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Abstract 

Piperazine is a kind of azacycloalkane that has two nitrogen atoms at1-4 places on a six-membered 

ring. It is well known that molecules with the piperazine ring, a key component of the N-

heterocyclicfamily of bioactive natural products, are often prevalent in biologically active substances. 

There are many antitumor, antibacterial, antiinflammatory, antipsychotic, antifungal, and anti-diabetic 

compounds based on the piperazine scaffold, which has been recognized as an active structure in drug 

discovery. Piperazine hybrids with different moieties such as isoniazid, coumarin,  benzothiazinones, 

isoquinoline, triazole,pyrrole, and oxazolidinone  showed good activity against mycobacterium 

tuberculosis and microbial strains. In this thesis we have demonstrated the synthesis of piperazine 

hybrid with hydrazides, hydrazines, and coumarines and tested their activity against mycobacterium 

tuberculosis, gram positive and gram negative microbial strains. 

In Chapter 2, we have covered topics related to the analogues of piperazine that have anti-tubercular 

efficacy. This chapter we have published as a review article in European Journal of Medicinal 

Chemistry. In this review, we have made a concerted effort to trace the development of anti-

mycobacterial compounds during the past 50 years (1971-2019), focusing on instances where 

piperazine has been utilized as a key building block. In depth discussion of the design, rationale, and 

structure-activity relationship (SAR) of the reported potent piperazine-based anti-TB molecules will 

help medicinal chemists fill in the blanks, capitalize on the reported strategies, and create more 

effective, selective, and less hazardous anti-mycobacterial drugs. 

In chapter 3, we have developed and synthesized a new class of hybrids between phenylpiperazine 

and hydrazides (c1-c15). During the synthesis of phenyl piperazines, the formylation of piperazine 

was observed, a phenomenon on which we have developed a different methodology discussed in 

chapter 5. All of the derivatives have been tested in vitro against H37Rv, a strain of mycobacterium. 

In addition, we have analysed the zone of inhibition against eight different bacterial strains, including 

both gram-positive (methicillin resistant staphylococcus aureus (MRSA), Streptococcus pyrogens, 

Bacillus subtilis, Enterococcus faecium, and Staphylococcus aureus), and gram-negative 
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(Enterobacter hormaechei, Pseudomonas aeruginosa, and Escherichia coli) bacteria. Among the 

derivatives tested, only compound c8 showed action against the mycobacterium strain H37Rv (MIC 

value of 0.39-0.78 g/ml). No zone of inhibition was seen for any of the microbiological strains when 

exposed to any of the synthesized compounds. 

The hybrids between phenylpiperazine sulphonamide and phenyl hydrazide (E1-E6) and 

phenylpiperazine sulphonamide and phenyl hydrazine (F7-F19) were proposed and synthesized in 

chapter 4. All substances were evaluated against mycobacterium tuberculosis, five gram-positive and 

three gram-negative bacterial strains in vitro. Derivatives E1 and E2 with an isoniazid moiety were 

the most effective in inhibiting the growth of the H37Rv strain of tuberculosis, with an IC50 value of 

3.125 M. Of the derivatives tested, F10 showed significant action against the gram-positive bacteria 

Enterococcus faecium (7.81 μg/mL), whereas the others (E2, E6, F7, F9, F14) were only moderately 

active (250-62.5 μg/mL). 

Using a the molecular hybridization strategy, we were enabled to create novel analogues of coumarin-

(phenylsulfonyl)piperazine and 4-methyl coumarin-(phenylsulfonyl)piperazine in chapter 5.All 

synthesised compounds were evaluated for their in vitro anti-mycobacterial and antimicrobial activity 

against H37Rvand a  variety of antimicrobial gram-positive and gram-negative strains.The Compounds 

6G, 6H, 10D and 10E displayed moderate inhibition against gram positive and gram negative strains 

with MIC values in the range of 62.5-250 (table 1) against MRSA, Bacillus subtilis, and Enterococcus 

faecium, and gram negative strains Enterobacter hormaechei, Pseudomonas aeruginosa, and 

Escherichia coli.In addition, the Structure-Activity Relationship (SAR) analysis showed that phenyl 

ring substituents could enhance antibacterial activity. 

Chapter 6 came from the process of synthesizing phenyl piperazine in chapter 1. This chapter 

disclosed a method for efficient synthesis of transamidation in the presence of Iodine and 

NH2OH.HCl which published in Chemistry Select. This method is efficient for a broad range of 

primary, secondary, and tertiary amides, and it enables the formylation, acylation, and benzoylation of 

a number of different amines. The key benefits of the present technique are that it is easy to follow, 
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quick, does not need a metal catalyst, uses a starting material that is inexpensive, and has a low effect 

on the environment when the synthesis process is carried out. All of the chapters in this thesis are 

written in thesis by publication style, rather than the conventional style. 
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Chapter 1 

General Introduction 

Mycobacterium species such as M. tuberculosis, M. caprae, M. canettii, M. bovis, M. pinnipedii, M. 

africanum, and M. microtiv can cause tuberculosis (TB), which has the potential to become a 

devastating pandemic. The most prevalent pathogenic strain among them is Mycobacterium 

tuberculosis (MTB), which may affect not just the lungs but also the other part of organ[1]. South 

Africa has the highest TB infections occurrence rate worldwide, at 834 per 100,000, surpassing even 

Lesotho. There has been a dramatic increase in the number of deaths caused by tuberculosis and 

human immunodeficiency virus (HIV) infection throughout Africa. Poor therapeutic medication, 

medication toxicity, and efflux pumps are the issues harming the present TB treatment regimen. [2, 3].  

 Due to limitations with existing treatments, poor patient compliance, co-infections, 

inadequate therapeutic regimen and the emergence of resistant strains such as extensively drug 

resistant-TB (XDR-TB, strains that are resistant to rifampicin (RIF) and isoniazid (INH), as well as 

any fluoroquinolone and at least one of three injectable second-line drugs, viz: capreomycin, 

kanamycin, or amikacin), multi-drug resistant[4]. Fig 1 illustrate type of Drug resistance TB[5].  

 

Figure 1Type of drug resistance TB 

Similarly, The rising hostility between humans and the microbiome has led to a global health crisis 

known as antimicrobial resistance (AMR)[6]. Human health is increasingly at danger from the problem 

of microbial antibiotic resistance. Antibiotic resistance has been steadily increasing worldwide with 
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the launch of each new bacterial treatment during the past several decades[7]. Human wellness is also 

seriously impacted by bacteria including Methicillin-resistant Staphylococcus aureus (MRSA), 

Enterococcus, Streptococcus pyrogens, and Pseudomonas aeruginosa[8]. The bacteria and their 

respective drug resistances are listed in Fig. 2[9]. 

 

Figure 2 Drugs with resistance bacteria 

 Numerous N-containing heterocycles have been important in the pharmaceutical industry for 

decades. Due to thier extensive pharmacological action, piperazine has attracted the attention of 

medicinal chemists[10]. Therapeutically, various piperazine derivatives demonstrate a wide variety of 

effects, such as those againstantioxidative[11],  antipsychotic[12], antidepressant[13], anticancer[14], 

antibacterial[15], antifungal[16], antimalarial[17], anticonvulsant[18], and antimycobacterial[19]. In light of 

this, we have generated numerous hybrids of piperazine by combining it with a variety of bioactive 

chemical moieties such as isoniazid, phenyl hydrazides, phenyl hydrazines, and coumarins. These 

hybrids were then examined for their anti-microbial and anti-tubercular activities. 
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Figure 3 Piperazine containing antibacterial drugs 

The objective of the present research 

1. This study establishes an effective approach for the synthesis of piperazine hybrids 

2. Evaluate the enhancement in efficacy against mycobacterium and antimicrobial strains. 

3. To overcome the power of medication resistance possessed by mycobacterium and 

antimicrobial diseases. 
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Graphical Abstract 

 

Abstract 

Piperazine, is privileged six membered nitrogen containing heterocyclic ring also known as 1,4-

Diazacyclohexane. Consequently, piperazine is a versatile medicinally important scaffold and is an 

essential core in numerous marketed drugs with diverse pharmacological activities. In recent years 

several potent molecules containing piperazine as an essential subunit of the structural frame have 

been reported, especially against Mycobacterium tuberculosis (MTB). Remarkably, a good number of 

these reported molecules also displayed potential activity against multidrug-resistant (MDR), and 

extremely drug-resistant (XDR) strains of MTB. In this review, we have made a concerted effort to 

retrace anti-mycobacterial compounds for the past five decades (1971-2019) specifically where 

piperazine has been used as a vital building block. This review will benefit medicinal chemists as it 

elaborates on the design, rationale and structure-activity relationship (SAR) of the reported potent 
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piperazine based anti-TB molecules, which in turn will assist them in addressing the gaps, exploiting 

the reported strategies and developing safer, selective, and cost-effective anti-mycobacterial agents. 

Keywords: Piperazine, Mycobacterium tuberculosis, Structure-Activity Relationship, Anti-

mycobacterial agent  
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1. Introduction 

Tuberculosis (TB) is potentially a catastrophic pandemic caused by Mycobacterium species such as 

Mycobacterium tuberculosis (MTB), M. caprae, M. canettii, M. bovis, M. pinnipedii, M. africanum, 

and M. microtiv. Among these, primarily MTB is the most common pathogenic strain and can cause 

TB of the lungs (pulmonary-TB) apart from other vital organs[1]. The World Health Organization 

(WHO) has speculated that quarter of the world’s population is diagnosed with MTB, with 10.0 

million of the new cases in 2018 alone. Presently, TB is one among the top ten leading causes of 

mortality globally [2]. China, India, Russian Federation, and South Africa have almost ~63% of the 

world’s active cases of TB. Apart from Lesotho, South Africa tops the list of incident rates with 834 

cases per 100,000 people. TB, together with human immunodeficiency virus (HIV) infection, has 

become a lethal combination and covers the principal ascent of the diseases responsible for the highest 

mortality in Africa. The current TB treatment regimen has several drawbacks, such as poor 

therapeutic efficacy, drug toxicity, and efflux pumps [3,4]. Besides, the non-compliance of patients due 
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to the relatively long duration and complexity has contributed to the emergence of drug-resistant 

strains. Efforts to eliminate, TB have remained as a major challenge because of limitations with 

existing treatments, poor patient compliance, co-infections, inadequate therapeutic regimen and the 

emergence of resistant strains such as extensively drug resistant-TB (XDR-TB, strains that are 

resistant to rifampicin (RIF) and isoniazid (INH), as well as any fluoro-quinolone and at least one of 

three injectable second-line drugs, viz: capreomycin, kanamycin, or amikacin), multi-drug resistant-

TB (MDR-TB, resistant to at least two front-line anti-TB agents viz: RIF and INH, drug resistant-TB 

(DR-TB,resistant to at least one anti-TB drug), and recent incidents of total drug-resistant (TDR, 

resistant to all first-line and second-line anti-TB drugs) is a serious threat to mankind[5]. These facts 

clearly indicate that there is still a major challenge to medicinal chemists to control as well as manage 

TB worldwide[6].  

In the past few decades, several natural products, as well as synthetic compounds, have been reported 

to display potent activity against resistant MTB strains. However, most of them failed either in pre-

phase I or Phase I clinical trials. Thus in the last 50 years, only a small number of drugs have been 

successfully registered for the TB therapy. The current anti-mycobacterial agents causes several side 

effects, mainly due to the long treatment regimen, which has created an immediate need to design new 

and safer chemotherapeutic agents for effective therapy[7]. 

 In recent years, the concept of molecular hybridization (MH) has become quite popular 

among the medicinal chemists, which is based on the combination/conjugation of different or more 

related pharmacophore moieties into a single framework to give a desired pharmacological activity, 

consequently boosting therapeutic efficacy and enhancing the physiochemical profile. This 

comprehensive approach contributed to many novel chemicals moieties with enhanced anti-TB 

activity[8]. 

In past decades, many N-containing heterocycles played a significant role in drug design. 

Piperazine has gained attention in medicinal chemistry due to its wide pharmacological activity [9]. 

Many piperazine derivatives typically exhibit an interesting range of therapeutic activities including 
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anti-mycobacterial, anti-bacterial, anti-virus, anti-fungal, anti-tumor, anti-analgesic, 

anticonvulsant activities[10,11] 

Further, piperazine skeleton has recognized as a valuable pharmacophore against 

mycobacterial infections with aforementioned beneficial profiles[12]. In quest of exploring novel anti-

TB hybrids, numerous piperazine-containing analogues were synthesized and evaluated for their anti-

TB activity with enhanced hydrogen bonding capability, dipole moment, stability and rigidity under in 

vivo conditions[13]. These properties have attributed to their improved pharmacological activities. 

Besides that, the piperazine derivatives were also identified as a promising class of possible anti-TB 

drug candidates[14]. 

The broad range of pharmacological activities and efficient utilization of piperazine 

containing drugs in the healthcare setups inspires even more aggressive research that enables 

to design of a huge proportion of structurally diverse analogues of piperazine[10,11,15,16]. In recent times, 

several attempts have been made to develop piperazine derivatives as novel effective anti-TB agents 

(Fig. 5). So, in this review, we have summarized by systematically presenting significant 

advancements of piperazine-based molecular-hybrids as novel anti-mycobacterial agents. We also 

attempted to derive some useful SAR of successful piperazine analogues that could be further 

investigated in order to design and develop potential anti-mycobacterial drug candidates. 

 

Figure 1 Estimated percentage of TB-deaths worldwide. 
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Figure 2 Publisher wise publications on piperazine based anti-mycobacterial agents (1971-2019). 

 

Figure 3 Drug targets for different agents in mycobacterial chemotherapy. 

 



 
40 Chapter 3 

 

Figure 4 Classes of drugs used in mycobacterial chemotherapy. 

 

Figure 5 Piperazine containing anti-mycobacterial agents. 



 
41 Chapter 3 

2. Data sources, background study and data extraction process 

Throughout the data search process, we used various resources such as Scifinder, PubMed, PubChem, 

and Google Scholar for literature quest, while the espacenet, and world intellectual property 

organisation (WIPO) used for patent search. Among these, Scifinder, PubMed and WIPO were 

considered useful for collecting the related literatures and patents. The literature search strategy is 

outlined in the Fig. 6. 

 

Figure 6 Flow diagram used for data collection during literature review. 

Another unique feature of this review is that we have established few important SAR 

parameters that correlates the chemical structure and the biological activity of the compounds. Fig. 7 

describes the scheme and the various signs/shapes employed for generation SAR data. 
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Figure 7 The scheme and the various signs/shapes used for SAR-studies explanation. 

3. Literature study 

 The incorporation of piperazine moiety into anti-TB compounds elicited a significant impact on 

their biological activities, with improved pharmacological and toxicological properties[9,11].  

Based on the molecular docking studies, Simons et al. [17]have synthesized three series of 

azole-piperazine derivatives (1a-c,Fig. 8)as MTBdicyclotyrosine (cYY)[18] mimic agents. Theirin 

vitro anti-TB activity was evaluated against MTB H37Rv strain by using REMA method (Resazurin 

Microtiter Assay) [19,20]. By exploring  1c analogues,they identified that compounds 1ca, and 1cb 

displayed moderateinhibitory activity with  minimum inhibitory concentration (MIC) value of 26.79 

and 144.31 μM, compared with the standard drug Fluconazole and Clotrimazole (MIC = >326.50 and 

0.29 µM), respectively. Further, SAR study (Fig. 8) revealed that the pyrazole ring with piperazine 

enhanced the inhibitory activity against MTB-H37Rv due to their haem iron binding.  



 
43 Chapter 3 

 

Figure 8 Azole-piperazine analogues (1a, 1b and 1c) with potent compounds (1ca and 1cb) and SAR 
study 

Gonec et al.[21] have designed and synthesized a series of aryl-piperazine analogues  (2, Fig. 

9)with considerable lipophilic character. All analogues were evaluated for their anti-TB activity 

against MT My 331/88 (H37Rv), MK My 235/80, MK 6 509/96, MA My 330/88 as well as CIT11/06, 

CIT03, ATCC 13950, and CIT10/08 strains. Their results have shown that the analogue 2a was 

identified as the most potent against H37Rv strain with MIC value of 8.0 μM, compared to reference 

drugs Ofloxacin and Ethambutol (EMB) (MIC= 1.0 and 1.1 μM). Further, SAR study (Fig. 9) 

correlates the impact of anti-TB activity with the lipophilicity and substitutions on the N-aryl 

piperazine ring.  

 

Figure 9 Aryl-piperazine hybrids (2) with potent analogue (2a) and SAR study 
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Roh et al.[22] explored four different sequences of 3,5-dinitrophenyl tetrazoleand oxadiazole 

derivatives (3a-d, Fig. 10), and resolved solubility issues of the previous study by preparing 

piperazine hydrochloride salt. In this study it was revealed that the solubility had great impact on the 

inhibitory profile of N-benzyl piperazine derivatives 3ba, 3ca, and 3da with enhancedMIC value of 

1.0, 1.0 and 0.125 μM against MTB, CNCTC, My 331/88 (H37Rv) strains. However, the 3da 

compound showed better activity (MIC= 0.125 μM) than standard drug isoniazid (INH) and 

rifampicin (RIF) (MIC=0.5 and 0.25 μM). The SAR report explained that the piperazine 

pharmacophoric structural feature showed the highest MTB activity than other heterocyclic groups 

(Fig. 10). 

 

Figure 10  3,5-dinitrophenyl tetrazole and oxadiazole derivatives (3a-d)with potent derivative 

(3da)and SAR study 

Patel and co-workers[23] have synthesized a series of 2-(4-cyano-3-trifluoromethyl-

phenylamino)-4-(quinoline-4-yloxy)-6-(piperazinyl/piperidinyl)-s-triazine hybrids (4, Fig. 11)  and 

evaluated them for anti-TB, anti-bacterial, and anti-fungal activities. The preliminary in vitro studies 

showed their anti-TB activity at the concentration of 9.01-12.71 µM in BACTEC MGIT system. 

Further, they identified most potent analogues 4a-c that has shown inhibition against MTB H37Rv 

strain at MIC of 19.61, 42.62, and 72.14 µM, as compared to the reference drug pyrazinamide (PZA). 



 
45 Chapter 3 

The brief SAR analysis (Fig. 11) has indicated that the anti-TB activity is depended on halogen 

substitutions of phenyl-piperazine rings.  

 

Figure 11 Piperazine substituted Triazines (4) with potent hybrids(4a-c)and SAR study. 

Luo-Ting et al.[24] have synthesized and evaluated benzothiazinone analogues (5, Fig. 12)as 

novel decaprenylphosphoryl-b-D-ribose-epimerase (DprE1) inhibitors. They have synthesized a wide 

range of 4-carbonyl piperazine substituted 1,3-benzothiazin-4-one analogues tested in vitro against 

MTB H37Rv strain using PBTZ169 as standard[25,26]. The SAR studies (Fig. 12)revealed that anti-TB 

activity is depending on the 4-carbonyl piperazine substitution on benzo-thiazinone ring. The most 

potent compound 5a (MIC = 0.008 µM) of this series showed inhibition against H37Rv strain and 

found non-cytotoxic to VERO cells.  

 

Figure 12 Piperazine substituted benzothiazinones (5) with potent hybrid (5a) and SAR study. 
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Marvadi and co-workers[27] synthesized a novel series of 2-(thiophen-2-yl) dihydro-quinoline 

conjugates (6, Fig. 13) by fusing dihydro-quinoline moiety and nitrogen containing substituents viz: 

morpholine, thiomorpholine and piperazine. These compounds were evaluated for anti-TB activity 

against MTB H37Rv strain using microplate alamar blue assay (MABA) technique [28,29]. Six 

compounds displayed acceptable activity half maximal inhibitory concentration (MIC) <18.01 µM, 

while, the compounds 6a and 6b have emerged as the most potent conjugates with each MIC value of 

3.58 µM against standard reference Ciprofloxacine (Cf) with less toxicity and enhanced solubility 

profile. A SAR study (Fig. 13) demonstrated the positive influence of piperazine, N-substituted 

benzyl and pyridine ring on the MTB activity. 

 

Figure 13 Piperazine substituted 2-(thiophen-2-yl)dihydroquinoline conjugates (6) with potent 

compounds (6a and 6b) and SAR study. 

Zhi Xu et al.[30]  have performed the in vitro MTB activity on the synthesized nitro-

ferricyanides pyrrolidine and piperazine analogues (7, Fig. 14) against different TB-strains MTB 

H37Rv, MDR-MTB 16833 and MDR-MTB 16995 strains (using MABA). From the results it was 

identified that some promising compounds (7a-c) exhibited most potent activity with MIC value range 

of <0.04 to > 9.2 μM while reference drugs INH and RIF showed a MIC of 0.06, and >48.61 μM, 

respectively. Further, the SAR study identifies the importance of piperazine ring in anti-TB activity of 

these hybrids, as its absence significantly reduced the activity. 
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Figure 14 Nitro-ferricyanides piperazine hybrids (7) with potent derivatives (7a, 7b and 7c) and SAR 

study. 

NARD and co-workers[31] have reported the synthesis of a verity of substituted 5-nitro-2-

furaldehyde piperazinoacyl hydrazone derivatives (8, Fig. 15) and compounds were screened in vitro 

against 10 different microbial strains viz: E. coli 100, Salmonella typhimurium 1090, Pseudomonas 

aeruginosa H2, Proteue vulgaris OX, Micrococcus p yogenes SG511, Streptococcus pyogenes ASS, 

Bacillus subtilis ATCC 9466, Trichophyton mentagrophytes 1236, and Candida albicans 28 including 

MTB H37Ra, respectively. Among them, Compound 8a showed most potent in vitro activity against 

the tested strains. Moreover, the active analogues did not show any activity in their in vivo studies. 

Their SAR studies revealed that the long-chain alkyl groups attached to N-atom of piperazine were 

important for anti-TB activity. 
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Figure 15 5-Nitro-2-furaldehyde piperazinoacyl hydrazones(8)and active derivative (8a) 

Piperazine and oxime containing benzo-thiazinones (BTZs) (9, Fig. 16) were incorporated 

into a single framework to check their in vitro MTB activity, by Wang and co-workers[32]. These 

analogues exhibited high selectivity and potency towards MTB H37Rv strain (MIC range <0.03-0.913 

μM) using MABA. The most potent conjugates 9a and 9b exhibited excellent anti-TB activity with 

MIC value of <0.03 μM and lower toxicity to mammalian VERO cells, in comparison RIF, INH and 

PBTZ169 positive control drugs exhibited lower activity and more toxicity. Further, these potent 

compounds 9a and 9b were examined through in vivo studies on mice, MTB H37Rv infected murine 

strain model and evaluated Pyruvate kinase (PK) activity in the Institute of Cancer Research (ICR). 

