed to 

produce the respective transamide product. Additionally, this approach is selective for aromatic amines. 
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Scheme 2- 32. Graphene oxide-catalysed N-formylation and N-acetylation transamidations. 

Conclusion 

The amide moiety is an important functional group in chemical, pharmacological, and biological 

chemistry. Several researchers have focused on its synthesis; alternative methods for amide synthesis 

remain elusive. While novel and recent methods for amide activation are available, simple activation of 

the C–N bond in amides via coordination with metals or interaction with small molecules remains a 

crucial alternative in amide bond synthesis. Herein, we examined unactivated amides in transamidation 

processes and explored many examples in this article. We believe that this review will assist 

researchers, provide motivation for future work, and help in their knowledge of several recently 

described transamidation mechanisms. 
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Abstract 

Herein, we report an operationally simple, cheap, and catalyst-free method for the transamidation of a 

diverse range of unactivated amides furnishing the desired products in excellent yields. This protocol 

is environmentally friendly and operates under extremely mild conditions without using any promoter 

or additives. Significantly, this strategy has been implied in the chemoselective synthesis of a 

pharmaceutical molecule, paracetamol, on a gram-scale with excellent yield. We anticipate that this 

universally applicable strategy will be of great interest in drug discovery, biochemistry, and organic 

synthesis. 
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Introduction 

In chemistry and biology, the amide bond is the most fundamental functional group[1]. The amide 

linkages are widely used in the organic synthesis of pharmaceuticals[2], natural products[3], pesticides[4], 

polymers[5] and biologically relevant molecules[6]. Recent studies signify that the amide bond is 

prevalent in 25% of pharmaceuticals[7], whereas amidation reactions depict the most common reaction 

conducted to synthesise new drugs[8]. In particular, amide bonds are the most prevalent form of bond 

found in various drugs, such as formoterol, tetrahydrolipstatin, leucovorin, penicillin G, lacosamide, 

and paracetamol (Figure 3-1). As a consequence of the prevalence of amide bonds, novel methods for 

the synthesis of amides significantly impact every branch of organic chemistry[8]. 

 

Figure 3- 1: Marketed bioactive compounds with amide framework. 

 

Transamidation has recently garnered significant interest from a variety of research groups[9]. However, 

due to the amide bond's stability, various catalysts or activating agents are used for the transamidation 

of amines[10]. Several transition-metal based catalytic systems employed in the transamidation reactions 

viz: Pd[11], Ni[12] (Scheme 3-1B), Fe[13], Cu[14], Mn[15], lanthanides[16], Ti[17], Zr[18], Al[19], and sulfated 

tungstate[20] are widely used in academia and industry for the preparation of amides[21]. Additionally, 

metal-catalysed reactions are undesirable due to waste metal and increasing synthetic costs. Despite 

these challenges, numerous discoveries in metal-free approaches have been reported, including the use 

of benzotriazole, boric acid derivatives[22], chitosan[23], N, N di-alkyl formamide[24], hypervalent 

iodine[25], L-proline[26], hydroxylamine hydrochloride[27] (Scheme 3-1A’) and imidazole derivatives[28], 
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as well as microwave irradiation processes. The Szostak group recently reported a LiHMDS promoted 

chemo-selective transamidation of amides at room temperature through N-C (acyl) cleavage[29] 

(Scheme 3-1A). While these metal-free protocols have several benefits, some pitfalls remain, including 

the need for stoichiometric catalysts, low selectivity, and challenges with catalysts separation. Despite 

these breakthroughs, a realistic solution to the transamidation is only restricted to active 1° amides, 

while the challenging aliphatic 2° and 3o amides remained less exploited[30]. Recent advances, as 

reported, are incompatible with highly valuable less-nucleophilic amines and low reactive, secondary 

and tertiary amides under metal- or catalyst-free conditions. 

In thinking through the consequences noted earlier, in this paper, we describe the successful realisation 

of a high-yielding transition metal-free strategy for transamidation reactions using amine hydrochloride 

salts and unactivated amide derivatives as carbonyl sources (Scheme 3-1C) via highly selective N–C 

bond cleavage. The protocol is extremely versatile across a wide variety of structurally diverse 

substrates (> 60 examples) and operationally easy and cost-effective due to the absence of an acid, 

bases, catalyst, ligands, or other additives with prolonged reaction time. We believe that this 

straightforward N–C cleavage/formation will be of great interest, offers a robust approach to the classic 

problem of 2o and 3o unactivated aliphatic/aromatic amide transamidation, and it is expected that this 

work will influence future efforts to synthesise pharmaceuticals, natural products, and polymers. 



 

Vishal Kumar 219095362           UKZN2022  

51 Chapter 3 

 

Scheme 3- 1: LiHMDS, NH2OH.HCl and Nickel-catalyzed transamidation reactions of amides with 

amines: previously reported protocols (A−B) and (C) This work, depicting transamidation using 1o, 

2o and 3o unactivated amides. 
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Results and Discussion 

We selected readily available formamide (2o) as a formyl source and p-anisidine (1e) as the reaction 

partners to initiate our studies. The outcomes are illustrated in Table 3-1. As previously shown in 

classical nucleophilic substitution reactions, solvent selection, temperature, acids, and time significantly 

impact yield. So initially, various commercially available acids such as trifluoroacetic acid, 

hydrochloric acid, sulphuric acid, acetic acid, and nitric acid (entries 1-5) were investigated but revealed 

a decrease in yield when compared to HCl. Subsequently, we investigated transamidation in various 

organic solvents (entries 6-10); however, toluene emerged as the most optimal solvent and provided the 

desired product 3e in 97% yield (entry 6). Moreover, an increase in the reaction time to 4.0 hrs does not 

affect the outcome of corresponding products (entry 14). To increase the yield of 3e, we analysed other 

parameters such as formamide equivalents and temperature. Further, it was observed that when 1.0 to 

5.0 eq. of 2o was used as the formylating agent in toluene, the amide 3e was obtained in moderate to an 

excellent yield of 56-98% (entries 15-19). The utilisation of 2o to 4.0 and 5.0 eq. had no discernible 

impact on the yield of 3e (entries 18 and 19). Notably, the reduction of reaction temperature to 80 and 

100 oC afforded the poor result of the desired product (5-30%), emphasising the importance of 

temperature in facilitating the net transamidation reaction (entries 20 and 21). Thus, the optimum result 

was obtained when 3.0 eq of 2o was used as the formyl source, using toluene as a solvent and extending 

the reaction time to 3.0 h at 120 oC (entries 13, 17 and 22). 
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Table 3- 1. Reaction conditions optimisation for N-Formylation of p-anisidine with formamide.  

 

 Acid Study  

 S.No. Acid Solvent 

(5.0 Vol) 

Temp 

(oC) 

Time  

(hr) 

% Yieldc  

 1a CF3COOH Toluene 120 4 20  

 2a HCl Toluene 120 4 97  

 3a H2SO4 Toluene 120 4 5  

 4a CH3COOH Toluene 120 4 30  

 5a HNO3 Toluene 120 4 10  

Solvent Study Formamide Equivalents Study 

S.No. Solvent 

(5.0 Vol) 

Temp 

(oC) 

Time  

(hr) 

Yieldc S.NO. Eq (2o) Temp  

(oC) 

Time 

(hr) 

Yieldc 

6a Toluene 120 4 97 15b 1 120 3 56 

7 a DMSO 120 4 20 16b 2 120 3 86 

8a Xylene 120 4 88 17b 3 120 3 98 

9a NMP 120 4 52 18b 4 120 3 97 

10a Water 120 4 81 19b 5 120 3 98 

Time Study Temperature Study 

S.No. Solvent 

(5.0 Vol) 

Temp 

 (oC) 

Time 

 (hr) 

Yieldc S.NO. Solvent 

(5.0 Vol) 

Temp  

(oC) 

Time  

(hr) 

Yieldc 

11a Toluene 120 1 72 20a Toluene 80 3 5 

12a Toluene 120 2 83 21a Toluene 100 3 30 

13a Toluene 120 3 98 22a Toluene 120 3 98 

14a Toluene 120 4 97      

aConditions: p-anisidine 1e (1.0 mmol), formamide 2N (3.0 mmol). bConditions: p-anisidine 1e (1.0 

mmol), Solvent: Toluene (5.0 Vol), all the reactions were conducted under air. cIsolated yields. 
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With the optimised reaction conditions, we examined the scope of carbonyl sources (2A-Y) for the 

transamidation of aniline 15a (Scheme 3-2). From 2A-M are tertiary amides (N,N-dimethyl), while 2N-

Y are amides with various nitrogen substitutions. Fortunately, the aliphatic amides like the N-

formylation (2A), and N-acylation (2B) reactions proceeded smoothly when 3,3-dimethylbutanamide 

(2I) was used as carbonyl sources, provided a good yield of 78%, respectively. However, Due to the 

hindrance of branched/cyclo alkyl groups, the resultant tert-butylate (2C), isobutyramide (2D) and 

cyclohexanecarboxamide (3G) products were obtained in the moderate yields. Tri-chloroacetamide 

(2E), 2-phenylacetamide (2J) and 2-phenoxyacetamide (2M) were also employed effectively as an acyl 

source yielding the desired products (3E, 3J and 3M) in moderate to good yields of 64-78%. Further, 

multiple benzamide derivatives were used as benzoyl sources. The results indicate that the nitro 

substituted benzamide provided less yield comparable to other benzamides. We got moderate results 

when N,N-diethyl amides (2P, 2T, and 2X) were utilised for their respective compounds due to steric 

hindrance.  
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Scheme 3- 2. The substrate scope of 1o, 2o and 3o unactivated amides. 

 

aAll the reactions were conducted on a 1.0 mmol scale, 3.0 mmol of amide, under air for 3.0 hrs, using 

toluene (5.0 vol). btime=4.0 hrs. 
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The universality of the transamidation was explored using a wide variety of amines (Scheme 3-3). We 

performed the N-formylation, N-acetylation and N-benzoylation of multiple amines, including 1o, 2o, 

electron-donating and withdrawing substitutions aromatic, heterocyclic, and aliphatic amines (Scheme 

3-3). The current protocol is compatible with a wide range of anilines substituted with functional groups 

such as alkyl (3h, 3p and 3r), alkoxyl (3e, 5e and 5f), hydroxyl (3a, 3r, and 4b-d), nitro (3q and 4e), 

halo (3f-g, 3i-3o, 4d, and 5b-c), keto (3s-t), and ester (3u), heteroaromatic (3b and 3d), quinoline (3c), 

secondary amines (3w, 4a, 4h, 5c and 5g), and aliphatic amines (3d, 3w, 4a, 5c and 5h), respectively. 

We also analysed various aromatic amines with different substituents and obtained the resulting N-

formylated products in good to excellent yields (Scheme 3-3). Pleasingly, the heterocyclic aromatic 

anilines rapidly converted to the corresponding products (3b-d) in the range of 68-85% yield, whereas 

3c had a lower yield, possibly due to steric hindrance, as we observed when synthesising the 5g product. 

Interestingly, substrates containing a hydroxyl group have afforded excellent yields (89-97%) without 

any difficulty (3a, 3r and 4b-d). Furthermore, methoxy substituted anilines also performed well in the 

synthesis of N-formylation (3e) and N-benzoylation (5e-f) products at all substituent positions. When 

aniline contained strong electron-withdrawing nitro groups, only low to moderate yields (25 and 62%) 

of the corresponding products were obtained (3q and 4e). In this study, we found that meta-nitro aniline, 

4-(trifluoromethoxy)-aniline and 3-trifluoromethyl aniline converted into their corresponding products 

(4f-g) with good yields (71-79%). Additionally, the halogenated anilines tested afforded the 

corresponding N-formylated/benzoylated products (3f-g, 3m-o and 5b-c) in moderate to excellent yields 

(50-90%). Ortho halogen-substituted anilines were also shown to be less reactive than meta and para-

substituted anilines in these experiments. On the other hand, di-substituted anilines produced a good 

product yield, whether both were electron-donating groups (EWG) or electron-donating groups (EDG). 

To our delight, amines with acid-sensitive functionalities, such as an ester, were well tolerated, yielding 

formamide (3u) in 72% yields. Similarly, when aniline substituted acetophenone, and carboxylic acid 

analogues (3s-t and 3zn) were used as substrates, the reaction proceeded well and yielded the expected 

products in moderate to excellent yields (78-91%). Finally, the transamidation reaction of aliphatic 1o 

and 2o amines were investigated, and the corresponding products (3d, and 5a) were obtained in good 

yields.  
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Scheme 3- 3a. The substrate scope of diversified amines with formamide. 

 

                       aIsolated yields were reported. at=3 hr and bt=4 hr 
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Further, only N-formylation reaction occurred in the presence of water (Scheme 3-4A); the other 

reactions, such as N-acylation and N-benzoylation, did not produce the desired products. Likewise, 

similar results were obtained in the presence of in conc HCl (Scheme 3-4B). Subsequently, the same 

reaction was attempted under NET conditions utilising various amides, namely formamide, acetamide, 

and benzamide derivatives. Under standard reaction conditions, the corresponding products were 

obtained in moderate to excellent yields (Scheme 3-4C). 

Scheme 3- 4. The road map for transamidation under different reactions conditions. 
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Mechanistic Study 

To depict the current protocol's reaction mechanism, four control experiments were carried out, and the 

results are illustrated in Scheme 3-5. First, transamidation of acetamide (2R) showed that the free amine 

14d exerted an indicative impact, producing the target product (4d) in traces. Second, the yield of 

acylated product (14d) remained the same when HCl gas purged through reaction mass containing free 

amine (14d) in toluene (Scheme 3-5A). Lastly, the yield of N-acetylated product (4d) remained the 

same using TEMPO as a radical trap. It was found that TEMPO did not suppress the yield of the 

transamidation product as a radical scavenger (Scheme 3-5B). The results indicated that no radical 

intermediates were formed during the transamidation process. 

Scheme 3- 5. Some control experiments and the reaction in radical scavenger conditions. 
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Based on the experimental results, the plausible reaction mechanism is presented in Scheme 3-6. 

Initially, the carbonyl group of 2 is activated with HCl followed by a nucleophilic attack of amine (1) 

on A (A and B are in resonance) and resulted in the formation of intermediate C. Then, C could 

transform into D through tautomerisation. In the next step, intermediate E is formed through the 

elimination of amine (D1). Finally, the deprotonation step results in the formation of the final product 

3. 

Scheme 2- 6. The plausible reaction mechanism. 

 

Ultimately, the viability of the pharmaceutical of this metal-free protocol for the synthesis of the 

marketed drug acetaminophen (Antipyretic drug) was demonstrated on a grams-scale (Scheme 3-7). In 

contrast to conventional methods, the current protocol is beneficial for API (Active pharmaceutical 

ingredients) products and intermediates as it does not include the utilisation of metal residues. 

Subsequently, we examined the chemo-selectivity between amino and hydroxyl groups present in the 

same substrate. Pleasantly, we got selective N-formylated and N-acetylated products, demonstrating the 

selectivity of the current transamidation process.  
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Scheme 3- 7. Commercial application of protocol on Gram-Scale and chemo-selectivity 

experiments[31–33].  

 

                 *ND= Not developed. 

 

Conclusion 

A highly efficient, catalyst-free, and convenient protocol for the synthesis of amides via transamidation 

of diverse amines has been reported using amine hydrochloride salt as a reactant as well as the catalyst. 

This amidation reaction is well tolerated for a wide variety of amines with diverse functionalities viz: 

acids, ester, and ketones. The environmental compatibility, mild reaction conditions, adaptability, and 

accessible and easily accessible starting materials are all strengths of this strategy. It is noteworthy that 

amides have the potential to be highly efficient transamidation agents. 
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Experimental Section 

General Information: All reactions were conducted under standard operating conditions without the 

use of any stringent conditions. All chemicals were obtained from Aldrich Chemical Co., Alfa Aesar, 

used as received without additional purification. Lab reagent (LR) grade solvents were used for 

extraction and column chromatography purchased from Roma-chem. The reaction progress was 

monitored on Merck TLC Silica gel 60 F254 plates, and the spots were visualized under ultraviolet 

(UV) light, followed by iodine or ninhydrin staining solution followed by heating. 1H, 13C and 19F NMR 

spectra were recorded on 400, 100, 377 MHz NMR spectrometer using CDCl3 and DMSO-d6 as solvents 

unless otherwise stated. Chemical shifts are expressed in parts per million (ppm) relative to TMS is 

used as an internal standard. Unless otherwise specified, all reagents were weighed and handled in air. 

Experimental Procedure for N-formylation of amines (EP-1): A mixture of amine salt 1 (1.0 

eq), amide 2 (3.0 eq), and Toluene (5.0 Vol) was stirred in a vial under atmospheric air at 120 °C for 

3.0 hrs. After bringing the mixture to room temperature, 10 mL water was added and the mixture was 

extracted with ethyl acetate (3 X 20 mL). The EtOAc layer was washed with 3 x 5 mL of 1M sodium 

bicarbonate solution. The combined organic layers were dried with anhydrous Na2SO4. Under vacuum, 

the solvent was evaporated, and the crude product was purified using column chromatography (silica 

gel, EtOAc/Hexane) in order to obtain a pure product.  

Experimental Procedure for N-Benzoylation of amines (EP-2): A mixture of amine salt 1 (1.0 

eq), amide 2 (3.0 eq), and Toluene (5.0 Vol) was stirred in vial under atmospheric air at 120 °C for 4.0 

hrs. After bringing the mixture to room temperature, 10 mL water was added and the mixture was 

extracted with ethyl acetate (3 X 20 mL). The EtOAc layer was washed with 3 x 5 mL of 1M sodium 

bicarbonate solution. The combined organic layers were dried with anhydrous Na2SO4. Under vacuum, 

the solvent was evaporated, and the crude product was purified using column chromatography (silica 

gel, EtOAc/Hexane) in order to obtain a pure product.  
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Experimental Procedure for gram scale preparation of Paracetamol (PCM):  A solution of 

4-aminophenol (1 g, 6.89 mmol) and acetamide (1.22 g, 20.66 mmol) was stirred in a round bottom 

flask (25 mL) under atmosphere of air at 120 °C for 3.0 hrs. After bringing the mixture to room 

temperature, 20 mL water was added and the mixture was extracted with ethyl acetate (3 X 20 mL). 

The EtOAc layer was washed with 3 x 5 mL of 1M sodium bicarbonate solution. The combined organic 

layers were dried with anhydrous Na2SO4. Under vacuum, the solvent was evaporated, and the crude 

product was purified using column chromatography (silica gel, EtOAc/Hexane 6:4) in order to obtain a 

pure product in a yield of 98% (1.03 g). 

Analytical data of compounds 

N-phenylformamide[15a] (3A): Using the experimental procedure  EP-1, the product was obtained as 

yellow solid in 94% yield; A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) δ 9.22 

(Minor rotamer, s, 0.44H), 8.71 (Major rotamer, d, J = 11.3 Hz, 0.48H), 8.60 (Minor rotamer, s, 0.42H), 

8.34 (Major rotamer, s, 0.50H), 7.58 (d, J = 8.2 Hz, 1.0H), δ 7.36 – 7.29 (m, 2.0H), 7.19 (t, J = 7.4 Hz, 

0.47H), 7.13 (t, J = 7.1 Hz, 1.42H); 13C NMR (100 MHz, CDCl3) δ major rotamer 163.23, 136.84, 

129.41, 125.24, 118.78, minor rotamer 159.90, 137.09, 129.69, 124.74, 120.23. 

N-phenylacetamide[15b] (3B): Using the experimental procedure EP-1, the product was obtained as 

colourless oil in 93%; 1H NMR (400 MHz, CDCl3) δ 7.91 (s, 1H), 7.43 (d, J = 8.0 Hz, 2H), 7.21 (t, J = 

7.7 Hz, 2H), 7.02 (t, J = 7.4 Hz, 1H), 2.08 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 169.05, 138.03, 

129.03, 124.47, 120.25, 24.47. 

N-phenylpivalamide[15c] (3C): Using the experimental procedure EP-1, the product was obtained as 

white solid in 54%; 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.3 Hz, 2H), 7.31 (t, J = 7.7 Hz, 3H), 

7.10 (t, J = 7.4 Hz, 1H), 1.32 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 176.73, 138.16, 129.02, 124.29, 

120.17, 39.68, 27.72.  

N-phenylisobutyramide[15d] (3D): Using the experimental procedure EP-1, the product was obtained as 

white solid in 62%; 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.0 Hz, 2H), 7.43 (s, 1H), 7.30 (t, J = 
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7.7 Hz, 2H), 7.09 (t, J = 7.3 Hz, 1H), 2.57 – 2.47 (m, 1H), 1.24 (d, J = 6.8 Hz, 6H). 13C NMR (100 

MHz, CDCl3) δ 176.72, 138.24, 128.99, 124.23, 120.11, 77.47, 77.15, 76.84, 36.64, 19.69. 

2,2,2-trichloro-N-phenylacetamide[15e] (3E): Using the experimental procedure EP-1, the product was 

obtained as white solid in 64%; 1H NMR (400 MHz, CDCl3) δ 8.26 (s, 1H), 7.50 (d, J = 8.3 Hz, 2H), 

7.33 (t, J = 7.7 Hz, 2H), 7.16 (t, J = 7.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 136.05, 129.45, 126.18, 

120.52. 

N-phenylbenzamide[15e]  (3F): Using the experimental procedure EP-2, the product was obtained as 

white solid in 83%; 1H NMR (400 MHz, DMSO-d6) δ 10.26 (s, 1H), 7.97 (d, J = 7.2 Hz, 2H), 7.81 (d, 

J = 8 Hz, 2H), 7.59 (t, J = 8.3 Hz, 1H), 7.53 (t, J = 8.3 Hz, 2H), 7.36 (t, J = 7.7 Hz, 2H), 7.10 (t, J = 7.6 

Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 165.57, 139.19, 135.01, 131.52, 128.85, 128.59, 128.36, 

127.65, 123.64, 120.38. 

N-phenylcyclohexanecarboxamide[16a] (3G): Using the experimental procedure  EP-1, the product was 

obtained as light white solid in 71% yield; 1H NMR (400 MHz, DMSO-d6) δ 9.78 (s, 1H), 7.60 (d, J = 

8.4 Hz, 2H), 7.27 (t, 2H), 7.01 (t, 1H), 2.32 (m, 1.0H), 1.77 (t, 4.0H), 1.65 (d, J = 10.4 Hz, 1H), 1.41 

(m, 2H), 1.27 (m, 3H); 13C NMR (100 MHz, DMSO-d6) δ 174.27, 139.51, 128.58, 122.81, 119.00, 

44.85, 29.13, 25.40, 25.24. 

N-phenylthiophene-2-carboxamide[16b] (3H): Using the experimental procedure EP-2, the product was 

obtained as light white solid in 81% yield; 1H NMR (400 MHz, DMSO-d6) δ 10.22 (s, 1H), 8.03  (d, J 

= 2.8 Hz, 1H), 7.85 (d, J = 5.2 Hz, 1H), 7.72 (d, J = 7.6 Hz, 2H), 7.35 (t, 2H), 7.22 (t, 1H), 7.10 (t, 1H); 

13C NMR (100 MHz, DMSO-d6) δ 159.88, 138.71, 131.86, 129.10, 128.68, 128.07, 123.75, 120.39. 

3,3-dimethyl-N-phenylbutanamide[16c] (3I): Using the experimental procedure EP-1, the product was 

obtained as light brown solid in 78% yield; 1H NMR (400 MHz, DMSO-d6) δ 9.77 (s, 1H), 7.59 (d, J 

= 8 Hz, 2H), 7.27 (t, 2H), 7.01 (t, 1H), 2.18 (s, 2H), 1.02 (s, 9H); 13C NMR (100 MHz, DMSO-d6) δ 

169.96, 139.28, 128.58, 122.94, 119.18, 49.60, 30.83, 29.62. 

N,2-diphenylacetamide[16d] (3J): Using the experimental procedure EP-1, the product was obtained as 

light brown solid in 83% yield; 1H NMR (400 MHz, DMSO-d6) δ 10.19 (s, 1H), 7.61 (d, J = 8 Hz, 2H), 
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7.29 (m, 7H), 7.03 (t, 1H), 3.64 (s, 2H); 13C NMR (100 MHz, DMSO-d6) δ 169.10, 139.24, 136.03, 

129.11, 128.71, 128.30, 126.52, 123.20, 119.10, 43.35. 

N-phenyl-[1,1'-biphenyl]-4-carboxamide[16e] (3K): Using the experimental procedure EP-2, the 

product was obtained as light white solid in 73% yield; 1H NMR (400 MHz, DMSO-d6) δ 10.30 (s, 

1H), 8.06 (d, J = 8 Hz, 2H), 7.82 (dd, J = 14.4, 8 Hz, 4H),  7.76 (d, J = 8 Hz, 2H), 7.51 (t, 2H), 7.43 (t, 

1H), 7.36 (t, 2H), 7.11 (t, 1H); 13C NMR (100 MHz, DMSO-d6) δ 165.17, 143.10, 139.21, 139.12, 

133.73, 129.09, 128.64, 128.39, 128.18, 126.94, 126.60, 123.68, 120.37.  

4-nitro-N-phenylbenzamide[16d] (3L): Using the experimental procedure EP-2, the product was 

obtained as light white solid in 54% yield; 1H NMR (400 MHz, DMSO-d6) δ 10.58 (s, 1H), 8.37 (d, J 

= 8.4 Hz, 2H), 8.19 (d, J = 8.4 Hz, 2H),  7.78 (d, J = 8.4 Hz, 2H), 7.38 (t, 2H), 7.14 (t, 1H); 13C NMR 

(100 MHz, DMSO-d6) δ 163.90, 149.15, 140.64, 138.72, 129.24, 128.74, 124.19, 123.57, 120.49.  

2-phenoxy-N-phenylacetamide[17a] (3M): Using the experimental procedure EP-1, the product was 

obtained as light white solid in 78% yield; 1H NMR (400 MHz, DMSO-d6) δ 10.11 (s, 1H), 7.65 (d, J 

= 8.0 Hz, 2H), 7.32 (t, 4H),  7.01 (t, 1H), 6.98 (m, 3H); 13C NMR (100 MHz, DMSO-d6) δ 166.59, 

157.83, 138.41, 129.53, 128.74, 123.70, 121.19, 119.71, 114.66, 67.10.  

N-(2-Hydroxy-4-methylphenyl)formamide[17b] (3a): Using the experimental procedure EP-1, the 

product was obtained as brown solid in 94% yield; 1H NMR (400 MHz, DMSO) δ 9.92 (s, 1H), 9.55 

(s, 1H), 8.28 (s, 1H), 8.02 (d, J = 7.9 Hz, 1H), 6.94 – 6.82 (m, 2H), 6.75 (t, J = 7.4 Hz, 1H); 13C NMR 

(100 MHz, DMSO): δ 163.47, 160.03, 148.97, 146.73, 126.00, 125.48, 125.34,  124.19, 121.76, 120.83, 

119.53, 119.00, 116.10, 115.10. 

N-(pyridin-2-yl)formamide[17c] (3b): Using the experimental procedure EP-1, the product was obtained 

as brown solid in 85%; 1H NMR (400 MHz, CDCl3) δ 10.58 (s, 1H), 9.28 (d, J = 10.0 Hz, 0.57H), 8.33 

(s, 1H), 8.24 (s, 0.60H), 8.06 (d, J = 7.9 Hz, 0.45H), 7.78 – 7.771 (m, 1H), 7.08 (d, J = 5.6 Hz, 1H), 

6.92 (d, J = 7.9 Hz, 0.59H). 13C NMR (100 MHz, CDCl3) δ 162.13, 160.31, 151.65, 148.06, 138.70, 

138.31, 119.76, 119.22, 113.78, 111.12. 
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N-(quinolin-8-yl)formamide17d] (3c): Using the experimental procedure EP-1, the product was obtained 

as brown solid in 68% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) δ 9.61 

(br, s, 0.80H), 9.20 (br, s, 0.11H), 8.84 (t, J = 18.7 Hz, 0.12H), 8.56 (d, J = 4.1 Hz, 0.98H), 8.49 (dd, J 

= 11.5, 7.0 Hz, 0.89H), 8.44 (s, 0.88H), 7.93 (d, J = 8.3 Hz, 1.0H), 7.29-7.01 (m, 3.19H); 13C NMR 

(100 MHz, CDCl3) δ Major rotamer: 159.98, 144.41, 141.25, 125.41, 120.81, 117.92, 114.64, minor 

rotamer: 163.63, 146.67, 141.89, 124.54, 122.03, 119.06, 115.62. 

piperidine-1-carbaldehyde[17e] (3d): Using the experimental procedure EP-1, the product was obtained 

as yellow oil in 52%; 1H NMR (400 MHz, CDCl3) δ 7.78 (s, 1H), 3.26 (t, J = 4.8 Hz, 2H), 3.10 (t, J = 

4.8 Hz, 2H), 1.47 (d, J = 4.2 Hz, 2H), 1.37 – 1.31 (m, 4H).13C NMR (100 MHz, CDCl3) δ 160.34, 

46.34, 40.11, 26.31, 26.14, 24.66, 24.23. 

N-(4-methoxyphenyl) formamide[18a] (3e): Using the experimental procedure EP-1, the product was 

obtained as reddish brown solid in 98% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, 

CDCl3) δ 8.52 (t, J = 13.2 Hz, 0.84H), 8.28 (Major rotamer, s, 0.52H), 7.88 (Minor rotamer, s, 0.43H), 

7.43 (d, J = 8.8 Hz, 1.03H), 7.03 (d, J = 8.7 Hz, 0.92H), 6.85 (dd, J = 14.3, 8.8 Hz, 1.98H), 3.77 (d, J = 

7.5 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ Major rotamer: 159.33, 157.68, 129.74, 121.74, 114.97, 

55.55, minor rotamer: 163.42, 156.77, 130.13, 121.61, 114.28, 55.63. 

N-(4-fluorophenyl) formamide[18b] (3f): Using the experimental procedure EP-1, the product was 

obtained as off-white solid in 90% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, 

CDCl3) δ 8.63 (Minor rotamer, s, 0.33H), 8.57 (Major rotamer, d, J = 11.0 Hz, 0.50H), 8.33 (Major 

rotamer, s, 0.60H), 7.76 (Minor rotamer, s, 0.47H), 7.50 (dd, J = 8.7, 4.8 Hz, 1.17H), 7.11 – 6.96 (m, 

3H); 13C NMR (100 MHz, CDCl3) δ Major rotamer: 159.36, 160.94, 158.52, 122.03, 115.99, minor 

rotamer: 163.19, 161.79, 159.30, 121.95, 115.77; 19F NMR (377 MHz, CDCl3) δ -116.84, -116.85, -

116.86, -116.87, -116.89, -116.89, -116.91, -117.06, -117.07, -117.08, -117.09, -117.10, -117.11, -

117.12. 

N-(3-fluorophenyl)formamide[18c] (3g): Using the experimental procedure EP-1, the product was 

obtained as yellow solid in 88% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) 
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δ 8.98 (Minor rotamer, s, 042H), 8.73 (Minor rotamer, d, J = 11.2 Hz, 0.47H), 8.39 (Major rotamer, s, 

0.60H), 8.11 (Major rotamer, d, J = 4.0 Hz, 0.53H), 7.50 (d, J = 10.7 Hz, 0.57H), 7.39 – 6.81 (m, 1.71H), 

6.95 – 6.82 (m, 2H); 13C NMR (100 MHz, CDCl3) δ Major rotamer: 159.59, 130.3 (d, J = 9.3 Hz), 

115.39 (d, J = 2.9 Hz), 107.88, 107.88, 107.62, Minor rotamer: 162.82, 131.2 (d, J = 9.3 Hz), 114.16 

(d, J = 2.9 Hz), 106.15, 105.9; 19F NMR (377 MHz, CDCl3) δ -110.46, -110.48, -110.50, -110.52, -

111.18, -111.21, -111.22, -111.23, -111.24. 

N-(2,4-dimethylphenyl)formamide[18d] (3h): Using the experimental procedure EP-1, the product was 

obtained as off-white solid in 91% yield.  A mixture of rotamers is observed;  1H NMR (400 MHz, 

CDCl3) δ 8.45 (d, J = 11.2 Hz, 0.62H), 8.39 (s, 0.37H), 8.17 (br, s, 0.58H), 7.66 (d, J = 8.6 Hz, 0.36H), 

7.35 (br, s, 0.28H), 7.00 (t, J = 7.2 Hz, 2.69H), 2.29 (d, J = 10.3 Hz, 3H), 2.24 (d, J = 15.6 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ Major rotamer: 159.50, 136.08, 132.53, 130.23, 127.63, 121.46, minor 

rotamer: 163.82, 135.45, 131.96, 129.26, 127.26, 127.36, 123.52. 

N-(5-(tert-butyl)-2-hydroxyphenyl)formamide[18e] (3i): Using the experimental procedure EP-1, the 

product was obtained as brown solid in 92% yield. A mixture of rotamers is observed; 1H NMR (400 

MHz, DMSO) δ 9.67 (s, 0.81H), 9.53 (s, 0.99H), 9.18 (Minor rotamer, d, J = 11.0 Hz, 0.17H), 8.52 

(Minor rotamer, d, J = 11.2 Hz, 0.17H), 8.27 (Major rotamer, s, 0.82H), 8.07 (Major rotamer, d, J = 1.4 

Hz, 0.82H), 7.10 (s, 0.16H), 6.99 (d, J = 8.4 Hz, 0.18H), 6.93 (dd, J = 8.4, 1.8 Hz, 0.80H), 6.79 (t, J = 

10.1 Hz, 0.98H), 1.22 (s, 9H). 13C NMR (100 MHz, DMSO) δ Major: 159.98, 144.41, 141.25, 125.41, 

120.81, 117.92, 115.62, minor rotamer; 163.63, 146.67, 141.89, 124.54, 122.03, 122.03, 119.06, 114.64. 

N-(4-chloro-3-(trifluoromethyl)phenyl)formamide (3j): Using the experimental procedure EP-1, the 

product was obtained as yellow solid in 61% yield. A mixture of rotamers is observed; 1H NMR (400 

MHz, CDCl3) δ 8.70 (s, 0.77H), 8.41 (s, 1H), 7.85 (d, J = 15.4 Hz, 1.18H), 7.75 (d, J = 8.6 Hz, 0.61H), 

7.50 (d, J = 8.5 Hz, 1.11H), 7.47 – 7.40 (m, 0.42H), 7.24 (d, J = 8.5 Hz, 0.41H); 13C NMR (100 MHz, 

CDCl3) δ Major rotamer: 159.36, 132.29, 121.19, 11.94, minor rotamer: 162.35, 133.03, 119.08, 

117.89; 19F NMR (377 MHz, CDCl3) δ -62.91 (minor, s), -63.05 (minor, s). 
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N-(3-chloro-4-fluorophenyl)formamide[19a] (3k): Using the experimental procedure EP-1, the product 

was obtained as off-white solid in 65% yield.  A mixture of rotamers is observed; 1H NMR (400 MHz, 

CDCl3) δ 8.64 (d, J = 19.6 Hz, 0.34H), 8.58 (d, J = 11.0 Hz, 0.45H), 8.35 (s, 0.77H), 7.72 (dd, J = 6.4, 

2.1 Hz, 0.48H), 7.39 – 7.32 (m, 0.87H), 7.20 – 7.04 (m, 0.76H), 7.02 – 6.95 (m, 2H). 13C NMR (100 

MHz, CDCl3) δ Major rotamer: 159.30, 156.42, 153.96, 122.46, 116.77, minor rotamer: 162.88, 157.26, 

154.80, 121.61, 116.99; 19F NMR (377 MHz, CDCl3) δ -119.23, -119.25, -119.27, -119.48, -119.50, -

119.51, -119.51, -119.52, -119.53. 

N-(2-bromo-4-methylphenyl)formamide[19b] (3l): Using the experimental procedure EP-1, the product 

was obtained as off-white solid in 78% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, 

CDCl3) δ 8.62 (d, J = 11.2 Hz, 0.35H), 8.45 (s, 0.66H), 8.22 (d, J = 8.3 Hz, 0.66H), 7.62 (br, s, 0.82H), 

7.42 (s, 0.48H), 7.36 (s, 0.49H), 7.12 (t, J = 8.8 Hz, 1.32H), 2.30 (d, J = 7.8 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ Major rotamer: 158.88, 133.88, 132.72, 129.42, 122.24, 114.78, minor rotamers: 

161.90, 135.93, 132.88, 129.17, 119.17, 119.46, 113.04. 

N-(3-chlorophenyl)formamide[17b] (3m): Using the experimental procedure EP-1, the product was 

obtained as yellow solid in 87% yield.  A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) 

δ 8.72 (t, J = 11.9 Hz, 0.83H), 8.38 (s, 0.55H), 7.82 (s, 1.0H), 7.47 (d, J = 8.0 Hz, 0.56H), 7.36 – 7.17 

(m, 2.4H), 7.06 (d, J = 8.0 Hz, 0.44H), 13C NMR (100 MHz, CDCl3) δ Major rotamer: 159.36, 130.52, 

127.97, 123.08, 122.78, 118.58, minor rotamers: 162.68, 131.18, 128.41, 123.46, 121.78, 117.32. 

N-(4-bromophenyl)formamide[19c] (3n): Using the experimental procedure EP-1, the product was 

obtained as yellow solid in 77% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) 

δ 8.66 (Major rotamer, d, J = 11.1 Hz, 0.51H), 8.61 (Minor rotamer, s, 0.35H), 8.37 (Major rotamer, s, 

0.62H), 7.62 (minor rotamer, s, 0.47H), 7.48 (s, 0.99H), 7.44 (d, J = 8.2 Hz, 2.20H), 6.98 (d, J = 8.6 

Hz, 0.92H); 13C NMR (100 MHz, CDCl3) δ Major rotamer: 159.20, 132.21, 121.21, 117.63, minor 

rotamer: 162.63, 132.92, 120.45, 118.42. 

N-(2-iodophenyl)formamide[17b] (3o): Using the experimental procedure  EP-1, the product was 

obtained as brown solid in 58% yield; A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) 
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δ 8.73 (Minor rotamer, s, 0.33H), 8.69 (Major rotamer, d, J = 11.0 Hz, 0.62H), 8.36 (Major rotamer, s, 

0.44H), 7.85 (Minor rotamer, s, 0.38H), 7.55 (d, J = 7.9 Hz, 0.86H), 7.37-7.30 (m, 1.92H), 7.21 – 7.07 

(m, 1.44H). 13C NMR (100 MHz, CDCl3) δ major rotamer: 163.03, 137.04, 129.99, 125.40, 118.93, 

minor rotamer: 159.44, 136.84, 129.84, 124.90, 120.17. 

N-m-tolylformamide[19d] (3p): Using the experimental procedure  EP-1, the product was obtained as 

brown oil in 89% yield; A mixture of rotamers is observed;  1H NMR (400 MHz, CDCl3) δ 8.98 (Major 

rotamer, br s, 0.51H), 8.71 (Major rotamer, d, J = 11.4 Hz, 0.56H), 8.35 (Minor rotamer, s, 0.45H), 8.11 

(Minor rotamer, br d, J = 5.0 Hz, 0.42H), 7.39 (s, 0.44H), 7.33 (d, J = 8.1 Hz, 0.44H), 7.20 (dt, J = 12.0, 

7.9 Hz, 1.0H), 6.99 (d, J = 7.6 Hz, 0.55H), 6.93 (d, J = 10.8 Hz, 1.52H), 2.32 (d, J = 10.8 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ Major rotamer: 163.16, 139.87, 136.81, 129.56, 125.60, 119.54, 115.80, 

21.41, minor rotamer: 159.57, 139.05, 137.01, 128.91, 126.09, 120.79, 117.24, 21.47. 

N-(2-nitrophenyl)formamide[19e] (3q): Using the experimental procedure  EP-1, the product was 

obtained as yellow oil in 25% yield;  A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) 

δ 8.73 (Minor rotamer, d, J = 11.1 Hz, 0.32H), 8.52 (Major rotamer, s, 0.69H), 8.41 (d, J = 8.2 Hz, 

0.67H), 7.81 (s, 0.89), 7.43 (d, J = 8.0 Hz, 0.33H), 7.37 (d, J = 8.0 Hz, 0.67H), 7.27 (dd, J = 8.9, 5.8 

Hz, 1.38H), 7.15 – 7.11 (m, 0.31H), 7.06 (t, J = 7.7 Hz, 0.70H). 13C NMR (100 MHz, CDCl3) δ Major 

rotamer: 159.03, 129.23, 127.92, 125.26, 122.70, 161.73, 130.43, 128.13, 126.09, 122.14. 

N-(4-acetylphenyl)formamide[20a] (3r): Using the experimental procedure EP-1, the product was 

obtained as white solid in 91% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) 

δ 8.93 (Minor rotamer, d, J = 10.8 Hz, 0.36H), 8.75 (Minor rotamer, d, J = 11.2 Hz, 0.38H), 8.47 (Major 

rotamer, s, 0.53H), 8.42 (Major rotamer, s, 0.69H), 8.07 (s, 0.67H), 7.92 (d, J = 8.1 Hz, 0.68H), 7.73 

(d, J = 7.5 Hz, 0.76H), 7.67 (d, J = 7.7 Hz, 0.65H), 7.46-7.38 (m, 1.05H), 7.32 (d, J = 8.3 Hz, 0.38H), 

2.58 (d, J = 9.2 Hz, 3H), 13C NMR (100 MHz, CDCl3) δ Major rotamer: 198.34, 159.83, 137.83, 129.53, 

124.85, 119.42, minor rotamer: 197.66, 162.74, 138.53, 130.18, 123.20, 117.84. 

N-(3-acetylphenyl)formamide[20b] (3s): Using the experimental procedure EP-1, the product was 

obtained as white solid in 78% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) 
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δ 9.00 (d, J = 10.5 Hz, 0.36H), 8.86 (Minor rotamer, d, J = 11.1 Hz, 0.39H), 8.42 (Major rotamer, s, 

0.65H), 8.38 (br, s, 0.73H), 7.93 (dd, J = 13.4, 8.5 Hz, 0.2.02H), 7.67 (d, J = 8.5 Hz, 1.24H), 7.18 (d, J 

= 8.4 Hz, 0.80H), 2.57 (d, J = 4.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ Major rotamer: 159.27, 

133.30, 129.87, 119.40, minor rotamer: 162.27, 133.75, 130.52, 117.35. 

Ethyl 4-formamidobenzoate[20c] (3t): Using the experimental procedure EP-1, the product was obtained 

as white solid in 72% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, DMSO-d6) δ 10.53 

(Major rotamer, s, 0.73H), 10.46 (Minor rotamer, d, J = 10.7 Hz, 0.25H), 8.96 (Minor rotamer, d, J = 

10.7 Hz, 0.24H), 8.35 (Major rotamer, s, 0.75H), 7.91 (t, J = 10.5 Hz, 2.01H), 7.71 (d, J = 8.5 Hz, 

1.53H), 7.31 (t, J = 7.6 Hz, 0.61H), 4.28 (q, J = 7.1 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, DMSO-d6) δ Major rotamer: 160.11, 142.43, 130.32, 118.62, minor rotamer: 162.53, 142.90, 

121.19, 116.43. 