Both the tested compounds showed excellent anti-TB activity, and compound 9a displayed 

significantly higher PK profile than PBTZ169 at the same oral doses in Sprague Dawley (SD) rat’s 

model.  
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Figure 16 Piperazine and oxime containing BTZs (9) with potent analogues (9a and 9b) and SAR 

study. 

Singh et al.[12] reported the SAR study for some novel 1-(5-isoquinolinesulfonyl)piperazine 

derivatives (10, Fig. 17) with promising inosine-5'-monophosphate dehydrogenase (IMPDH) enzyme 

inhibition [33,34] in  anti-TB activity. These activities were screened respectively with a mutant 

SRMV2.6 and wild-type MTB. The analogues with piperazine iso-quinoline and cyclohexyl ring have 

shown their mild to excellent MTB inhibitory activity.  Further, SAR study (Fig. 17) showed that the 

activity of this series heavily depends on the distance between sulfonyl and carbonyl group, indicating 

these compounds have specific targets to bind. 

 

Figure 17 1-(5-isoquinolinesulfonyl)piperazine derivative (10) and SAR study 

Heather and the team[35] synthesized and evaluated a new series of 1,2,4-trisubstituted 

piperazine derivatives (11, Fig. 18) and studied for their anti-TB activity against H37Rv strain. 

Notable, compound 11a showed excellent activity than standard anti-TB drugs Fluoroquinolone (FQ), 
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RIF, and INH against TB strain under aerobic conditions. Besides, they showed moderate potential 

against replicating MTB, indicating their potential as a safe anti-TB therapeutic agent. 

 

Figure 18 1,2,4-trisubstituted piperazine hybrids  (11) with potent derivative (11a)  and SAR study 

Kantevaria et al.[36] designed and synthesized two novel series of dibenzo[b,d] thiophene and 

imidazo[1,2-a]pyridine-3-carboxamides hybrids (12, Fig. 19) by hybridizing two bioactive molecules 

and evaluated for their in vitro anti-TB activity.  Compound 12a (MIC = 2.48 μM) displayed excellent 

anti-TB activity compared to the standard drugs EMB and PZA (MIC = 15.32 and 406.13 μM) 

respectively. The results revealed that 4-chlorophenyl piperazine derivative 12a emerged as most 

potent compound and less toxic than 4-benzyl piperidine analogues. Further, the SAR study (Fig. 19) 

revealed the impact of substitutions on benzyl amines for the anti-TB activity. 



 
51 Chapter 3 

 

Figure 19 dibenzo[b,d]thiophene and imidazo[1,2-a]pyridine-3-carboxamides analogues  (12) with 

potent derivative (12a)  and SAR study 

Kalaga et al.[37] synthesized a series of indole and triazole tethered piperazin-1-yl/1,4-

diazepan-1-yl)benzo[d]isoxazole conjugates (13a and 13b, Fig. 20) to find potent anti-TB candidates. 

The authors also demonstrated favourable in silico binding of 13ba and 13bb with pantothenate-

synthetase enzyme. Among tested compounds, 13ba and 13bb showed the highest activity with MIC 

value of 29.19 and 6,16 μM against H37Rv strain as compared to iso-nicotinic acid hydrazide (MIC = 

91.14 μM). The SAR studies (Fig. 20) revealed the importance of electron-withdrawing groups 

(EWG) on phenyl-piperazine ring to enhance anti-TB activity these analogues.  
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Figure 20 Indole and triazole tethered piperazin-1-yl/1,4-diazepan-1-yl)benzo[d]isoxazole conjugates 

(13a and 13b) with potent derivative (13ba and 13bb) and SAR study 

In 2016, Miller and his team[38] designed and synthesized a novel series of imidazo[2,1-

b]thiazole-5-carboxamides (14, Fig. 21) as potential anti-TB agents. These analogues inhibited MTB 

by arresting QcrB genes in MTB H37Rv and ATCC 25618 strains. Compared with biaryl ether aniline 

derivatives, compounds with pyrazine and piperazine subunits displayed better anti-TB activity with 

MIC of < 10 nM against replicating and drug-resistant MTB strain. These analogues were also 

exhibited less cytotoxicity in VERO cells line. Furthermore, most potent hybrid 14a screened for 

QcrB mutants to target the bc1 complex and chosen for further study in ex vivo macrophages infected 

with the Erdman MTB strain. These active analogues have shown their potential against Gram-

positive and four Gram-positive strains. 
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Figure 21 dibenzo[b, d]thiophene and imidazo[1,2-a]pyridine-3-carboxamides analogues  (14) with 

potent derivative (14a)  and SAR study 

Based on rational drug design for anti-TB agents, Marvin J. Miller[39] synthesized a novel 

series of piperazino-1,3-benzothiazine-4-ones (pBTZ's) hybrids (15, Fig. 22) by incorporating 

imidazo-pyridine and cephalosporins in a single molecular framework. Compound 15a exhibited the 

highest potency against the MTB H37Rv strain in MABA[40]. Further, their evaluation in two specific 

7H12, and GAS mycobacterial growth media, the hybrid 15a exhibited good activity with the MIC 

value of 2.03 and 1.51 μM respectively, compared with first-line drug RIF (MIC = 0.05 and 0.04 μM) 

respectively. SAR studies (Fig. 22) indicated that acid protection affects the activity of cephalosporin-

pBTZ pharmacophore. Moreover, these hybrids were found effective against Gram-positive bacteria 

with MICs of 0.2 μM and <0.003 μM against M. vaccae and B. subtilis, respectively. 
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Figure 22  pBTZ's hybrids (15) with potent anti-TB molecule (15a) and SAR study 

Using Asinex and Zinc collections, Vita et al.[41] developed a novel anti-TB pharmacophore 

model and selected 60 molecules through virtual screening to build an in-house library. All analogues 

displayed their in vitro anti-TB potential (MIC range of 5.46-133.6 µM) against MTB H37Ra strain 

using agar dilution method[42]. The results revealed that azole analogue 16a exhibited significant 

inhibition with MIC value of 8.34 µM, and displayed high metabolic stability with the mixture of 

unmodified parent drug metabolites. SAR studies (16, Fig. 23) showed that the anti-TB activity 

largely depends on the position of chloro substitutions on phenyl piperazine ring. Additionally, the 

imidazole rings with phenyl and pyrrole substitutions have a negative impact on the anti-TB potency.  
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DNA gyrase and ATPase are the two crucial enzymes in MTB, and the fluoro-quinolones 

reported as anti-TB gyrase inhibitors against drug-resistant MTB strains[43,44]. Sriram et al.[45]designed 

and synthesized a series of quinolone and piperazine derivatives (17, Fig. 24). The synthesized 

analogues were screened against MTB H37Ra strain, RAW 264.7 cells by using MTB DNA 

supercoiling and gyrase B assay[46]. Theirin vitro data revealed that compound 17a as a lead candidate 

with MIC and IC50 value of 3.45 μM and 0.29 μM against MTB H37Ra strain, DNA gyrase enzyme 

supercoiling, respectively. Among these compounds, except nitro bearing once were found non-toxic 

against RAW 264.7 cell lines. SAR study (Fig. 24) revealed that thiourea linker and quinolone 

enhanced the MTB activity.  

Figure 23 Piperazine analogues (16) with potent compound (16a) and SAR study 
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Figure 24 Quinolone and piperazine derivatives (17) with potent compound (17a) and SAR study 

Castagnolo et al.[47] synthesized a novel series of pyrrole tethered piperazine and oxime/sec-

amine derivatives as hybrids of BM212[48] and SQ109[49] with common topological distribution  (18a 

and 18b, Fig. 25). The substituted piperazine unit resulted in various potent analogues against M. 

smegmatis, M. bovis BCG and M. aurum strains and further tested against mc27000, MTB H37Rav, 

MDR1 and MDR2 strains. The authors concluded that series is 18b much active than series 18a, with 

MIC value 1.58 μM against mc27000 strain, 0.63, 1.58 μM against H37Rv and MDR-1 TB 

respectively (18ba).  
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Figure 25 Pyrrole with piperazine and oxime/sec aminederivatives (18a and 18b) with potent 

compound (18ba) and SAR study 

Oxazolidinone constituted an essential structure for various potent anti-TB agents, along with 

linezolid (anti-TB drug) and inspired Wang et al.[50], to synthesize and evaluate the anti-TB activity of 

its derivatives (19, Fig. 26) against MTB H37Rv (ATCC 27294) strain with piperazine moiety. The 

tested analogues showed potent anti-TB activity with the MIC range of 1.01–15.5 µM. Two 

compound 19a and 19b of the series revealed the most potent activity with 99 % growth inhibition 

against MTB H37Rv (ATCC 27294) strain at MIC 1.1 and 1.03 µM. The activities of both compounds 

were observed consistent with standard line olid drug. The SAR (Fig. 26) study defined the 

impact of piperazine substitution on anti-TB activity. Results revealed that the anti-TB activity of 

these derivatives enhanced with non-polar substitutions on piperazine. 
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Figure 26 Oxazolidinone-piperazine derivatives (19) with potent compounds (19a and 19b) and SAR 

study 

Similarly, inspired by diverse pharmacological properties of FQ[51], Suresh and 

colleagues[52]reported the synthesis and anti-TB activity of quinolone tagged piperazine analogues 

(20, Fig. 27) connected by a carbonyl linker. The result revealed that compound 20a emerged as a 

most potent anti-TB agent against MTB H37Rv with MIC value of 7.32 μM, which was comparatively 

less than the standard drug RIF (MIC = 0.14 μM). SAR study (Fig. 27) concluded that the 

combination of branching at α-position of alkyl with piperazine appears to affect the anti-TB activity 

profile. Furthermore, alkyl substitutions on piperazine have a positive impact on anti-TB activity. 

Besides, these compounds were also found to exhibit better anti-bacterial activity against S. aureus 

and E.coli bacterial strains. 
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Figure 27 Quinolone-piperazine analogues (20) with most active derivative 20a and SAR study 

Reddy et al.[53] reported the synthesis and anti-TB activity for the two series of benzofuran 

and benzo[d]isothiazole analogues (21a and 21b, Fig. 28) against M. smegmatis  (MS), M. 

tuberculosis (MTB) strains using GyrB ATPase and DNA gyrase supercoiling assay. Most of the 

analogues displayed around 70% of the DNA supercoiling inhibition at MIC of 50 µM. However, 

compound 21ba have exhibited the highest activity with IC50 and MIC value of 0.42 and 3.44 µM 

using EMB as a positive control (MIC = 0.66 µM). The presence of urea as a linker and chloro on the 

o-position of thiazole-phenyl ring generally found to enhance the anti-TB activity. The representative 

analogue (21ba) of this series displayed low toxicity with 20.2 % inhibition against mouse 

macrophage RAW 264.7 cell line. 
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Figure 28 Benzofuran and benzo[d]isothiazole analogues (21a and 21b) with most active derivative 

(21ba) and SAR study 

The anti-TB potential of piperazine ring was further improved by its coupling with substituted 

cinnamic acid and yielded novel analogues (22, Fig. 29) with MIC value of 6.28 µM[54]. The in vitro 

evaluation was performed against MTB H37Rv strain using REMA plate assay and INH (MIC=2.84 

μM) was used as reference drug. The results revealed that the role of cinnamic acid conjugation with 

piperazine in anti-TB activity improvement was established. The analogue 22a bearing trifluoro-

methane on phenyl piperazine ring exhibited less toxicity in a mammalian VERO cell line with 

selective index (SI) >10.  

 

Figure 29 Cinnamic acid and piperazine analogues (22) with most active derivative (22a) and SAR 

study 
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Efforts conducted to evaluate the ability of piperazine as anti-TB agents by their integration 

with isoxazole nucleus weren't promising as most of the isoxazole-piperazine analogues (23, Fig. 30) 

demonstrated IC50 values >59 µM against MTB H37Rv strain[55]. The most potent analogue 23a, 

however, exhibited MIC value of 9.1 μM against MTB H37Rv strain and INH (MIC= 2.62 μM) as 

reference standard using the MABA. Furthermore, compound 23a demonstrated low toxicity with 

good SI against mouse macrophage cell lines (RAW264.7). SAR studies (Fig. 30) showed that the 

sulfonyl linker integrating phenyl and piperazine group exhibited considerable enhancement in the 

activity. 

 

Figure 30 Isoxazole-piperazine derivatives (23)with most active analogue (23a) and SAR study 

A novel series of thiazole-di-piperazine analogues (24, Fig. 31) as anti-TB agents were 

synthesized by Nagesh and co-workers[56]. The activity of this series against MTB H37Rv strain was 

investigated using the MABA method. All active compounds displayed lower cytotoxicity profiles 

against RAW 264.7 cell lines. The in vitro analysis revealed that the reported analogues displayed 

MIC range of 2.62 – 11.66 μM as compared to the standard reference drug INH (MIC =0.36 μM). 

SAR study (Fig. 31) represents the influence of the benzhydryl group in forming strong hydrogen 

bonding with specific targets. The prototype analogue 24a bearing an N-methylthiazol-2-amine 

attached through propyl to benzhydryl piperazine exhibited superior activity with a MIC value of 2.62 

μM. 
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Figure 31 Thiazole-di-piperazine analogues (24)with most active derivative (24a) and SAR study 

Makarov and his team[57] evaluated the anti-TB potential of Benzothiazinone derivatives 

(BTZ043) (25, Fig. 32) as cellular enzyme DprE1 inhibitor[58] that has displayed superior activities 

against XDR and MDR strains of MTB. All the tested compounds showed anti-TB activity against 

MTB H37Rv strain with the MIC range of 0.0004 to 0.66 μM using REMA assay. Majority of 

derivatives with cyclohexyl methyl substitutions on piperazine enhanced the anti-TB activity (Fig. 

32). Compound 25a emerged as the most potent molecule with potent anti-TB activity (MIC <0.42 

µM) and low cytotoxicity in a murine model. Besides, the cytotoxicity study showed that most of the 

compounds were found non-toxic against the HepG2 human cell line. 
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Figure 32 Benzothiazinone analogues (25)with most active derivative (25a) and SAR study 

Kantevari et al.[59] designed and synthesized various piperazine analogues by coupling it with 

thio-semicarbazone in a single pharmacophore (26, Fig. 33). These analogues were biologically 

evaluated for their in vitro MTB activity against H37Rv strain using the agar dilution method. The in 

vitro analysis showed that all analogues exhibited moderate anti-TB activity with MIC value range of 

6.36-58.23 μM, compared with the standard INH (MIC = 0.73 μM). Compounds 26a and 26b showed 

good activity among all the tested compounds with MIC value of 6.57 and 6.36 μM against H37Rv 

strain. Further, the active analogues showed 31% cytotoxicity toxicity against HEK-293 T cell. SAR 

studies (Fig. 33) concluded the positive influence of electron-donating groups on the phenyl ring of 

piperazine that remarkably enhances the anti-TB activity. 
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Figure 33 Thiosemicarbazone–piperazine analogues (26)with most active derivatives (26a and 26b) 

and SAR study 

Thiazolone-tetrazole analogues (27, Fig. 34) synthesized by Chauhan and his colleagues[60] 

exhibited good to excellent anti-TB activity against MTB H37Rv strain. Compounds 27a-d of this 

series, displayed much potent anti-TB activity (MIC = 3.08, 3.01, 2.62 and 2.51 µM) against MTB 

H37Rv strain as compared to the EMB (MIC = 9.78 µM), respectively. Further, all these active 

compounds considered to be safe as they showed non-cytotoxicity against VERO cells. SAR studies 

demonstrated that ferrocene and para-substituted phenyl derivatives showed better anti-TB activity 

than aryl or hetero aryl-substituted derivatives, as shown in Fig. 34. 
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Figure 34 Thiazolone-tetrazole analogues (27)with active derivatives (27a-d) and SAR study 

Rotta et al.[61]designed and synthesized a series of piperazine analogues (28, Fig. 35) and 

screened them to evaluate their IC50 value against MtInhA strain[62]. Compound 28a with electron-rich 

substitutions on benzyl ring exhibited good MtInhA inhibition (IC50 of 0.22 μM), as compared to 

electron-deficient substituent analogue, respectively. The effect of different substitution revealed the 

basicity enhancement on carbonyl group and maintaining the hydrophobic environment around the 

benzyl ring. The methyl substituent at 4th position in Compound 28a is more preferred over 3rd 

position. Moreover, docking studies demonstrated that substitution at 2nd position hindered in the 

cavity of Met103, Tyr158, and Met161 which residues of MtInhA. Among all screened compound 28a 

with some active analogues were further screened against MTB H37Rv strain.  

 

Figure 35 Piperazine derivatives (28)with most active derivative (28a) and SAR study 
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Singh et al.[63] reported the synthesis and anti-TB activity of nitrothiophene/nitrofuran 

tethered piperazine moiety and the resulted compounds (29a and 29b, Fig. 36) were evaluated against 

MTB H37Rv strain using micro-broth dilution method. The anti-TB activity of these analogues was 

tested against resistant (RIF and MDR) and non-replicating (NRP) strains of MTB. The results 

revealed that compound 29aa displayed the most potent activity against MTB H37Rv with (MIC = 

0.0072 µM), MDR RIF (MIC = 0.072 µM) and (MIC = 0.029 µM), respectively. Further compound 

29ba exhibited more potent activity against NRP compared to the standard drug RIF. SAR study (Fig. 

36) demonstrated that the sulfonyl group with bulky substitutions on the p- position of phenyl ring are 

most favourable to enhance the anti-TB activity. However, the replacement of piperazine with 

morpholine or piperidine ring negatively affects the activity. 

 

Figure 36 Piperazine with nitrothiophene/nitrofurany analogues (29a and 29b)with active derivatives 

(29aa and 29ba) and SAR study 

Penta and co-workers[8] reported the synthesis and the anti-TB activity of newly synthesized 

pyridol[3,4-b]indole-piperazine derivatives, modified by coupling of indole and piperazine moieties 

(30, Fig. 37). The withdrawing groups like chloro (-Cl) substitutions on o- and m-positions were 

favourable and displayed the highest anti-TB activity with an excellent selective index. Further, the 

phenyl ring replacement with pyridine or benzyl moieties also enhances the anti-TB activity to a 

certain extent. Compounds with MIC value less than 10.1 µM were further evaluated for their in vitro 

analysis against MTB H37Rv strain using MABA. The results revealed that compound 30a 
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demonstrated potent inhibitory activity with MIC of 2.99 µM, good SI (>33.3) and less toxic against 

VERO cell lines (CC50> 99.72 µM). 

 

Figure 37 Pyridol[3,4-b]indole-piperazine derivatives (30)with most active derivative (30a) and SAR 

study 

In literature, phenanthridine-piperazine analogues were previously reported as anti-TB agents 

inspired from that Naidu et al.[64] reported the discovery of phenanthridine-piperazine compounds 

(31a and 31b, Fig. 38) as anti-TB agents. All synthesized analogous showed their MTB activity with 

a range of MIC value of 3.39-111.48 μM against MTB H37Rv strain using MABA. Compounds 31aa, 

31ab, and 31ba demonstrated promising anti-TB activity with MIC value of 4.23, 3.48 and 3.39 μM, 

without showing in vitro toxicity against RAW264-7 cells. Further, the SAR study (Fig. 38) revealed 

that sulphonamides with phenyl substitutions are positively influenced anti-TB activity.  
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Figure 38  Phenanthridine-piperazine analogues (31a and 31b) with active derivatives (31aa, 31ab, 

and 31ba) and SAR study 

In another interesting study, Chollet et al.[65]synthesized a series of the Genz-10850 

compounds with piperazine, amide, aryl substitutions on fluorene ring (32, Fig. 39). The synthesized 

analogues were studied for their anti-TB activity against MTB H37Rv strain using MABA 

technique[66]. Compound 32a was found to be the most potent compound with MIC value of 11.0 μM 

compared to the positive control INH (MIC= 0.4 μM). Further, SAR study (Fig. 39) revealed that the 

amide group on piperazine significantly enhanced the activity by forming hydrophobic interactions 

with receptor sites. The analogue with hexyloxy chain substituent on fluorene moiety showed good 

anti-TB activity. In silico studies revealed the potent interactions of these compounds with InhA 

enzyme. 
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Figure 39 Piperazine-fluorene hybrids (32) with most active derivative (32a) and SAR study 

Medapi et al.[67] reported piperazine and 4-aminoquinoline in a single pharmacophore, and the 

resultant derivatives (33, Fig. 40) were evaluated for their anti-TB activity. The synthesized analogues 

were screened for in vitro study against RAW 264.7 cell lines, GyrB, DNA gyrase supercoiling, MTB 

H37Rv strain, and cytotoxicity. Compounds 33a-c have shown GyrB inhibition with IC50 values of <1 

μM. From the results, compound 33c considered as a lead compound of this series with MIC value of 

0.86, 3.3 μM against mycobacterial GyrB and MTB H37Rv strain. SAR study (Fig. 40) proved the 

positive impact ethyl piperazine ring on the anti-TB activity. Further, computational studies proved 

the molecular interaction responsible for their potent inhibitory activity. 
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Figure 40 Piperazine-4-aminoquinoline analogue (33) with active derivatives (33a-c) and SAR study 

In 2015, Nair et al.[68] synthesized a series of novel compounds and evaluated anti-TB activity 

against MDR-TB strain using middlebrow 7H10 agar solid growth medium. The results revealed that 

the compound 34 (Fig. 41) exhibited potent inhibitory activity with MIC of 2.39 μM against the tested 

strains. Compound 34 was subsequently tested in conjunction with PA-824 (mycolic acid synthesis 

inhibitor), and combination therapy displayed superior efficacy against MDR-MTB. The SAR study 

showed that the anti-TB activity was decreased with fluorine substitution on phenyl ring. 

Furthermore, the analogue with pyrazole substituent showed better results compared to their pyrrole 

(MIC = 9.6 μM). 
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Figure 41 Potent compound (34) with MTB activity 

Wang et al.[69] disclosed the synthesis of a series of Cf derivatives with N-substituted 

piperazine (35, Fig. 42) as anti-bacterial and anti-TB agents. They evaluated these analogues for their 

in vitro anti-TB and anti-bacterial activity against MTB H37Rv and Gram-positive and Gram-negative 

strains using MABA method. Among all, compound 35a with a para-substituted methoxy group was 

the most potent compound with MIC value of 2.2 μM, as compared to the positive control Cf (MIC= 

1.5 μM). In addition, the active compound has also displayed potent inhibitory activity against MRSA 

and P. aeruginosa with MIC range of 0.13–0.07 μM, respectively. The SAR study (Fig. 42) showed 

that the presence of p-methoxy substitution at the benzyl group which in turn connected with 

piperazine is responsible for enhanced the anti-TB activity.  
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Figure 42 CPFX analogues with N-substituted piperazine (35) with most active derivative (35a) and 

SAR study 

Patel and co-workers[70] synthesized a series of s-triazines-quinazoline hybrids by conjugating 

s-triazine, quinazoline, and piperazines or piperidines (36, Fig. 43) in a single molecular framework 

and evaluated their anti-TB potential against MTB H37Rv strain. Among the series tested, compound 

36a showed excellent anti-TB activity with MIC value of >9.79 µM, as compared with PZA (MIC= 

50.76 µM) using BACTEC MGIT and L. J. agar dilution method. The SAR study (Fig. 43) revealed 

that the EWG substituent enhanced the anti-TB activity as compared to other substituent and the 

heterocyclic piperazine group positively influence the anti-TB activity. 

 

Figure 43 s-triazines-quinazoline-piperazine/piperidines (36) with active derivative (36a) and SAR 

study 
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Another example containing pharmacophoric synthesis of benzoylmethylenethio-1,3,4-

thiadiazole (37, Fig. 44) with anti-bacterial active quinolone moiety. Agrawal et al.[71] synthesized a 

new class of quinolone-thiadiazole analogues and evaluated them for anti-TB activity in vitro good to 

moderate inhibitory activity with MIC value range of 0.82-16.73 μM, compared to the INH (MIC= 

10.93 μM). Compounds 37a-c have shown maximum inhibition against MTB H37Rv strain with MIC 

value of 1.67, 0.82 and 1.68 μM respectively, with low cytotoxicity. Furthermore, these active 

compounds reported good gram-positive and poor gram-negative activity than Cf and norfloxacin 

(NRFX). The SAR study (Fig. 44) described that electron-withdrawing substituents at phenyl ring are 

preferable over electron-donating groups (EDG) at phenyl ring to inhibiting the MTB strain. 

 

Figure 44 Benzoylmethylenethio-1,3,4-thiadiazolen analogues (37) with active derivatives (37a-c) 

and SAR study 

A novel series of phenanthridine tagged piperazine (38, Fig. 45) and substituted triazoles 

were synthesized and evaluated for their biological activities by Nagesh et al.[72]. The synthesized 

conjugates were evaluated as anti-TB agents against MTB H37Rv strain using the MABA method[73]. 

Compound 38a, a prototype of the series, exhibited good in vitro anti-TB activity (MIC = 3.22 μM) 

against MTB H37Rv strain, comparable to the standard drug INH (MIC = 2.62 μM), respectively. 
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Besides, active analogues showed non toxicity against RAW264.7 cell line (MIC = < 11 μM). The 

SAR study (Fig. 45) revealed that the presence of sulfonyl substitution on triazole connected to 

piperazine ring displayed considerably higher potency than that of unsubstituted phenyl-triazoles.  

 

Figure 45 Phenanthridine-piperazine and triazole analogues (38) with most active derivative (38a) 

and SAR study 

Further, extending the scope of the anti-TB potential of BM212, linezolid, and PH-027, 

Kamal et al.[74] synthesized two series of hybrid (39a and 39b, Fig. 46) molecules by fusing all these 

three active scaffolds into a single molecular framework. All these analogues were evaluated for their 

in vitro study, against MTB H37Rv, MTB, RifR and MTB XDR using MABA technique. The 

evaluated hybrids showed potent anti-TB activity with the ranges from 2.84 to > 8.61 μM that was 

comparable to the positive control linezolid (2.3 μM). Among all, the compound 39ba has shown the 

highest activity with MIC value of 2.84, 5.68 and 11.37 μM against MTB H37Rv, MTB RifR and MTB 

XDR-1 respectively. From SAR analysis (Fig. 46) it was found that the pyridyl/1-methyl-1H-

imidazol-5-yl group substituted triazole hybrids at the 4th position displayed excellent activity in 

contrast to other groups.  
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Figure 46 Active piperazine analogues (39) with most active derivative (39a) and SAR study 

Sheu et al.[75] developed a library of FQ derivatives (40, Fig. 47) and investigated their anti-

TB activity against MTB growth. All derivatives were assessed for their in vitro evaluation at a 

concentration of 11.4-15.9 μM; some of the compounds showed 100% MTB inhibition. The in vitro 

study revealed that the compound 40a showed higher potency against MTB H37Rv strain with MIC, 

EC90 value of 3.9, 14.3 μM and selective index (SI)>40. The active analogues were found non-

cytotoxic against VERO cell line. The SAR studies (Fig. 47) suggest that the hydroxy (-OH) 

substitution greatly influence anti-TB activity rather than other ethoxy and amine groups. 

 

Figure 47 FQs (40) with most active derivative (40a) and SAR study 
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Sriram and colleagues[76]designed and synthesized a series of mannich-based isatin tagged 

piperazine hybrids (41, Fig. 48) and discussed their anti-HIV, anti-HCV, and anti-TB activities. The 

results suggested that compound 41a showed most prominent activity (MIC= 1.91 µM) against MTB 

H37Rv ATCC 27294 strain using the MABA method as compared to standard Cf. Other piperazine 

hybrids displayed the encouraging activity against MT-4 and CEM cell lines with a good half maximal 

effective concentration (EC50) value of 11.50 µM. The SAR study (Fig. 48) revealed that piperazine 

substituted isatin derivative shown promising anti-TB activity. 

 

Figure 48 Isatin-piperazine hybrid derivatives (41) with most active derivative (41a) and SAR study 

Patel and group[77] reported the synthesis of a series of novel 2-(4-cyano-3 

trifluoromethylphenylamino)-4-(quinoline-4-yloxy)-6-(piperazinyl/piperidinyl)-s-triazine derivatives 

(42, Fig. 49) by modifying quinolone and phenyl ring. The synthesized compounds were evaluated for 

anti-TB activity against eight bacterial, four fungal and one MTB strain. Among the tested 

compounds, 49a-e exhibited 99% of inhibition against MTB H37Rv strain at MIC of 4.56, 17.75, 

38.55, and 83.68 μM, respectively. Further, the SAR study (Fig. 49) has evidenced that the anti-TB 

activity has been depended on dimethyl, alkoxy, and halogen substitutions at piperazine/phenyl 

piperazine rings. Moreover, these compounds have displayed potent anticancer activity against 

prostate (DU-145) cancer cells. 
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Figure 49 Piperazine/piperidine-triazine analogues (42) with most active derivative (42a) and SAR 

study 

Shindikar et al.[78] synthesized a series of FQ based derivatives (43, Fig. 50) evaluated in-vivo 

anti-TB activity against MTB H37Rv infected swiss albino mice. The animals were monitored for 

survival rate by considering spleen weights, gross lung lesions, and colony-forming units (CFUs), 

using sparfloxacin as positive control drug. Among the series tested, compound 43a showed 100% 

survival, lack of lung lesions and the most effective 75% inhibition of CFUs. The SAR study (Fig. 50) 

explained that amide linker connected to piperazine ring enhanced the anti-TB activity as compared to 

Schiff base linker and unsubstituted piperazine suitable for activity. 

 

Figure 50 FQ-piperazine derivatives (43) with most active derivative (43a) and SAR study 

Phenazines class of compounds (Clofazimine, B746 and B4157) have been reported as 

promising anti-TB agents. Kamal and his colleagues[79] designed and synthesized a series of  a novel 

phenazine conjugates connected phthalimido and naphthalimido moieties through piperazine (44, Fig. 
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51). The synthesized analogues were analysed for their in vitro anti-TB activity against H37Rv ATCC 

27294, avium ATCC 49601, intracellular ATCC 13950 and clinical isolate MTB strains by diffusion 

assay. Compounds 44a and 44b from phthalimide–phenazine series have shown highest activity 

against all MTB strains along with potent inhibition against clinical resistant isolates of MTB as 

compared to the reference drug INH (MIC= 1.82 μM). The SAR studies (Fig. 51) demonstrated that 

phthalimide–phenazine conjugate with an increase in alkyl spacer chain to five and six shown 

improved activity compare to phthalimide–naphthalimido and which are connected through 

piperazine linker to improve its solubility. 

 

Figure 51 Phthalimido-piperazine-naphthalimido conjugates (44) with active derivatives (44a and 

44b) and SAR study 

Mannangatty and co-workers[80] screened piperazine containing 2,6-diarylpiperidin-4-one 

derivatives (45, Fig. 52) against MTB ATCC-27294 H37Rv strain, five bacterial and fungal strains. 

Compounds 45a–e showed better in vitro activity for the MTB ATCC-27294 H37Rv strain using the 

BACTEC method[81]. The results explained that two alkyl substituents on the piperazine ring showed 

good MTB activity. Moreover, the anti-bacterial activity of compound 45f has displayed excellent 

activity against E. coli  andK. pneumonia, wherein analogue 45d showed good activity against S. 

aureus. 
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Figure 52 2,6-diarylpiperidin-4-one-piperazine analogues (45) with active derivatives (45a-e) and 

SAR study 

Nitro-furan containing molecules (5-nitrofuran-2-carboxylic acid 3,4-dimethoxybenzylamide) 

were identified as the most promising anti-TB agents. However, their poor aqueous solubility 

negatively influences theirin vivo bioavailability in animal models. In an attempt to improve solubility 

Tangallapally et al.[82] synthesized two series of cyclic secondary amine substituted phenyl 

nitrofuranyl amides substituted with cyclic amines, piperazine, pyrazine, morpholine and 

thiomorpholine heterocycles (46a and 46b, Fig. 53). Their preliminary in vitro studies were 

performed against MTB H37Rv strain using micro broth dilution method. Compound 46ba bearing 

benzyl substituent on piperazine of phenyl nitro-furanyl amides showed the most potent activity with 

MIC90 of 0.03 μM against MTB H37Rv strain.The SAR study (Fig. 53) revealed that benzyl nitro-

furanyl amides with para-substitutions of piperazines, pyrazine, morpholine and thiomorpholine 

enhances anti-TB activity than phenyl nitro-furanyl amides. 
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Figure 53 Nitro-furanyl amides (46a and 46b) with active derivative (46ba) and SAR study 

Xin and his colleagues[83] developed a new series of pyrrolidine carboxamides and aryl-

amides derivatives (47, Fig. 54) as InhA inhibitors. From the anti-TB activity data it was observed that 

compound 47a demonstrated the best IC50 value of 0.99 μM. The SAR results (Fig. 54) identified the 

pharmacophoric properties that compounds with Cl or -CF3 substituted aryl ring groups next to a 

carbonyl group, CH3 group on another ring and that both rings connected by piperazine rather than 

pyrazine showed improved activity, clearly suggesting  that piperazine scaffold improved InhA 

inhibition activity. 

 

Figure 54 Aryl amide-piperazine analogues (47) with active derivative (47a) and SAR study 

Tangallapally et al.[84] synthesized two series of nitro-furanylisoxazolines derivatives (48a and 

48b, Fig. 55) and screened for anti-TB activity against MTB strain. The compounds displayed highly 
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potent anti-TB activity with MIC value range of 0.0001-0.0045 µM. The synthesized analogues 

demonstrated their high protein binding with low volume distribution, poor solubility and low free 

drug concentration at the infection site. They further modified and synthesized another series by 

replacing nitro-furanyl group with other substituents of highly potent series 48b as shown in Fig. 55.  

From the newly generated series, compound 48ba ethyl ester group found an active candidate with 

MIC value of 3.96 µM against MTB with good solubility than nitro-furans.  

 

Figure 55 Nitro-furanylisoxazolines (48a and 48b) with active derivative (48ba) and SAR study 

Zhao and colleagues[75] designed FQ analogues (Fig. 56) as anti-TB agents. They synthesized, 

two series of FQ, (49a) 1-aryl FQ derivatives, and (49b) bi-functional FQ-hydroxyl-quinoline 

derivatives connected as a linker via piperazine. All derivatives were screened against MTB growth 

and determined the inhibition percentage at 13.63 μM. Compounds 49aa and 49ab exhibited most 

effective activity against MTB and showed 97% and 98% of inhibition, respectively. SAR studies 

(Fig. 56) revealed that piperazine as a linker displayed promising anti-TB activity. 
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Figure 56 FQ analogue (49a and 49b) with active derivatives (49aa and 49ab) and SAR study 

Bogatcheva et al.[85] synthesized some series of novel substituted diamine derivatives (50, Fig. 

57) and screened against MTB and HepG2 cell line using broth micro-dilution and MTS assay [86] to 

assess their safety profile. The author identified piperazine and homo-piperazine compound (50a and 

50b) (Fig. 57) as low cytotoxic active compounds. Additionally, compounds 50b and 50a studied 

against mice model for in vivo analysis. Both compounds resulted in a loss of 12 and 21% of their 

initial body weight. The in vitro and in vivo data revealed that homo-piperazine and piperazine 

substituted with benzyl group have shown promising anti-TB activity.  

 

Figure 57 Diamine derivatives (50) with active compounds (50a and 50b) and SAR study 

Upadhayaya et al.[87] designed newer 2-pyridyl-piperazine based conjugates (51a-c, Fig. 58). 

All derivatives were screened for anti-TB activity against MTB H37Rv strain by MABA method. From 

the anti-TB data, analogues of series 51a and 51b showed good activity. Compounds of series 51b 

displayed more promising activity the MIC value range 0.43-3.065 μM. 
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Figure 58 Indeno[2,1-c]quinoline derivatives (51a-c) and SAR study 

Sriram et al.[88]developed a series of PZA Mannich-bases bearing a piperazine moiety with 

various substituents (52, Fig. 59) as an anti-TB agent. All analogues were evaluated in vitro against 

MTB H37Rv and MTB MDR strains using an agar dilution method[42]. Most compounds showed 

decent potency against MTB-strains with low cytotoxicity. Compound 52a displayed the highest 

potency, with MIC value of 0.76 and 0.40 μM against MTB H37Rv and MTB MDR strains with 90% 

inhibition, respectively. Further, compound 52a elicited in vivo anti-TB potential against MTB ATCC 

35801 by mitigating bacterial infection in lung and spleen. The SAR study (Fig. 59) concluded that 

methoxy and cyclo-propyl substituted quinolone analogues claimed as a good candidate against the 

anti-TB activity and low cytotoxicity. 
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Figure 59 PZA Mannich-bases bearing piperazine derivatives (52) with active derivative (52a) and 

SAR study 

Three novel series of quinolin-4-yl-1,2,3-triazoles derivatives were designed and synthesized 

using amides, sulphonamides and amido-piperazines (53a-c, Fig. 60) as a linker and evaluated for 

their anti-TB activity by Thomas and his colleague[89]. The synthesized compounds were screened 

against MTB H37Rv, M. smegmatis (ATCC 19420) and M. fortuitum (ATCC 19542), respectively. 

Compounds from series 53a showed more potent activity than standard reference drug INH. The in 

vitro study revealed that compounds 53ca-cd belongs to quinolin-4-yl-1,2,3-triazole amido-piperazine 

family (Fig. 60) displayed the percentage of inhibition of 90-95% at the concentration of 2.63, 2.17, 

2.17 and 2.48 μM, against MTB H37Rv. The SAR (Fig. 60) studies revealed that amido-piperazine 

derivatives with acetyl, fluoro, methoxy substituents positively influence the anti-TB activity. 
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Figure 60 Quinolin-4-yl-1,2,3-triazoles analogues (53a-c) with active derivatives (53ca-cd) and SAR 

study 

Recently, Talath et al.[90] reported the application of quinolone tagged thiadiazole ring with 

sulfoxide piperazine linker as anti-TB agents. They synthesized 7-[4-(5-amino-[1,3,4]thiadiazole-2-

sulfonyl)-piperazin-1-yl]fluoro quinolonic analogues (54, Fig. 61) and screened for anti-TB activity 

against MTB H37Rv strain using broth dilution assay[91]. Among series tested, compounds 54a and 54b 

showed the most promising anti-TB activity with MIC value of 20.72 and 20.22 μM. Compounds 54a 

and 54b have shown better potency than reference drugs Cf, NRFX, sparfloxacin, and gatifloxacin 

against Gram-positive bacteria and less potent against Gram-negative strains. SAR studies (Fig. 61) 

showed that the anti-TB activity largely depends on the alkyl substitutions on phenyl quinolone ring. 
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Figure 61 Thiazole-piperazine-fluoro-quinoloic analogues (54) with active derivatives (54a and 

54b) and SAR study 

Kamal et al.[92] synthesized four series of novel oxazolidinone conjugated aryl-sulfonamido-

piperazine derivatives (55a-d, Fig. 62) and tested their anti-TB activity against MTB H37Rv strain by 

employing broth micro-dilution assay method. Compounds 55aa and 55ab showed potent MTB 

inhibitory activity with MIC value of 1.88 and 1.84 μM as compared to the standard drug Linezolid 

with MIC value 5.9 μM. The pharmacophoric structure has shown that piperazine works effectively 

for linking and improves anti-TB activity as compared to other binders and groups. The SAR studies 

(Fig. 62) revealed the importance of alkyl groups on sulfonamido-piperazine ring to enhance anti-TB 

activity of these analogues. 
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Figure 62 Oxazolidinone-conjugated aryl-sulfonamido-piperazine analogues (55a-d) with active 

derivatives (55aa and 55ab) and SAR study 

Qiang Guo and his research team[93] designed and synthesized some novel series of piperazine 

tagged coumarin hybrids (56, Fig. 63) with a FQ (Gatifloxacin, Ciprofloxacin and 8-OCH3 

ciprofloxacin) and evaluated for their anti-TB activity. All derivatives were screened using a rapid 

direct susceptibility test technique [94] against M. smegmatis CMCC 93202 and MTB H37Rv strain. 

The in vitro results revealed that all hybrids displayed less inhibitory activities toward M. smegmatis 

(CMCC 93202) than key starting 8-OCH3-CPFX, CPFX, MXFX and GTFX. The SAR study (Fig. 63) 

indicated that amide linker with methoxy substituted hybrid 56a showed most promising inhibition 

with MIC value of 0.43 μM against MTB H37Rv as compared to reference drug gatifloxacin (MIC= 

0.66 μM). Further, the SAR (Fig. 63) study identifies the importance of coumarin ring in anti-TB 

activity of these hybrids, as its absence significantly reduced the activity. 
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Figure 63 Oxazolidinone-conjugated aryl-sulfonamido-piperazine derivatives (56) with most active 

derivative (56a) and SAR study 

Varghese’s team[95] systematically evaluated the anti-TB activity of series of 4N-

acylpiperazinyl oxazolidinones, 4-N-arylcarbonyl and 4-N-arylsulfonyl-piperazinyl oxazolidinones 

(57a and 57b, Fig. 64). Most of the compounds from 4-N-acylpiperazinyl (57b) series shown potent 

activity against MTB H37Rv strain with IC90 value of <0.53–1 μM, respectively. Two compounds 

57ba and 57bb from 4-N-arylcarbonyl and analogue 57bc from 4-N-arylsulfonyl series have 

displayed highest anti-TB activity with IC90 value <0.47 μM. The SAR report explained that the 

morpholine pharmacophoric structural feature showed the highest anti-TB activity than other 

heterocyclic groups (Fig. 64). 
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Figure 64 Oxazolidinones-piperazine analogues (57a and 57b) with SAR study 

Gill and co-workers[96] designed three benz-oxazinorifamycin derivatives using the change in 

three-dimensional structures of rifamycins bound to RNA polymerase (RNAP) and human pregnane 

X receptor (hPXR). All three derivatives shown inhibition of wild-type MTB RNAP in the nano-

molar range. These analogues were also screened for their anti-TB activity against MTB H37Rv in 

aerobic and anaerobic conditions. All the compound exhibited good inhibitory activity with MIC90 

value range of 0.022−0.77, 0.33−0.38 μM and under aerobic and anaerobic conditions, compared to 

Rif-resistant mutants of the MTB RNAP[97]. 

Tzeng’s group[98] designed and synthesized some novel series of piperazine arylsulfonyl and 

arylcarbonyl derivatives of ofloxacin (58, Fig. 65) as promising anti-TB agents for effective inhibition 

of MTB. Among the tested molecules, compound 58a displayed more than 90% of inhibition at MIC 

of 11.7-17.9 µM. The SAR study (Fig. 65) revealed that the substitution of aryl-sulfonyl group at C-7 

piperazin-4-yl of N-demethyl ofloxacin exhibited considerable enhancement in the activity. 
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Figure 65 Arylsulfonyl and arylcarbonyl derivatives of ofloxacin (58) with active derivative (58a) 

and SAR study 

Sriram et al.[99] designed and synthesized a series of chloro-quinoline and piperazine 

derivatives (59, Fig. 66)and screened for anti-TB activity against MTB H37Ra strain by using MTB 

DNA supercoiling and gyrase B assay. The anti-TB data revealed that compound 59a emerged as a 

lead candidate with MIC and IC50 value of 7.8, 2.5 and 2.7 μM against MTB H37Ra strain, gyrase B 

and MTB DNA supercoiling, respectively. Among these compounds, except nitro bearing once were 

found non-toxic against RAW 264.7 cell lines. SAR study (Fig. 66) revealed that thiourea linker and 

choro-quinoline enhanced the MTB activity.  

 

Figure 66 Chloro-quinoline and piperazine analogues (59) with most active analogue (59a) and SAR 

study 
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In an interesting study, Stewart and his team[100] attempted to enhance the solubility and 

bioavailability of MCZ scaffold by synthesizing a new series of 2-sulphonylpiperazin 8-nitro 6-

trifluoromethyl 1,3-benzothiazin-4-one (sPBTZ) derivatives (60, Fig. 67). In vitro studies, the 

sulfonylated analogues with piperazine and cyclohexyl moieties exhibited less anti-TB against MTB 

H37Rv strain with MIC range of 0.001-0.02 μg/mL, than PBTZ169 (MIC = 0.0002 μg/mL), but with 

enhanced solubility and stability in microsomal assays. Compound 60a (Fig. 67) emerged as ideal 

molecule with potent anti-TB activity (MIC = 0.0064 μM) and 90-fold better solubility (7.2 μg/mL) 

than PBTZ169. SAR studies demonstrated that benzothiazin-4-one and sulphonyl-piperazine showed 

better anti-TB activity with enhanced solubility and bioavailability, as shown in Fig. 67. 