4-formamidobenzoic acid[20d] (3u): Using the experimental procedure EP-1, the product was obtained 

as brown oil in 80% yield. A mixture of rotamers is observed; 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 

0.48H), 8.69 (d, J = 11.3 Hz, 0.55H), 8.35 (s, 0.47H), 8.00 (s, 0.45H), 7.55 (d, J = 8.1 Hz, 0.93H), 7.39 

– 7.27 (m, 2H), 7.18 (t, J = 7.4 Hz, 0.53H), 7.11 (dd, J = 10.9, 8.0 Hz, 1.47H); 13C NMR (100 MHz, 

CDCl3) δ Major rotamer: 163.09, 136.87, 129.97, 125.37, 118.90, minor rotamer: 159.55, 137.06, 

129.15, 124.87, 120.19. 

1-(4-(2-chlorophenyl)piperazin-1-yl)ethan-1-one  (4a): Using the experimental procedure  EP-1, the 

product was obtained as light yellow solid in 82%; 1H NMR (400 MHz, DMSO-d6) δ 7.43 (d, J = 7.9 

Hz, 1H), 7.31 (t, J = 7.7 Hz, 1H), 7.15 (d, J = 8.0 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 3.58 (t, J = 4.4 Hz, 

4H), 2.97 (t, J = 4.4 Hz, 2H), 2.90 (t, J = 4.4 Hz, 2H), 2.05 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 

168.32, 148.64, 130.30, 128.08, 127.72, 124.22, 121.09, 51.15, 50.73, 45.90, 45.47, 41.02, 21.18, 8.45. 

N-(2-hydroxyphenyl)acetamide[21a] (4b): Using the experimental procedure EP-1, the product was 

obtained as white solid in 89%; 1H NMR (400 MHz, DMSO-d6) δ 9.73 (s, 1H), 9.30 (s, 1H), 7.67 (d, J 

= 7.9 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 6.75 (t, J = 7.6 Hz, 1H), 2.09 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 169.02, 147.89, 126.42, 124.65, 122.37, 118.98, 115.95, 23.59. 
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N-(3-hydroxyphenyl)acetamide[21b] (4c): Using the experimental procedure EP-1, the product was 

obtained as colourless semisolid in 94%; 1H NMR (400 MHz, DMSO-d6) δ 9.78 (s, 1H), 9.33 (s, 1H), 

7.19 (s, 1H), 7.05 (t, J = 8.0 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.43 (dd, J = 8.0, 1.7 Hz, 1H), 2.02 (s, 

3H). 13C NMR (100 MHz, DMSO-d6) δ 168.18, 157.56, 140.36, 129.27, 110.12, 109.77, 106.19, 24.05. 

N-(4-hydroxyphenyl)acetamide[21c] (4d) Using the experimental procedure EP-1, the product was 

obtained as light yellow solid in 97%; 1H NMR (400 MHz, DMSO-d6) δ 9.64 (s, 1H), 9.13 (s, 1H), 7.34 

(d, J = 8.5 Hz, 2H), 6.68 (d, J = 8.5 Hz, 2H), 1.98 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 167.50, 

153.11, 131.02, 120.81, 114.98, 23.72. 

N-(3-nitrophenyl)acetamide[18c] (4e): Using the experimental procedure EP-1, the product was 

obtained as yellow solid in 62%; 1H NMR (400 MHz, DMSO-d6) δ 10.44 (s, 1H), 8.60 (t, J = 2.0 Hz, 

1H), 7.87 (dd, J = 8.2, 2.1 Hz, 2H), 7.57 (t, J = 8.2 Hz, 1H), 2.09 (s, 3H). 13C NMR (100 MHz, DMSO-

d6) δ 166.08, 144.94, 137.39, 127.07, 121.86, 114.49, 110.03, 109.93, 21.01. 

N-(3-(trifluoromethyl)phenyl)acetamide[21d] (4f): Using the experimental procedure EP-1, the product 

was obtained as white solid in 79%; 1H NMR (400 MHz, DMSO-d6) δ 10.27 (s, 1H), 8.08 (s, 1H), 7.75 

(d, J = 8.2 Hz, 1H), 7.53 (t, J = 8.0 Hz, 1H), 7.36 (t, J = 11.5 Hz, 1H), 2.08 (s, 3H). 13C NMR (100 

MHz, DMSO-d6) δ 168.91, 151.00, 140.03, 130.32, 129.90, 122.44, 119.31, 119.27, 117.78, 114.98, 

114.94, 111.27, 110.71, 24.00, 20.55. 

N-(4-(trifluoromethoxy)phenyl)acetamide[21e] (4g): Using the experimental procedure EP-1, the 

product was obtained as Colourless Solid in 71%; 1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.53 (d, 

J = 8.8 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H), 2.16 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 169.00, 145.43, 

136.71, 128.95, 127.92, 127.80, 121.87, 121.77, 121.32, 119.32, 24.46. 

N-methyl-N-phenylacetamide[17c] (4h): Using the experimental procedure EP-1, the product was 

obtained as light brown solid in 86%; 1H NMR (400 MHz, DMSO-d6) δ 7.44 (t, J = 7.0 Hz, 2H), 7.32 

(d, J = 7.5 Hz, 3H), 3.14 (s, 3H), 1.75 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 144.39, 129.56, 

127.38, 127.06, 36.52, 22.17. 
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N-benzylbenzamide[22a] (5a): Using the experimental procedure EP-2, the product was obtained as 

white solid in 80%; 1H NMR (400 MHz, DMSO-d6) δ 9.08 (s, 1H), 7.92 (d, J = 7.2 Hz, 2H), 7.55 – 

7.50 (m, 1H), 7.47 (t, J = 7.5 Hz, 2H), 7.33 (d, J = 4.1 Hz, 4H), 7.26 – 7.21 (m, 1H). 13C NMR (100 

MHz, DMSO-d6) δ 166.17, 139.70, 134.32, 131.19, 128.28, 128.24, 127.23, 127.17, 126.68. 

N-(2-chlorophenyl)benzamide[22b] (5b): Using the experimental procedure EP-2, the product was 

obtained as white solid in 50%;  1H NMR (400 MHz, DMSO-d6) δ 10.06 (s, 1H), 8.02 (d, J = 7.8 Hz, 

2H), 7.66 – 7.58 (m, 2H), 7.55 (dd, J = 12.4, 5.4 Hz, 3H), 7.39 (t, J = 7.6 Hz, 1H), 7.30 (t, J = 7.7 Hz, 

1H). 13C NMR (100 MHz, DMSO-d6) δ 165.35, 135.08, 133.95, 131.78, 129.48, 129.44, 128.43, 

128.33, 127.65, 127.39, 127.36. 

N-(4-chlorophenyl)benzamide[20c] (5c): Using the experimental procedure EP-2, the product was 

obtained as white solid in 80%; 1H NMR (400 MHz, DMSO-d6) δ 10.41 (s, 1H), 7.98 (d, J = 7.5 Hz, 

2H), 7.85 (d, J = 8.8 Hz, 2H), 7.61 – 7.50 (m, 3H), 7.40 (d, J = 8.8 Hz, 2H). 13C NMR (100 MHz, 

DMSO-d6) δ 165.60, 138.14, 134.64, 131.61, 128.42, 128.33, 127.65, 127.22, 121.85, 121.76. 

N,N-diphenylbenzamide[23a] (5d): Using the experimental procedure EP-2, the product was obtained 

as yellow solid in 65%; 1H NMR (400 MHz, DMSO-d6) δ 7.73-7.64 (m, 7H), 7.32 – 7.14 (m, 4H), 7.00 

(t, J = 8.4 Hz, 4H). 13C NMR (100 MHz, DMSO-d6) δ 188.20, 169.86, 159.63, 149.42, 149.08, 142.53, 

142.05, 141.96, 130.18, 128.24, 127.86, 124.21, 123.83, 123.71, 122.71, 114.98, 112.94, 111.25. 

N-(2-methoxyphenyl)benzamide[23b] (5e): Using the experimental procedure EP-2, the product was 

obtained as white solid in 89%; 1H NMR (400 MHz, DMSO-d6) δ 9.39 (s, 1H), 7.98 (d, J = 7.4 Hz, 

2H), 7.84 (d, J = 7.9 Hz, 1H), 7.59 (t, J = 7.3 Hz, 3H), 7.18 (t, J = 7.8 Hz, 1H), 7.09 (d, J = 7.5 Hz, 1H), 

6.98 (t, J = 7.6 Hz, 1H), 3.84 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 164.90, 151.30, 134.51, 131.53, 

128.44, 127.38, 126.87, 125.55, 123.99, 120.17, 111.34, 55.69. 

N-(4-methoxyphenyl)benzamide[15c] (5f): Using the experimental procedure EP-2, the product was 

obtained as white solid in 88%; 1H NMR (400 MHz, DMSO-d6) δ 10.12 (s, 1H), 7.96 (d, J = 7.8 Hz, 

2H), 7.69 (d, J = 8.8 Hz, 2H), 7.61 – 7.47 (m, 3H), 6.94 (d, J = 8.8 Hz, 2H), 3.75 (s, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ 165.06, 155.53, 135.02, 132.20, 131.29, 128.27, 127.48, 121.96, 113.69. 
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N-(4-nitrophenyl)benzamide[23c] (5g): Using the experimental procedure EP-1, the product was 

obtained as brown solid in 75%; 1H NMR (400 MHz, DMSO-d6) δ 10.84 (s, 1H), 8.26 (d, J = 9.0 Hz, 

2H), 8.08 (d, J = 9.0 Hz, 2H), 8.00 (d, J = 7.9 Hz, 2H), 7.63 (t, J = 6.9 Hz, 1H), 7.56 (t, J = 7.6 Hz, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 166.27, 145.52, 142.44, 134.20, 132.14, 128.48, 127.93, 124.74, 

119.83, 119.75. 

N-(3-(trifluoromethyl)phenyl)benzamide[22c] (5h): Using the experimental procedure EP-1, the 

product was obtained as white solid in 45%; 1H NMR (400 MHz, DMSO-d6) δ 10.68 (s, 1H), 8.30 (s, 

1H), 8.10 (d, J = 8.0 Hz, 1H), 8.02 (d, J = 7.9 Hz, 1H), 7.65 – 7.51 (m, 2H), 7.45 (d, J = 7.8 Hz, 1H). 

13C NMR (101 MHz, DMSO-d6) δ 140.00, 131.87, 129.79, 128.41, 127.77, 123.82. 
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Metal-free direct annulation of 2-aminophenols and 2-aminothiophenols with 

unactivated amides through transamidation: Access to polysubstituted benzoxazole and 

benzothiazole derivatives 
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Abstract 

We herein report a simple yet novel oxidant, metal and solvent-free green protocol for synthesising 

differently 2-substituted 1,3-benzoxazoles and benzothiazoles from 2-aminophenol hydrochloride salt 

unactivated amide as in situ carbon source. Further, the hydrogen ion of hydrochloride initially activates 

the amide, and then the key compound amine attacks as a nucleophile in the reaction. After that, the 

elimination of side product amine and de-hydrolysis lead to the final annulated product. This versatile 

strategy is applicable to a wide variety of differently substituted o-aminophenols, unactivated aliphatic 

and aromatic amides, yielding the corresponding product in good to excellent yields in a single step.  
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Introduction 

The development of convenient, economical and effective greener methods for benzoxazole synthesis 

is gaining significant interest. Benzoxazole is an important precursor or building block for the synthesis 

of more complex chemical structures[1], including pharmaceuticals[2], agrochemicals[3], and natural 

products[4]. Among these, the 2-substituted 1,3-benzoxazoles scaffold is of particular interest due to its 

wide range of applications[5]. Despite the usefulness of previously reported benzoxazole synthetic 

methods, they suffered from disadvantages such as expensive starting materials and reagents, specific 

or transition metal catalysts[6], environmentally hazardous chemicals[7] and solvents. As a result, there 

has been an ever-increasing demand for exploring new economical and greener methods for the 

synthesis of 2-substituted benzoxazole[8]. 

Recently, our research group reported on the reaction of diverse unactivated amides with widely 

substituted anilines to produce transamidation products[9] (Scheme 4-1). This protocol proceeds without 

any difficulty utilising hydrochloric acid in toluene under metal-free, radiation-free, and oxidant-free 

conditions.  

Scheme 4-  1. Previously explored transamidation reaction of unactivated amide.  
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Our success in transamidation reactions[10] of 2-aminothiophenols with a variety of amides encouraged 

us to explore the cyclisation reactions of 2-aminothiophenols with a variety of amides under similar 

reaction conditions except for solvent (Scheme 4-2). Thus, in our present work, we report the synthesis 

of benzoxazoles via cyclisation of 2-aminophenols with unactivated amides under neat conditions. 

Further, the hydrogen ion of hydrochloride initially activates the amide, and then the key compound 

amine attacks as a nucleophile in the reaction. After that, the elimination of side product amine and de-

hydrolysis lead to the final annulated product. 

Scheme 4-  2. 2-substituted benzoxazole synthesis from substituted 2-aminophenols.  
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Result and Discussion 

To optimise the reaction conditions of benzoxazole synthesis (Table 4-1), we studied the effect of HCl 

salt mediated benzoxazole synthesis using 5-methyl-2-aminophenol 1a as a model substrate and N,N-

dimethylacetamide 2a, in the presence of toluene at 150 oC for 15 hrs. This reaction yielded good results. 

Subsequently, we screened different solvents such as DMSO, xylene, and NMP (entries 2-4), but no 

improvement in the yield was observed. However, solvent-free reaction (entry 5) afforded a slightly 

improved yield as compared to that obtained in NMP solvent (entry 1). Further, the use of 4.0 

equivalent (equiv.) of 2a provided the best yield in the optimisation studies (entries 6-9). However, it 

was noted that excess of 2a and longer duration of stirring resulted in no improvement in the yield, 

while shorter reaction time significantly decreased the reaction yield (entries 11-13). Subsequently, we 

investigated the effect of temperature on the reaction rate (entries 15-17) and observed that lower 

temperatures (entries 15-16) resulted in no formation of the desired product, whereas heating at 150 

oC, resulted in excellent yields (entry 17). Finally, in terms of output, the optimal reaction condition 

was achieved when the reaction was carried out at 150 oC for 15.0 hours with 5-methyl-2-aminophenol 

(1a) and N,N-dimethylacetamide (2a), both as a reactant and solvent (entries 9, 14 and 17). 
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Table 4- 1. Optimisation studies for 2,5-dimethyl-1,3-benzoxazole from 5-methyl-2-aminophenol 

hydrochloride and acetamide.  

 
  Solvent study 

S.NO. Solvent 
(5.0 Vol) 

Temp 
(oC) 

Time 
(hr) 

% 

Yieldb 

1a Toluene 150 15 85 

2a DMSO 150 15 15 

3a Xylene 150 15 80 

4a NMP 150 15 60 

5 2a 150 15 91 

Eq. study of acetamide 

S.NO. Eq (2a) Temp 
(oC) 

Time 
(hr) 

Yieldb 

6 1 150 15 45 

7 2 150 15 72 

8 3 150 15 85 

9 4 150 15 90 

10 5 150 15 91 

Time study 

S.NO. 2a 

(4.0 eq) 

Temp 

(oC) 

Time 

(hr) 

Yieldb 

11a 2a 150 4 10 

12a 2a 150 8 60 

13a 2a 150 12 80 

14a 2a 150 15 90 

Temperature study 

S.NO. 2a 

(4.0 eq) 

Temp 

(oC) 

Time 

(hr) 

Yieldb 

15a 2a 100 15 0 

16 a 2a 120 15 0 

17 a 2a 150 15 90 

 aConditions: 5-methyl-2-aminophenol 1a (1.0 mmol), N,N-dimethylacetamide 2a (4.0 mmol). All the reactions 

were conducted under air. bIsolated yields. 
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Next, we explored the scope of different 2-aminophenols 1 with differently substituted tertiary amides 

2 (Table 4-2). Initially, N,N-dimethylacetamide 2a was reacted with several substituted 2-

aminophenols (1a-h) (entries 1-8). Compounds 3a and 3b synthesised from 5-methyl (1a) and 4-

methyl-2-aminophenol (1b) produced excellent yields (90 and 87% respectively), and when the reaction 

was carried out with 4-tertbutyl-2-aminophenol (1c), a similar result (91%) was obtained 3c. To see the 

effect of electron-withdrawing groups, we included the chloro and nitro analogues (entries 4-6), which 

revealed that the yield of the desired product (3d) was higher for 4-chloro-2-aminophenol (1d) than 

those obtained from its 5-chloro-2-aminophenol (1e) and 5-nitro-2-aminophenol (1f) analogues. As a 

result of the electronic effect, the chloro on the meta position with respect to the amine of the 2-

aminophenol produced an excellent yield. In addition, the heterocyclic compound (3-aminopyridin-3-

ol, 1g) provided a good yield of 2-methyloxazolo[5,4-b]pyridine (3g). 

With the exception of N,N-dimethylacetamide (2a), a variety of derivatives of N,N-dimethylamide 2 

bearing different R1 groups such as butyramide (2b), valeramide (2c), 3,3-dimethylbutanamide (2d), 

isobutyramide (2e), pivalamide (2f), cyclopropanecarboxamide (2g), cyclohexanecarboxamide (2h), 2-

phenylacetamide (2i), benzamide (2j), 2-phenoxyacetamide (2k), 2,2,2-trichloroacetamide (2l) and 

thiophene-2-carboxamide (2m) were reacted with 2-aminophenol (1h) employing optimised conditions 

(entries 9-20, Table 4-2). The steric hindrance of R1 had a noticeable effect on this reaction, with the 

yield of 3 gradually reducing as the bulkiness of R1 increased. (entries 8-13). The yields of 

benzoxazoles (3n and 3o) obtained from the aliphatic cyclic amide (2g and 2h) presented a similar trend 

suggesting steric hindrance affecting the product yields. Furthermore, aromatic amide derivatives 

(entries 16-18) resulted in a good yield (76-81%) of the desired products (3p-3s), respectively. Finally, 

trichloro substituted amide yielded the least of the corresponding product (3t), whereas heterocyclic 

amide (2m) yielded well under Standard conditions.  
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Table 4- 2. The HCl-promoted direct cyclisation of 2-aminophenols with amides: scope of amines and 

tertiary amidesa.  

 
[a] Reaction conditions: A mixture of substituted 2-aminophenol hydrochloride salt 1 (1 mmol), amide 2 (4.0 mmol), 150              

°C, 15 hr. [b] isolated yield. 

 

Subsequently explored the synthesis of 1,3-benzoxazoles from primary, secondary and tertiary amides 

as shown in Table 4-3. First, experiments were carried out using 5-methyl-2-aminophenol with various 

substitutions at nitrogen atoms in acetamide (Table 4-3, entries 1-4). It was observed that increasing 

the carbon chain length and the number of nitrogen atom substitutions reduced the yield of the 

corresponding oxazole compounds. Similar results were obtained when benzamides were reacted with 

the aminophenol 1h (entries 5-8). 
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Table 4- 3. HCl-promoted 2-substituted 1,3-benzoxazole synthesis from 2-aminophenols and amides: 

scope of primary, secondary and tertiary amidesa.  

 

 a] Reaction conditions: A mixture of substituted 2-aminophenol hydrochloride salt 1 (1 mmol), amide 2 (4.0 mmol),          

150 °C, 15 hr.  
[b] isolated yield. 



 

Vishal Kumar 219095362           UKZN2022  

87 Chapter 4 

After establishing a suitable novel method for 2-substituted benzoxazole synthesis from o-

aminophenol, we further explored the possibility of synthesising benzothiazole by replacing o-

aminophenol with o-aminothiophenol. To our delight, it was observed that the two aminothiophenol 

presented a good yield of corresponding benzothiazoles (5a and 5b) (scheme 4-3). 

Scheme 4-  3. Synthesis of 2-substituted benzothiazoles. 

 

However, the reaction of 2-aminophenol (1h) with formamide (2v) did not yield the desired product 3v 

(Scheme 4-4) and only resulted in the formation of intermediate transamidation product 6a. 

Scheme 4-  4. The reaction between 2-aminophenol hydrochloride salt with formamide under 

optimised conditions. 
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Mechanistic Study 

Additionally, reactions performed at low temperatures did not result in the formation of the cyclised 

products, irrespective of the duration of stirring for 3 or 15 hrs (Scheme 4-5a), yielding only respective 

transamidation intermediate products. Thus, the annulation of the benzoxazole ring at a high 

temperature may correspond to the dehydration required temperature[9]. Subsequently, we examined the 

importance of hydrochloride salt based on the cyclisation reaction of 5-methyl-2-aminophenol (1a) with 

acetamide (2a) in the absence of hydrochloride (Scheme 4-5b); however, no desired cyclised product[11] 

was obtained. Further, to determine whether a radical pathway was responsible for the annulation, an 

equivalent of TEMPO was introduced to the reaction mixture as a radical trap (Scheme 4-5c). The 

corresponding product, 3c, was formed in 88 %  yield. As a result, no discernible difference in the 

outcome occurred, indicating that the reaction did not occur via a radical process. In continuation, we 

investigated the reactivity of the intermediate species 6d in the presence or absence of hydrochloride 

under the annulation condition (Scheme 4-5d). To begin, we observed that 6d cyclised independently 

and generated around 10% of 3c. Subsequently, we performed an experiment in which the intermediate 

was annulated in the presence of hydrochloride, noting that hydrochloride boosted the production of the 

product to over 90%. Thus, we concluded that hydrochloride was a critical activator of the amide and 

intermediate in the reaction[12]. Finally, to verify whether the amide's oxygen participates in the 

cyclisation, we performed an annulation reaction between amine 7 and amide 2a (Scheme 4-5e), 

resulting in no cyclised product 3h, but only the formation of transamidation product 8, confirming that 

the amide’s oxygen did not participate in the annulation.     

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4-  5. Mechanistic Investigation Experiments. 
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We proposed a probable mechanism based on the experimental data and published results[9] (Scheme 

4-6). First, H ion activates the C-O bond of amide 2 to form cationic (highly electron-deficient centre) 

intermediate a, thereby promoting the nucleophilic attack of 2-aminophenol 1, leading to a tetrahedral 

species b. The formation of transamidated compound c via elimination of the more basic amine of the 

amide with proton extraction from intermediate b. Eventually, an acidic proton activates the C-O bond 

(carbonyl) of compound c, creating an electron-deficient carbon again and in this instance, leading to 

intramolecular nucleophilic attack by phenol's oxygen resulting in a tetrahedral moiety d. Lastly, 

elimination of water from intermediate e to give the target compound 3. 

Scheme 4-  6. The plausible mechanism. 
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Conclusion  

In summary, we have developed a very effective, base- and metal-free approach for synthesising a 

variety of benzoxazoles and benzothiazoles by employing unactivated amides as carbon sources. This 

methodology is versatile and applicable to a wide range of substrates to produce corresponding desired 

products. Furthermore, the protocol is simple and easy to handle, producing amines as by-products. 

Finally, this methodology is efficient and a more practical process as compared to previously reported 

methods.   

Experimental Section 

General Information 

All reactions were conducted under standard operating conditions without the use of any stringent 

conditions. All chemicals were obtained from Aldrich Chemical Co., Alfa Aesar, used as received 

without additional purification. Lab reagent (LR) grade solvents were used for extraction and column 

chromatography purchased from Roma-chem. The reaction progress was monitored on Merck TLC 

Silica gel 60 F254 plates, and the spots were visualized under ultraviolet (UV) light, followed by iodine 

or ninhydrin staining solution followed by heating.  

1H and 13C NMR spectra were recorded on 400, 100 MHz NMR spectrometer using CDCl3 and DMSO-

d6 as solvents unless otherwise stated. Chemical shifts are expressed in parts per million (ppm) relative 

to TMS is used as an internal standard. Unless otherwise specified, all reagents were weighed and 

handled in air. 

Experimental Procedure (EP-1)  

 

A mixture of amine hydrochloride salt 1 (0.689 mmol) and amide 2 (2.75 mmol) under atmospheric air 

at 150 °C, stirred for 15.0 hrs in a sealed tube (20.0 ml). After bringing the mixture to room temperature, 

10 mL water was added, and the mixture was extracted with DCM (3 X 5 Vol). The combined organic 

layers were dried with anhydrous Na2SO4. Under vacuum, the solvent was evaporated, and the crude 

product was purified using column chromatography (silica gel, EtOAc/Hexane) in order to obtain a 

pure product.  
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Procedure for Gram scale reaction 

Gram scale preparation of 3p 

A solution of 2-aminophenol hydrochloride salt 1h (1 g, 6.89 mmol) and benzamide 2i (3.34 g, 27.47 

mmol) was stirred in a sealed tube (20.0 ml) under air at 150 °C for 15.0 hrs. After bringing the reaction 

was mixture to room temperature, added 10 mL water and the mixture was extracted with ethyl acetate 

(3 X 10 mL). The combined organic layers were dried with anhydrous Na2SO4. The solvent was 

evaporated under a vacuum. The crude product was purified using column chromatography (silica gel, 

EtOAc/Hexane 6:4) to obtain a pure product yield of 98% (1.03 g). 

Analytical data of compounds              

2,6-dimethylbenzo[d]oxazole13 (3a) (CAS No- 53012-61-6) 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.47 (d, J = 8.0 Hz, 1H), 7.21 (s, 1H), 7.06 (d, J = 8.4 

Hz, 1H), 2.56 (s, 3H), 2.42 (s, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 163.3, 151.2, 139.1, 134.8, 

125.3, 118.6, 110.4, 21.6, 14.4. 

2,5-Dimethylbenzo[d]oxazole13 (3b) (CAS No- 5676-58-4) 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.41 (s, 1H), 7.30 (d, J = 8.4 Hz, 1H), 7.06 (d, J = 8.0 

Hz, 1H), 2.59 (s, 3H), 2.42 (s, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 164.0, 149.2, 141.5, 134.0, 

125.7, 119.3, 109.6, 21.4, 14.5 ppm. 

 5-(Tert-butyl)-2-Methylbenzo[d]oxazole14 (3c) (CAS No- 40874-54-2) 

 

Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.70 (s, 1H), 7.42-7.37 (m, 2H), 2.65 (s, 3H), 1.40 (s, 

9H) ppm; 13C NMR (100 MHz, CDCl3): δ 164.1, 149.0, 147.9, 141.2, 122.3, 116.0, 109.5, 35.0, 31.9, 

14.6 ppm. 



 

Vishal Kumar 219095362           UKZN2022  

93 Chapter 4 

5-chloro-2-methylbenzo[d]oxazole (3d)13 (CAS No- 19219-99-9) 

  

Light yellow solid; 1H NMR (400 MHz, CDCl3): δ 7.60 (s, 1H), 7.35 (d, J = 8.8 Hz, 1H), 7.24 (d, J = 

8.4 Hz, 1H), 2.61 (s, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 165.6, 149.5, 142.3, 129.5, 124.9, 119.4, 

111.1, 14.6 ppm. 

6-chloro-2-methylbenzo[d]oxazole13 (3e) (CAS No- 63816-18-2) 

 

Light yellow solid; 1H NMR (400 MHz, CDCl3): δ 7.54 (dd, J = 8.4 Hz, 1H), 7.47 (s, 1H), 7.27 (d, J = 

8.4 Hz, 1H), 2.63 (s, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 168.9, 146.9, 120.6, 119.5, 107.1, 15.0 

ppm. 

2-Methyl-5-Nitrobenzo[d]oxazole15 (3f) (CAS No- 5683-43-2) 

 

Off white solid; 1H NMR (400 MHz, CDCl3): δ 8.40 (s, 1H), 8.28 (dd, J = 2.1, 8.8 Hz, 1H), 7.75 (d, J 

= 8.4 Hz, 1H), 2.73 (s, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 168.9, 146.9, 120.6, 119.5, 107.1, 

15.0 ppm. 

2-methyloxazolo[4,5-b]pyridine13 (3g) (CAS No- 86467-39-2) 

 

Off White solid; 1H NMR (400 MHz, CDCl3): δ 7.85 (d, J = 4.0 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.12 

(dd, J = 8.0, 4.0 Hz, 1H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 172.1, 145.4, 140.6, 138.2, 

128.7, 122.9, 23.5 ppm. 

2-methylbenzo[d]oxazole13 (3h) (CAS No- 86467-39-2) 
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Off White solid; 1H NMR (400 MHz, CDCl3): δ 7.67-7.65 (m, 1H), 7.47-7.45 (m, 1H), 7.29-7.26 (m, 

2H), 2.63 (s, 3H); 13C NMR (100 MHz, DMSO-d6): δ 172.1, 145.4, 140.6, 138.2, 128.7, 122.9, 23.5 

ppm. 

2-propylbenzo[d]oxazole16 (3i) (CAS No- 2008-05-1) 

 

Brown liquid; 1H NMR (400 MHz, CDCl3): δ 7.64 (dd, J = 7.2, 4.0 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 

7.26-7.24 (m, 2H), 2.88 (t, 2H), 1.92-1.87 (m, 2H), 1.03 (t, 3H); 13C NMR (100 MHz, CDCl3): δ 167.1, 

150.6, 141.3, 123.9, 119.4, 110.3, 30.5, 20.3, 13.9 ppm. 

2-butylbenzo[d]oxazole16 (3j) (CAS No- 6797-49-5)  

 

Brown liquid; 1H NMR (400 MHz, DMSO-d6): δ 7.66-7.63 (m, 1H), 7.59-7.57 (m, 1H), 7.29-7.27 (m, 

2H), 2.86 (m, 2H) 1.77-1.69 (m, 2H),1.38-1.29 (m, 2H), 0.86 (t, 3H) ppm. 13C NMR (100 MHz, DMSO-

d6): δ 166.7, 150.2, 141.0, 124.3, 123.9, 119.1, 110.2, 28.1, 27.4, 21.5, 13.3 ppm. 

2-(2,2-dimethylpropyl)-benzo[d]oxazole17 (3k) (CAS No- 143857-68-5) 

 

Light yellow solid; 1H NMR (400 MHz, CDCl3): δ 7.69 (d, J = 3.2 Hz, 1H), 7.51 (m, 1H), 7.29 (m, 

2H), 2.82 (s, 2H), 1.11 (s, 9H) ppm; 13C NMR (100 MHz, CDCl3): δ 166.1, 150.9, 141.4, 124.5, 124.1, 

119.7, 110.4, 42.5, 32.2, 29.7 ppm. 

2-isopropylbenzo[d]oxazole16 (3l) (CAS No- 6797-15-5) 
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Light brown liquid; 1H NMR (400 MHz, DMSO-d6): δ 7.68 (dd, J = 5.4, 3.4 Hz, 1H), 7.47 (dd, J = 5.8, 

3.4 Hz, 1H), 7.29 (m, 2H), 3.25 (m, 1H), 1.46 (d, 6H) ppm; 13C NMR (100 MHz, CDCl3): δ 173.6, 

150.9, 141.4, 124.5, 124.1, 119.8, 110.4, 34.3, 28.6 ppm. 

2-(tert-butyl)benzo[d]oxazole16 (3m) (CAS No- 54696-03-6) 

 

Brown liquid; 1H NMR (400 MHz, CDCl3): δ 7.65 (dd, J = 5.4, 3.4 Hz, 1H), 7.43 (dd, J = 5.2, 3.6 Hz, 

1H), 7.23 (m, 2H), 1.45 (s, 9H) ppm; 13C NMR (100 MHz, CDCl3): δ 173.6, 150.9, 141.4, 124.5, 124.1, 

119.8, 110.4, 34.3, 28.6 ppm. 

2-cyclopropylbenzo[d]oxazole16 (3n) (CAS No- 63359-58-0) 

 

Brown liquid; 1H NMR (400 MHz, DMSO-d6): δ 7.58 (d, J = 6.8 Hz, 1H), 7.38 (m, 1H), 7.21 (m, 2H), 

2.17 (m, 1H), 1.23 (s, 2H), 1.12 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3): δ 168.6, 150.4, 141.5, 

124.1, 123.9, 118.9, 109.9, 9.3, 9.1 ppm. 

2-cyclohexylbenzo[d]oxazole18 (3o) (CAS No- 104462-82-0) 

 

Brown solid; 1H NMR (400 MHz, DMSO-d6): δ 7.67-7.65 (m, 1H), 7.62-7.59 (m, 1H), 7.31-7.28 (m, 

2H), 2.92 (tt, 1H), 2.06-2.02 (m, 2H), 1.74-1.69 (m, 2H), 1.63-1.57 (m, 3H), 1.39-1.29 (tq, 2H), 1.23 

(tt, 1H); 13C NMR (100 MHz, DMSO-d6): δ 169.5, 150.0, 140.9, 124.4, 123.9, 119.2, 110.3, 36.8, 29.8, 

25.2, 24.8 ppm. 

2-benzylbenzo[d]oxazole19 (3p) (CAS No- 2008-07-3) 
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Light yellow solid; 1H NMR (400 MHz, CDCl3): δ 7.68-7.66 (m, 1H), 7.41-7.39 (m, 1H), 7.35-7.34 (m, 

2H), 7.31-7.27 (m, 2H), 7.24-7.22 (m, 3H), 4.22 (s, 2H). ppm; 13C NMR (100 MHz, CDCl3): δ 165.2, 

151.0, 141.3, 134.8, 129.0, 128.8, 127.3, 124.7, 124.2, 119.8, 110.4, 35.2 ppm. 

2-phenylbenzo[d]oxazole (3r)18 (CAS No- 833-50-1) 

 

Off white solid; 1H NMR (400 MHz, CDCl3): δ 8.28 (m, 2H), 7.79 (dd, J = 6.0, 3.2 Hz, 1H), 7.60 (dd, 

J = 5.6, 3.6 Hz, 1H), 6.54 (m, 3H), 7.37 (dd, J = 5.8, 3.4 Hz, 2H) ppm; 13C NMR (100 MHz, CDCl3): δ 

163.2, 150.8, 141.9, 131.8, 130.6, 129.1, 127.8, 125.4, 124.8, 120.1, 110.8 ppm. 

2-(phenoxymethyl)benzo[d]oxazole20 (3s) (CAS No- 7506-48-1) 

 

White solid; 1H NMR (400 MHz, CDCl3): δ 7.65 (m, 1H), 7.43 (m, 1H), 7.22 (m, 4H), 6.95 (d, J = 8.4 

Hz, 2H), 6.89 (t, 1H), 5.20 (s, 2H) ppm; 13C NMR (100 MHz, CDCl3): δ 161.6, 157.9, 151.0, 140.7, 

129.7, 125.6, 124.7, 122.0, 120.4, 114.9, 110.0, 62.8 ppm. 

2-(trichloromethyl)benzo[d]oxazole20 (3t) (CAS No- 14468-53-2)  

 

Brown solid; 1H NMR (400 MHz, DMSO-d6): δ 7.56 (dd, J = 7.96, 1.72 Hz, 1H), 7.10 (dt, 1H), 6.96 

(dd, J = 8.12, 1.52 Hz, 1H), 6.85 (dt, 1H) ppm. 13C NMR (100 MHz, DMSO-d6): δ 159.3, 149.9, 127.1, 

123.8, 123.6, 119.1, 115.6, 92.7 ppm. 

2-(thiophen-2-yl)benzo[d]oxazole18 (3u) (CAS No- 23999-63-5)  
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Brown solid; 1H NMR (400 MHz, DMSO-d6): δ 7.96-7.94 (m, 2H), 7.76-7.72  (m, 2H), 7.43-7.36 (3, 

1H), 7.31-7.29 (m, 1H) ppm. 13C NMR (100 MHz, DMSO-d6): δ 158.3, 149.9, 141.4, 131.9, 130.5, 

128.8, 128.5, 125.4, 124.9, 119.5, 110.7 ppm. 

2-methylbenzo[d]thiazole19 (5a) (CAS No- 120-75-2) 

 

Brown liquid; 1H NMR (400 MHz, DMSO-d6): δ 7.99 (dd, J = 8.24, 1.04 Hz, 2H), 7.92 (d, J = 9.04 Hz, 

1H), 7.45 (dt, 1H), 7.37 (dt, 1H), 2.77 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6): δ 166.8, 152.9, 

135.2, 125.9, 124.6, 121.9, 121.8, 19.7 ppm. 

5-chloro-2-methylbenzo[d]thiazole19 (5b) (CAS No- 1006-99-1) 

 

Brown solid; 1H NMR (400 MHz, DMSO-d6): δ 8.06 (d, J = 8.56 Hz, 1H), 7.97 (d, J = 2.08 Hz, 1H), 

7.43 (dd, J = 8.56, 2.08 Hz, 1H), 2.80 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6): δ 169.6, 153.8, 

133.9, 130.7, 124.8, 123.4, 121.4, 19.8 ppm. 
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Chapter 5 

Cu-Catalysed Transamidation of Unactivated Aliphatic Amides 
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Abstract 

Direct transamidation is gaining prominence as a ground-breaking technique that generates a wide 

variety of amides without the requirement for acid-amine coupling or other intermediate steps. 

However, transamidation of unactivated aliphatic amides, on the other hand, has been a long-standing 

issue in comparison to transamidation of activated amides. Herein, we report a transamidation approach 

of an unactivated aliphatic amide using a copper catalyst and chlorotrimethylsilane as an additive. In 

addition, we used transamidation as a tool for selective N-C(O) cleavage and O-C(O) formation to 

synthesise 2-substituted benzoxazoles and benzothiazoles. The reactions were carried out without using 

any solvents and offered a wide range of substitutions scope. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Vishal Kumar 219095362           UKZN2022  

103 Chapter 5 

Keyword  

Transamidation, Unactivated, Alipahtic, amide, Annulation, Benzoxazole, Benzothiazole. 

Introduction 

Amide-bond carried compounds earn an excellent reputation as a fundamental moiety in natural 

products, chemistry1,2, biology3,4, agrochemicals5, proteins6,7, lubricants8, and plastics9. In particular, the 

aliphatic amide bond is a core building block of pharmaceuticals such as Zolpidem10, levomilnacipran11, 

Phenacetin12, Afatinib13, and Paracetamol14 (Fig 5-1a). Thus, the amide C-N bond synthesis1,2,15,16 

piques the curiosity of chemists in organic chemistry. The most common method of synthesising amides 

is through the reaction of acid chloride or acid with amines17, metal-catalysed hydration of nitriles18, 

oxidative amidation19 of various groups such as aldehyde, benzyl alcohols, methyl ketone or methyl 

arenes and oxidation of primary benzyl amines, rearrangement of aldoximes20 and decarboxylative 

ammoxidation of phenylacetic acid which is also achievable on both a laboratory and commercial scale. 

Indeed, several naming reactions have been reported for amide bonds formation21–23. Nevertheless, these 

processes exhibit limitations, including chemo- and regioselectivity, narrow substrate scope, and the 

employment of activating reagents. As a result, these limitations motivate synthetic chemists academics 

to advance their research into the amide bond N-C(O). 

Transamidation is a direct conversion of one amide to another and has risen to prominence in recent 

decades17,24,25. Indeed, transamidation has advantages in pharmaceutical and other industries, such as 

reduced multistep coupling reactions, activating reagents, and selectivity that is more cost-effective on 

a wide scale. However, transamidation is a more challenging technique to make amides more diverse 

because of their conjugated structure making them less reactive than other carbonyl compounds24,26-29 

(Fig 5-1b). Consequently, the C-N amide bond is activated in two promising ways: 1) To weaken an 

amide bond via the nitrogen atom of amide have been activated using boc-anhydride, tosyl, or mesyl 

functionalisation28; however, this step has disadvantages because it is a two-step reaction and only 

primary and secondary amides have predominantly been explored because an activating group can 

replace the one proton of amide; 2) catalysed activation of the C-N bond by a transition metal24,25,17,30.  
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Numerous research groups have developed and employed transamidation that involves preactivating 

the N-C(O) amide bond by using an N-protecting group such as N-Boc, N-Ts, pyrazoles, or 

succinimide31-33. Whether or not there is a transition metal, these strategies have worked25,30. In 

particular, the Szostak research group demonstrated that transamidation of activated amide could be 

carried out with or without the assistance of metal catalysts31,34-37 (Fig 5-1c). In addition, Lee and 

colleagues described a metal-free transamidation reaction using benzoylpyrrolidinone amide38 (Fig 5-

1c). On the other hand, Dander et al. came up with a nickel-mediated system that aliphatic amides 

diversification could be worked via transamidation39 (Fig 5-1c). However, the generation of side 

products of these approaches as the leaving group adds another disadvantage in terms of atom economy 

along with other drawbacks.  

In recent years, various metal-mediated methodologies have also effectively transformed amides via 

amide bond activation30. These approaches performed admirably, but they are limited to individually 

primary25, secondary37,40,41, and tertiary amides38,42,43, not to all amides. The current work is based on 

the copper-mediated transamidation of primary, secondary, and tertiary aliphatic amides as well as their 

application in benzoxazoles/benzothiazoles synthesis via intramolecular annulation. Furthermore, the 

absence of an activating group on the nitrogen atom of amide could widen the scope of reaction as 

tertiary amide, making this methodology critical. 

Result and Discussion 

Reaction Condition Optimisation  

We chose N,N-dimethylcyclohexanecarboxamide 1I and aniline 2A as model substrates and carried out 

reactions between them under various reaction circumstances to optimise the standard conditions and 

their results are summarised in Table 5-1-1, Table 5-1-2, and Table 5-1-3. A copper-catalysed model 

reaction between 1I and 2A in toluene was carried out at 120 °C for 10 hours with TMSCl as a Lewis 

acid that  
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Figure 5- 1. Examples of drugs with aliphatic amide moieties 
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activated the amide. CuCl2 was used as a catalyst in the transamidation of 1I, yielding 72 % of the amide 

product (entry 1 and Table 5-1-1). The replacement of CuCl2 with other Cu and metal catalysts (Pd and 

Ni) did not show any significant improvement (entries 2-9 and Table 5-1-1). 

Additionally, the other copper catalysts generated acceptable but not optimal results. Next, we looked 

at Lewis acids that had previously been utilised in transamidation, but none of them expressed 

satisfaction with the method (entries 1-4 and Table 5-1-2). Following that, we evaluated alternate 

solvents for toluene, including xylene, NMP, and DMSO (entries 2-7 and Table 5-1-3). Neither one of 

those solvents performed well in the transformation of 1I, although the reaction without the solvent 

produced a higher yield than the toluene reaction (entry 5 and Table 5-1-3). Based on the results of the 

preceding experiments, we chose CuCl2 as a catalyst and TMSCl as a Lewis acid additive, and this 

reaction proceeded smoothly without the use of a solvent. 