 

Figure 67 sPBTZ derivatives (60) with potent derivative (60a) and SAR study. 

4. List of Patents 

The piperazine hybrids from natural and synthetic origin have gained an ample attention and focus 

due to their multifaceted pharmacological properties. Various patents on piperazine analogues as anti-

TB agents have substantially found in each database. 

Table  1:  List of patent publications and with piperazine containing active anti-TB molecules 

Sr. 

no. 

Patent 

Publication 

Number 

Date of 

publication 

Application 

number 

Markus structure and active 

compounds with MIC/IC50 value 

Ref 
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1 WO2013148174 03-Oct-2013 

PCT/US2013/030

687  
 

MIC=<1.5 μM (MDR TB)  

[101] 

2 WO2019243971 26-Dec-2019 

PCT/IB2019/054

978 

 

MIC=0.52μM (H37RvMtb stains) 

[102] 

3 WO2011089456 28-Jul-2011 

PCT/HU2011/00

0008  

MIC=9.2 μM (MTB H37Rv) 

[102] 

4 WO2005007625 27-Jan-2005 

PCT/US2004/022

491 

 

MIC=0.014 μM (MTB H37Ra) 

[103] 
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5 WO2012066518 24-May-2012 

PCT/IB2011/055

209 
 

MIC<0.41×10-6 μM (MTB H37Rv) 

[104] 

6 WO2001056974 09-Aug-2001 

PCT/US2001/040

045  

INHA IC-50 = 0.27μM 

[105] 

7 WO2007014885 08-Feb-2007 

PCT/EP2006/064

656 

 

MTB pIC50 = 5.4 

[106] 

8 WO2012141338 18-Oct-2012 

PCT/JP2012/060

645 

 

MIC=0.001 μM (MTB kurono) 

[107] 

9 WO2006109323 19-Oct-2006 

PCT/IN2006/000

115 

 

[108] 
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MDR TB active compound 

 

10 WO2015193454 23-Dec-2015 

PCT/EP2015/063

752  

MIC=0.25 μM (MTB H37Rv stains) 

[109] 

11 WO2013072903 23-May-2013 

PCT/IB2012/056

546 
MIC MABA = 22 >100 μM MTB 

H37Rv  

[110] 

 

 

5. Conclusion 

Tuberculosis (TB), an infectious diseases is one of the greatest threat to human kind. With the 

emergence of MDR-TB, XDR-TB, DR-TB, and TDR-TB, has further complicated the treatment and 

management of TB. This has encouraged the researchers worldwide for the development of novel, 

fast-acting, potent, anti-TB agents. In this review, we have focused on piperazine-based MTB agents 

reported over the past five decades and have made a systematic attempt to compile a literature review 

focusing on their therapeutic aspects in detail. Majority of piperazine hybrids displayed excellent in 

vitro activity against MDR-TB and drug-susceptible TB, signifying its importance as a scaffold with a 

novel mode of action, which could be further exploited my medicinal chemist in designing potent 

MTB drugs. In addition, there are several piperazine containing drug molecules that are either already 

in market or in clinical trials. This compilation of literature review (from 1971-2019) will definitely 

be update as well as significantly useful to the scientific community especially for the researchers 
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involved in anti-TB drug discovery, for successful and fast development of novel molecules with 

enhanced chemotherapeutic benefits. 
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Chapter3 

Design, Synthesis and Antibacterial Activity of Novel Piperazine-Hydrazide Hybrids 

(Ready to communicate) 

Graphical Abstract 

 

Abstract 

A series of piperazine-hydrazide hybrids (c1-c15) have been designed and synthesised. The in vitro 

study of all the derivatives has been performed against the mycobacterium tuberculosis (MTB) strain 

H37Rv strain. We have also studied the zone of inhibition against eight microbial strains, including 

gram-positive (methicillin-resistant staphylococcus aureus (MRSA), Streptococcus pyrogens, Bacillus 

subtilis, Enterococcus faecium, and Staphylococcus aureus) and gram-negative (Enterobacter 

hormaechei, Pseudomonas aeruginosa, and Escherichia coli) strains. Compound c8 displayed the best 

activity against mycobacterium strain H37Rv with a MIC value of 0.39-0.78µg/ml,whereas other 

derivatives failed to show their activity against H37Rv. None of the synthesised derivatives has 

displayed an effective inhibition zone against any microbial strain. 

1. Introduction 

Tuberculosis is a life-threatening infectious disease caused by the mycobacterium 

tuberculosis bacteria. According to the 2021 report by WHO, tuberculosis is the 13th leading cause of 

death and reported 10 million TB-infected cases globally[1]. Furthermore, bacteria in some TB patients 
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develop resistance to first-line TB drugs and convert the disease into MDR-TB. Also, few bacterial 

strains develop resistance to second-line drugs, resulting in drug-resistant TB (XDR TB). As a result, 

curing it is getting increasingly difficult because of TB's resistance to the reported drugs. 

Consequently, novel antitubercular agents must be developed to treat MDR and XDR TB. Similarly, 

researchers are hard at work developing new anti-TB drugs based on various types of moieties and 

their combinations. 

The compound bearing piperazine moiety shows pharmacological activity towards different 

pharmacological targets, including antioxidative[2],  antipsychotic[3], antidepressant[4], anticancer[5], 

antibacterial[6], antifungal[7], antimalarial[8], anticonvulsant[9], and antimycobacterial[10] (EJMC 

review). There are some potential anti-TB agents under clinical development, such as Bedaquiline, 

Delamanid, Rifapentine, Clofazimine, Rifampicin, Telacebec, BTZ-043, Macozinone, OPC-167832, 

GSK-286, TBI-223, TBA-7371, TBAJ-876 Diarylquinoline, TBI-166, etc. among these drug 

molecules, most of them are having piperazine moiety , which motivates researchers to design 

molecular hybrids of piperazine moiety. In many antitubercular agents, the piperazine unit connected 

to the phenyl ring has shown high potency towards mycobacterium strain H37Rv. Fig 1 displayed 

phenylpiperazine with different heteroaromatic hybrids with potent anti-TB activity[10,11,12, 13].  

Schiff base of isoniazid, thiazoles as a hydrazide have also displayed good pharmacological 

efficacy towards the MTB [14,15,16], Molecular hybrid of N-phenylpiperazine with Imidazo[2,1-

b]thiazolealso showed excellent potency towards the Mycobacterium strain[17]. The hybrid structure of 

Phenylsulfonyl-piperazine with 2-nitrofuran showed good antitubercular activity[18].Our research into 

the related earlier arts led us to build a novel series ofPhenylsulfonyl-piperazine c and phenyl-

piperazine e. Hybrids via Schiff base formation with aryl hydrazides as shown in scheme:1 and 2, 

respectively. All the synthesised compounds have been tested for their anti-mycobacterial and 

antibacterial properties under in vitro study. 
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Figure 1 Phenyl piperazine derivatives with their antitubercular activity 
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Figure 2 Design strategy for the synthesis of Piperazine-Hydrazide Hybrids 

2. Result and discussion 

2a. Chemistry 

 All the compounds were synthesised from relatively low-cost precursors except phenyl 

piperazines. As per the synthetic strategy, phenyl hydrazides A (scheme 1) were first required to form 

a Schiff base(step iii, scheme 2). Phenyl hydrazides were obtained by refluxing phenyl benzoate and 

hydrazine in ethanol, as shown in scheme 1. Next, we have synthesised the final derivatives, as 

illustrated in Scheme 2. Intermediate awas obtained by reaction of phenyl sulphonyl chloride and 

piperazine. To avoid substitution at both nitrogen and piperazine, we have used excess piperazine (10 

equivalents) (scheme 2, step i). Intermediate b obtained by aromatic nucleophilic subtitution of 

intermediate a on 4-fluorobenzaldehyde (step ii). Final step iii involved a Schiff base formation 

between intermediateb and phenyl hydrazides under reflux in ethanol and in the presence of the 

catalytic amount of glacial acetic acid.  
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 We also tried to synthesise phenyl piperazines R3 using the commercially available, low-cost 

precursors aniline and bis(2-chloroethyl)amine hydrochloride salt (Scheme 3). This reaction was 

carried out at 140°C in base K2CO3 under DMF to obtain the expected compound R3. Additionaly, we 

observed 35% of amide compound R4 due to the incorporation of the formyl group of the solvent 

DMF. This amide was refluxed under ethanol in the presence of base NaOH to get R3. Though we 

obtained the desired compound R3, the relative yield was relatively low due to the harsh reaction 

conditions and the need for two steps. 

For this reason, we tried a variety of solvents and temperatures (including toluene, xylene, and 

dimethyl sulfoxide) at 100°C, 120°C, 140°C, and 160°C, but we were unable to get compound R3. We 

also tried this reaction under different bases, such as KHCO3, NaHCO3, NaOH, and KOH, but the 

reaction failed in the presence of these bases. Based on this study, we have developed and published a 

methodology on transamidation, “Facile Synthesis of Amides Through TransamidationWith Iodine 

Under Neat Conditions” [19].Hence, we procure commercially available phenyl piperazine derivatives 

R3 and synthesised c5-c15 using the same procedure for the synthesis of c in scheme 2 (steps ii and 

iii). The synthetic route of derivatives e5-e15is illustrated in scheme 5.  

1. Synthesis of hydrazides A1-A5 

 

Reaction conditions: Hydrazine, ethanol, 80°C, 5hrs 
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Scheme 1 

2. Synthesis of compound c1-c15 

 

Reaction conditions:i) Piperazine, DCM, 0°C-rt, 30 min, ii) K2CO3, DMF, 120°C, 16hrs, iii) 

Glacial acetic acid, ethanol, 80°C, 2hrs 

Scheme 2 

3. Synthesis of phenyl piperazines 
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Reaction conditions: ii) K2CO3, DMF, 140°C, 18hrs, iii) NaOH, ethanol, 80°C, 2hrs 

Scheme 3 

NMR data discussion 

(E)-N'-(4-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)benzylidene)isonicotinohydrazide (c2) 

1
H NMR 

 

The amide proton is highly deshielded and it displayed delta value at 11.8 ppm due to the resonance 

with the adjacent carbonyl group. The proton on the sp2 carbon attached to the hydrazide group is 

deshielded and showed delta value at 8.7 ppm. Similarly, the aromatic protons adjacent to nitrogen in 

the pyridine ring and the aromatic protons adjacent to bromine substituent are deshielded and showed 

the delta value at 8.7 and 8.3 ppm respectively. The other aromatic protons appeared between 7.8 to 
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6.9 ppm. Due to the difference in the chemical environment, the piperazine ring showed two sets of 

protons with the delta value 3.33 and 3.0 ppm respectively. 

13
C NMR 

 

In C13 NMR, carbonyl carbons exhibit delta values between 180 and 220 ppm. However, due to the 

conjugation between the lone pair electrons of the amide nitrogen and the carbonyl carbon, the delta 

value of the amide carbonyl carbon is shifted to up field at 161 ppm in the present compound. The 

carbons next to the nitrogen in the pyridyl ring are deshielded, and showed a delta value of 150 ppm.  

Similarly, the carbon next to the amide carbonyl and the carbon next to the sufonyl group showed 

delta values at152 and 141 ppm, respectively. The other aromatic sp2 carbons showed peaks ranging 

from 115 to 134 ppm. The delta value of the piperazine ring's sp3 carbons was 46 and 47 ppm.  

(E)-N'-(4-(4-(pyrimidin-2-yl)piperazin-1-yl)benzylidene)picolinohydrazide (c8) 

1
H NMR 

 

The amide proton is highly deshielded and it displayed delta value at 11.8 ppm because of the 

resonance with the adjacent carbonyl carbon. The protons on thesp2carbonattached to the hydrazide 
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group is deshielded and showed a delta value at 8.3 ppm. Similarly, the protons adjacent to the 

nitrogen in the pyridine and the pyrimidine ring are deshielded and these protons showed the delta 

value at 8.4 and 8.7 ppm respectively. The protons of the middle phenyl ring showed the delta value 

ranging from 6.6 to 7.8 ppm. Due to the difference in the chemical environment, the piperazine 

showed two sets of protons with the delta value 3.8 and 3.3 ppm respectively. 

13
C NMR 

 

In C13 NMR, carbonyl carbons generally exhibit delta values between 180 and 220 ppm. However, 

due to the conjugation between nitrogen’s lone pair and the carbonyl carbon, the delta value of amide 

carbonyl carbon is shifted to up field at 161 ppm in this structure. The sp2carbon atoms next to 

nitrogen in the pyridine and pyrimidine ring are deshielded and showed the delta value at150, 158 and 

158 ppm respectively.  The sp2carbon atom that is attached to the pyrimidine ring and the piperazine 

ring showed delta value at 161 ppm. Similarly, the carbon atom next to the hydrazine groups showed 

a peak at 149 ppm. The other aromatic sp2 carbons of the middle phenyl ring, the pyridine and the 

pyrimidine ring showed delta values ranging from 115 to 130 ppm. The delta value of the piperazine 

ring's sp3 carbon was 47 and 43 ppm. 

2b. Biological evaluation 

1. Mycobacterium activity 

We performed the in vitro assessment against the H37Rv mycobacterium strain based on the design of 

novel piperazine-hydrazone derivatives. The combination of Phenyl sulphonamide piperazines with 

isoniazid and phenylhydrazone (c1-c4) did not show a good effect. The combination of the furan-

piperazine amide with various hydrazones (c11-c13) could not demonstrate any activity. Next, we 

linked pyrazine with phenyl piperazine and incorporated different hydrazones on the other end (c6-
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c9); compounds with simple phenyl hydrazone and 4-bromo phenyl hydrazone (c7 and c9) showed no 

activity up to 50µg/ml while the replacement of phenyl hydrazone by isoniazid (c8) showed surprising 

inhibition of H37Rv strain as it displayed its potency as 0.39-0.78 µg/ml. We also incorporated 

quinoline hydrazones with pyrazine and 2-chloro phenyl-piperazine and (c6 and c10), but none 

showed expected inhibition. 

Table 1:  Antimicobacterium activities of synthesized derivatives (c1-c15) against growth of H37Rv 

strain. 

Compound No. H37RV
[a]

MIC(µM) 

c1 >50 

c2 >50 

c3 >50 

c4 >50 

c5 >50 

c6 >50 

c7 >50 

c8 0.39-0.78 

c9 >50 

c10 >50 

c11 >50 

c12 >50 

c13 >50 

c14 >50 
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c15 >50 

NIH 0.053 

[a]Minimal inhibitory concentration (MIC μM).* 

 

2. Antimicrobial activity 

In the subsequent biological evaluation, we tested these compounds against different microorganisms 

consisting of Gram-positive bacterial strains (Methicillin Resistant Staphylococcus aureus (MRSA), 

Streptococcus pyrogens, Bacillus subtilis, Enterococcus faecium, Staphylococcus aureus), and Gram-

negative bacterial strains (Enterobacter hormaechei, Pseudomonas aeruginosa, Escherichia coli) 

illustrated in Table. We checked the zone of inhibition of all the synthesised compounds at 1000µg/ml 

and compared their activity with standard reference Ciprofloxacin and Vancomycin. Both the 

reference drugs showed a 100% inhibition zone, whereas all synthesised compounds failed to show a 

zone of inhibition against all the bacterial strains. 

3. Experimental 

3a. Bioassays 

1. Material and method 

a. M. tuberculosis 

MIC determination assays 

At 37°C with shaking (200 rpm), Middlebrook 7H9 broth (MB broth) supplemented with 0.05% 

Tween-80, 0.2% glycerol and 1x albumin dextrose-saline (ADS) was used to culture mycobacterium 

tuberculosis H37Rv (M. tuberculosis). The compounds were prepared as 1000 µg/ml stocks in DMSO 

and evaluated MIC of antimycobacterial activity at concentrations ranging from 50 to 0.39 µg/ml[20] 

b. Antimicrobial 

Method used: i) Agar diffusion assay[21] , ii) Broth Microdilution assay[22] 
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Concentration of compounds: Stock solution [1000 µg/ml] of each compound was prepared in 

DMSO. Agar diffusion is carried out by taking 5 micro liters from stock solution. Broth micro 

dilution Assay carried out by 2-fold serial dilution of 100 microliters from stock solution.   

Media used:i) Microbiological media used for bacteria is Mueller Hinton Agar (M-H Agar) 

Composition (gL-1): Beef infusion solids 2.0; starch 1.5; Casein hydrolysate 17.5; Agar 17.0; Final 

pH (at 25°C) 7.3 ± 0.2. ii) Microbiological media used for bacteria is Mueller Hinton Broth (M-H 

Broth) Composition (gL-1): Beef infusion solids 2.0; starch 1.5; Casein hydrolysate 17.5; Final pH (at 

25°C) 7.4 ± 0.2 

3b. Chemistry 

1. Material and method 

All reactions were conducted under standard operating conditions without any stringent conditions. 

All chemicals were obtained from Aldrich Chemical Co., Alfa Aesar, and used as received without 

additional purification. Lab reagent (LR) grade solvents were used for extraction. The reaction 

progress was monitored on Merck TLC Silica gel 60 F254 plates. The spots were visualized under 

ultraviolet (UV) light, followed by iodine or ninhydrin staining solution, followed by heating.  

NMR spectra were recorded on 400 and 100 MHz NMR spectrometers using CDCl3 and 

DMSO as solvents unless otherwise stated. MS were made employing ESI (Electron spray ionization). 

Unless otherwise specified, all reagents were weighed and handled in air. 

2. Synthetic procedure 

1. Synthesis of compound A1-A5 

1. Preparation of benzohydrazide (compound A1) 

 

2 mmol of Hydrazine was added to the solution of ethyl benzoate (1 mmol) in 10 volumes of 

ethanol.The reaction mixture was refluxed for 5 hrs at 80° C[23]. After the reaction completion, the 

consumption of both the starting materials was confirmed by TLC. The solution was poured into ice-
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cold water on completion of the reaction to give a brown crystalline solid. The solid was filtered, 

washed with water, and recrystallised from ethanol to give compound A1 (Yield: 73%). 

Similarly, compoundsA2 to A5 were produced using the method described to prepare compound A1 

as illustrated in scheme 1. 

1. Synthesis of compound c1-c15 

Preparation of 1-((4-bromophenyl)sulfonyl)piperazine (compound a) 

 

At 0°C with vigorous stirring, 1.0 mmol of benzenesulfonyl chloride was added to a solution 

containing 10.0 mmol of piperazine dissolved in 50 volumes of DCM. The reaction mixture was 

stirred for 30 min at rt. After the reaction completion, the consumption of starting materials was 

confirmed by TLC. The reaction mixture was washed with water (3×40 mL), dried over anhydrous 

Na2SO4, and DCM evaporated in a vacuum[24] (Yield: 88%). 

Preparation of 4-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)benzaldehyde (compound b) 

 

A mixture of 1.0 mmol of 1-((4-bromophenyl)sulfonyl)piperazine, 1.0 mmol of 4-

fluorobenzaldehyde and 2.0 mmol of K2CO3 was stirred in 5 volumes of DMF at 120°C for 16 hrs. 

After the reaction completion, the consumption of both the starting materials was confirmed by TLC. 

The reaction mixture was poured into ice-cold water. The solid separated was filtered and washed 

with water, and dried. The crude product was purified using column chromatography (silica gel, Ethyl 

acetate (EtOAc)/Hexane) to obtain a pure product[25](Yield: 62%). 

Preparation of (E)-N'-(4-(4-((4-bromophenyl)sulfonyl)piperazin-1-

yl)benzylidene)benzohydrazide(compound c1) 
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A catalytic amount of glacial acetic acid was added to the solution of 1.0 mmol of 1-

(phenylsulfonyl)piperazine and 1.1 mmol of benzo hydrazide in ethanol rt, and the resultant reaction 

mixture was stirred at 80°C for 2 hrs. The reaction mixture was poured into ice-cold water. The 

separated solid was filtered and washed with water and diethyl ether and dried under reduced 

pressure. Similarly, the rest of the derivatives,c2-c4, were prepared per the procedure given for c1[26] 

(Yield: 72%). 

Similarly, compoundsc2 to c15 were produced using the method described to prepare 

compound 1, as illustrated in Scheme 2. 

3. Experimental data 

(E)-N'-(4-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)benzylidene)benzohydrazide (c1) 

White Solid, Yield: 72%, M.P: 264-266°C, FTIR (ATR, Vmax, cm-1): 3299, 2964, 1674, 1444, 1222, 

1150, 821.1H NMR (400 MHz, DMSO-d6) δ 11.6 (s, 1H), 8.33 (s, 1H), 7.9 (t, J=7.5Hz, 4H), 7.7 (d, 

J=8.4Hz, 2H), 7.5 (m, 5H), 6.9 (d, J=8.5Hz, 2H), 3.3 (s, 4H), 3.0 (s, 4H)ppm. 13C NMR (125 MHz, 

DMSO-d6) δ 163.3, 151.8, 148.4, 134.5, 134.1, 133.0, 132.0, 130.0, 128.8, 128.7, 127.9, 127.9, 125.4, 

115.7, 47.4, 46.0ppm. LCMS (m/z): [M+H]+ Calculated for C24H23BrN4O3S is 527.07; Observed. = 

527.67 

(E)-N'-(4-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)benzylidene)isonicotinohydrazide (c2) 

White Solid, Yield: 78%, M.P: 230-234°C, FTIR (ATR, Vmax, cm-1): 3497, 2825, 1661, 1384, 1229, 

1116, 757. 1H NMR (400 MHz, DMSO-d6) δ 11.8 (s, 1H), 8.7 (d, J=2.7Hz, 2H), 8.3 (s, 1H), 7.8 (d, 

J=4.2Hz, 2H), 7.8 (d, J=2.3Hz, 2H), 7.7 (d, J=4.2Hz, 2H), 7.5 (d, J=4.3Hz, 2H), 6.9 (d, J=4.4Hz, 2H), 

3.3 (s, 4H), 3.0 (s, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 161.7, 152.0, 150.7, 149.6, 141.1, 
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134.5, 133.0, 130.3, 128.9, 127.9, 125.0, 121.9, 115.6, 47.3, 46.0 ppm. LCMS (m/z): [M+H]+ 

Calculated for C23H22BrN5O3S is 528.85; Observed. = 528.06. 

(E)-N'-(4-(4-((4-methoxyphenyl)sulfonyl)piperazin-1-yl)benzylidene)benzohydrazide (c3) 

White Solid, Yield: 68%, M.P: 244-249°C, FTIR (ATR, Vmax, cm-1): 3744, 3013, 1741, 1478, 1254, 

1116, 752.1H NMR (400 MHz, DMSO-d6) δ 11.6 (s, 1H), 8.3 (s, 1H), 7.9 (t, J=7.5Hz, 4H), 7.7 (d, 

J=8.8Hz, 2H), 7.6-7.4 (m, 5H), 7.1 (d, J=8.6Hz, 2H), 7.1 (d, J=8.8v, 1H), 6.9 (d, J=8.8Hz, 1H), 3.8 (s, 

3H), 3.3 (s, 4H), 2.9 (s, 4H). 13C NMR (125 MHz, DMSO-d6) δ 163.3, 163.2, 153.1, 151.8, 148.3, 

134.1, 132.0, 130.3, 130.2, 130.0, 128.8, 128.7, 127.9, 127.0, 126.5, 125.3, 115.6, 115.0, 115.0, 52.2, 

47.3, 46.0, 45.9, 45.3 ppm. LCMS (m/z): [M+H]+ Calculated for C25H26N4O4S is 479.17; Observed. = 

479.00 

(E)-N'-(4-(4-((4-nitrophenyl)sulfonyl)piperazin-1-yl)benzylidene)isonicotinohydrazide (c4) 

White solid, Yield: 84%, M.P: 258-263°C, FTIR (ATR, Vmax, cm-1): 3212, 2821, 1653, 1447, 1218, 

1060, 746.1H NMR (400 MHz, DMSO-d6) δ 11.8(s, 1H), 8.7 (d, J=2.3Hz, 2H), 8.5 (1H, J=4.1Hz, d), 

8.4 (1H, s), 8.3 (s, 1H), 8.2 (s, J=3.8Hz, 1H), 7.9 (t, J=7.9Hz, 1H), 7.8 (d, J=2.3Hz, 2H), 7.5 (d, 

J=4.1Hz, 2H), 6.9 (d, J=4.18Hz, 2H), 3.3 (s, 4H), 3.1 (s, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) 

δ161.7, 151.9, 150.7, 149.5, 148.6, 141.1, 136.9, 133.9, 132.0, 128.9, 128.4, 125.0, 122.6, 121.9, 

115.6, 47.2, 46.0 ppm.LCMS (m/z): [M+H]+ Calculated for C23H22N6O5S is 495.14; Observed. = 

495.05.  

(E)-4,5-dibromo-N'-(4-(4-phenylpiperazin-1-yl)benzylidene)-1H-pyrrole-2-carbohydrazide (c5) 

Yellow solid, Yield: 82%, M.P: 248-255°C, FTIR (ATR, Vmax, cm-1): 3743, 3148, 1654, 1431, 

1229, 1072, 737.1H NMR (400 MHz, DMSO-d6) δ 12.9 (s, 1H), 11.3 (s, 1H), 8.2 (s, 1H), 7.5 (d, 

J=8.0Hz, 2H), 7.2 (t, J=8.1Hz, 2H), 7.0 (d, J=4.3Hz, 3H), 7.0 (d, J=8.1Hz, 2H), 6.8 (t, J=7.1Hz, 1H), 

3.4 (t, J=4.7Hz, 4H), 3.2 (t, J=4.2Hz, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 165.2, 152.3, 

151.3, 147.4, 129.4, 128.7, 124.7, 119.6, 116.1, 115.2, 48.6, 47.7 ppm. LCMS (m/z): [M+H]+ 

Calculated for C22H21Br2N5O is 531.61; Observed. = 530.01. 
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(E)-N'-(4-(4-(pyrimidin-2-yl)piperazin-1-yl)benzylidene)quinoline-7-carbohydrazide (c6) 

Yellow sold, Yield: 75%, M.P: 222-228°C, FTIR (ATR, Vmax, cm-1): 3744, 3191, 1741, 1478, 1254, 

1034, 752.1H NMR (400 MHz, DMSO-d6) δ 11.9 (s, 1H), 8.6 (m, 2H), 8.4 (d, J=4.6Hz, 2H), 8.2 (d, 

J=8.4Hz, 2H), 8.1 (d, J=8.7Hz, 1H), 7.9 (t, J=7.5Hz, 1H), 7.7 (t, J=7.5Hz, 1H), 7.6 (d, J=8.5Hz, 2H), 

7.0 (d, J=8.5Hz, 2H), 6.6 (t, J=4.6Hz, 2H), 3.8 (t, J=4.6Hz, 4H), 3.3 (t, J=8.2Hz, 4H) ppm. 13C NMR 

(125 MHz, DMSO-d6) 161.6, 160.7, 158.4, 152.5, 150.5, 150.1, 146.4, 138.4, 131.0, 129.6, 129.3, 

129.0, 128.7, 128.6, 124.7, 119.5, 115.2, 110.8, 47.5, 43.4 ppm. LCMS (m/z): [M+H]+ Calculated for 

C25H23N7O is 465.10; Observed. = 465.10 

(E)-N'-(4-(4-(pyrimidin-2-yl)piperazin-1-yl)benzylidene)benzohydrazide (c7) 

White Solid, Yield: 66%, M.P: 260-265°C, FTIR (ATR, Vmax, cm-1): 3247, 2832, 1650, 1446, 1223, 

961, 793.1H NMR (400 MHz, DMSO-d6) δ 11,6 (s, 1H), 8.4 (d, J=4.6Hz, 2H), 8.3 (s, 1H), 7.9 (d, 

J=3.7Hz, 2H), 7.6-7.5 (m, 5H), 7.0(d, J=4.3Hz, 2H), 6,6 (t, J=4.6Hz, 1H), 3.9 (t, J=4.8Hz, 4H), 3.3 (t, 

J=4.8Hz, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 163.2, 161.6, 158.4, 152.4, 148.5, 134.1, 132.0, 

128.9, 128.8, 128.0, 124.8, 115.2, 110.8, 47.5, 43.4 ppm. LCMS (m/z): [M+H]+ Calculated for 

C22H22N6O is 387.19; Observed. = 387.19. 

(E)-N'-(4-(4-(pyrimidin-2-yl)piperazin-1-yl)benzylidene)picolinohydrazide (c8) 

Yellow solid, Yield: 79%, M.P: 273-278°C, FTIR (ATR, Vmax, cm-1): 3198, 2817, 1649, 1443, 

1292, 1058, 765.1H NMR (400 MHz, DMSO-d6) δ 11.8 (s, 1H), 8.7 (d, J=2.8Hz, 2H), 8.4 (d, 

J=2.4Hz, 2H), 8.35 (s, 1H), 7.8 (d, J=2.8Hz, 2H), 7.6 (d, J=4.8Hz, 2H), 7.0 (d, J=4.4Hz, 2H), 6.6 (t, 

J=4.8Hz, 1H), 3.88 (t, J=5.1Hz, 4H), 3.3 (t, J=5.3Hz, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 

161.6, 158.4, 152.6, 150.7, 148.8, 141.2, 129.0, 124.3, 121.9, 115.1, 110.8, 47.45, 43.46 ppm. LCMS 

(m/z): [M+H]+ Calculated for C21H21N7O is 388.18; Observed. = 388.18. 

(E)-4-bromo-N'-(4-(4-(pyrimidin-2-yl)piperazin-1-yl)benzylidene)benzohydrazide (c9) 

Yellow solid, Yield: 71%, M.P: 230-236°C, FTIR (ATR, Vmax, cm-1): 3247, 2839, 1650, 1437, 

1224, 1090, 812.1H NMR (400 MHz, DMSO-d6) δ 10.2 (s, 1H), 8.4 (d, J=4.7Hz, 2H), 7.8 (s, 1H), 7.5 
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(d, J=8.5Hz, 2H), 7.3 (d, J=8.6Hz, 2H), 6.9 (t, J=8.2Hz, 4H), 6.6 (t, J=4.7Hz, 1H), 3.8 (t, J=4.8Hz, 

4H), 3.2 (t, J=4.9Hz, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 161.6, 158.4, 151.3, 145.4, 138.5, 

132.1, 127.3, 126.7, 115.8, 114.1, 110.8, 109.2, 48.1, 43.5 ppm. LCMS (m/z): [M+H]+ Calculated for 

C22H21BrN6O is 456.10; Observed. = 465.10 

(E)-N'-(4-(4-(2-chlorophenyl)piperazin-1-yl)benzylidene)quinoline-7-carbohydrazide (c10) 

Yellow Solid,Yield: 85%, M.P: 207-212°C, FTIR (ATR, Vmax, cm-1): 3299, 2818, 1674, 1444, 

1222, 1035, 821.1H NMR (400 MHz, CDCl3) δ 11.6 (s, 1H), 8.4 (d, J=8.5Hz, 1H), 8.3 (m, 2H), 8.1 (d, 

J=8.5Hz, 1H), 7.8 (d, J=8.2Hz, 1H), 7.7 (m, 3H), 7.6 (t, J=7.5Hz, 1H), 7.3 (d, J=7.8Hz, 1H), 7.2 (t, 

J=7.3Hz, 1H), 7.0 (d, J=7.9Hz, 1H), 6.9 (m, 3H), 3.4 (t, J=4.5Hz, 4H), 3.1 (t, J=4.4Hz, 4H) ppm. 13C 

NMR (125 MHz, CDCl3) δ 159.9, 152.7, 149.3, 149.1, 148.9, 146.3, 137.7, 130.7, 130.3, 129.8, 

129.6, 129.5, 129.3, 128.8, 128.1, 127.8, 127.6, 124.3, 124.0, 120.3, 119.1, 114.9 ppm. LCMS (m/z): 

[M+H]+ Calculated for C25H23N7O is 470.17; Observed. = 417.17 

(E)-N'-(4-(4-(furan-2-carbonyl)piperazin-1-yl)benzylidene)isonicotinohydrazide (c11) 

Yellow solid, Yield: 89%, M.P: 255-261°C, FTIR (ATR, Vmax, cm-1): 3248, 2818, 1675, 1440, 

1225, 1037, 725.1H NMR (400 MHz, DMSO-d6) δ 11.86 (s, 1H), 8,7 (d, J=2.5Hz, 2H), 8.3 (s, 1H), 

7.87 (s, 1H), 7,82 (d, J=2.6Hz, 2H), 7.63 (d, J=4.2Hz, 2H), 7.0 (m, 3H), 6.6 (s, 1H), 3.83 (t, 4H), 3.37 

(t, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 161.7, 158.8, 150.7, 149.7, 147.4, 145.3, 141.2, 129.0, 

124.5, 121.9, 116.2, 115.1, 111.8, 47.7, 40.6 ppm. LCMS (m/z): [M+H]+ Calculated for C22H21N5O3 is 

404.17; Observed. = 404.16. 

(E)-N'-(4-(4-(furan-2-carbonyl)piperazin-1-yl)benzylidene)benzohydrazide (c12) 

White Solid,Yield: 76%, M.P: 233-237°C, FTIR (ATR, Vmax, cm-1): 3274, 2813, 1675, 1435, 1279, 

1074, 747.1H NMR (400 MHz, DMSO-d6) δ 11.8 (s, 1H), 8.7 (d, J=2.7Hz, 2H), 8.3 (s, 1H), 7.8 (d, 

J=4.2Hz, 2H), 7.8 (d, J=2.3Hz, 2H), 7.7 (d, J=4.2Hz, 2H), 7.5 (d, J=4.3Hz, 2H), 6.9 (d, J=4.4Hz, 2H), 

3.3 (s, 4H), 3.0 (s, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 161.7, 152.0, 150.7, 149.6, 141.1, 

134.5, 133.0, 130.3, 128.9, 127.9, 125.0, 121.9, 115.6, 47.3, 46.0 ppm. LCMS (m/z): [M+H]+ 

Calculated for C23H22BrN5O3S is 528.85; Observed. = 528.06. 
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(E)-4,5-dibromo-N'-(4-(4-(furan-2-carbonyl)piperazin-1-yl)benzylidene)-1H-pyrrole-2-

carbohydrazide (c13) 

White solid, Yield: 63%, M.P: 257-260°C, FTIR (ATR, Vmax, cm-1): 3198, 2826, 1644, 1413, 1231, 

1055, 754.1H NMR (400 MHz, DMSO-d6) δ 12.9 (s, 1H), 11.3 (s, 1H), 8.2 (s, 1H), 7.8(s, 1H), 7.5 (d, 

J=7.6Hz, 2H),  7.2(t, J=7.7Hz, 2H), 7.08 (d, J=8Hz, 2H) 7.0(d, J=8.3Hz, 2H), 6.8 (t, J=7.0Hz, 1H), 3.4 

(t, J=4.5Hz, 4H), 3.3(t, J=4.5Hz, 4H) ppm. 13C NMR (125 MHz, DMSO-d6) δ 158.8, 155.5, 152.0, 

147.6, 147.45, 145.3, 128.9, 128.7, 127.3, 124.9, 116.2, 115.2, 113.7, 111.8, 106.2, 98.5, 47.8 ppm. 

LCMS (m/z): [M-H]+ Calculated for C21H19Br2N5O3 is 547.99; Observed. = 547.75. 

(E)-N'-(4-(4-(2-chlorophenyl)piperazin-1-yl)benzylidene)isonicotinohydrazide (c14) 

White solid, Yield: 83%, M.P: 235-240°C, FTIR (ATR, Vmax, cm-1): 3277, 2828, 1672, 1449, 1224, 

959, 722.1H NMR (400 MHz, DMSO-d6) δ 11.8 (s, 1H), 8.7 (d, J=5.6Hz, 2H), 8.3 (s, 1H), 7.8 (d, 

J=5.7Hz, 2H), 7.6 (d, J=8.6Hz, 2H), 7.4 (d, J=7.8Hz, 1H), 7.3 (t, J=7.7Hz, 1H), 7.2 (d, J=7.7Hz, 1H), 

7.0 (m, 3H), 3.4(t, J=4.5Hz, 4H), 3.1(t, J=4.2Hz, 4H)ppm.  13C NMR (125 MHz, DMSO-d6) δ 161.6, 

152.7, 150.7, 149.8, 149.2, 141.2, 130.8, 129.0, 128.6, 128.1, 124.6, 124.4, 121.9, 121.3, 115.1, 51.1, 

47.9ppm. LCMS (m/z): [M+H]+ Calculated for C23H22ClN5O is 420.15; Observed. = 479.00 

(E)-N'-(4-(4-(2-chlorophenyl)piperazin-1-yl)benzylidene)benzohydrazide (c15) 

White solid, Yield: 65%, M.P: 235-239°C, FTIR (ATR, Vmax, cm-1): 3294, 2848, 1598, 1481, 1166, 

946, 754.1H NMR (400 MHz, DMSO-d6) δ 11.6 (s, 1H), 8.3 (s, 1H), 7.9 (d, J=7.3Hz, 2H), 7.5 (m, 

5H), 7.4 (d, J=7.8Hz, 1H), 7.3(t, J=7.5Hz, 1H), 7.2 (d, J=7.7Hz, 1H), 7.0 (t, J=7.0Hz, 3H), 3.4 (s, 4H). 

3.1 (s, 4H). 13C NMR (125 MHz, DMSO-d6) δ 163.2, 152.5, 149.2, 148.5, 134.1, 131.9, 130.8, 128.8, 

128.8, 128.8, 128.1, 127.9, 124.4, 124.6, 121.3, 115.2, 51.1, 48.0 ppm. LCMS (m/z): [M-H]+ 

Calculated for C24H23ClN4O is 417.16; Observed. = 416.95 

4. Conclusion 

In conclusion, the mycobacterium activity of compound e8 demonstrated a synergistic effect with 

respect to the combination of isoniazid with pyrazine phenyl-piperazine and was found to be the most 

potent compound in comparison to all other synthesised derivatives that could not inhibit 
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mycobacterium strain H37Rv. In an antibacterial study, none of the compounds shown reponse against 

either Gram positive or Gram negative bacterial strains. 
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Chapter 4 

New Piperazine-Sulfonamide-Hydrazide and Hydrazine Hybrids: Design, Synthesis, 

and Antibacterial Activity Evaluation 

(Ready to communicate) 

Abstract 

A series of novel phenylpiperazine sulphonamide and phenyl hydrazide (E1-E6) and 

Phenylpiperazine sulphonamide and phenyl hydrazine (F7-F19) hybrids were designed and 

synthesised. All compounds were screened in vitro against mycobacterium tuberculosis (MTB), five 

gram positive and three gram negative bacterial strains. Among tested derivatives isoniazid moiety 

containing derivatives E1 and E2 demonstrated significant anti tuberculosis (TB) activity (3.125 µM) 

against the H37Rv strain of tuberculosis. F10 displayed better result (7.81 μg/mL) against 

Enterococcus faecium of gram positive bacteria, the other derivatives E2, E6, F7, F9-F14 had 

moderate activity in the range of 250-62.5 μg/mL. 

1. Introduction 

Tuberculosis (TB), an infectious illness caused by the bacteria Mycobacterium tuberculosis(M.TB), is 

one of the oldest leading causes of death in the world. Patients with HIV infection and an impaired 

immune system are more likely to get tuberculosis[1]. Similarly the other bacterias such as Methicillin-

resistant Staphylococcus aureus (MRSA), Enterococcus, Streptococcus pyrogens, and  

Pseudomonasaerugenosa also significantly affect public health[2]. For the treatment of this bacterial 

infection a good number of antibiotics have been developed by researchers, but some of the bacteria 

including, Methicillin-resistant Staphylococcus aureus (MRSA), Vancomycin-resistant Enterococcus 

(VRE), Carbapenem-resistant Enterobacteriaceae (CRE) gut bacteria, and multi-drug-resistant M.TB 

(MDR-TB) have developed a resistance to almost all of the antibiotics that are readily available in 

market[3]. Due to this drug-resistance of bacteria, it is necessary to design new antibacterial agents. 
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 The sulphonamides play a crucial role in antibacterial activity, hence it is used as essential 

constituent in antibiotics[4]. Derivatives of 1-benzhydryl-piperazine sulfonamide have shown 

antibacterial activity against gram positive and gram negative bacterial strains[5]. Ravindra R. Shinde 

et.al have developed a series of Sulfonyl-piperazine derivatives showed good activity against gram 

positive, negative bacterial and anti-fungal strains[6]. In addition to this, we found that Schiff bases are 

widely used for inhibiting bacterial strains[7-8]. Piperazine is an essential component in wide verity of 

anti-TB agents[9]. Also, there are well known marketed pharmaceutical drugs including ofloxacin[10-12], 

gatifloxacin[13], norfloxacin[14], levofloxacin[15], sparfloxacin[16], lomefloxacin[17], ciprofloxacin[18], 

pipemidic acid[19], and grepafloxacin[20] containing piperazine unit. In conclusion we have 

incorporated piperazine, sulphonamide and Schiff base in our design as illustrated in fig 1 and 

synthesised a novel phenylpiperazine sulphonamide and phenyl hydrazide (E1-E6) as well as 

phenylpiperazine sulphonamide and phenyl hydrazine (F7-F19) hybrids (Scheme 1 and 2) and 

investigated their activity against Gram positive, Gram negative and mycobacterium bacterial strains 

(table 1). 

 

Figure 1 Design strategy for the synthesis of phenylpiperazine sulphonamide and 

hydrazide/hydrazine hybrids 
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2. Result and discussion 

2a. Chemistry 

 The novel designed compounds (E1-E6 and F7-F19) have been synthesised from 

commercially available precursors at an affordable cost. Based on this synthetic strategy (scheme 2), 

phenyl hydrazides were prepared first (scheme 1), which were needed at final step iii to attempt E 

category of compounds (E1-E6, scheme 2), whereas F category of compounds required commercially 

available phenyl hydrazines (F7-F19, scheme 2). Scheme 1 describes the method used to synthesise 

phenyl hydrazides by refluxing phenyl esters with hydrazine in ethanol. The reaction of phenyl 

sulphonyl chloride with piperazine was not under control, hence disubstituted piperazines were 

produced. To resolve di-substitution, 10 equivalents of piperazine was used in DCM followed by 

sulphonyl chloride addition under cooling condition to yield C (step i, scheme 2). To get D, acid-

amine coupling between C and 4-formyl benzoic acid was done in the presence of 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide (EDC) and hydroxybenzotriazole (HOBT) under base triethyl 

amine (step ii, scheme 2). In the final step iii, E and F were created by forming a Schiff base between 

aldehyde group of D with A andB. 

1.Synthesis of hydrazides A1-A5 
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Reaction conditions: Hydrazine, ethanol, 80°C, 5hrs 

Scheme 1 

2. Synthesis of compoundE1–E6 and F7–F19 
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Reaction conditions: (i) Piperazine, DCM, 0°C 30min, (ii) EDC, HOBT, Triethyl amine, DCM, 

rt 16hrs, (iii) Glacial acetic acid, Ethanol, 80°C 16hrs. 

Scheme 2 

NMR data discussion 

4-chloro-N'-(4-(4-tosylpiperazine-1-carbonyl)benzylidene)benzohydrazide (E4) 

1
H NMR 

 

The amide proton is highly deshielded and it displayed adelta value at 10.6 ppm because of the 

resonance with the adjacent carbonyl carbon. The proton on the sp2proton attached to the hydrazide 

group is deshielded and showed a delta value at 8.1 ppm. The protons of the phenyl rings displayed 

the delta value ranging from 7.8 to 7.3 ppm. Due to the difference in the chemical environment, the 

piperazine ring  showed two sets of protons with the delta value 3.4 and 2.0 ppm respectively. The 

methyl protons of the tolyl group are highly deshielded in this structure and showed a delta value of 

2.4 ppm. 

13
C NMR 
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In C13 NMR, carbonyl carbons generally exhibit delta values between 180 and 220 ppm. However, the 

delta value of the amide carbonyl carbons in this structure has moved to up field at 169 ppm because 

of the conjugation between nitrogen’s lone pair electrons and the carbonyl carbon. The sp2 carbon 

atom adjacent to the hydrazine group is deshielded, and it showed a delta value at 144 ppm.  

Similarly, the carbon next to the sulfonyl group showed a delta value of 144 ppm. The other carbons 

of the phenyl rings displayed delta values ranging from 130 to 140 ppm. The delta value of the 

piperazine ring's carbons was 45 ppm. The methyl carbon of the tolyl group displayed delta value at 

21 ppm. 