Furthermore, we investigated other reaction conditions, including the equivalent (equiv), temperature, 

and duration, all of which are critical components. First, we started flatulating the proportion of amine, 

finding that less quantity (1.0 equiv) of 2A resulted in less transformation and that more quantity (2.0  

equiv) had no discernible effect on the results (entries 1-3 and Table 5-1-4). Concentrating on the 

quantity of catalyst, decreasing the mol% from 20 to 0 in various portions such as 15, 10, and 0 led to 

a decline in yield, however raising the CuCl2 loading to 40 mol% resulted in no significant increase in 

output (entries 4-8 and Table 5-1-4). Reaction temperature studies further revealed that the reaction 

accelerated slowly at the lower temperature range, whereas the higher temperature did not rise in the 

impurity profiles and transformation of 1I (entries 9-13 and Table 5-1-4). Turning the focus to the 

quantity of TMSCl, these trials demonstrated that a less equiv resulted in a lower conversion rate and a 

higher proportion resulted in similar results (entries 14-17 and Table 5-1-4). Finally, we examined the 

effect of time on reaction outcome. We determined that the reaction was complete after four hours but 

that more stirring time had no destructive impact on production. From all of these reaction parameters 

optimisation studies, we found that 2A (1.5 equiv), CuCl2 (20 mol %), and TMSCl (1.5 equiv) in 

solvent-free conditions produced the best outcome for this transamidation reaction. 
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Table 5- 1. Reaction conditions optimisation for transamidation of aliphatic N,N-

dimethylcyclohexanecarboxamide with aniline.  

 

Table 5-1- 1:- Catalyst Study* 

Entry Catalyst (20 mol%) Yield# 

1 CuCl2 72 

2 CuBr2 61 

3 CuCl 5 

4 CuBr 4 

5 CuI 3 

6 Cu(OTf)2 41 

7 Cu(OAc)2 52 

8 PdCl2 traces 

9 NiCl2 20 

*Reaction conditions: 1I (1.1 mmol), 2A (1.61 mmol) and TMSCl (1.61 mmol) were reacted in Toluene (1.0 mL) at 120 °C 

for 10 h. #Isolation by using column chromatography. 

Table 5-1- 2:- Lewis acid study* 

Entry Lewis acid (Equiv) Yield (%)# 

1 TMSCl 72 

2 FeCl3 13 

3 AlCl3 9 

4 TiCl4 traces 

*Reaction conditions: 1I (1.1 mmol), 2A (1.61 mmol) and CuCl2 (0.22 mmol) were reacted in Toluene (1.0 mL) at 120 °C for 

10 h. #Isolation by using column chromatography. 

Table 5-1- 3:- Solvent-Study* 

Entry Solvent Yield (%)# 
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1 Toluene 72 

2 Xylene 69 

3 NMP 79 

4 DMSO traces 

5$ Neat 87 

6 Chlorobenzene 45 

7 n-Butanol 0 

*Reaction conditions: 1I (1.1 mmol), 2A (1.61 mmol) and CuCl2 (0.22 mmol) were reacted in Toluene (1.0 mL) at 120 °C for 

10 h. #Isolation by using column chromatography. $Without solvent under same condition. 

Table 5-1- 4:- Equiv, time and temperature study* 

Entry Aniline 

2A 

(equiv) 

CuCl2 

(mol%) 

Temperature 

(oC) 

TMSCl 

(equiv) 

Time (hr) Yield (%)# 

1 1.0 20.0 120 1.5 10 56 

2 1.5 20.0 120 1.5 10 87 

3 2.0 20.0 120 1.5 10 88 

4 1.5 0.0 120 1.5 10 10 

5 1.5 10.0 120 1.5 10 70 

6 1.5 15.0 120 1.5 10 81 

7 1.5 30.0 120 1.5 10 86 

8 1.5 40.0 120 1.5 10 87 

9 1.5 20.0 80 1.5 10 0 

10 1.5 20.0 100 1.5 10 35 

11 1.5 20.0 110 1.5 10 72 

12 1.5 20.0 130 1.5 10 85 

13 1.5 20.0 140 1.5 10 88 

14 1.5 20.0 120 0 10 0 

15 1.5 20.0 120 0.5 10 10 

16 1.5 20.0 120 1.0 10 55 

17 1.5 20.0 120 2.0 10 89 

18 1.5 20.0 120 1.5 2 60 

19 1.5 20.0 120 1.5 4 87 
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20 1.5 20.0 120 1.5 6 85 

21 1.5 20.0 120 1.5 8 89 

*Reaction conditions: 1A (1.0 eq). #Isolation by using column chromatography. 

Scope of Transamidation 

Amide Scope 

 

Using optimised reaction parameters, we reacted aniline 2A and 2-aminophenol 5A to investigate the 

scope of this transformation with a variety of aliphatic amides 1 (Scheme 5-1). All transamidation 

amide products 3 conversions proceeded efficiently with good yields following purification. N,N-

dimethylformamide 1A yielded the desired amide 3A in 94% isolated yield. The corresponding 

compounds 3B and 3C were synthesised in 92% and 90% yields, respectively, from N,N-

dimethylacetamide 1B and N,N-dimethylpentanamide 1C to react with 2-aminopehnol 5A. It was found 

that long-chain amide such as N,N-dimethylpentanamide 1C performed admirably in the transamidation 

procedure. However, the transamidation result of N,N,3,3-tetramethylbutanamide 1D was more 

reasonable due to less blockage. Despite this, we noticed a steric hindrance effect on yield when N,N-

dimethylisobutyramide 1E and N,N-dimethylpivalamide 1F were reacted with 2A. The discrepancy in 

the results of 3E and 3F from their respective reactions indicated that the bulky group affects the 

transamidation process yield. The steric hindrance of the CCl3 group on carbonyl may be the 

explanation for the 1G transformation's poor performance compared to the other amides. This fact is 

supported by the subsequent amide 1G transformation, which produced a meager result compared to 

the other reactions. In Contrast, cyclic amides such as N,N-dimethylcyclopropanecarboxamide 1H and 

N,N-dimethylcyclohexanecarboxamide 1I achieved acceptable yields (86% and 79%, respectively) of 

the corresponding products (3H and 3I). While the reaction performed with those aliphatic amides 

which has aromatic system such as N,N-dimethyl-2-phenylacetamide 1J and N,N-dimethyl-2-

phenoxyacetamide 1K performed under these conditions and reacted with aniline 2A formed 

transamideted products 3J and 3K, respectively at 87% and 89% conversion rate, respectively.   
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Scheme 5- 1: Transamidation of aliphatic amides: reaction scope. Amide 1 (1.0 mmol), Amine 2/5 

(1.5 mmol), CuCl2 (20.0 mol%), TMSCl (1.5 mmol), 120 °C, 4 h. Isolated yields. 

 

Amine Scope 

 

 Subsequently, we investigated the influence of the various aromatic and aliphatic substituents 

environment on the nitrogen atom of the amine 2 (Scheme 5-2). First, we screened a series of diversely 

substituted anilines 2 which transform amide 1 to amide 3. As shown, this N-formylation is compatible 

with halides decorated anilines, such as chloride and fluoride, at various positions. However, the 

anilines (2b and 2d) with halogens substituted at meta position produced more desired products than 

their ortho and para counterparts (2a, 2c and 2e), probably attributed to their inductive effect of 

halogens. As expected, the introduction of electronic-donating substituents including methoxy, 

hydroxy, and alkyl groups on aniline in this transformation led to remarkable N-formamide conversion 

results. Anisidine (2f and 2g) and aminophenol (2h, 2i and 2j) yielded amides (3f-3j) in the 89-93% 

range. In addition, p-thioanisidine 2k provided the desired product 3k in 88% yield. Notably, this 
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reaction was tolerant of a wide variety of functional groups such as acid, ester, and ketone. 

Aminoacetophenones derivatives gave 72% and 80% yields of 3m and 3n, respectively. 4-amino 

benzoic acid and ethyl 4-aminobenzoate provided 3o and 3p in 48% and 60% transformation outcomes. 

Di-substituted anilines (2q–2u) also produced moderate to good yields of the desired products. It was 

observed that electron-donating substituted aniline 2v produced a better yield than electron-

withdrawing substituted anilines (2w-2z)  during the N-acylation reaction with N,N-dimethylacetamide. 

However, when secondary amines (2aa-2ae) such as N-methylaniline, diphenylamine, and aliphatic 

heterocyclic amine reacted with N,N-dimethylformamide under optimised circumstances, the predicted 

corresponding compounds were obtained. Finally, we glanced at heterocyclic anilines as substrates and 

found that they produced valuable yields, as evidenced by the synthesis of 3af and 3ag. This technique 

affords a substantial amide transamidation by using weak nucleophilic amines with aliphatic amides. 

 

Scheme 5- 2: Amidation of amines: reaction scope. Amide 1 (1.0 mmol), Amine 2 (1.5 mmol), CuCl2 

(20.0 mol%), TMSCl (1.5 mmol), 120 °C, 4 h. Isolated yields. 
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Steric Hindrance investigation of Amide 

Furthermore, we investigated the steric hindrance of primary, secondary, and tertiary amides in the 

transamidation reaction to expand their significant potential, as shown in scheme 5-3. The development 

of amide transformation methodologies has piqued researchers' interest since amides are used in a wide 

range of pharmacological agents and natural ingredients (Chem. Rev. 2016, 116, 12029−12122). As 

shown, this methodology has a wide range of compatibility. Amides having a lower or higher steric 

hindrance engage in the reaction. Notably, transamidation of bulky tertiary amides yielded less than 

secondary and primary amides. However, we were glad to observe that these parameters are compatible 

with a wide variety of amide substrates. 

 

Scheme 5- 3: Transamidation of different N-substituted amides: reaction scope. Amide 1 (1.0 mmol), 

Amine 2A (1.5 mmol), CuCl2 (20.0 mol%), TMSCl (1.5 mmol), 120 °C, 4 h. Isolated yields. 
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In organic chemistry, transamidation is still a relatively unknown process. As a result, we wanted to see 

if this transamidation might be used to synthesise benzoxazole. We performed a reaction between 

aminophenol 5a and N,N-dimethylpentamide 1C stirred overnight at 140 °C. We concluded that the 

intramolecular annulation of 3F was occurring after elucidating the structure of the upper spot using 

NMR spectroscopy, as shown in scheme 5-4. Our method directly eliminated the dimethylamine in this 

transformation of amide 1C and yielded 6c in 17 %. Following that, we concentrated on improving the 

yield of the benzoxazole product to make it a step-economical and cost-effective route to 2-substituted 

benzoxazole.   

 

Scheme 5- 4: Transamidation reaction of N,N-dimethylpentanamide 1C with 2-aminophenol 5a. 

Amide 1 (1.0 mmol), Amine 2 (1.5 mmol), CuCl2 (20.0 mol%), TMSCl (1.5 mmol), 140 °C, 12 h. 

Isolated yields. 
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Optimisation of Benzoxazole 

Similarly, for standardising reaction conditions, we chose 2-aminophenol 5a and N-methylpentanamide 

4c as model substrates. We observed that just three parameters have an impact on the yield of 

benzoxazole during the optimisation studies; the results are summarised in Table 5-2. First, we 

observed that the temperature significantly affects the reaction transformation. As a result of the 

experiments, we concluded that a higher temperature was required for benzoxazole annulation. 

However, the best output of benzoxazole had been at 160 °C (entry 6 and Table 5-2). On the other 

hand, we found that time plays a crucial role in the synthesis of desired compound 6c. We conducted 

some studies with both short and long time intervals and found that short time intervals reactions 

produced lower yields than long-time duration reactions (entries 7-10 and Table 5-2). Finally, when 

the TMSCl quantity was increased by 0.5 equiv compared to the transamidation condition, the yield of 

6c improved (entry 14 and Table 5-2). Furthermore, adding more TMSCl did not enhance the 

production of the desired product. 

Table 5 -  2 :- Equiv, time and temperature study* 

Entry Aniline 

5a 

(equiv) 

CuCl2 

(mol%) 

Temperature 

(oC) 

TMSCl 

(equiv) 

Time (hr) Yield (%)# 

1 1.5 20.0 100 1.5 12 0 

2 1.5 20.0 110 1.5 12 0 

3 1.5 20.0 130 1.5 12 11 

4 1.5 20.0 140 1.5 12 17 

5 1.5 20.0 150 1.5 12 45 

6 1.5 20.0 160 1.5 12 51 

7 1.5 20.0 160 1.5 14 61 

8 1.5 20.0 160 1.5 16 65 

9 1.5 20.0 160 1.5 18 65 

10 1.5 20.0 160 1.5 20 64 

11 1.5 20.0 160 0 16 0 

12 1.5 20.0 160 0.5 16 8 
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13 1.5 20.0 160 1.0 16 40 

14 1.5 20.0 160 2.0 16 76 

*Reaction conditions: 4c (1.0 eq). #Isolation by using column chromatography. 

Scope of Amide and 2-Aminophenol scope in the synthesis of Benzoxazole and 

Benzothiazole  

After extensive optimisation, we investigated a variety of substituted 2-aminophenol 5 and aliphatic 

secondary amides 4 toward the synthesis of their corresponding 2-substituted benzoxazole 6 (Scheme 

5-5a). When 2-aminophenol 5a was reacted with unbranched alkyl chain amides such as N-

methylacetamide (4a), N-methylbutyramide (4b), and N-methylpentanamide (4c) resulted in excellent 

yields of the corresponding benzoxazoles. Additionally, β-branched-chain amides and substituted 

amides including N,3,3-tetramethylbutanamide (4d), N-methyl-2-phenylacetamide (4e), and N-methyl-

2-phenoxyacetamide (4f), were produced in a good yield range (70-75%) of 2-neopentyl, 2-benzyl, and 

2-(phenoxymethyl)benzoxazole (6d, 6e, and 6f, respectively) under optimised conditions. Under this 

annulation condition, some amides with α-branched chains were evaluated, regarded as sterically 

hindered examples. However, these amides like N-methylisobutyramide (4g) and N-methylpivalamide 

(4h) resulted in a good transformation into cyclic products 6g and 6h, respectively. Even 2,2,2-trichloro-

N-methylacetamide (4i) was capable of being reacted, as demonstrated by the formation of 6i, although 

with a lower yield. Furthermore, N-methylcyclopropanecarboxamide (4j) and N-

methylcyclohexanecarboxamide (4k) perform as suitable partners in this cyclisation approach.  

Moving beyond the area of amides, we sought to investigate a variety of substituted 2-aminophenols 

that reacts with N-methylacetamide (4a) in the annulation process (Scheme 5-5b). We explored several 

electron-withdrawing and electron-donating groups decorated on 2-aminophenol. This cyclised 

technique was effective with chloro ornamented 2-aminophenols (5b and 5c). However, this study 

found a similar position effect pattern on yield as transamidation. Furthermore, 5-nitro-2-aminophenol 

yielded a moderate amount of the desired product (6n). After that, we looked at electron-rich groups 

like 4-methyl, 5-methyl, and 4-tert-butyl 2-aminophenol (5d, 5e and 5f, respectively). Under these 

conditions, the relevant annulation compounds were synthesised in good yields. This methodology 

produced respective benzoxazole (6r) with a moderate performance using 3-aminopyridin-2-ol (5g). 
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Finally, we checked the compatibility of a bulky amine such as 1-aminonaphthalen-2-ol (5h) and found 

a moderate result of desired product 6s. 

  

Scheme 5- 5: Annulation of Benzoxazole and thiazole: reaction scope. Amine 4 (1.0 mmol), 5 (1.5 

mmol), CuCl2 (20.0 mol%), TMSCl (2.0 mmol), 160 °C, 16 h. Isolated yields. 
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We were excited to observe that this approach is also consistent with benzothiazole production (6t and 

6u) from the reaction of N-methylacetamide (4a) with substituted 2-aminothiophenols (Scheme 5-5c). 

The versatility of the annulation promises well for its future usage in organic chemistry.   

Competitive Experiments 

Additionally, the competitive transamidation performed between aliphatic amide (1I), and aromatic 

amide (1L and 1M) , indicated that aliphatic amide underwent transformation more readily than the 

aromatic amide (Scheme 5-6).  

  

Scheme 5- 6: Competitive Experiments between aliphatic and aromatic amides: Isolated yields. 
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Mechanistic Investigation 

To better understand the mechanistic approach of transamidation, we executed some experiments, as 

indicated in Scheme 5-7. Initially, we sought to dispel the doubt that a radical species drives the 

transamidation. Therefore, we carried out a reaction in the presence of TEMPO, which serves as a 

radical trap for that species (Scheme 5-7a). As a result, the reaction gave an identical result to those 

obtained under conventional conditions. Hence, we can deduce that a radical species did not trigger the 

reaction. 

Following that, we assumed that the TMSCl first reacts with the amine and subsequently combines it 

to the amide for transformation. A reaction using amide and N,N-bis(trimethylsilyl)amine demonstrated 

this concept (Scheme 5-7b), where  the transamidation of 1J did not occur under standardised 

conditions. Also, we presented a comparison of two reactions to evaluate which oxygen is involved in 

benzoxazole annulation, as shown in Scheme 5-7c. Only a transamidation product resulted when 1J 

reacted with 2A under annulation conditions. On the other hand, a reaction between 1J and 5a produced 

a cyclised compound. We can assume from these studies that the oxygen in 2-aminophenol belongs to 

the cyclised product. Finally, to explain the temperature influence on the intramolecular annulation, we 

ran two experiments, one at 120 °C and the other at 160 °C, both stirred under the same conditions 

(Scheme 5-7d). The first experiment came to a halt at the transamidation compound, whereas the second 

experiment yielded the cyclised product. 
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Scheme 5- 7: Mechanistic Investigation experiments. Isolated yields. 
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Based on mechanistic experiments and previous research, we can provide plausible transamidation 

(cycle 1) and annulation (cycle 2) mechanism paths, as shown in Scheme 5-8. Cu(II) activates the amide 

bond to generate amidate complex T1, which can be synthesised from free Cu(II). When the complex 

T1 is treated with TMSCl and an amine, the Cu-N bond of T1 is cleaved, resulting in the unstable 

species T2, wherein TMSCl could serve as a Lewis acid to accelerate the reaction. Usually, basic ligand 

amines exchange with the amide, resulting in protonated free ligands; it has been proposed in other 

similar mechanisms. T2 annulates occur due to intramolecular interactions between the amine nitrogen 

atom and the carbonyl carbon atom, leading to intermediate T3, which is in equilibrium with its isomer 

T4. T3 can regenerate T2 in the same way that T4 can produce T5 (an isomer of T2). As a result, 

TMSCl presumably aids in the removal of amine to generate T7, which occurs in tandem with the 

production of the Cu complex species T6. Eventually, T6 splits to give the transamidated product 3 and 

the Cu catalyst for the next cycle 1. We assume that amine 1 is a 2-aminophenol in the example of 

benzoxazole formation. As a result, the final intermediate T6 in cycle 1 should resemble T6' in cycle 

2. The phenol's oxygen atom reacts with the amidate Cu(II) complex A1 look like when the T1 species 

was transformed to the T2 intermediate. Subsequently, the intramolecular interaction causes A1 to 

transform into A2. Ultimately, A2 eliminates the Cu(II) complex, resulting in the annulated product 6.      



 

Vishal Kumar 219095362           UKZN2022  

121 Chapter 5 

 

Scheme 5- 8: Plausible Mechanism of Cu-mediated Transamidation and Annulation. 

 

Conclusion 

In summary, we have reported an efficient Cu(II)-catalysed transamidation of unactivated aliphatic 

amides. This protocol provided benzoxazole and benzothiazole in good to excellent yields under 

solvent-free conditions. Furthermore, all reagents are affordable and straightforward to use, requiring 

no extra precautions. Hence, this approach could be used to synthesise a variety of substituted 

benzimidazoles/benzothiazole and transamidation products with a wide range of substrate scopes. 

Experimental Section 

General Information 

General Analytical Information. 1H and 13C NMR spectra were recorded on Bruker AV 400 MHz 

instrument at 400 MHz (1H NMR), 100 MHz (13C NMR). All 1H NMR spectra were measured in parts 

per million (ppm) downfield, or were measured relative to the residual proton signals of d1-chloroform 
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(CDCl3, 7.26 ppm) and dimethyl sulfoxide-d6 (DMSO-d6, 2.50 ppm). All 13C NMR spectra were 

reported in ppm relative to residual carbon signals of CDCl3 (77.16 ppm) and DMSO-d6 (39.52 ppm). 

Coupling constants (J) are reported in hertz (Hz). Multiplicity was indicated as follows: s (singlet), d 

(doublet), t (triplet), q (quartet), p (pentet), and m (multiplet). Thin-layer chromatography (TLC) was 

performed on precoated Merck Silica gel 60 F254 plates and compounds were visualized with a UV 

light at 254 nm. Flash chromatography for purification of compounds were carried out using silica gel 

(100–200 mesh). 

General Reagents Information. Unless otherwise noted, commercially available materials were 

obtained from Aldrich Chemical Co., Alfa Aesar and used without prior purification. 

Chlorotrimethylsilane (TMSCl, 98% purity) was purchased from Aldrich Chemical Co. and was stored 

in refrigerator for storage. CuCl2 (99% purity) was purchased from Aldrich Chemical Co. Lab reagent 

(LR) grade solvents were used for extraction and column chromatography purchased from Loba-chem.   

General Manipulation Considerations. Unless otherwise specified, all reagents were weighed and 

handled in air, and all reactions performed in a 20 mL sealed vial with an air atmosphere. The eluents 

used for column chromatography were presented as ratios of solvent volumes. CuCl2 (99% purity) was 

used for scope study unless otherwise noted. Yields reported in the publication are isolated yields unless 

otherwise noted. All new starting materials and products were characterized by 1H and 13C NMR 

spectroscopies. 