(4-((2-phenylhydrazono)methyl)phenyl)(4-tosylpiperazin-1-yl)methanone) (F7) 

1
H NMR 

  

The protons attached to the heteroatom are exchangeable protons. Hence, these protons are deshielded 

in the H1 NMR spectrum. Accordingly, the N-H proton in thisstructure displayed a delta value at 7.8 

ppm. The proton on the sp2carbon attached to the hydrazine group is also deshielded and showed a 

delta value at 8.1 ppm. The protons of the phenyl rings displayed the delta value ranging from 7.6 to 

6.8 ppm. Due to the difference in the chemical environment, and different conformational structures 

of piperazine, the four sets of protons of the piperazine ring appeared at3.8, 3.5, 3.0 and 2.9 ppm 

respectively. The aromatic methyl protons showed a delta value at 2.4 ppm. 

13
C NMR 
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In C13 NMR, carbonyl carbons generally exhibit delta values between 180 and 220 ppm. However, the 

delta value of the amide carbonyl carbon in this structure has moved to165 ppm because of the 

conjugation between nitrogen’s lone pair electrons and the carbonyl carbon. The carbon atoms 

adjacent to the hydrazine group are deshielded, and appeared at 152 and 143 ppm respectively.  

Similarly, the carbon next to the sulfonyl group showed a delta valueat144 ppm. The other carbons of 

the phenyl rings have showed delta values ranging from 115 to 134 ppm. The delta values of the 

piperazine ring's carbons were 46 and 47 ppm. The methyl carbon of the tolyl group displayed delta 

value at 21 ppm. 

2b. Biological evaluation 

1. Mycobacterium activity 

 The biological evaluation was begun by conducting an in vitro investigation. Table 1 presents 

the activity results of each synthetic derivative (E1–E6 and F7–F19) evaluated against the H37Rv 

strain and given a MIC value in μM. Only compound F13 from the category of hydrazine derivatives 

(F7–F19) exhibited considerable moderate activity, whereas the other hybrids were inactive. This 

implies that the combination of fluoro and nitro substituents on the aromatic ring at the left-hand side 

(L.H.S.). and right-hand side (R.H.S.) respectively inhibits the H37Rv strain (F13, Table 1). Regarding 

hydrazide derivatives, the isoniazid hybrids displayed the best anti-TB potential with a MIC value of 

3.125 μM (E1 and E2). Other substituted and unsubstituted phenyl hydrazides did not show efficacy. 

This reveals that the phenyl Sulfonyl-piperazine and isoniazid hybrids boosted the anti-TB activity. 
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The concise description of the structural activity relationship (SAR) between all compounds and their 

anti-TB activity is presented in Figure 2. 

 

Figure 2: SAR studies of anti-TB activity and anti-microbial activity 

2. Antimicrobial activity 

 Next, we conducted an in vitro antibacterial investigation in which all the compounds (E1-E6 

and F7-F19 were tested against five gram-positive strains (MRASA, Streptococcus pyrogens, Bacillus 

subtilis, Enterococcus faecium, and Staphylococcus aureus) and three gram-negative strains 

(Enterobacter hormaechei, Pseudomonas aerugenosa, and Escherichia coli) illustrated in Table 1. 

None of the compounds has shown inhibition against Streptococcus pyrogens and Staphylococcus 

aureus. Among hydrazide hybrids (E1-E6), compounds with isoniazid and phenyl hydrazide 

displayed inhibition at 125 and 62.5 μg/mL against three gram-positive and three gram-negative 

strains (E2 and E6, Table 1). Wherein methyl, chloro, and amino group substituted derivatives were 

inactive against all strains (E3-E5). In hydrazine derivatives, the halo group substituted phenyl on 

L.H.S. and with phenyl and nitro substituted phenyl on R.H.S. compounds showed inhibition up 250, 

62.5 and 7.81 μg/mL (E10-E14). However, the inhibition was not observed when the halo and methyl 

group substituted at R.H.S (F16-F19). Of all the derivatives tested, F10 found the most active one that 

showed inhibition at 7.81 μg/mL against Enterococcus faecium of gram-positive strain. The SAR 
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parameter is illustrated in Figure2, which demonstrates the relationship between the chemical 

structure and the biological activity of the compounds. 

Table 1: Activity of synthesized derivatives (E1–E6 and F7–F19) against growth of Gram positive, 

Gram negative and H37Rv bacterial strains. 

Comp 

no. 

Gram positive bacteria (μg/ml) 

Gram negative bacteria 

(μg/ml) 

[i]
H37RV 

MIC(µM) 
[a]

10069 
[b]

49247 
[c]

12344 
[d]

19434 
[e]

25923 
[f]

700232 
[g]

27853 
[h]

35218 

E1 - - - - - - - - 3.125 µM  

E2 125 - 62.5 62.5  62.5 62.5 62.5 3.125 µM 

E3 - - - - - - - - >50 µM 

E4 - - - - - - - - >50 µM 

E5 - - - - - - - - >50 µM 

E6 62.5 - 62.5 62.5 - 62.5 62.5 62.5 >50 µM 

F7 250 - 125 62.5 - 62.5 62.5 62.5 >50 µM 

F8 - - - - - - - - >50 µM 

F9 - - - - - - - - >50 µM 

F10 250 - 62.5 7.81 - 62.5 62.5 62.5 >50 µM 

F11 250 - 62.5 62.5 - 62.5 62.5 62.5 >50 µM 

F12 250 - 62.5 62.5 - 62.5 62.5 62.5 >50 µM 

F13 250 - 62.5 62.5 - 62.5 62.5 62.5 25-50 µM 

F14 250 - 62.5 62.5 - 62.5 62.5 62.5 >50 µM 
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F15 - - - - - - - - >50 µM 

F16 - - - - - - - - >50 µM 

F17 - - - - - - - - >50 µM 

F18 - - - - - - - - >50 µM 

F19 - - - - - - - - >50 µM 

NIH -NA- -NA- -NA- -NA- -NA- -NA- -NA- -NA- 0.053 

Ciprof

loxaci

n  

≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 -NA- 

Vanco

mycin 

0.00375 0.00375 - - - - - - -NA- 

  [a] methicillin resistant staphylococcus aureus (mrsa) 10069; [b] Streptococcus pyrogens 49247; [c]Bacillus subtilis     

12344; [d] Enterococcus faecium 19434; [e] Staphylococcus aureus 25923; [f] Enterobacter hormaechei 700232; [g] 

Pseudomonas aerugenosa27853; [h] Escherichia coli 35218 

The zone of inhibition was measured at concentration of 1000 μg/mL; Ciprofloxacin and Vancomycin were used as a 

standard. (-) indicates no activity. 

[i]Minimal inhibitory concentration (MIC μM).* (-NA-) indicates not applicable. 

 

3. Experimental 

3a. Bioassays 

Material and method 

1. M. tuberculosis (MIC determination assays) 

At 37°C with shaking (200 rpm), Middlebrook 7H9 broth (MB broth) supplemented with 0.05% 

Tween-80, 0.2% glycerol and 1x albumin dextrose-saline (ADS) was used to culture mycobacterium 
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tuberculosis H37Rv (M. TB). The compounds were prepared as 1000 µg/ml stocks in DMSO and 

evaluated MIC value for antimycobacterial activity at concentrations ranging from 50 to 3.125 

µg/ml[21] 

2. Antimicrobial 

Method used: i) Agar diffusion assay[22] , ii) Broth Microdilution assay[23] 

Concentration of compounds: Stock solution [1000 µg/ml] of each compound was prepared in 

DMSO. Agar diffusion is carried out by taking 5 micro liters from stock solution. Broth micro 

dilution Assay carried out by 2-fold serial dilution of 100 microliters from stock solution.   

Media used:i) Microbiological media used for bacteria is Mueller Hinton Agar (M-H Agar) 

Composition (gL-1): Beef infusion solids 2.0; starch 1.5; Casein hydrolysate 17.5; Agar 17.0; Final 

pH (at 25°C) 7.3 ± 0.2. ii) Microbiological media used for bacteria is Mueller Hinton Broth (M-H 

Broth) Composition (gL-1): Beef infusion solids 2.0; starch 1.5; Casein hydrolysate 17.5; Final pH (at 

25°C) 7.4 ± 0.2 

3b. Chemistry 

1. Material and method 

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. 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 500, 400, 100, and 125 MHz NMR spectrometer 

using CDCl3 as solvent unless otherwise stated. MS were made by means of ESI (Electron spray 

ionization). The ATR technique was used to record the Fourier transform infrared (FTIR) spectra in 
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the range of 400–4000 cm-1 on a Bruker Alpha FT-IR spectrometer. Unless otherwise specified, all 

reagents were weighed and handled in air. 

2. Synthetic procedure 

1. Preparation of benzohydrazide (compound A1) 

 

Two mmol of hydrazine was added to the stirring mixture of 1 mmol ethyl benzoate in 10 volumes of 

ethanol; the reaction mixture was refluxed for 5 hrs at 80° C[24]. After the reaction completion, the 

consumption of starting materials was confirmed by thin-layer chromatography (TLC). The solution 

was poured into ice-cold water on completion of the reaction to give a brown crystalline solid. The 

solid was filtered, washed with water, and recrystallised from ethanol to give compound A1 (Yield 

73%). 

Compounds A2 to A5 were produced using the method described for compound A in Scheme1. 

Preparation of1-(phenylsulfonyl)piperazine (compound C) 

 

To the solution of 10.0 mmol of piperazine in Dichloromethane (DCM), 1.0 mmol of benzene 

sulfonyl chloride was added at 0°C, stirring the reaction mixture for 30 min[25]. After completion of 

the reaction, the consumption of starting materials was confirmed by TLC. The reaction mixture was 

quenched with water and extracted in DCM (3×40 mL), dried over anhydrous Na2SO4, and DCM 

evaporated in a vacuum to get compound C (Yield 89%). 

Preparation of 4-(4-(phenylsulfonyl)piperazine-1-carbonyl)benzaldehyde (compound D) 
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At room temperature, 1.0 mmol of EDC and 1.0 mmol of HOBT were added to a stirred solution of 

1.0 mmol of 1-(phenylsulfonyl)piperazine and 1.2 mmol of 4-formylbenzoic acid in DCM. At 0°C, 

3.0 mmol of trimethylamine (TEA) was added after 15 min. The mixture was stirred for 16 hrs at rt[26]. 

After the reaction completion, the consumption of both the starting materials was confirmed by TLC. 

The reaction mixture was quenched with water and extracted in DCM (3×40 mL), dried over 

anhydrous Na2SO4, and DCM evaporated in a vacuum to get compound D (Yield 69%). 

Preparation of4-((2-phenylhydrazono)methyl)phenyl)(4-(phenylsulfonyl)piperazin-1-

yl)methanone (compound F9) 

 

A catalytic amount of acetic acid was added to the stirred solution of 1.1 mmol of 1-

(phenylsulfonyl)piperazine and 1.0 mmol of phenylhydrazine in ethanol. The resultant reaction 

mixture was stirred at 80°C for 16 hrs[27]. After the reaction completion, the consumption of both the 

starting material was confirmed by TLC. The reaction mixture was cooled to rt and poured into ice-

cold water. The solid separated out was filtered, washed with water, and dried to get compound F13 

(Yield 72%).  

Similarly, other derivatives (E1–E6 and F7–F19) were prepare as per the procedure given for 

synthesis of F13 (in scheme 2) 

 

3. Experimental data 
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N'-(4-(4-((4-chlorophenyl)sulfonyl)piperazine-1-carbonyl)benzylidene)isonicotinohydrazide (E1) 

White Solid, yield: 67%, mp: 212-219°C; FTIR (ATR, Vmax, cm-1):3233, 3070, 1653, 1544, 1344, 

1154, 762; 1H NMR (400 MHz, CDCl3) δ 2.97 (s, 2H), 3.09 (s, 2H), 3.52(s, 2H), 3.84 (s, 2H), 7.22-

7.34 (m, 2H), 7.5(d, J=8.4Hz, 2H), 7.59 (d, J=3.9Hz, 2H), 7.68(d, J=8.4Hz, 2H), 7.74(d, J=2.9Hz, 

2H), 8.19(s, 1H), 8.73 (d, J=2.6Hz, 1H), 8.7 (d, J=2.3Hz, 1H), 10.58(s, 1H) ppm. 13C NMR (125 

MHz, CDCl3) δ 150.57, 149.83, 148.61, 140.07, 136.41, 135.22, 133.74, 129.76, 129.09, 127.98, 

127.72, 127.53, 127.41, 121.30. Mass (m/z): [M+H]+ Calculated for C24H22ClN5O4S  is 512.11; 

Observed. = 512.72. 

(N'-(4-(4-tosylpiperazine-1-carbonyl)benzylidene)isonicotinohydrazide) (E2) 

White Solid yield: 73%, mp: 205-209°C; FTIR (ATR, Vmax, cm-1): 3612, 3009, 1666, 1552, 1346, 

1162, 729;  1H NMR (400 MHz, CDCl3) δ 2.47(s, 3H), 2.96(s, 2H), 3.08(s, 2H), 3.52(s, 2H), 3.84(s, 

2H), 7.29-7.38(m, 4H), 7.55-7.67(m, 4H), 7.74(d, J=4.5Hz, 2H), 8.22(s, 1H), 8.76-8.80(m, 2H), 

10.21(s, 1H). 13C NMR (125 MHz, CDCl3) δ 150.6, 148.5, 148.5, 144.3, 132.0, 130.0, 129.9, 128.0, 

128.0, 127.7, 127.6, 127.5, 127.4, 121.2, 45.4, 21.6. Mass (m/z):  [M+H]+ Calculated for 

C25H25N5O4S is 492.16; Observed. = 491.90. 

4-methyl-N'-(4-(4-tosylpiperazine-1-carbonyl)benzylidene)benzohydrazide (E3) 

White Solid, yield: 64%, mp: 155-160°C; FTIR (ATR, Vmax, cm-1): 3224, 3036, 1648, 1552, 1326, 

1166, 725;  1H NMR (400 MHz, CDCl3) δ 2.43(s, 3H), 2.47(s, 3H), 2.95(s, 2H), 3.08(s, 2H), 3.51(s, 

2H), 3.83(s, 2H), 7.26(t, J=8.9Hz, 3H), 7.26-7.38(m, 5H), 7.59-7.69(m, 4H), 7.79(d, J=3.1Hz, 2H), 

8.25(s, 1H), 9.85(s, 1H). 13C NMR (125 MHz, CDCl3) LCMS (m/z): 168.8, 163.1, 160.4, 146.7, 

143.9, 142.0, 136.7, 135.7, 132.1, 130.4, 130.0, 129.1, 127.8, 127.6, 127.0, 45.8, 45.0, 21.1. Mass 

(m/z):  [M+H]+ Calculated for C27H28N4O4S is 504.61; Observed. = 505.05. 

4-chloro-N'-(4-(4-tosylpiperazine-1-carbonyl)benzylidene)benzohydrazide (E4) 

White Solid, yield: 77%, mp: 158-163°C; FTIR (ATR, Vmax, cm-1): 3455, 3034, 1646, 1551, 1326, 

1166, 725;  1H NMR (400 MHz, CDCl3) δ 2.45(s, 3H), 2.93(s, 2H), 3.06(s, 2H), 3.47(s, 2H), 3.80(s, 

2H), 7.20(d, J=3.7Hz, 1H), 7.33-7.37(m, 4H), 7.54-7.63(m, 5H), 7.84(d, J=3.9Hz, 3H), 8.17(s, 1H), 

10.67(s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 21.62, 45.42, 127.36, 127.66, 127.73, 128.86, 
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129.10, 129.93, 130.02, 131.17, 132.06, 135.45, 136.15, 144.37, 169.76. Mass (m/z): [M+H]+ 

Calculated for C26H25ClN4O4S is 525.13; Observed. = 524.85. 

4-amino-N'-(4-(4-tosylpiperazine-1-carbonyl)benzylidene)benzohydrazide (E5) 

Yellow Solid, mp: 157-163°C; FTIR (ATR, Vmax, cm-1): 3224, 3036, 1648, 1552, 1326, 1166, 725;  

1H NMR (400 MHz, CDCl3) δ 11.52 (s, 1H), 8.40 (s, 1H), 7.80 – 7.60 (m, 6H), 7.44 (dd, J = 21.2Hz, 

8.2 Hz, 4H), 6.60 (d, J = 8.6 Hz, 2H), 5.80 (s, 2H), 3.55 (d, J = 77.4 Hz, 4H), 2.95 (s, 5H), 2.42 (s, 

3H). 13C NMR (125 MHz, CDCl3) 169.2, 157.8, 145.2, 144.3, 136.5, 136.4, 132.59, 130.4, 128.1, 

128.0, 127.1, 119.8, 113.0, 46.2, 45.4, 21.54. 

N'-(4-(4-(phenylsulfonyl)piperazine-1-carbonyl)benzylidene)benzohydrazide (E6) 

White Solid, yield: 58%, mp: 221-223°C; FTIR (ATR, Vmax, cm-1): 3474, 3074, 1667, 1349, 1167, 

741;1H NMR (400 MHz, CDCl3) δ 10.25 (s, 1H), 8.22 (s, 1H), 7.91 (t, J=8.5Hz, 2H), 7.74 (d, 

J=7.5Hz, 2H), 7.68-7.53 (m, 7H), 7.44 (t, J=7.05Hz, 1H), 7.26 (d, J=7.5Hz, 3H), 3.81 (s, 2H), 3.49 (s, 

2H), 3.07 (s, 4H) ppm. 13CNMR (125 MHz, CDCl3) δ 169.8, 147.3, 147.2, 147.2, 136.0, 135.5, 135.1, 

133.3, 132.8, 132.2, 129.4, 129.3, 128.6, 127.7, 127.6, 127.6, 127.5, 127.4, 45.42.     Mass (m/z): 

[M+H]+ Calculated for C25H24N4O4S is 477.15; Observed. = 476.85. 

(4-((2-phenylhydrazono)methyl)phenyl)(4-tosylpiperazin-1-yl)methanone) (F7) 

Yellow Solid, yield: 71%, mp: 152-158°C; FTIR (ATR, Vmax, cm-1): 3239, 3035, 1925, 1614, 1466, 

1324, 1166, 758;   1H NMR (400 MHz, CDCl3) δ 2.46(s, 3H), 2.99(s, 2H), 3.08(s, 2H), 3.59(s, 2H), 

3.85(s, 2H), 6.89-6.93(m, 1H), 7.11(dd, J=8.5Hz&J=1.0Hz, 2H), 7.29-7.38(m, 5H), 7.60(d, J=8.2Hz, 

1H), 7.63-7.66(m, 5H, 7.87(s, 1H). 13C NMR (125 MHz, CDCl3) LCMS (m/z): 168.7, 152.36, 144.77, 

143.81, 136.01, 135.94, 132.09, 129.98, 127.6, 126.6, 119.3, 112.57, 45.7, 44.9, 21.05. Mass [M+H]+: 

Calculated for C25H26N4O3S is 463.17; Observed. = 462.85. 

(4-((4-nitrophenyl)sulfonyl)piperazin-1-yl)(4-((2-phenylhydrazono)methyl)phenyl)methanone 

(F8) 

Yellow solid, yield: 72%, mp: 184-190°C; FTIR (ATR, Vmax, cm-1): 3259, 2861, 1626, 1531, 1355, 

1167, 703; 1H NMR (400 MHz, CDCl3) δ 8.37 (d, J = 8.6 Hz, 2H), 7.90 (d, J = 8.6 Hz, 2H), 7.70 – 
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7.52 (m, 3H), 7.27 – 7.24 (m, 3H), 7.21 (t, J = 7.7 Hz, 2H), 7.06 (d, J = 8.1 Hz, 2H), 6.81 (t, J = 7.3 

Hz, 1H), 3.32 – 2.82 (m, 8H). 13C NMR (100 MHz, CDCl3) δ 170.55, 150.34, 144.26, 141.26, 137.98, 

135.03, 133.07, 129.16, 128.78, 127.45, 125.88, 124.52, 120.10, 112.53, 49.63, 49.46, 49.29, 49.12, 

48.94, 48.77. Mass (m/z): [M+H]+ Calculated for C24H23N5O5S is 494.14; Observed. = 494.00 

(4-((2-phenylhydrazono)methyl)phenyl)(4-(phenylsulfonyl)piperazin-1-yl)methanone (F9) 

Yellow solid yield: 65%, mp: 205-210°C; FTIR (ATR, Vmax, cm-1): 3455, 3034, 1719, 1434, 1214, 

1111, 725.  1H NMR (400 MHz, CDCl3) δ 7.77 – 7.73 (m, 2H), 7.67 – 7.61 (m, 4H), 7.57 (t, J = 7.7 

Hz, 3H), 7.33 – 7.27 (m, 4H), 7.10 (d, J = 7.8 Hz, 2H), 6.89 (t, J = 7.2 Hz, 1H), 3.95 – 3.41 (m, 4H), 

3.23 – 2.78 (m, 4H) ppm. 13C NMR (125 MHz, CDCl3) δ.16, 144.15, 137.36, 137.03, 135.43, 135.24, 

133.93, 133.26, 129.31, 127.67, 127.62, 126.04, 120.49, 112.78, 77.25, 77.00, 76.75, 46.05.  

(4-((2-(4-fluorophenyl)hydrazono)methyl)phenyl)(4-(phenylsulfonyl)piperazin-1-yl)methanone 

(F10) 

Yellow solid yield: 72%, mp: 180-185°C; FTIR (ATR, Vmax, cm-1): 3259, 2859, 1628, 1420, 1166, 

763; 1H NMR (400 MHz, CDCl3) δ 7.78 – 7.72 (m, 3H), 7.63 (dd, J = 11.0Hz, 8.1 Hz, 4H), 7.60 – 

7.53 (m, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.07 – 7.02 (m, 2H), 7.01 – 6.94 (m, 2H), 3.93 – 3.44 (m, 4H), 

3.19 – 2.79 (m, 4H). 13C NMR (125 MHz, CDCl3) δ 170.2, 140.50, 137.21, 135.61, 135.22, 134.06, 

133.28, 129.31, 127.68, 126.05, 115.98, 115.80, 113.74, 46.94 ppm. Mass (m/z): [M+H]+ Calculated 

for C24H23FN4O3S is 467.15; Observed. = 466.95. 

(4-((2-(4-chlorophenyl)hydrazono)methyl)phenyl)(4-(phenylsulfonyl)piperazin-1-yl)methanone 

(F11) 

Yellow solid yield: 70%, mp: 200-203°C; FTIR (ATR, Vmax, cm-1): 3452, 2869, 1597, 1356, 1173, 

743; 1H NMR (400 MHz, CDCl3) δ 7.84 (s, 1H), 7.78 (t, J=1.3Hz, 1H), 7.76 (d, J=1.4Hz, 1H), 7.66 (s, 

1H), 7.64 (d, J=1.7Hz, 2H), 7.59 (t, J=7Hz, 2H), 7.35 (d, J=8Hz, 2H), 7.26 (t, J=2.5Hz, 1H), 7.23 (t, 

J=2.5Hz, 1H).7.06 (t, J=2.5Hz, 1H), 7.04 (t, J=2.5Hz, 1H), 3.87 (s, 2H), 3.6 (s,2H), 3.1 (s, 4H) ppm. 

13C NMR (125 MHz, CDCl3) δ.170.19, 142.89, 137.14, 136.23, 135.35, 134.34, 133.39, 129.42, 

129.33, 127.79, 127.76, 126.26, 114.02 ppm. Mass (m/z): [M+H]+ Calculated for C24H23ClN4O3S is 

483.12; Observed. = 482.85. 
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(4-((2-(2,4-dichlorophenyl)hydrazono)methyl)phenyl)(4-(phenylsulfonyl)piperazin-1-

yl)methanone (F12) 

White Solid yield: 69%, mp: 194-198°C; FTIR (ATR, Vmax, cm-1): 3283, 2849, 1626, 1346, 1174, 

740; 1H NMR (400 MHz, CDCl3) δ 8.12 (s, 1H), 7.81 (s, 1H), 7.77 – 7.72 (m, 2H), 7.69 – 7.62 (m, 

3H), 7.60 – 7.54 (m, 2H), 7.53 (d, J = 8.8 Hz, 1H), 7.34 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 2.6 Hz, 1H), 

7.20 (dd, J = 8.8, 2.2 Hz, 1H), 3.98 – 3.34 (m, 4H), 3.22 – 2.53 (m, 4H). 13C NMR (125 MHz, CDCl3) 

δ 170.0, 139.0, 138.5, 136.7, 135.3, 134.8, 133.4, 129.4, 128.8, 128.2, 127.8, 126.5, 124.6, 117.3, 

115.0, 46.3, 41.6 ppm. Mass (m/z): [M+H]+ Calculated for C24H22Cl2N4O3S is 517.08; Observed. = 

516.80. 

(4-((2-(4-fluorophenyl)hydrazono)methyl)phenyl)(4-((4-nitrophenyl)sulfonyl)piperazin-1-

yl)methanone (F13) 

Yellow solid yield: 72%, mp: 168-174°C; FTIR (ATR, Vmax, cm-1): 3261, 2862, 1623, 1356, 1169, 

749; 1H NMR (400 MHz, CDCl3) δ 8.42 (d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.8 Hz, 2H), 7.73 (s, 1H), 

7.67 – 7.59 (m, 3H), 7.33 (d, J = 8.1 Hz,2H), 7.08 – 7.02 (m, 2H), 6.99 (t, J = 8.7 Hz, 2H), 4.07 – 3.43 

(m, 4H), 3.10 (s, 4H).13C NMR (125 MHz, CDCl3) δ 170.2, 150.5, 141.7, 140.6, 137.5, 135.6, 133.9, 

128.9, 127.7, 116.0, 115.8, 114.0, 113.9, 51.1, 46.0 ppm.  Mass (m/z): [M+H]+ Calculated for  

C24H22FN5O5S is 512.13; Observed. = 511.85. 

 

(4-((2-(4-chlorophenyl)hydrazono)methyl)phenyl)(4-((4-nitrophenyl)sulfonyl)piperazin-1-

yl)methanone (F14) 

Yellow solid, yield: 67%, mp: 172-175°C; FTIR (ATR, Vmax, cm-1): 3254, 2863, 1622, 1350, 1164, 

749; 1H NMR (400 MHz, CDCl3) δ 8.44 – 8.40 (m, 2H), 8.14 (s, 1H), 7.96 – 7.91 (m, 2H), 7.81 (s, 

1H), 7.68 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 8.8 Hz, 1H), 7.35 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 2.1 Hz, 

1H), 7.21 (dd, J = 8.8, 2.2 Hz, 1H), 4.05 – 3.46 (m, 4H), 3.10 (s, 4H). 13C NMR (125 MHz, CDCl3) δ 

169.9, 150.4, 136.8, 134.5, 128.9, 128.2, 127.8, 126.5, 124.7, 117.4, 115.0, 51.8, 46.1 ppm. Mass 

(m/z): [M+H]+ Calculated for C24H22ClN5O5S is 528.10; Observed. = 527.80. 
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(4-((2-(2,4-dichlorophenyl)hydrazono)methyl)phenyl)(4-((4-nitrophenyl)sulfonyl)piperazin-1-

yl)methanone (F15) 

Yellow solid, yield: 70%, mp: 180-184; FTIR (ATR, Vmax, cm-1): 3281, 2866, 1639, 1355, 1174, 

753; 1H NMR (400 MHz, CDCl3) δ 8.42 (d, J = 8.6 Hz, 2H), 7.95 (d, J = 8.6 Hz, 2H), 7.77 (s, 1H), 

7.65 (d, J = 6.0 Hz, 3H), 7.33 (d, J = 8.1 Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 8.7 Hz, 2H), 

4.01 – 3.29 (m, 4H), 3.10 (s, 4H). 13C NMR (125 MHz, CDCl3) δ 169.9, 150.4, 136.8, 134.5, 128.9, 

128.2, 127.8, 126.5, 124.7, 117.4, 115.0, 51.8, 46.1 ppm.  Mass (m/z): [M+H]+ Calculated for 

C24H21Cl2N5O5S is 562.06; Observed. = 561.75.  

(4-((4-chlorophenyl)sulfonyl)piperazin-1-yl)(4-((2-(4-

fluorophenyl)hydrazono)methyl)phenyl)methanone (F16) 

Whit brown solid, yield: 78%, mp: 148-152°C; FTIR (ATR, Vmax, cm-1): 3422, 2866, 1603, 1160, 

762; 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.6 Hz, 2H), 7.63 (d, J = 7.5 Hz, 3H), 7.54 (d, J = 8.4 

Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.05 (dd, J = 8.9, 4.5 Hz, 2H), 6.98 (t, J = 8.6 Hz, 2H), 3.99 – 3.39 

(m, 4H), 3.05 (s, 4H). 13C NMR (125 MHz, CDCl3) δ 169.5, 158.1, 156.4, 140.6, 140.0, 137.4, 135.6, 

134.0, 133.8, 129.7, 129.1, 127.7, 126.1, 115.9, 113.9, 113.8, 46.1 ppm. Mass (m/z): [M+H]+ 

Calculated for C24H22ClFN4O3S is 501.11; Observed. = 501.05. 

(4-((2-(4-fluorophenyl)hydrazono)methyl)phenyl)(4-tosylpiperazin-1-yl)methanone (F17) 

Yellow solid, yield: 74%, mp: 143-147°C; FTIR (ATR, Vmax, cm-1): 3421, 3040, 1612, 1347, 1167, 

725; 1H NMR (400 MHz, CDCl3) δ 7.64 – 7.57 (m, 6H), 7.35 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.2 Hz, 

2H), 7.07 – 7.01 (m, 2H), 7.00 – 6.94 (m, 2H), 3.92 – 3.44 (m, 4H), 3.21 – 2.79 (m, J = 53.2 Hz, 4H), 

2.45 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 170.1, 158.5, 156.6, 144.2, 140.7, 137.3, 135.8, 134.3, 

132.5, 129.9, 127.8, 127.7, 126.1, 116.0, 115.8, 113.9, 46.14, 45.54, 21.59 ppm.  Mass (m/z): [M+H]+ 

Calculated for C25H25FN4O3S is 481.16; Observed. = 480.90. 

(4-((2-(2,4-dichlorophenyl)hydrazono)methyl)phenyl)(4-tosylpiperazin-1-yl)methanone (F18) 

White Solid, yield: 59%, mp: 158-162°C; FTIR (ATR, Vmax, cm-1): 3421, 3040, 2339, 1612, 1347, 

1110, 907, 725; 1H NMR (400 MHz, CDCl3) δ 2.4 (s, 3H), 2.98 (d, J=4.4Hz, 4H), 3.58 (s, 2H), 3.87 

(s, 2H), 7.21 (dd, J=6.52Hz, J=2.2Hz, 1H), 7.3 (d, J=2.2Hz, 1H), 7.35-7.38 (m, 4H), 7.53 (d, J=8.8Hz, 
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1H), 7.63-7.69 (m, 4H), 7.82 (s, 1H), 8.1 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 169.9, 144.2, 

138.9, 138.5, 136.5, 134.8, 132.1, 129.9, 128.7, 128.1, 127.7, 127.7, 126.4, 124.5, 117.2, 114.9, 21.9. 

Mass (m/z): [M+H]+ Calculated for C24H21Cl3N4O3S is 531.09; Observed. = 530.90. 

(4-((4-chlorophenyl)sulfonyl)piperazin-1-yl)(4-((2-(2,4-

dichlorophenyl)hydrazono)methyl)phenyl)methanone (F19) 

White Solid, yield: 61%, mp: 180-183°C; FTIR (ATR, Vmax, cm-1): 3422, 3038, 2338, 1630, 1263, 

1006, 944, 716; 1H NMR (400 MHz, CDCl3) δ 3.05 (s, 4H), 3.61 (s, 2H), 3.87 (s, 2H), 7.21 (dd, 

J=8.8Hz (long), J=2.2Hz(short), 1H), 7.30 (d, J=2.2Hz, 1H), 7.36 (d, J=8.1Hz, 2H) 7.53-7.57 (m, 3H), 

7.38-3.71 (m, 4H), 7.82 (s, 1H), 8.16 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 170.0, 140.0, 138.5, 

138.4, 136.6, 134.6, 133.7, 129.7, 129.1, 128.7, 128.1, 127.7, 126.4, 124.6, 117.2, 114.9, 45.9, 45.3. 

Mass (m/z): [M+H]+ Calculated for C22H21Br2N5O is 552.87; Observed. = 552.80. 

4. Conclusion 

In this work, we have reported the synthesis and the antibacterial evaluation of series of 

phenylpiperazine sulphonamide and phenyl hydrazide (E1-E6) and hydrazine (F7-F19) hybrids. SAR 

study concluded the theisoniazid moiety containing analogues E1 and E2 exhibited potency against 

H37Rv strain. In case of antimicrobial studies, we identified F10 aspotent derivative 

againstEnterococcus faecium micro-organism. 
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Chapter 5 

Novel Piperazine-Coumarin hybrids as antibacterial agents 

(Ready to communicate) 

Abstract 

Novel analogues of 4-methyl coumarin-(phenylsulfonyl) piperazinesand coumarin-

(phenylsulfonyl)piperazine were designed using a molecular hybridization approach. All the 

synthesised compounds were evaluated for their in vitro anti-mycobacterium and anti-microbial 

activity against H37Rv and the broad range of antimicrobial gram-positive and gram-negative strains. 

Compounds 6g, 6h, 10d and 10e displayed moderate inhibition against gram-positive and gram-

negative strains with MIC values in the range of 62.5-250 μg/mL (table 1) against MRSA, Bacillus 

subtilis, and Enterococcus faecium, and gram-negative strains Enterobacter hormaechei, 

Pseudomonas aeruginosa, and Escherichia coli. Further, the structure-activity relationship (SAR) 

demonstrated that substituents on phenyl ring improve the antimicrobial activity. Moreover, further 

modifications are required to discover active hybrids with enhanced potency. 

1. Introduction 

Antimicrobial resistance (AMR) is a worldwide life-threatening condition caused by the 

escalating conflict between humans and the micro biome[1]. The issue of microbial drug resistance 

poses a rising risk to human health. With the introduction of each new microorganism treatment over 

the past several decades, antibiotic resistance has arisen progressively globally [2]. Similarly, 

Tuberculosis has been fought for hundreds of years. It has killed almost a billion people and still 

affects a third of the world's population[3]. Research efforts worldwide have been boosted by the 

emergence of MDR and, more recently, XDR tuberculosis[4]. As no new anti-TB agents have been 

introduced into TB therapy in recent years, there is an immediate need to design and develop new 

treatments and techniques for a successful TB treatment[5].We have generated novel piperazine-
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coumarin hybrids and tested them against antimicrobial and antitubercular strains to better grasp the 

issue surrounding resistance to such agents. 

As shown in Fig-1, several natural coumarin compounds have been described with various 

biological activities such as antitubercular, antibacterial, antimicrobial, antifungal, anticancer, 

anticoagulant, antihypertensive, and anti-inflammatory[6]. Influenced by their biological potential, we 

conducted more research on their hybrid derivatives against other heterocyclic moieties. According to 

the study's findings, the combination of coumarin and piperazine displayed significant antibacterial 

action[7-8].Considering this, it must have been decided that combining coumarin and piperazine 

moieties would be beneficial since it could potentially increase the antibacterial activity of 

compounds.From this perspective, this research aims to invent novel coumarin-piperazine analogues. 

 

Figure 1 Natural coumarin biological active derivatives 

In Fig. 2, the 4-methyl coumarin (A, B, and C) is more likely to be connected to a different 

heterocyclic moiety at the 7th position than the coumarin (D and E), which is connected at the 3rd 

position[9-10]. Based on this analysis, we synthesised 7 and 3-amino coumarins (scheme 2 and 3), 

combined them with piperazine sulphonamides and phenylsulfonyl piperazine through acid amine 
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coupling, and examined theirin vitro activity against gram-positive gram-negative and anti-TB 

bacterial strains. 

 

Figure 2 Coumarin piperazine hybrids with their antimicrobial activity 

2. Result and discussion 

2a. Chemistry 

 As shown in Scheme I and II, effective and easy synthetic routes were used to make the novel 

7-amino coumarin-piperazine hybrid derivatives (6a to 6j). A was prepared by nucleophilic attack of 

piperazine on benzene sulphonyl chloride[11]; to avoid piperazine di-substitution, ten equivalent of 

piperazine was used in DCM under cooling conditions. To avoid amine interference in coumarin 

synthesis, the amino group was protected, and ethyl (3-hydroxyphenyl)carbamate (2) was produced 

by reacting 3-aminophenol with ethyl carbonochloridate. Next, we synthesised ethyl (4-methyl-2-oxo-

2H-chromen-7-yl)carbamate (3) using Pechmann-type condensation reaction between (2) and EAA in 

ethanolic H2SO4. The amine group of 3 was deprotected by hydrolysis in a solution of H2SO4 and 
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acetic acid, yielding compound7-amino-4-methyl-2H-chromen-2-one 4[12]. Further 4 was N-acylated 

with 2-bromoacetyl bromide in DCM at 0°C to obtain 2-bromo-N-(4-methyl-2-oxo-2H-chromen-7-

yl)acetamide5[13]. The final piperazine-coumarin hybrid 6a-j was achieved by nucleophilicsubstitution 

reaction of 1 and 5 inDMFat rt[14]. 

To produce 3-amino coumarin-piperazine hybrid compounds, efficient and straightforward 

synthesis methods were adopted, as illustrated in Scheme III (10a to 10h). The Knoevenagal type 

condensation reaction was used to prepare N-(2-oxo-2H-chromen-3-yl)acetamide7 on reaction of 2-

hydroxybenzaldehyde with acetyl glycine. The N-acetyl group of 7 was converted to 3-amino-2H-

chromen-2-one (8), using the de-protection reaction of 7 by reflux in conc HCl and ethanol[15]. Next,8 

was acylated with Bromo acetyl bromide using the same method as used for the preparation of 5 to 

yield 2-Bromo-N-(2-oxo-2H-chromen-3-yl)acetamide (9)[13]. The final piperazine-coumarin hybrid 10 

was achieved by reaction of 1 and 9,as discussed in scheme (II) for synthesising6a-j by reaction of 9 

and 1[14]. 

1. Synthesis of phenylsulfonylpiperazine (1a-1n) 

 

Reaction conditions: i) DCM, 0-rt, 30 min 
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Scheme 1 

2. Synthesis of compound (6a-6j) 

 

Reaction conditions:i) Ethyl acetate, rt, 3 hrs, ii) Ethyl acetoacetate, ethanolic H2SO4 4 hrs, iii) 

acetic acid, H2SO4, reflux, 4 hrs, iv) tri-ethyl amin (TEA), DCM, 0-rt, 2h, iv) TEA, DMF, rt, 16 

hrs 

Scheme 2 

3. Synthesis of compound (10a-10h) 
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Reaction conditions:i) Sodium acetate, acetic anhydride, 100-110oC, 4 hrs, ii) conc.HCl, ethanol, 

reflux, 4 hrs, iii) TEA, DCM, rt, 2hrs, iv)TEA, DMF, rt, 16 hrs 

Scheme 3 

NMR data discussion 

2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide 

(6c) 

1
H NMR 
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The amide proton is highly deshielded and it displayed a delta value at 9.0 ppm because of the 

resonance with the adjacent carbonyl carbon. The protons on the phenyl ring and the lactone ring 

displayed the delta value ranging from 7.7 to 7.2 ppm. Due to the difference in the t chemical 

environment, the piperazine ring showed two sets of protons appearing at  3.1 and 2.7 ppm 

respectively. The methyl protons of the lactone ring showed a delta value of 2.3 ppm. 

13
C NMR 

 

In C13 NMR, carbonyl carbons generally exhibit delta values between 180 and 220 ppm. However, the 

delta value of the carbonyl carbons in the lactoneringand of the amide group has moved to164 and 

168 ppm respectively, because of the conjugation in the carbonyl carbon. The carbon atom adjacent to 

the fluorine substituent is deshielded, and it showed a delta value at166 ppm.  Similarly, the 

quaternary carbons in the lactone ring are deshielded and showed delta value at 152 and 154 ppm 

respectively due to the conjugation with the carbonyl group. The other carbons of the phenyl and the 
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lactone rings showed delta values ranging from 106 to 130 ppm. The delta values of the piperazine 

ring's carbonsare25 and 45 ppm. The methyl protons on the phenyl ring displayed a delta value at 18 

ppm. 

2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10b) 

1
H NMR 

 

The amide proton is highly deshielded and it displayed a delta value at 9.5 ppm because of the 

resonance with the adjacent carbonyl group. The protons of the phenyl ring and the lactone ring 

displayed the delta value ranging from 7.8 to 7.2 ppm. Due to the difference in the chemical 

environment, the piperazine ring showed two sets of protons with the delta value of 3.1 and 2.7 ppm 

respectively. The methylene protons adjacent to the amide carbonyl group are deshielded and showed 

a delta value at3.2 ppm. 

13
C NMR 
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In C13 NMR, carbonyl carbons generally exhibit delta values between 180 and 220 ppm. However, the 

delta value of the carbonyl carbons in the lactoneringand of the amide group has moved to 166 and 

169 ppm respectively because of the conjugation effect. The carbon atom adjacent to the 

fluorinesubstituent and the carbon atom adjacent to the sulfonyl group are deshielded and showed 

peaks at164 and 150 ppm respectively.  The carbon adjacent to amide group showed delta value at 

158 ppm and the carbon which is present between the amide carbonyl carbon and the piperazine 

nitrogen showed a peat at 77 ppm. The other carbons of the phenyl ring and the lactone ring have 

appeared ranging from 116 to 130 ppm. The delta value of the piperazine ring's carbons was 77 and 

76 ppm. 

2b. Biological evaluation 

1. Mycobacterium activity 

As indicated in the introduction, Novel hybrids of 3-methyl-7-amino coumarin with different 

phenylsulfonyl piperazine (6a-j) were initially synthesised and assessed for their anti-tuberculous 

efficacy in whole cells. The minimum inhibitory concentration (MIC) values against Mycobacterium 

tuberculosis (TB) H37Rv were analysed and listed in Table 1. Phenylsulfonyl piperazines with 

hydrogen, bromo, chloro, fluoro, nitro, and methyl substitutions at the para position (6a-f) and 

compared their activity against H37Rv at 50μM, but none of them showed positive results. Similarly, 

chloro-substituted phenylsulfonyl piperazineat the meta position did not show improved results. 

Further, we observed the behaviour of chloro, fluoro, methoxy and cyano at the ortho position (6g-j), 

but none produced any significant results. Next, we screened the activity of a series of 3-

aminocoumarins with hybrids of meta and para-substituted phenylsulfonyl piperazine (10a-10h). 



 
167 Chapter 5 

Activity data described below in table 1 indicts the need for the development of more piperazine 

coumarin derivatives to get better results. 

2. Antimicrobial activity 

 After checking mycobacterium potential, all the compounds were tested against Gram-

positive strains such as methicillin-resistant staphylococcus aureus (MRSA), Streptococcus pyrogens, 

Bacillus subtilis, Enterococcus faecium, and Staphylococcus aureus, andGram-negative strains such 

as Enterobacter hormaechei, Pseudomonas aerugenosa, and Escherichia coli (Table 1). Among the 

hybrids of 3-methyl-7-amino coumarin- phenylsulfonyl piperazine analogue (6a-6j), 6c, 6g and 6h 

showed moderate activity against MRSA, Bacillus subtilis, Enterococcus faecium, Enterobacter 

hormaechei, Pseudomonas aeruginosa, and Escherichia coli strains. Fluoro substituted 6c shown 

displayed inhibition of 250, 62.5, 62.5, 125, 125, 125 μg/mL against MRSA, Bacillus subtilis, 

Enterococcus faecium, Enterobacter hormaechei, Pseudomonas aeruginosa, and Escherichia coli 

strains respectively. Chloro and methoxy meta substituted analogues 6g and 6h displayed 250, 62.5, 

62.5, 125, 62.5, 62.5 μg/mL and 250, 62.5, 62.5, 62.5, 62.5, 62.5μg/mL respectively against same 

strains. Chloro and fluoro substituted analogue 10d and 10e from 3-aminocoumarins-phenylsulfonyl 

piperazine derivatives also displayed moderate activity against  MRSA, Bacillus subtilis, Enterococcus 

faecium, Enterobacter hormaechei, Pseudomonas aeruginosa, and Escherichia coli strains. This 

Structural activity relationship (SAR) study showed that further development of different meta-

substituted derivatives might improve the antimicrobial activity. 