Optimization of Reaction Conditions of transamidation 

General procedure for optimizations of reaction conditions. An oven-dried 20 mL Teflon screw-

capped vial equipped with a stir bar was sequentially charged with amide 1I, aniline 2A and catalyst. 

TMSCl were transferred into the tube via a syringe. The resulting mixture was stirred in a preheated 

heat block. After full fill the reaction condition of experiment, the reaction mixture was cooled down to 

room temperature. The reaction mixture was diluted with ethyl acetate and then washed with dilute 

aqueous HCl solution and saturated brine, dried with anhydrous Na2SO4, and finally concentrated in 

vacuo with the aid of rotary evaporator. The residue was purified by flash chromatography on silica gel 

using hexane and ethyl acetate as eluent to give the transamidated product 3I. 
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Cu-catalyzed transamidation of Aliphatic unactivated amides 

Experimental Procedure (EP-1): An oven-dried 20 mL Teflon screw-capped vial equipped with a stir 

bar was sequentially charged with aliphatic amide (0.5 mmol, 1 equiv.), amine (0.75 mmol, 1.5 equiv.) 

and CuCl2 (0.075 mmol, 0.15 equiv.). TMSCl (0.75 mmol, 1.5 equiv.) was transferred into the tube via 

a syringe. The resulting mixture was stirred under an argon atmosphere in a preheated heat block at 120 

°C for 4 h. At this point, the reaction mixture was cooled down to room temperature. The reaction 

mixture was diluted with ethyl acetate and then washed with dilute aqueous HCl solution (~0.1 M, 2 x 

30 mL; note: water was used for washing instead of HCl (aq) for pyridine/quinoline-containing amide 

products) and saturated brine (~30 mL), dried with anhydrous Na2SO4, and finally concentrated in vacuo 

with the aid of rotary evaporator. The residue was purified by flash chromatography on silica gel using 

hexane and ethyl acetate as eluent to give the transamidated product. 

Analytical Data 

 

N-phenylformamide44 (Scheme 1, entry 3A) (CAS No. 103-70-8)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 94% yield; 

1H NMR (400 MHz, CDCl3, ppm): δ = 9.20 (br, 1H), 8.68 (d, J = 11.3 Hz, 1H), 8.57 (br, 1H), 8.31 (s, 

1H), 7.56 (d, J = 8.0 Hz, 2H), 7.34-7.27 (m, 4H), 7.16 (t, J = 7.5 Hz, 1H), 7.12-7.08 (m, 3H). 13C NMR 

(100 MHz, CDCl3, ppm): δ = 163.23, 159.89, 137.09, 136.85, 129.69, 129.01, 125.25, 124.74, 120.23, 

118.78. 

N-(2-hydroxyphenyl)acetamide45 (Scheme 1, entry 3B) (CAS No. 614-80-2)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 92% yield; 1H 

NMR (400 MHz, DMSO-d6, ppm): δ = 9.73 (s, 1H), 9.30 (br, 1H), 7.67 (d, J = 8.1 Hz, 1H), 6.98 – 6.89 
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(m, 1H), 6.85 (d, J = 9.5 Hz, 1H), 6.75 (t, J = 7.6 Hz, 1H), 2.09 (s, 3H). 13C NMR (100 MHz, DMSO-

d6, ppm): δ = F3169.03, 147.90, 126.43, 124.66, 122.38, 118.98, 115.96, 23.60. 

N-(2-hydroxyphenyl)pentanamide46 (Scheme 1, entry 3C) (CAS No. 105293-97-8)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 90% yield; 

1H NMR (400 MHz, DMSO-d6, ppm): δ = 9.72 (br, 1H), 9.25 (s, 1H), 7.67 (d, J = 9.3 Hz, 1H), 6.94 (t, 

J = 7.6 Hz, 1H), 6.86 (d, J = 6.6 Hz, 1H), 6.76 (td, J = 7.5, 1.6 Hz, 1H), 2.40 (t, J = 7.4 Hz, 2H), 1.58 

(p, J = 7.4 Hz, 2H), 1.33 (h, J = 7.4 Hz, 2H), 0.90 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, DMSO-d6, 

ppm): δ = 172.05, 147.92, 126.47, 124.64, 122.30, 118.99, 116.11, 35.68, 27.44, 21.80, 13.71. 

3,3-dimethyl-N-phenylbutanamide46 (Scheme 1, entry 3D) (CAS No. 72807-56-8)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 86% yield; 

1H NMR (400 MHz, DMSO-d6, ppm): δ = 9.77 (s, 1H), 7.59 (d, J = 7.6 Hz, 2H), 7.01 (t, J = 7.3 Hz, 

2H), 2.18 (s, 2H), 1.02 (s, 9H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 169.96, 139.28, 128.59, 

122.95, 119.18, 49.60, 30.83, 29.62. 

N-phenylisobutyramide47 (Scheme 1, entry 3E) (CAS No. 4406-41-1)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 85% yield; 

1H NMR (400 MHz, CDCl3, ppm): δ = 7.53 (d, J = 8.3 Hz, 2H), 7.43 (br, 1H), 7.30 (t, J = 7.6 Hz, 2H), 

7.09 (t, J = 7.4 Hz, 1H), 2.52 (hept, J = 7.0 Hz, 1H), 1.25 (s, 3H), 1.23 (s, 3H). 13C NMR (100 MHz, 

CDCl3, ppm): δ = 175.72, 138.24, 129.00, 124.23, 120.11, 36.65, 19.69. 
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N-phenylpivalamide44 (Scheme 1, entry 3F) (CAS No. 6625-74-7)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 78% yield; 

1H NMR (400 MHz, CDCl3, ppm): δ = 7.53 (d, J = 8.7 Hz, 2H), 7.31 (t, J = 7.5 Hz, 3H), 7.10 (t, J = 

8.0 Hz, 1H), 1.32 (s, 9H). 13C NMR (100 MHz, CDCl3, ppm): δ = 176.72, 138.15, 129.01, 124.28, 

120.16, 39.68, 27.71. 

2,2,2-trichloro-N-phenylacetamide48 (Scheme 1, entry 3G) (CAS No. 2563-97-5)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 50% yield; 

1H NMR (400 MHz, CDCl3, ppm): δ = 8.34 (br, 1H), 7.58 (d, J = 8.7 Hz, 2H), 7.41 (t, J = 7.4 Hz, 2H), 

7.24 (t, J = 7.4 Hz, 1H). 13C NMR (100 MHz, CDCl3, ppm): δ = 159.37, 136.06, 129.45, 126.18, 120.52, 

92.96. 

N-phenylcyclopropanecarboxamide46 (Scheme 1, entry 3H) (CAS No. 2759-52-6)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 86% yield; 

1H NMR (400 MHz, CDCl3, ppm): δ = 7.67 (s, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.34 – 7.27 (m, 2H), 7.08 

(t, J = 7.5 Hz, 1H), 1.55-1.49 (m, 1H), 1.13 – 0.97 (m, 2H), 0.83-0.79 (m, 2H).  

N-phenylcyclohexanecarboxamide44 (Scheme 1, entry 3I) (CAS No. 2719-26-8)  
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Using the experimental procedure EP-1, the product was obtained as light brown solid in 83% yield; 

1H NMR (400 MHz, DMSO-d6, ppm): δ =  9.79 (s, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.26 (t, J = 7.9 Hz, 

2H), 2.31 (t, J = 11.6 Hz, 1H), 1.83 – 1.70 (m, 4H), 1.65 (d, J = 9.8 Hz, 1H), 1.51 – 1.33 (m, 2H), 1.33 

– 1.13 (m, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 174.29, 139.52, 128.60, 122.83, 119.02, 

44.87, 29.15, 25.42, 25.26. 

N,2-diphenylacetamide46 (Scheme 1, entry 3J) (CAS No. 621-06-7)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 87% yield; 

1H NMR (400 MHz, DMSO-d6, ppm): δ = 10.19 (s, 1H), 7.61 (d, J = 8.7 Hz, 2H), 7.40 – 7.19 (m, 7H), 

7.03 (t, J = 7.4 Hz, 1H), 3.64 (s, 2H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 169.11, 139.25, 

136.04, 129.12, 128.72, 128.31, 126.53, 123.21, 119.10, 43.35.  

2-phenoxy-N-phenylacetamide48 (Scheme 1, entry 3K) (CAS No. 18705-01-6)  

 

Using the experimental procedure EP-1, the product was obtained as light brown solid in 89% yield; 

1H NMR (400 MHz, DMSO-d6, ppm): δ = 10.11 (s, 1H), 7.65 (d, J = 8.0 Hz, 2H), 7.32 (t, J = 7.9 Hz, 

4H), 7.08 (t, J = 7.4 Hz, 1H), 7.02-6.95 (m, 3H), 4.70 (s, 2H). 13C NMR (100 MHz, DMSO-d6, ppm): 

δ = 166.59, 157.83, 138.41, 129.53, 128.74, 123.70, 121.19, 119.71, 114.66, 67.10. 

Scheme 2 

N-(2-Hydroxy-4-methylphenyl)formamide49 (Scheme 2, entry 3a) (CAS No. 2843-27-8) 
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Using the experimental procedure  EP-1, the product was obtained as brown solid in 73% yield; 66:34 

mixture of rotamers: 1H NMR (400 MHz, CDCl3, ppm): δ = 8.66 (d, J = 11.1 Hz, 0.47H), 8.45 (s, 1H), 

8.35 (d, J = 8.3 Hz, 1H), 7.74 (br, 1.3H), 7.38 (d, J = 8.1 Hz, 0.45H), 7.33 (d, J = 8.1 Hz, 1H), 7.27 – 

7.18 (m, 1H), 7.09 (dt, J = 8.3, 4.4 Hz, 0.48H), 7.02 (t, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CDCl3, 

ppm): δ = 161.73, 159.03, 133.81, 130.44, 129.24, 128.13, 127.93, 126.10, 125.27, 122.14, 118.87. 

N-(3-chlorophenyl) formamide50 (Scheme 2, entry 3b) (CAS No. 139-71-9) 

  

Using the experimental procedure EP-1, the product was obtained as off white solid in 90%; 55:45 

mixture of rotamers: 1H NMR (400 MHz, CDCl3, ppm): δ = 8.69 – 8.61 (m, 2H), 8.56 (s, 0H), 8.33 (s, 

1H), 7.70 (s, 0H), 7.62 (s, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.28 – 7.15 (m, 4H), 7.12 (d, J = 8.1 Hz, 1H), 

7.06 (d, J = 7.0 Hz, 2H), 6.95 (d, J = 7.9 Hz, 1H). 13C NMR (100 MHz, CDCl3, ppm): δ = 162.60, 

159.26, 138.08, 135.60, 134.88, 130.95, 130.25, 125.50, 125.05, 120.25, 118.92, 118.08, 116.84. 

N-(4-chlorophenyl) formamide49 (Scheme 2, entry 3c) (CAS No. 2617-79-0) 

 

Using the experimental procedure EP-1, the product was obtained as off-white solid in 80% yield;  56:44 

mixture of rotamers: 1H NMR (400 MHz, CDCl3, ppm): δ = 8.71 (br, 0.64H), 8.59 (d, J = 11.2 Hz, 

0.77H), 8.31 (s, 1H), 7.75 (br, 0.82H), 7.44 (d, J = 8.9 Hz, 2H), 7.26 (d, J = 8.8 Hz, 1.58H), 7.22 (d, J 

= 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz, 1.56H). 13C NMR (100 MHz, CDCl3, ppm): δ = 162.83, 159.34, 

135.54, 135.42, 130.91, 129.99, 129.95, 129.24, 121.40, 120.20. 

N-(3-fluorophenyl)formamide51 (Scheme 2, entry 3d) (CAS No. 1428-10-0) 
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Using the experimental procedure EP-1, the product was obtained as yellow solid in 87% yield; 52:48 

mixture of rotamers: 1H NMR (400 MHz, CDCl3, ppm): δ = 8.88 (br, 0.88H), 8.64 (d, J = 11.2 Hz, 

0.95H), 8.30 (s, 1.17H), 8.03 (br, 1.06H), 7.41 (d, J = 10.6 Hz, 1.15H), 7.28 – 7.10 (m, 3.35H), 6.78 

(m, 3.96H). 13C NMR (100 MHz, CDCl3, ppm): δ = 164.68, 164.20, 162.83, 162.22, 161.77, 159.59, 

138.59, 138.52, 138.41, 131.29, 131.20, 130.39, 130.29, 115.41, 115.38, 114.18, 114.15, 112.24, 

112.03, 111.78, 111.57, 107.89, 107.63, 106.16, 105.91. 

N-(4-fluorophenyl) formamide49 (Scheme 2, entry 3e) (CAS No. 459-25-6) 

 

Using the experimental procedure EP-1, the product was obtained as off-white solid in 69% yield; 63:37 

mixture of rotamers: 1H NMR (400 MHz, CDCl3, ppm): δ = 8.63 (br, 0.55H), 8.57 (d, J = 11.1 Hz, 

0.82H), 8.34 (s, 1H), 7.76 (br, 0.86H), 7.50 (dd, J = 9.0, 4.9 Hz, 2H), 7.07 (m, 2.87H), 7.01 (t, J = 8.6 

Hz, 2.14H). 13C NMR (100 MHz, CDCl3, ppm): δ = 163.20, 161.80, 160.95, 159.37, 159.30, 158.52, 

133.00, 132.86, 122.04, 121.95, 121.34, 121.26, 116.79, 116.56, 116.00, 115.77. 

N-(2-methoxyphenyl)formamide49 (Scheme 2, entry 3f) (CAS No. 23896-88-0)  

 

Using the experimental procedure EP-1, the product was obtained as brown solid in 92% yield; 69:31 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.89 (s, 0.25H), 8.47 (s, 1H), 8.35 (d, J = 
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7.9 Hz, 1H), 7.92 (s, 0.82H), 7.79 (s, 0.41H), 7.18 (d, J = 8.2 Hz, 0.43H), 7.12 (t, J = 7.9 Hz, 0.46H), 

7.06 (t, J = 7.1 Hz, 1H), 6.99 – 6.85 (m, 3H), 3.87 (s, 3H), 3.85 (s, 1.29H). 13C NMR (100 MHz, CDCl3, 

ppm): δ = 161.60, 158.91, 148.89, 147.91, 126.81, 126.29, 125.34, 124.36, 121.14, 120.55, 116.85, 

111.39, 110.16, 55.80. 

N-(4-methoxyphenyl) formamide49 (Scheme 2, entry 3g) (CAS No. 5470-34-8) 

 

Using the experimental procedure EP-1, the product was obtained as reddish brown solid in 93% yield; 

51:49 mixture of rotamers: 1H NMR (400 MHz, CDCl3, ppm): δ = 8.55 (br, 0.63H), 8.50 (d, J = 11.4 

Hz, 1H), 8.28 (s, 1H), 7.88 (br, 0.83H), 7.43 (d, J = 9.0 Hz, 2H), 7.03 (d, J = 8.8 Hz, 1.91H), 6.85 (dd, 

J = 14.4, 8.9 Hz, 4H), 3.78 (s, 2.86H), 3.76 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 163.43, 159.34, 

157.68, 156.77, 130.14, 129.74, 121.96, 121.61, 114.97, 114.29, 55.63, 55.55. 

N-(2-Hydroxy-4-methylphenyl)formamide52 (Scheme 2, entry 3h) (CAS No. 2843-27-8) 

 

Using the experimental procedure EP-1, the product was obtained as brown solid in 90% yield; 85:15 

mixture of rotamers:  1H NMR (400 MHz, DMSO-d6, ppm): δ = 9.93 (s, 1H), 9.56 (s, 1H), 9.24 (d, J = 

11.1 Hz, 0.15H), 8.52 (d, J = 11.2 Hz, 0.17H), 8.28 (s, 1H), 8.02 (d, J = 7.9 Hz, 1H), 7.12 (d, J = 7.7 

Hz, 0.17H), 6.98 (t, J = 7.6 Hz, 0.19H), 6.94 – 6.82 (m, 2H), 6.75 (t, J = 7.6 Hz, 1.2H). 13C NMR (100 

MHz, DMSO-d6, ppm): δ = 163.48, 160.04, 148.97, 146.74, 126.01, 125.49, 124.20, 121.77, 120.84, 

119.45, 119.01, 116.11, 115.11. 

N-(3-hydroxyphenyl)formamide50 (Scheme 2, entry 3i) (CAS No. 24891-35-8) 
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Using the experimental procedure EP-1, the product was obtained as brown oil in 89% yield; 73:27 

mixture of rotamers:  1H NMR (400 MHz, DMSO-d6, ppm): δ = 10.03 (s, 1H), 10.00 (s, 0.25H), 9.51 

(s, 0.37H), 9.41 (s, 1H), 8.72 (d, J = 11.0 Hz, 0.36H), 8.22 (s, 1H), 7.18 (s, 1H), 7.08 (t, J = 8.1 Hz, 

1.44H), 6.93 (d, J = 10.0 Hz, 1H), 6.63 (d, J = 7.9 Hz, 0.38H), 6.57 (s, 0.38H), 6.48 (t, J = 7.0 Hz, 

0.39H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 162.38, 159.46, 158.27, 157.70, 139.47, 139.25, 

130.20, 129.57, 110.85, 110.80, 109.92, 108.02, 106.40, 104.77. 

N-(4-hydroxyphenyl)formamide52 (Scheme 2, entry 3j) (CAS No. 41656-75-1) 

 

Using the experimental procedure EP-1, the product was obtained as brown solid in 93% yield; 77:23 

mixture of rotamers:  1H NMR (400 MHz, DMSO-d6, ppm): δ = 9.88 (s, 1H), 9.83 (d, J = 11.2 Hz, 

0.34H), 9.22 (s, 1.28H), 8.50 (d, J = 11.1 Hz, 0.28H), 8.16 (d, J = 2.2 Hz, 1H), 7.37 (d, J = 8.8 Hz, 2H), 

6.98 (d, J = 8.8 Hz, 0.61H), 6.76 – 6.66 (m, 2.63H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 162.56, 

158.84, 154.23, 153.55, 129.99, 129.66, 120.82, 120.22, 115.87, 115.19. 

N-(4-(methylthio)phenyl)formamide52 (Scheme 2, entry 3k) (CAS No. 170288-29-6) 
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Using the experimental procedure EP-1, the product was obtained as cream solid in 88% yield; 54:46 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.57 (d, J = 11.4 Hz, 0.92H), 8.51 (br, 

0.7H), 8.29 (s, 1H), 7.61 (br, 0.83H), 7.42 (d, J = 8.7 Hz, 2H), 7.23 – 7.13 (m, 4H), 6.98 (d, J = 8.6 Hz, 

1.80H), 2.41 (s, 2.56H), 2.40 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 162.82, 159.24, 135.43, 

134.51, 134.47, 134.22, 128.52, 127.95, 120.76, 119.76, 16.60, 16.58. 

N-m-tolylformamide49 (Scheme 2, entry 3l) (CAS No. 3085-53-8) 

 

Using the experimental procedure EP-1, the product was obtained as brown oil in 85% yield; 55:45 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.96 (br, 0.86H), 8.68 (d, J = 11.3 Hz, 

1H), 8.33 (d, J = 1.9 Hz, 0.8H), 8.09 (br, 0.66H), 7.40 (s, 0.82H), 7.33 (d, J = 8.1 Hz, 0.79H), 7.20 (dt, 

J = 12.0, 7.8 Hz, 1.88H), 6.99 (d, J = 7.7 Hz, 1H), 6.96 – 6.88 (m, 2.87H), 2.34 (s, 3.15H), 2.31 (s, 

2.52H). 13C NMR (100 MHz, CDCl3, ppm): δ = 163.16, 159.57, 139.87, 139.06, 137.01, 136.82, 

129.57, 128.91, 126.10, 125.61, 120.80, 119.55, 117.24, 115.81, 21.48, 21.42. 

N-(3-acetylphenyl)formamide52 (Scheme 2, entry 3m) (CAS No. 72801-78-6) 

 

Using the experimental procedure EP-1, the product was obtained as white solid in 72% yield; 64:36 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.99 (br, 0.52H), 8.86 (d, J = 11.1 Hz, 

0.6H), 8.43 (s, 1H), 8.39 (br, 0.71H), 7.96-7.90 (m, 3.17H), 7.67 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.7 

Hz, 1.24H), 2.57 (s, 1.72H), 2.56 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 197.39, 197.01, 

162.26, 159.61, 141.55, 141.36, 133.74, 133.28, 130.51, 129.86, 119.39, 117.34, 26.56. 
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N-(4-acetylphenyl)formamide48 (Scheme 2, entry 3n) (CAS No. 41656-75-1) 

 

Using the experimental procedure EP-1, the product was obtained as white solid in 80% yield; 66:34 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.93 (d, J = 11.4 Hz, 0.46H), 8.76 (d, J = 

11.2 Hz, 0.54H), 8.48 (br, 0.75H), 8.42 (s, 1H), 8.07 (s, 1H), 7.92 (d, J = 8.1 Hz, 1H), 7.73 (d, J = 7.5 

Hz, 1.14H), 7.67 (d, J = 9.3 Hz, 1H), 7.52 – 7.37 (m, 1.57H), 7.32 (d, J = 5.6 Hz, 0.55H), 2.60 (s, 

1.56H), 2.57 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 198.34, 197.66, 162.74, 159.83, 138.53, 

137.81, 137.78, 137.61, 130.19, 129.53, 125.29, 124.85, 124.69, 123.20, 119.42, 117.84, 26.81. 

4-formamidobenzoic acid48 (Scheme 2, entry 3o) (CAS No. 28533-43-9) 

 

Using the experimental procedure EP-1, the product was obtained as brown oil in 68% yield; 55:45 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.85 (br, 0.49H), 8.69 (d, J = 11.4 Hz, 

0.58H), 8.35 (s, 0.49H), 8.00 (br, 0.45H), 7.55 (d, J = 8.2 Hz, 1H), 7.33 (dt, J = 13.4, 8.1 Hz, 2.15H), 

7.18 (t, J = 7.5 Hz, 0.57H), 7.12 (m, 1.6H). 13C NMR (100 MHz, CDCl3, ppm): δ = 163.09, 159.55, 

137.06, 136.87, 129.82, 129.15, 125.37, 124.87, 120.19, 118.91. 

Ethyl 4-formamidobenzoate48 (Scheme 2, entry 3p) (CAS No. 5422-63-9) 
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Using the experimental procedure EP-1, the product was obtained as white solid in 60% yield; 75:25 

mixture of rotamers:  1H NMR (400 MHz, DMSO-d6, ppm): δ = 10.53 (s, 1H), 10.46 (d, J = 10.8 Hz, 

0.27H), 8.96 (d, J = 10.6 Hz, 0.26H), 8.35 (d, J = 1.7 Hz, 1H), 7.91 (m,2.65H), 7.71 (d, J = 8.4 Hz, 2H), 

7.31 (d, J = 8.1 Hz, 0.77H), 4.28 (q, J = 7.1 Hz, 2.64H), 1.30 (t, J = 7.1 Hz, 4H). 13C NMR (100 MHz, 

DMSO-d6, ppm): δ = 165.24, 162.54, 160.11, 142.90, 142.43, 130.73, 130.33, 124.66, 118.62, 116.43, 

60.45, 14.18. 

N-(2,4-dimethylphenyl)formamide53 (Scheme 2, entry 3q) (CAS No. 60397-77-5) 

 

Using the experimental procedure EP-1, the product was obtained as off-white solid in 79% yield; 65:35 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.45 (d, J = 11.2 Hz, 0.91H), 8.39 (s, 

0.53H), 8.18 (br, 0.77H), 7.66 (d, J = 8.7 Hz, 0.51H), 7.35 (br, 0.38H), 7.04 (s, 1H), 7.00 (s, 3H), 2.31 

(s, 3H), 2.28 (s, 1.62H), 2.26 (s, 3H), 2.22 (s, 1.65H). 13C NMR (100 MHz, CDCl3, ppm): δ = 163.82, 

159.50, 136.07, 135.45, 132.53, 131.96, 131.31, 130.22, 129.26, 127.63, 127.36, 123.51, 121.46, 20.94, 

20.87, 17.79, 17.75. 

N-(2-bromo-4-methylphenyl)formamide52 (Scheme 2, entry 3r) (CAS No. 353284-16-9) 
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Using the experimental procedure EP-1, the product was obtained as off-white solid in 65% yield; 67:33 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.62 (d, J = 11.1 Hz, 0.49H), 8.46 (s, 1H), 

8.22 (d, J = 8.3 Hz, 1H), 7.62 (br, 1H), 7.42 (s, 0.50H), 7.37 (s, 1H), 7.12 (s, 1H), 7.10 (s, 0.58H), 2.32 

(s, 1.48H), 2.30 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 161.90, 158.88, 136.91, 135.93, 133.88, 

132.72, 132.35, 129.42, 129.17, 122.24, 119.46, 114.78, 113.04, 20.67, 20.61. 

N-(3-chloro-4-fluorophenyl)formamide52 (Scheme 2, entry 3s) (CAS No. 770-22-9 ) 

 

Using the experimental procedure EP-1, the product was obtained as off-white solid in 79% yield; 64:36 

mixture of rotamers:  1H NMR (400 MHz, CDCl3, ppm): δ = 8.66 (br, 0.42H), 8.58 (d, J = 11.1 Hz, 

0.56H), 8.35 (s, 1H), 7.78 (br, 0.73H), 7.72 (dd, J = 6.5, 2.5 Hz, 1H), 7.36 (m, 1H), 7.18 (dd, J = 6.2, 

2.6 Hz, 0.49H), 7.14 (t, J = 8.6 Hz, 0.57H), 7.08 (t, J = 8.7 Hz, 1H), 7.03 – 6.94 (m, 0.56H). 13C NMR 

(100 MHz, CDCl3, ppm): δ = 162.89, 159.30, 157.27, 156.42, 154.80, 153.97, 133.55, 122.47, 121.61, 

119.88, 119.81, 119.13, 119.06, 117.81, 117.58, 117.00, 116.78.   

N-(5-(tert-butyl)-2-hydroxyphenyl)formamide48 (Scheme 2, entry 3t) (CAS No. 2305056-85-1) 

 

Using the experimental procedure EP-1, the product was obtained as brown solid in 87% yield; 77:23 

mixture of rotamers:  1H NMR (400 MHz, DMSO-d6, ppm): δ = 9.67 (s, 1H), 9.53 (s, 1H), 9.18 (d, J = 

11.2 Hz, 0.14H), 8.52 (d, J = 11.2 Hz, 0.17H), 8.27 (s, 1H), 8.08 (s, 1H), 7.09 (s, 0.18H), 6.99 (dd, J = 

8.5, 2.4 Hz, 0.2H), 6.93 (dd, J = 8.4, 2.4 Hz, 1H), 6.82 (s, 0.21H), 6.78 (d, J = 8.4 Hz, 1H), 1.23 (s, 
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11.58H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 163.64, 159.98, 146.67, 144.42, 141.89, 141.26, 

125.41, 124.54, 122.04, 120.81, 119.06, 117.92, 115.62, 114.64, 33.79, 31.37, 31.29. 

N-(2-hydroxy-5-methylphenyl)formamide48 (Scheme 2, entry 3u) (CAS No. 74642-14-1) 

 

Using the experimental procedure EP-1, the product was obtained as brown solid in 85% yield; 81:19 

mixture of rotamers:  1H NMR (400 MHz, DMSO-d6, ppm): δ = 9.65 (s, 1H), 9.50 (s, 1H), 9.18 (d, J = 

11.6 Hz, 0.15H), 8.51 (d, J = 11.1 Hz, 0.17H), 8.26 (s, 1H), 7.86 (s, 1H), 6.93 (s, 0.18H), 6.76 (d, J = 

6.7 Hz, 0.63H), 6.73 (m, 1.8H), 2.18 (s, 3.72H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 163.40, 

159.93, 146.52, 144.40, 128.16, 127.53, 124.98, 124.44, 122.12, 121.26, 115.96, 114.89, 20.49, 20.09. 

N-(2-methoxyphenyl)acetamide54  (Scheme 2, entry 3v) (CAS No. 93-26-5) 

 

Using the experimental procedure EP-1, the product was obtained as white solid in 93% yield; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 8.34 (d, J = 9.7 Hz, 1H), 7.79 (br, 1H), 7.08 – 6.99 (m, 1H), 6.94 (t, J = 

7.1 Hz, 1H), 6.86 (d, J = 8.2 Hz, 1H), 3.87 (s, 3H), 2.19 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ 

= 168.31, 147.79, 127.78, 123.73, 121.17, 119.92, 109.98, 55.74, 24.97. 

N-(3-nitrophenyl)acetamide55 (Scheme 2, entry 3w) (CAS No. 121-89-1) 
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Using the experimental procedure EP-1, the product was obtained as yellow solid in 53% yield; 1H 

NMR (400 MHz, DMSO-d6, ppm): δ = 10.44 (br, 1H), 8.60 (t, J = 2.2 Hz, 1H), 7.87 (dd, J = 8.2, 2.2 

Hz, 2H), 7.57 (t, J = 8.2 Hz, 1H), 2.09 (s, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 169.10, 

147.95, 140.40, 130.08, 124.87, 117.50, 113.04, 112.94, 24.03. 

N-(3-(trifluoromethyl)phenyl)acetamide48 (Scheme 2, entry 3x) (CAS No. 349-76-8) 

 

Using the experimental procedure EP-1, the product was obtained as white solid in 74% yield; 1H NMR 

(400 MHz, DMSO-d6, ppm): δ = 10.26 (s, 1H), 8.07 (t, J = 2.0 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.52 

(t, J = 8.0 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 2.07 (s, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 

168.93, 140.04, 129.91, 122.46, 119.36,119.32, 119.29, 119.25, 115.0, 114.96, 24.02, 20.57. 

N-(4-(trifluoromethoxy)phenyl)acetamide48 (Scheme 2, entry 3y) (CAS No. 85013-98-5) 

 

Using the experimental procedure EP-1, the product was obtained as Colourless Solid in 60% yield; 1H 

NMR (400 MHz, CDCl3, ppm): δ = 7.95 (s, 1H), 7.53 (d, J = 9.0 Hz, 2H), 7.14 (d, J = 8.8 Hz, 2H), 

2.16 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 169.00, 136.71, 121.77, 121.32, 42.44, 24.46. 

N-(4-chlorophenyl)acetamide48 (Scheme 2, entry 3z) (CAS No. 99-91-2) 
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Using the experimental procedure EP-1, the product was obtained as light yellow solid in 68%; 1H 

NMR (400 MHz, DMSO-d6, ppm): δ = 10.05 (br, 1H), 7.60 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.9 Hz, 

2H), 2.04 (s, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 168.43, 138.26, 128.53, 126.50, 120.48, 

23.96. 

N-methyl-N-phenylformamide49 (Scheme 2, entry 3aa) (CAS No. 93-61-8) 

 

Using the experimental procedure EP-1, the product was obtained as yellow oil in 87% yield; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 8.34 (s, 1H), 7.28 (t, J = 8.0 Hz, 2H), 7.14 (t, J = 8.0 Hz, 1H), 7.04 (d, J 

= 8.6 Hz, 2H), 3.18 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 162.41, 142.21, 129.66, 126.46, 

122.41, 32.08.  

N,N-diphenylformamide48 (Scheme 2, entry 3ab) (CAS No. 607-00-1) 

 

Using the experimental procedure EP-1, the product was obtained as yellow solid in 79% yield. 1H 

NMR (400 MHz, CDCl3, ppm): δ = 8.60 (s, 1H), 7.33-7.30 (m, 4H), 7.28 – 7.15 (m, 4H), 7.10 (d, J = 

7.9 Hz, 2H). 13C NMR (100 MHz, CDCl3, ppm): δ = 161.85, 141.91, 139.76, 129.81, 129.29, 127.16, 

126.97, 126.23, 125.21. 

1-(4-(2-chlorophenyl)piperazin-1-yl)ethan-1-one48  (Scheme 2, entry 3ac) (CAS No. 150557-82-7) 
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Using the experimental procedure EP-1, the product was obtained as light yellow solid in 85%; 1H 

NMR (400 MHz, DMSO-d6, ppm): δ = 7.42 (d, J = 7.8 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 7.14 (d, J = 

8.1 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 3.58 (q, J = 4.9 Hz, 4H), 2.96 (t, J = 4.9 Hz, 2H), 2.90 (t, J = 5.0 

Hz, 2H), 2.04 (s, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 168.33, 148.65, 130.31, 128.09, 

127.73, 124.23, 121.09, 51.16, 50.74, 45.91, 45.48, 41.03, 21.19. 

morpholine-4-carbaldehyde49 (Scheme 2, entry 3ad) (CAS No. 4394-85-8) 

 

Using the experimental procedure EP-1, the product was obtained as yellow oil in 75%; 1H NMR (400 

MHz, CDCl3, ppm): δ = 7.86 (s, 1H), 3.51-3.48 (m, 2H), 3.48 – 3.41 (m, 2H), 3.40 – 3.32 (m, 2H), 3.26 

– 3.18 (m, 2H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 160.56, 66.85, 66.01, 45.42, 40.20. 

piperidine-1-carbaldehyde49 (Scheme 2, entry 3ae) (CAS No. 2591-86-8) 

 

Using the experimental procedure EP-1, the product was obtained as yellow oil in 69%; 1H NMR (400 

MHz, CDCl3, ppm): δ = 7.79 (s, 1H), 3.30 – 3.21 (m, 2H), 3.17 – 3.03 (m, 2H), 1.50 – 1.45 (m, 2H), 

1.42 – 1.34 (m, 2H), 1.35 – 1.24 (m, 2H). 13C NMR (100 MHz, CDCl3, ppm): δ = 160.33, 46.34, 40.11, 

26.14, 24.66, 24.23. 

N-(quinolin-8-yl)formamide48 (Scheme 2, entry 3af) (CAS No. 62937-22-8) 
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Using the experimental procedure EP-1, the product was obtained as brown solid in 60% yield; 88:12 

mixture of rotamers; 1H NMR (400 MHz, CDCl3, ppm): δ = 9.62 (br, 1H), 9.20 (br, 0.09H), 8.87 (d, J 

= 11.7 Hz, 0.11H), 8.56 (dd, J = 4.3, 1.6 Hz, 1.13H), 8.50 (p, J = 4.6 Hz, 1H), 8.45 (s, 1H), 7.93 (d, J = 

8.3 Hz, 1H), 7.89 (d, J = 8.1 Hz, 0.15H), 7.29 (s, 1.15H), 7.28 (s, 1H), 7.26 (s, 0.18H), 7.22 (dd, J = 

8.3, 4.3 Hz, 1.31H), 7.01 (s, 0.1H). 13C NMR (100 MHz, CDCl3, ppm): δ = 159.39, 148.30, 138.05, 

136.88, 133.52, 128.12, 127.51, 122.37, 121.81, 117.99.  

N-(pyridin-2-yl)formamide52 (Scheme 2, entry 3ag) (CAS No. 34813-97-3) 

 

Using the experimental procedure EP-1, the product was obtained as brown solid in 70%; 1H NMR 

(400 MHz, DMSO-d6, ppm): δ = 10.58 (s, 1H), 9.28 (d, J = 10.3 Hz, 0.57H), 8.33 (s, 0.82H), 8.25 (s, 

0.64H), 7.82 – 7.69 (m, 1.11H), 7.08 (d, J = 5.6 Hz, 1.11H), 6.92 (d, J = 8.3 Hz, 0.61H). 13C NMR (100 

MHz, DMSO-d6, ppm): δ = 162.14, 160.32, 151.65, 151.03, 148.08, 138.71, 138.33, 119.78, 119.24, 

113.79, 111.14. 

Optimization of Reaction Conditions of annulation 

General procedure for optimizations of reaction conditions. An oven-dried 20 mL Teflon screw-

capped vial equipped with a stir bar was sequentially charged with amide 4c, aniline 5a and 

catalyst. TMSCl were transferred into the tube via a syringe. The resulting mixture was stirred 

in a preheated heat block. After full fill the reaction condition of experiment, the reaction 

mixture was cooled down to room temperature. The reaction mixture was diluted with ethyl 

acetate and then washed with dilute aqueous HCl solution and saturated brine, dried with 
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anhydrous Na2SO4, and finally concentrated in vacuo with the aid of rotary evaporator. The 

residue was purified by flash chromatography on silica gel using hexane and ethyl acetate as 

eluent to give the transamidated product 6c. 

Cu-catalyzed annulation of aliphatic unactivated amides with substituted 2-aminophenols 

Experimental Procedure (EP-2): An oven-dried 20 mL Teflon screw-capped vial equipped with 

a stir bar was sequentially charged with aliphatic amide (0.5 mmol, 1 equiv.), amine (0.75 

mmol, 1.5 equiv.) and CuCl2 (0.075 mmol, 0.15 equiv.). TMSCl (0.75 mmol, 1.5 equiv.) was 

transferred into the tube via a syringe. The resulting mixture was stirred under an argon 

atmosphere in a preheated heat block at 160 °C for 16 h. At this point, the reaction mixture was 

cooled down to room temperature. The reaction mixture was diluted with ethyl acetate and then 

washed with dilute aqueous HCl solution (~0.1 M, 2 x 30 mL; note: water was used for washing 

instead of HCl (aq) for pyridine/quinoline-containing amide products) and saturated brine (~30 

mL), dried with anhydrous Na2SO4, and finally concentrated in vacuo with the aid of rotary 

evaporator. The residue was purified by flash chromatography on silica gel using hexane and 

ethyl acetate as eluent to give the annulated benzoxazole product. 

Analytical Data 

 

2-methylbenzo[d]oxazole56 (Scheme 5a, entry 6a) (CAS No. 95-21-6) 

 

Using the experimental procedure EP-2, the product was obtained as light brown liquid in 80%; 1H 

NMR (400 MHz, CDCl3, ppm): δ = 7.66 (dd, J = 6.2, 2.9 Hz, 1H), 7.47 (dd, J = 6.4, 2.9 Hz, 1H), 7.29 

(dd, J = 5.3, 3.9 Hz, 2H), 2.65 (s, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 172.1, 145.4, 140.6, 

138.2, 128.7, 122.9, 23.5. 

2-propylbenzo[d]oxazole57 (Scheme 5a, entry 6b) (CAS No. 2008-05-1) 
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Using the experimental procedure EP-2, the product was obtained as light brown liquid in 76%; 1H 

NMR (400 MHz, CDCl3, ppm): δ = 7.64 (dd, J = 7.2, 4.0 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.26-7.24 

(m, 2H), 2.88 (t, 2H), 1.92-1.87 (m, 2H), 1.03 (t, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 167.1, 

150.6, 141.3, 123.9, 119.4, 110.3, 30.5, 20.3, 13.9. 

2-butylbenzo[d]oxazole57 (Scheme 5a, entry 6c) (CAS No. 6797-49-5) 

 

Using the experimental procedure EP-2, the product was obtained as light brown liquid in 75%; 1H 

NMR (400 MHz, DMSO-d6, ppm): δ = 7.68 – 7.61 (m, 1H), 7.61 – 7.52 (m, 1H), 7.33 – 7.23 (m, 2H), 

2.86 (t, J = 7.5 Hz, 2H), 1.73 (p, J = 7.5 Hz, 2H), 1.33 (dq, J = 14.8, 7.3 Hz, 2H), 0.85 (t, J = 7.4 Hz, 

3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 166.69, 150.20, 141.02, 124.31, 123.91, 119.07, 

110.18, 28.12, 27.35, 21.54, 13.29. 

2-neopentylbenzo[d]oxazole58 (Scheme 5a, entry 6d) (CAS No. 143857-68-5) 

 

Using the experimental procedure EP-2, the product was obtained as light-yellow solid in 70%; 1H 

NMR (400 MHz, CDCl3, ppm): δ = 7.70 (d, J = 3.2 Hz, 1H), 7.55 – 7.43 (m, 1H), 7.32 – 7.24 (m, 2H), 

2.82 (s, 2H), 1.08 (s, 9H). 13C NMR (100 MHz, CDCl3, ppm): δ = 166.05, 150.88, 141.38, 124.52, 

124.15, 119.70, 110.40, 42.54, 32.20, 29.73. 

2-benzylbenzo[d]oxazole59 (Scheme 5a, entry 6e) (CAS No. 2008-07-3) 
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Using the experimental procedure EP-2, the product was obtained as light-yellow solid in 72%; 1H 

NMR (400 MHz, CDCl3, ppm): δ = 7.67 (dd, J = 5.9, 2.4 Hz, 1H), 7.49 – 7.38 (m, 1H), 7.34 (d, J = 7.1 

Hz, 2H), 7.29 (t, J = 7.8 Hz, 2H), 7.24-7.19 (m, 3H), 4.22 (s, 2H). 13C NMR (100 MHz, CDCl3, ppm): 

δ = 165.18, 151.00, 141.29, 134.76, 128.97, 128.78, 127.27, 124.66, 124.16, 119.77, 110.40, 35.18. 

2-(phenoxymethyl)benzo[d]oxazole60 (Scheme 5a, entry 6f) (CAS No. 7506-48-1) 

 

Using the experimental procedure EP-2, the product was obtained as white solid in 75%; 1H NMR (400 

MHz, CDCl3, ppm): δ = 7.65 (dd, J = 5.3, 3.9 Hz, 1H), 7.43 (dd, J = 4.8, 3.2 Hz, 1H), 7.26 – 7.22 (m, 

2H), 7.19 (t, J = 7.6 Hz, 2H), 6.97 (s, 1H), 6.94 (s, 1H), 6.92 – 6.85 (m, 1H), 5.20 (s, 2H). 13C NMR 

(100 MHz, CDCl3, ppm): δ = 161.56, 157.93, 150.97, 140.74, 129.69, 125.64, 124.69, 121.97, 120.43, 

114.87, 110.95, 62.80. 

2-isopropylbenzo[d]oxazole57 (Scheme 5a, entry 6g) (CAS No. 6797-15-5) 

 

Using the experimental procedure EP-2, the product was obtained as light brown liquid in 60%; 1H 

NMR (400 MHz, CDCl3, ppm): δ = 7.70-7.66 (m, 1H), 7.47 (dd, J = 5.6, 3.7 Hz, 1H), 7.35 – 7.23 (m, 

2H), 3.25 (hept, J = 7.0 Hz, 1H), 1.46 (d, J = 8.2 Hz, 6H). 13C NMR (100 MHz, CDCl3, ppm): δ = 

171.45, 150.84, 141.27, 124.57, 124.17, 119.72, 110.43, 29.01, 20.41. 

2-(tert-butyl)benzo[d]oxazole57 (Scheme 5a, entry 6h) (CAS No. 54696-03-6) 

 

Using the experimental procedure EP-2, the product was obtained as brown liquid in 58%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.52-7.48 (m, 1H), 7.30-7.27 (m, 1H), 7.13 – 7.03 (m, 2H), 1.30 (s, 9H). 
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13C NMR (100 MHz, CDCl3, ppm): δ = 173.61, 150.94, 141.36, 124.51, 124.08, 119.82, 110.42, 34.28, 

28.59. 

2-(trichloromethyl)benzo[d]oxazole60 (Scheme 5a, entry 6i) (CAS No. 14468-53-2) 

 

Using the experimental procedure EP-2, the product was obtained as brown solid in 35%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.56 (dd, J = 7.9, 1.7 Hz, 1H), 7.19 – 7.08 (m, 1H), 7.03 – 6.87 (m, 1H), 

6.89 – 6.76 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm): δ = 159.31, 149.86, 127.07, 123.84, 123.65, 

119.10, 115.61, 92.74. 

2-cyclopropylbenzo[d]oxazole57 (Scheme 5a, entry 6j) (CAS No. 63359-58-0) 

 

Using the experimental procedure EP-2, the product was obtained as brown liquid in 65%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.58 (d, J = 6.7 Hz, 1H), 7.39 (d, J = 7.6 Hz, 1H), 7.23-7.19 (m, 2H), 

2.21-2.14 (m, 1H), 1.26-1.21 (m, 2H), 1.23 – 1.07 (m, 2H). 13C NMR (100 MHz, CDCl3, ppm): δ = 

168.64, 150.45, 141.54, 124.11, 123.99, 118.98, 110.02, 9.30, 9.17. 

2-cyclohexylbenzo[d]oxazole61 (Scheme 5a, entry 6k) (CAS No. 104462-82-0) 

 

Using the experimental procedure EP-2, the product was obtained as brown solid in 57%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.70 – 7.63 (m, 1H), 7.63 – 7.55 (m, 1H), 7.35 – 7.24 (m, 2H), 2.92 (tt, J 

= 11.0, 3.7 Hz, 1H), 2.04 (dd, J = 12.9, 3.1 Hz, 2H), 1.71 (dt, J = 13.1, 3.8 Hz, 2H), 1.65 – 1.50 (m, 

3H), 1.35 (qt, J = 12.2, 3.2 Hz, 2H), 1.28 – 1.13 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm): δ = 

169.50, 149.99, 140.85, 124.40, 123.96, 119.23, 110.32, 36.78, 29.85, 25.24, 24.82. 

6-chloro-2-methylbenzo[d]oxazole54 (Scheme 5a, entry 6l) (CAS No. 63816-18-2) 
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Using the experimental procedure EP-2, the product was obtained as brown solid in 57%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.54 (dd, J = 8.4 Hz, 1H), 7.47 (s, 1H), 7.27 (d, J = 8.4 Hz, 1H), 2.63 (s, 

3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 168.9, 146.9, 120.6, 119.5, 107.1, 15.0. 

5-chloro-2-methylbenzo[d]oxazole56 (Scheme 5b, entry 6m) (CAS No. 19219-99-9) 

 

Using the experimental procedure EP-2, the product was obtained as light-yellow solid in 74%; 1H 

NMR (400 MHz, CDCl3, ppm): δ = 7.60 (s, 1H), 7.36 (d, J = 8.6 Hz, 1H), 7.24 (d, J = 8.6 Hz, 1H), 

2.61 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 165.57, 149.53, 142.31, 129.48, 124.95, 119.39, 

111.07, 14.56. 

2-methyl-6-nitrobenzo[d]oxazole62 (Scheme 5b, entry 6n) (CAS No. 5683-43-2) 

 

Using the experimental procedure EP-2, the product was obtained as off-white solid in 35%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 8.40 (s, 1H), 8.28 (d, J = 8.8 Hz, 1H), 7.75 (d, J = 8.8 Hz, 1H), 2.73 (s, 

3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 168.97, 150.28, 146.98, 120.57, 119.53, 107.06, 15.02. 

2,5-dimethylbenzo[d]oxazole56 (Scheme 5b, entry 6o) (CAS No. 5676-58-4) 

 

Using the experimental procedure EP-2, the product was obtained as yellow liquid in 80%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.41 (s, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.06 (d, J = 10.1 Hz, 1H), 2.59 (s, 
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3H), 2.42 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 163.99, 149.21, 141.51, 133.97, 125.56, 

119.33, 109.60, 21.43, 14.51.  

2,6-dimethylbenzo[d]oxazole56 (Scheme 5b, entry 6p) (CAS No. 53012-61-6) 

 

Using the experimental procedure EP-2, the product was obtained as yellow liquid in 81%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.48 (d, J = 8.2 Hz, 1H), 7.22 (s, 1H), 7.06 (d, J = 8.3 Hz, 1H), 2.56 (s, 

3H), 2.42 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 163.28, 151.20, 139.05, 134.76, 125.26, 

118.62, 110.40, 21.58, 14.37. 

5-(tert-butyl)-2-methylbenzo[d]oxazole63 (Scheme 5b, entry 6q) (CAS No. 40874-54-2) 

 

Using the experimental procedure EP-2, the product was obtained as yellow liquid in 79%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.70 (s, 1H), 7.44 – 7.34 (m, 2H), 2.65 (s, 3H), 1.40 (s, 9H). 13C NMR 

(100 MHz, CDCl3, ppm): δ = 164.12, 149.04, 147.85, 141.23, 122.26, 116.00, 109.45, 34.97, 31.89, 

14.59. 

2-methyloxazolo[4,5-b]pyridine56 (Scheme 5b, entry 6r) (CAS No. 86467-39-2) 

 

Using the experimental procedure EP-2, the product was obtained as off-white solid in 49%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 7.84 (d, J = 6.2 Hz, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.12 (dd, J = 8.1, 4.6 

Hz, 1H), 2.29 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ = 172.13, 145.36, 140.59, 138.15, 128.68, 

122.86, 23.46. 

2-methylnaphtho[1,2-d]oxazole64 (Scheme 5b, entry 6s) (CAS No. 85-15-4) 
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Using the experimental procedure EP-2, the product was obtained as brown liquid in 55%; 1H NMR 

(400 MHz, CDCl3, ppm): δ = 8.46 (d, J = 8.2 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 7.72 (d, J = 8.8 Hz, 

1H), 7.67 – 7.58 (m, 2H), 7.51 (t, J = 7.6 Hz, 1H), 2.72 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): δ 

= 162.94, 148.18, 136.63, 131.10, 128.58, 126.98, 126.31, 125.35, 125.19, 122.00, 110.70, 14.68. 

2-methylbenzo[d]thiazole59 (Scheme 5b, entry 6t) (CAS No. 120-75-2) 

 

Using the experimental procedure EP-2, the product was obtained as brown liquid in 75%; 1H NMR 

(400 MHz, DMSO-d6, ppm): δ = 8.00-7.97 (m, 1H), 7.93 – 7.90 (m, 1H), 7.47-7.43 (m, 1H), 7.39-7.34 

(m, 1H), 2.77 (s, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 166.8, 153.0, 135.2, 125.9, 124.6, 

121.9, 121.8, 19.6. 

5-chloro-2-methylbenzo[d]thiazole59 (Scheme 5b, entry 6u) (CAS No. 1006-99-1) 

 

Using the experimental procedure EP-2, the product was obtained as brown liquid in 70%; 1H NMR 

(400 MHz, DMSO-d6, ppm): δ = 8.06 (d, J = 8.6 Hz, 1H), 7.97 (d, J = 2.0 Hz, 1H), 7.43 (dd, J = 8.6, 

2.1 Hz, 1H), 2.80 (s, 3H). 13C NMR (100 MHz, DMSO-d6, ppm): δ = 169.63, 153.84, 133.96, 130.73, 

124.78, 123.38, 121.40, 19.80. 
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Chapter 6 

Summary and Conclusion 

Synthetic chemists are usually faced with a difficult problem when it comes to amide synthesis. Thus, 

the acid amine coupling reagents, acid chloride preparation, metal-catalysed hydration of nitriles, 

oxidative amidation of various groups such as aldehyde, benzyl alcohols, methyl ketone or methyl 

arenes and oxidation of primary benzyl amines, rearrangement of aldoximes and decarboxylative 

ammoxidation of phenylacetic acid methods came to limelight.  Additionally, Transamidation has 

recently shown promising results in obtaining amide compounds from other amides. However, 

transamidation is classified into two types based on the amides. The first is activated amides, which 

have had their nitrogen atoms activated utilising boc-anhydride, mesyl, and tosyl functionalization to 

weaken the C-N bond. The benefit of this activation is the mild reaction condition for this conversion; 

nevertheless, the two-step process is a downside. On the other hand, unactivated amides without an 

activation group demand moderate to harsh conditions for transformation. The methodologies of 

unactivated amides based on metal and non-metal catalysed processes are briefly described in Chapter 

2. We have also looked into the mechanistic processes of reactions. Thus, we decided to investigate 

innovative, eco-friendly, and wide-scope transamidation methodologies and their applications. 

In Chapter 3, we developed a simple, efficient, single-step, metal-free, and environmentally friendly 

amide synthesis with excellent yields. In the absence of any catalyst or additive, amides are converted 

to other amides using amine hydrochloride salts. The reaction's mechanistic pathway is as follows: 

initially, the carbonyl group of the amide is activated by salt, then amine attacks the amide intermediate 

as a nucleophile, resulting in the desired amide via amine elimination as a by-product. Furthermore, this 

versatile new transamidation opens up a wide range of possibilities for the synthesis of another amide 

to amide, which can be exploited by academics, agrochemical companies, and pharmaceutical 

companies in the development of new building blocks for the synthesis of new active pharmaceutical 

ingredients (APIs), drugs, and pesticides. This research finding was published in European Journal of 
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Organic Chemistry in year 2021, volume 2021, issue 41 and page number 5627-5639 

(10.1002/ejoc.202101114). 

In addition to looking for alternative transamidation pathways, we established a new framework for 

producing 2-substituted 1,3-benzoxazole and 1,3-benzothiazole derivatives in Chapter 4. This method 

is a continuation of the work described in Chapter 3, in which only substituted 2-aminophenol 

hydrochloride salts as an amine salt reacts with various amides to synthesize 2-substituted 1,3-

benzoxazole and 1,3-benzothiazole compounds. The same mechanism as in Chapter 3 employs to 

obtain the desired products in this reaction. First, an amide is converted to another amide by salt 

activation, followed by the nucleophilic attack and amine elimination, ending in a transamide amide as 

an intermediate. The intermolecular attack of the oxygen atom of phenol on the carbonyl group of the 

amide, followed by dihydroxylation, produces final annulated products. We conducted some 

experiments at various temperatures in order to generate these cyclized products. Surprisingly, 150 °C 

temperature produced the desired compounds in moderate to excellent yields under neat conditions. 

Additionally, this annulation is also one application of transamidation. This article is currently being 

proofread in the Tetrahedron journal with manuscript id (10.1016/j.tet.2022.132794). 

We established a Cu mediated transamidation of unactivated aliphatic amides in Chapter 5. Under neat 

conditions, the reaction between amine and amides was carried out in the presence of CuCl2 and TMSCl 

as a catalyst-Lewis acid combination. The effect of several catalysts on the reaction was investigated, 

and it was observed that CuCl2 is the best catalyst for the reaction. We can only access the 

transformation of aliphatic amides with this method. Furthermore, an increased mol ratio of TMSCl and 

high temperature with the same conditions were used to produce 2-substituted 1,3-benzoxazole and 1,3-

benzothiazole by annulation substituted 2-aminophenol and 2-aminothiophenol with aliphatic amides. 

This transamidation and annulation are carried out via initially the formation of a Cu-amide complex 

followed by TMSCl and the amine reacts with this complex, resulting in a transamide product by the 

elimination of the amine salt and trimethyl silanol as by-products. Furthermore, in the presence of 

additional TMSCl equiv and at high temperatures, annulated compounds result from 2-aminophenol 

and 2-aminothiophenol. This study is currently being under revision in the Organic & Biomolecular 

Chemistry journal with manuscript id (OB-ART-04-2022-000704). 
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Future work 

Throughout the course, a thorough study on the modification of two transamidation reactions and their 

applications was carried out. Thus, annulation protocols of polysubstituted benzoxazole and 

benzothiazole derivatives by the application of non-metal and metal catalysts transamidation in two 

different methodologies were also reported. A total of three different strategies were reported for the 

present investigation, namely, Catalyst-Free N-C bond cleavage/formation of Primary, Secondary and 

Tertiary Unactivated Amides (published in EJOC journal)1, Metal-free direct annulation of 2-

aminophenols and 2-aminothiophenols with unactivated amides through transamidation (published in 

Tetrahedron journal)2, and Cu-Catalysed Transamidation of Unactivated Aliphatic Amides (under 

review in OBC journal).  Environmentally benign methods were applied for transamidation and 

cyclization reactions, and in future, this catalyst can also be applied for other important organic 

transformations. The synthetically synthesised derivatives can also be used as reaction intermediates to 

prepare marketed drugs, agrochemicals and other fields. As stated previously, the current strategy 

employed amine hydrochloride salts and a copper catalyst, and the amines can be further modified with 

specific functionality to develop more active species. In future, it could be interesting to consider the 

other metal catalysts to perform these reactions with extended scope and yield. In addition, the synthesis 

of polysubstituted benzoxazole and benzothiazole will be try with other reagents such as TMSCl3. 

Furthermore, these methods can be used for other heterocyclic moieties4–6. Thus, a deeper analysis of 

mechanisms using DFT studies and new proposals to explore different approaches are required. 
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1H NMR spectra of 3A is similar to 3A, Scheme 2 and Chapter 3. 

 
13C NMR spectra of 3A is similar to 3A, Scheme 2 and Chapter 3. 

 

1H NMR spectra of 3B is similar to 4b, Scheme 3 and Chapter 3. 

 
13C NMR spectra of 3B is similar to 4b, Scheme 3 and Chapter 3. 

 

 
1H NMR spectra of 3C. 
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13C NMR spectra of 3C. 

 

1H NMR spectra of 3D is similar to 3I, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3D is similar to 3I, Scheme 2 and Chapter 3. 

     

1H NMR spectra of 3E is similar to 3D, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3E is similar to 3D, Scheme 2 and Chapter 3. 

 

1H NMR spectra of 3F is similar to 3C, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3F is similar to 3C, Scheme 2 and Chapter 3. 

 

1H NMR spectra of 3G is similar to 3E, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3G is similar to 3E, Scheme 2 and Chapter 3. 

 

1H NMR spectra of 3H is similar to 3F, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3H is similar to 3F, Scheme 2 and Chapter 3. 
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1H NMR spectra of 3I is similar to 3G, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3I is similar to 3G, Scheme 2 and Chapter 3. 

 

1H NMR spectra of 3J is similar to 3J, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3J is similar to 3J, Scheme 2 and Chapter 3. 

 

1H NMR spectra of 3K is similar to 3M, Scheme 2 and Chapter 3. 

 

13C NMR spectra of 3K is similar to 3M, Scheme 2 and Chapter 3. 

 

 

 
1H NMR spectra of 3a. 
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13C NMR spectra of 3a. 

 

 
1H NMR spectra of 3b. 
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13C NMR spectra of 3b. 

 

 
1H NMR spectra of 3c. 
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13C NMR spectra of 3c. 

 

1H NMR spectra of 3d is similar to 3g, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3d is similar to 3g, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3e is similar to 3f, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3e is similar to 3f, Scheme 3 and Chapter 3. 
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1H NMR spectra of 3f. 

 

 
13C NMR spectra of 3f. 

 

1H NMR spectra of 3g is similar to 3e, Scheme 3 and Chapter 3. 
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13C NMR spectra of 3g is similar to 3e, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3h is similar to 3a, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3h is similar to 3a, Scheme 3 and Chapter 3. 

 

 
1H NMR spectra of 3i. 
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13C NMR spectra of 3i. 

 

 
1H NMR spectra of 3j. 
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13C NMR spectra of 3j. 

 

 
1H NMR spectra of 3k. 
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13C NMR spectra of 3k. 

1H NMR spectra of 3l is similar to 3p, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3l is similar to 3p, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3m is similar to 3s, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3m is similar to 3s, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3n is similar to 3r, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3n is similar to 3r, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3o is similar to 3u, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3o is similar to 3u, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3p is similar to 3t, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3p is similar to 3t, Scheme 3 and Chapter 3. 

 



 

Vishal Kumar 219095362           UKZN2022  

S89 APPENDIX-III                                                       Chapter 5 

1H NMR spectra of 3q is similar to 3h, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3q is similar to 3h, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3r is similar to 3l, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3r is similar to 3l, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3s is similar to 3k, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3s is similar to 3k, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3t is similar to 3i, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3t is similar to 3i, Scheme 3 and Chapter 3. 

 

 
1H NMR spectra of 3u. 
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13C NMR spectra of 3u. 

 

 
1H NMR spectra of 3v. 
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13C NMR spectra of 3v. 

 

1H NMR spectra of 3w is similar to 4e, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3w is similar to 4e, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3x is similar to 4f, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3x is similar to 4f, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3y is similar to 4g, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3y is similar to 4g, Scheme 3 and Chapter 3. 
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1H NMR spectra of 3z. 

 

 
13C NMR spectra of 3z. 

 

1H NMR spectra of 3aa is similar to 4h, Scheme 3 and Chapter 3. 



 

Vishal Kumar 219095362           UKZN2022  

S93 APPENDIX-III                                                       Chapter 5 

 

13C NMR spectra of 3aa is similar to 4h, Scheme 3 and Chapter 3. 

 
1H NMR spectra of 3ab. 

 

 
13C NMR spectra of 3ab. 
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1H NMR spectra of 3ac is similar to 4a, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3ac is similar to 4a, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 3ad is similar to 3d, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3ad is similar to 3d, Scheme 3 and Chapter 3. 

 

 
1H NMR spectra of 3ae. 
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13C NMR spectra of 3ae. 

 

 
1H NMR spectra of 3af. 
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13C NMR spectra of 3af. 

 

1H NMR spectra of 3ag is similar to 3b, Scheme 3 and Chapter 3. 

 

13C NMR spectra of 3ag is similar to 3b, Scheme 3 and Chapter 3. 

 

1H NMR spectra of 6a is similar to 3h, Table 2 and Chapter 4. 

 

13C NMR spectra of 6a is similar to 3h, Table 2 and Chapter 4. 

 

1H NMR spectra of 6b is similar to 3i, Table 2 and Chapter 4. 

 

13C NMR spectra of 6b is similar to 3i, Table 2 and Chapter 4. 

 

1H NMR spectra of 6c is similar to 3j, Table 2 and Chapter 4. 

 

13C NMR spectra of 6c is similar to 3j, Table 2 and Chapter 4. 

 

1H NMR spectra of 6d is similar to 3k, Table 2 and Chapter 4. 

 

13C NMR spectra of 6d is similar to 3k, Table 2 and Chapter 4. 
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1H NMR spectra of 6e is similar to 3p, Table 2 and Chapter 4. 

 

13C NMR spectra of 6e is similar to 3p, Table 2 and Chapter 4. 

 

1H NMR spectra of 6f is similar to 3r, Table 2 and Chapter 4. 

 

13C NMR spectra of 6f is similar to 3r, Table 2 and Chapter 4. 

 

1H NMR spectra of 6g is similar to 3l, Table 2 and Chapter 4. 

 

13C NMR spectra of 6g is similar to 3l, Table 2 and Chapter 4. 

 

1H NMR spectra of 6h is similar to 3m, Table 2 and Chapter 4. 

 

13C NMR spectra of 6h is similar to 3m, Table 2 and Chapter 4. 

 

1H NMR spectra of 6i is similar to 3s, Table 2 and Chapter 4. 

 

13C NMR spectra of 6i is similar to 3s, Table 2 and Chapter 4. 

 

1H NMR spectra of 6j is similar to 3n, Table 2 and Chapter 4. 

 

13C NMR spectra of 6j is similar to 3n, Table 2 and Chapter 4. 

 

1H NMR spectra of 6k is similar to 3o, Table 2 and Chapter 4. 

 

13C NMR spectra of 6k is similar to 3o, Table 2 and Chapter 4. 

 

1H NMR spectra of 6l is similar to 3e, Table 2 and Chapter 4. 

 

13C NMR spectra of 6l is similar to 3e, Table 2 and Chapter 4. 

 

1H NMR spectra of 6m is similar to 3d, Table 2 and Chapter 4. 

 

13C NMR spectra of 6m is similar to 3d, Table 2 and Chapter 4. 

 

1H NMR spectra of 6n is similar to 3f, Table 2 and Chapter 4. 
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13C NMR spectra of 6n is similar to 3f, Table 2 and Chapter 4. 

 

1H NMR spectra of 6o is similar to 3b, Table 2 and Chapter 4. 

 

13C NMR spectra of 6o is similar to 3b, Table 2 and Chapter 4. 

 

1H NMR spectra of 6p is similar to 3a, Table 2 and Chapter 4. 

 

13C NMR spectra of 6p is similar to 3a, Table 2 and Chapter 4. 

 

1H NMR spectra of 6q is similar to 3c, Table 2 and Chapter 4. 

 

13C NMR spectra of 6q is similar to 3c, Table 2 and Chapter 4. 

 

1H NMR spectra of 6r is similar to 3g, Table 2 and Chapter 4. 

 

13C NMR spectra of 6r is similar to 3g, Table 2 and Chapter 4. 

 

 
1H NMR spectra of 6s. 
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13C NMR spectra of 6s. 

 

1H NMR spectra of 6t is similar to 5a, Scheme 3 and Chapter 4. 

 

13C NMR spectra of 6t is similar to 5a, Scheme 3 and Chapter 4. 

 

1H NMR spectra of 6u is similar to 5b, Scheme 3 and Chapter 4. 

 

13C NMR spectra of 6u is similar to 5b, Scheme 3 and Chapter 4. 
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