Table 1: Activity of synthesized derivatives (6a to 6j and 10a-10h) against growth of Gram positive, 

Gram negative and H37Rv bacterial strains. 

Comp Gram positive bacteria Gram negative bacteria 
[i]

H37RV 

MIC(µM) 
[a]

10069 
[b]

49247 
[c]

12344 
[d]

19434 
[e]

 25923 
[f]

700232 
[g]

27853 
[h]

35218 

6a  - - - - - - - - >50  

6b  - - - - - - - - >50  
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6c  250   62.5 62.5   125 125 125 >50  

6d  - - - - - - - - >50  

6e  - - - - - - - - <50  

6f  - - - - - - - - >50  

6g  250   62.5 62.5   62.5 62.5 62.5 >50  

6h  125   62.5 62.5   62.5 62.5 62.5 >50  

6i  - - - - - - - - >50  

6j  - - - - - - - - >50  

10a - - - - - - - - >50  

10b - - - - - - - - >50  

10c - - - - - - - - >50  

10d may   62.5 62.5   125 62.5 62.5 <50  

10e  250   62.5 62.5   62.5 62.5 62.5 >50  

10f - - - - - - - - >50  

10g  - - - - - - - - >50  

10h - - - - - - - - >50  

NIH -NA- -NA- -NA- -NA- -NA- -NA- -NA- -NA- 0.053 

Ciprofl

oxacin  

≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 ≥ 0.49 -NA- 

Vanco

mycin 

0.00375 0.00375 - - - - - - -NA- 
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[a] methicillin resistant staphylococcus aureus (mrsa) 10069; [b] Streptococcus pyrogens 49247; [c]Bacillus subtilis     12344; [d] 

Enterococcus faecium 19434; [e] Staphylococcus aureus 25923; [f] Enterobacter hormaechei 700232; [g] Pseudomonas 

aerugenosa 27853; [h] Escherichia coli35218 

The zone of inhibition was measured at concentration of 1000 μg/mL; Ciprofloxacin and Vancomycin were used as a standard. (-) 

indicates no activity; -NA-indicates not applicable. 

[i] Minimal inhibitory concentration (MIC μM).* 

 

3. Experimental  

3a. Biology 

1. Material and method 

a. Mycobacterium tuberculosis 

MIC determination assays 

At 37°C with shaking (200 rpm), Middlebrook 7H9 broth (MB broth) supplemented with 0.05% 

Tween-80, 0.2% glycerol and 1x albumin dextrose-saline (ADS) was used to culture mycobacterium 

tuberculosis H37Rv (M. TB). The compounds were prepared as 1000 µg/ml stocks in DMSO and 

evaluated MIC value for antimycobacterial activity at concentrations ranging from 50 µM[16] 

b. Antimicrobial 

Method used: i) Agar diffusion assay[17] , ii) Broth Microdilution assay[18] 

Concentration of compounds: Stock solution [1000 µg/ml] of each compound was prepared in 

DMSO. Agar diffusion is carried out by taking 5 micro liters from stock solution. Broth micro 

dilution Assay carried out by 2-fold serial dilution of 100 microliters from stock solution.   

Media used:i) Microbiological media used for bacteria is Mueller Hinton Agar (M-H Agar) 

Composition (gL-1): Beef infusion solids 2.0; starch 1.5; Casein hydrolysate 17.5; Agar 17.0; Final 

pH (at 25°C) 7.3 ± 0.2. ii) Microbiological media used for bacteria is Mueller Hinton Broth (M-H 

Broth) Composition (gL-1): Beef infusion solids 2.0; starch 1.5; Casein hydrolysate 17.5; Final pH (at 

25°C) 7.4 ± 0. 
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3b. Chemistry 

1. Material and method 

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. 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.  

NMR spectra were recorded on 400 and 100 MHz NMR spectrometer using CDCl3 and 

DMSO as solvent unless otherwise stated. MS were made by means of ESI (Electron spray 

ionization). Unless otherwise specified, all reagents were weighed and handled in air. 

2. Synthetic procedure 

1. Synthesis of compound 1a-1n 

Preparation of 1-(phenylsulfonyl)piperazine  (Compound 1) 

 

To the solution of 10.0 mmol of piperazine in DCM, the 1.0 mmol of benzenesulfonyl 

chloride was added at 0 °C, and the reaction mixture stirred for 30 min at rt. After the reaction 

completion, consumption of starting materials was confirmed by TLC. Reaction mixture was washed 

with water (3×40 mL), dried over anhydrous Na2SO4 and DCM layer was evaporated in vacuum to 

yield white solid. 

Compound number 1b to 1f mentioned in scheme 1, were prepared using same procedure as 

illustrated in scheme 1 
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2. Synthesis of compound 6a-6j 

Preparation of ethyl (3-hydroxyphenyl)carbamate (compound 2) 

 

Ethyl chloroformate 1.0 mmol was added in one portion to a stirred suspension of m-

aminophenol 1.0 mmolin ethyl acetate 20ml. A white precipitate formed immediately. The reaction 

mixture was stirred for 3 hrsat room temperature. The amine hydrochloride precipitate was removed 

by filtration, washed with ethyl acetate (5 mL) and filtrate was concentrated under reduced pressure to 

give colourless crystals of ethyl (3-hydroxyphenyl)carbamate. 

Preparation of ethyl (4-methyl-2-oxo-2H-chromen-7-yl)carbamate(compound 3) 

 

A solution of ethyl (3-hydroxyphenyl)carbamate 1 mmol and ethyl acetoacetate 1.2 mmol 

suspended in 20 mL of 70 % ethanolic H2SO4 and stirred at room temperature for 4 hrs. The product 

formation was monitored by TLC. On completion of reaction, the solution was poured into ice cold 

water (100 mL) to give brown crystalline solid. The solid was filtered, washed with water, and 

recrystallised from ethanol to give ethyl (4-methyl-2-oxo-2H-chromen-7-yl)carbamate. 

Preparation of 7-amino-4-methyl-2H-chromen-2-one (compound 4) 

 

Ethyl (4-methyl-2-oxo-2H-chromen-7-yl)carbamatewas refluxed in a mixture of conc. H2SO4 

and glacial acetic acid (1:1) for 4 hrs. The completion of reaction was checked by using TLC. After 

completion of reaction, the mixture was cooled to room temperature to give yellow precipitate. 
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Resulting mixture was poured into ice cold water (100 mL) and neutralized with 50% NaOH solution 

to give white solid. The solid obtained was filtered, washed with water, dried and recrystallized from 

ethanol to give 7-amino-4-methyl-2H-chromen-2-one. 

Preparation of2-bromo-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide (compound 5) 

 

To the stirred solution of 1 mmol of 7-amino-4-methyl-2H-chromen-2-one and 3 volume of 

TEA in 10 volume DCM, 1 mmol of 2-bromoacetyl bromide was added at 0oC.The resultant reaction 

mixture was stirred at rt for 2 hrs. After completion of the reaction, the solid reaction mass formed 

was filtered, washed with water and diethyl ether to get 2-bromo-N-(4-methyl-2-oxo-2H-chromen-7-

yl)acetamide.  

Preparation of N-(4-methyl-2-oxo-2H-chromen-7-yl)-2-(4-(phenylsulfonyl)piperazin-1-yl)acetamide 

(compound 6a) 

 

Mixture of 7-amino-4-methyl-2H-chromen-2-one 1 mmol and 1-(phenylsulfonyl)piperazine 1 

mmol stirred in 10 volume of DMF in presence of 3 mmol of TEA at rt. The resultant reaction 

mixture was stirred for 16 hrs at rt. After the reaction completion, consumption of starting materials 

was confirmed by TLC. On completion of reaction, the rection mixture was poured into ice cold water 

to get white solid. The solid was filtered, washed with water and diethyl ether to give N-(4-methyl-2-

oxo-2H-chromen-7-yl)-2-(4-(phenylsulfonyl)piperazin-1-yl)acetamide. 

 Similarly compound number 6b-j were prepared using this procedure as illustrated in scheme 

2 
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2. Synthesis of compound 6a-6j 

Preparation of N-(2-oxo-2H-chromen-3-yl)acetamide(compound 7) 

 

At 0 oC N-acetylglycine 1.0 mmol and sodium acetate 4.0 mmol were added to the stirred 

solution of salicylaldehyde 1.0 mmol in acetic anhydride 5.0 mmol and the mixture was refluxed at 

100-110 oC for 4 hrs. Following the completion of the reaction on TLC, the reaction mass was poured 

into ice cold water to yield a solid. The solid was filtered, washed with 10 mL of ethyl acetate, dried, 

and then re-crystallized with ethanol to make the light yellow solid N-(2-oxo-2H-chromen-3-

yl)acetamide. (Yield = 64 %). 

Preparation of N-(2-oxo-2H-chromen-3-yl)acetamide(compound 8) 

 

For 3-4 hrs, 10 mmol of N-(2-oxo-2H-chromen-3-yl)acetamidewas refluxed with 100 mL of 

ethanolic:HCl (7:3). TLC was used to monitor the completion of the reaction.After the reaction was 

done, the mixture was poured into ice-cold water to form a solid, which was then neutralised with a 

saturated solution of NaHCO3. The solid was filtered, washed with 10 mL of ethyl acetate, dried, and 

then re-crystallized with ethanol to make the light brown crystals.  

Preparation of 2-bromo-N-(2-oxo-2H-chromen-3-yl)acetamide (compound 9) 

 

To the stirred solution of 1 mmol of N-(2-oxo-2H-chromen-3-yl)acetamide and 3 volume of 

TEA in 10 volume of DCM, 1 mmol of 2-bromoacetyl bromide was added at 0oC. resultant reaction 

mixture was stirred at rt for 2 hrs. Following the completion of the reaction on TLC, The solid 
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reaction mass formed was filtered, washed with water and diethyl ether to get 2-bromo-N-(2-oxo-2H-

chromen-3-yl)acetamide. 

Preparation of N-(2-oxo-2H-chromen-3-yl)-2-(4-(phenylsulfonyl)piperazin-1-yl)acetamide 

(compound 10h) 

 

Mixture of 2-bromo-N-(2-oxo-2H-chromen-3-yl)acetamide 1mmol and 1-

(phenylsulfonyl)piperazine 1mmol stirred in 10 volume of DMF in presence of 3mmol of TEA at rt. 

The resultant reaction mixture was stirred at rt for 16 hrs. After the reaction completion, consumption 

of starting materials was confirmed by TLC. After reaction completion, the reaction mixture was 

poured into ice cold water which formed white solid mass. The solid was filtered, washed with water 

and diethyl ether to give N-(2-oxo-2H-chromen-3-yl)-2-(4-(phenylsulfonyl)piperazin-1-yl)acetamide. 

Similarly compound (10a-g) were prepared using this procedure as illustrated in scheme 3 

3. Experimental data 

N-(4-methyl-2-oxo-2H-chromen-7-yl)-2-(4-(phenylsulfonyl)piperazin-1-yl)acetamide (6a) 

White brown solid, yield: 74%, mp: 150-158°C; FTIR (ATR, Vmax, cm-1): 3613, 2860, 1702, 1563, 

1169, 740; 1H NMR (400 MHz, CDCl3) δ 10.083 (s, 1H), 7.74 (m, 4H), 7.69 (t, J = 6.5Hz, 3H), 7.54 

(d, J=8.4Hz, 1H), 6.25 (s, 1H), 3.19 (s, 2H), 2.978 (s, 4H), 2.59 (s, 4H), 2.37 (s, 3H) ppm. 13C NMR 

(125 MHz, CDCl3) δ 169.29, 160.47, 153.95, 153.55, 142.34, 135.27, 133.78, 129.92, 128.06, 126.21, 

116.05, 115.57, 112.7, 106.48, 61.54, 52.05, 46.15, 18.44 ppm. LCMS (m/z): [M+H]+ Calculated for 

C22H23N3O5S is 442,14; Observed. = 441.85.  

2-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide 

(6b) 
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White solid, yield: 68%, mp: 160-166°C; FTIR (ATR, Vmax, cm-1): 3430, 2836, 1723, 1572, 1173, 

753;    1H NMR (400 MHz, CDCl3) δ 2.42(s, 3H), 2.75(t, J=4.71Hz, 4H), 3.16(s, 4H), 3.20(s, 2H), 

5.32(s, 1H), 6.21(d, J=1.0Hz, 1H), 7.47(d, J=1.26Hz, 1H), 7.54-7.55(m, 1H), 7.6(d, J=8.7Hz, 2H), 

7.76(d, J=8.5Hz, 2H), 8.92(s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 177.72, 167.86, 156.88, 

152.18, 139.4, 132.6, 129.2, 125.3, 113.8, 106.9, 106.9, 99.5, 52.6, 45.87, 18.62. LCMS (m/z): 

[M+H]+ Calculated for C22H22BrN3O5S is 520,05; Observed. = 521.70. 

2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide 

(6c) 

White solid, yield: 58%, mp: 153-158; FTIR (ATR, Vmax, cm-1): 3390, 2852, 1695, 1512, 1174, 

146;   1H NMR (400 MHz, CDCl3) δ 9.01 (s, 1H), 7.79 (s, 2H), 7.49 (s, 3H), 7.24 (t, J=8.0Hz, 2H), 

6.12 (s, 1H), 3.19 (s, 2H), 3.13 (s, 4H), 2.72 (s, 4H), 2.37 (s, 3H) ppm. 13C NMR (125 MHz, CDCl3) δ 

168.0, 166.02, 164.0, 160.8, 154.0, 152.3, 130.5, 130.4, 125.3, 116.7, 116.4, 115.5, 113.4, 106.9, 61.6, 

52.5, 45.8, 18.6 ppm. LCMS (m/z): [M+H]+ Calculated for C22H22FN3O5S is 460.13; Observed. = 

446.00. 

N-(4-methyl-2-oxo-2H-chromen-7-yl)-2-(4-((4-nitrophenyl)sulfonyl)piperazin-1-yl)acetamide 

(6d) 

White solid, yield: 52%, mp: 152-158C; FTIR (ATR, Vmax, cm-1): 3259, 2835, 1723, 1572, 1348, 

1173, 715;   1H NMR (400 MHz, CDCl3) δ 8.40 (d, J = 8.7 Hz, 2H), 7.95 (d, J = 8.8 Hz, 2H), 7.48 (m, 

2H), 7.44 (d, J = 1.3 Hz, 1H), 6.16 (s, 1H), 3.17 (s, 5H), 2.74 (s, 5H), 2.37 (s, 3H) ppm. 13C NMR 

(125 MHz, CDCl3) δ 168.0, 161.3, 155.1, 154.1, 152.6, 151.5, 150.4, 141.82, 140.4 ,128.9, 125.4, 

124.6, 116.4, 115.5, 113.5, 107.0, 61.57, 52.6, 45.8, 18.6 ppm. LCMS (m/z): [M+H]+ Calculated for 

C22H22FN3O5S is 487.12; Observed. = 487.05. 

2-(4-((4-chlorophenyl)sulfonyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide 

(6e) 

White Solid yield: 82%, mp: 182-184°C; FTIR (ATR, Vmax, cm-1): 3275, 2854, 1719, 1511, 1346, 

1163, 724;1H NMR (400 MHz, DMSO) δ 2.36 (d, J=0.7, 3H), 2.6 (s, 4H), 2.98 (s, 4H), 3.20 (s, 2H), 
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6.23 (d, J=1.1Hz, 1H), 7.5 (dd, J=8.7Hz(long), J=2.0Hz (short), 1H), 7.66 (d, J=8.6Hz, 1H), 7.73-7.78 

(m, 5H), 10.05 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 169.2, 160.4, 153.8, 153.4, 142.2, 138.7, 

134.1, 129.9, 126.1, 116.0, 115.0, 112.7, 106.4, 61.4, 52.0, 46.0, 18.4 ppm. LCMS (m/z): [M+H]+ 

Calculated for C22H22ClN3O5S is 476,10; Observed. = 475.85 

N-(4-methyl-2-oxo-2H-chromen-7-yl)-2-(4-tosylpiperazin-1-yl)acetamide (6f) 

White solid yield: 80%, mp: 181-183°C; FTIR (ATR, Vmax, cm-1): 3308, 2855, 1702, 1522, 1345, 

1168, 731; 1H NMR (400 MHz, CDCl3) δ 2.41 (s, 3H), 2.5 (s, 3H), 2.73 (t, J=4.6Hz, 4H), 3.1 (s, 4H), 

3.19 (s, 2H), 7.34-7.41 (m, 3H), 7.52 (d, J=8.6Hz, 1H), 7.59-7.63 (m, 2H), 7.67 (d, J=8.1Hz, 2H), 

8.97 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 167.9, 160.9, 154.1, 152.1, 144.1, 140.4, 132.3, 

129.9, 129.9, 127.8, 127.6, 125.4, 116.3, 115.4, 113.5, 106.8, 61.63, 52.6, 45.9, 21.6, 18.6 ppm. 

LCMS (m/z): [M+H]+ Calculated for C22H23N3O5S is 456.15; Observed. = 455.85. 

2-(4-(3-chlorophenyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide (6g) 

White solid yield: 84%, mp: 173-180°C; FTIR (ATR, Vmax, cm-1): 3294, 2825, 1695, 1528, 1346, 

1177, 758; 1H NMR (400 MHz, CDCl3) δ 2.42 (d, J=1.0, 3H), 2.81 (t, J=4.8Hz, 4H), 3.26 (s, 2H), 

3.30 (t, J=4.8Hz, 4H), 6.21 (d, J=1.0Hz, 1H), 6.81-6.87 (m, 2H), 6.91 (t, J=2.0Hz, 1H), 7.20 (t, 

J=8.2Hz, 1H), 7.51-7.52 (m, 2H), 7.68 (d, J=1.6Hz, 1H), 9.36 (s, 1H) ppm. 13C NMR (125 MHz, 

CDCl3) δ 168.5, 160.9, 154.3, 152.1, 151.9, 140.6, 135.0, 130.1, 125.3, 119.8, 116.2, 116.0, 115.3, 

114.2, 113.5, 106.9, 61.9, 53.3, 84.9, 18.6 ppm. LCMS (m/z): [M+H]+ Calculated for 

C22H22ClN3O3 is 412.13; Observed. = 411.90. 

2-(4-(2-methoxyphenyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide (6h) 

White solid yield: 77%, mp: 175-179°C; FTIR (ATR, Vmax, cm-1): 3262, 2814, 1702, 1566, 1328, 

1170, 743; 1H NMR (400 MHz, CDCl3) δ 2.40 (s, 3H), 2.85 (t, J=4.2Hz, 4H), 3.17 (s, 4H), 3.25 (s, 

2H), 8.87 (s, 2H), 6.18 (s, 1H), 6.88-7.06 (m, 4H), 7.53(s, 2H), 7.69 (s, 2H), 9.48 (s, 1H) ppm. 13C 

NMR (125 MHz, CDCl3) δ 168.9, 160.9, 154.3, 152.2, 152.1, 140.8, 140.7, 125.2, 123.3, 121.0, 

118.2, 116.1, 115.3, 113.4, 111.2, 106.9, 62.0, 55.4, 53.7, 50.8, 18.6 ppm. LCMS (m/z): [M+H]+ 

Calculated for C23H25N3O4 is  408,18; Observed. = 407.90. 
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2-(4-(2-fluorophenyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide (6i) 

White Solid yield: 81%, mp: 172-175°C; FTIR (ATR, Vmax, cm-1): 3532, 2842, 1723, 1521, 1343, 

1152, 726; 1H NMR (400 MHz, CDCl3) δ 2.41 (s, 3H), 2.83 (s, 4H), 3.20 (s, 4H), 3.26 (s, 2H), 6.19 (s, 

1H), 6.96-7.11 (m, 4H), 7.55 (s, 2H), 7.66 (s, 1H), 9.43 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 

168.7, 161.0, 156.9, 154.4, 154.2, 152.2, 140.7, 139.6, 139.5, 125.33, 124.5, 124.5, 122.9, 122.9, 

119.0, 119.0, 116.3, 116.2, 116.1, 115.3, 113.4, 106.9, 62.0, 53.6, 50.6, 50.6, 18.63 ppm. LCMS 

(m/z): [M+H]+ Calculated for C22H22FN3O3 is 396,16; Observed. = 396.50. 

2-(4-(2-cyanophenyl)piperazin-1-yl)-N-(4-methyl-2-oxo-2H-chromen-7-yl)acetamide (6j) 

White solid yield: 84%, mp: 160-165°C; FTIR (ATR, Vmax, cm-1): 3236, 2825, 1715, 1519, 1329, 

1148, 762; 1H NMR (400 MHz, CDCl3) δ 2.4(d, J=1.1Hz, 3H), 2.88 (t, J=4.6Hz, 4H), 3.28 (s, 1H), 

3.33 (t, J=4.4Hz, 4H), 6.2 (d, J=1.1Hz, 1H), 7.05-7.08 (m, 2H), 7.52-7.62 (m, 5H), 9.38 (s, 1H) ppm. 

13C NMR (125 MHz, CDCl3) δ 168.5, 160.9, 155.2, 154.2, 152.2, 140.7, 134.4, 133.9, 125.3, 122.3, 

118.8, 118.2, 116.2, 115.3, 113.4, 106.8, 106.3, 61.8, 53.5, 51.6, 18.6 ppm. LCMS (m/z): [M+H]+ 

Calculated for C23H22N4O3 is  403,17; Observed. = 402.90. 

2-(4-((4-bromophenyl)sulfonyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10a) 

White solid yield: 62%, mp: 184-189°C; FTIR (ATR, Vmax, cm-1): 3420, 2822, 1722, 1511, 1355, 

1145, 713;1H NMR (400 MHz, CDCl3) δ 2.73(t, J=4.7Hz, 4H), 3.20(s, 4H), 3.23(s, 2H), 7.32-7.34(m, 

2H), 7.45-7.49(m, 1H), 7.51(dd, J=7.5Hz&J=1.3Hz, 1H), 7.64-7.67(m, 2H), 7.73(t, J=2.1Hz, 1H), 

7.75(t, J=2.1Hz, 1H), 8.6(s, 1H), 9.5(s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 45.91, 52.67, 61.70, 

116.41, 119.64, 123.40, 123.75, 125.23, 127.82, 129.11, 129.89, 132.66, 134.90, 158.60, 168.99 ppm. 

LCMS (m/z): [M-H]+ Calculated for  C21H20BrN3O5S is 504,03; Observed. = 504.00. White Solid 

2-(4-((4-fluorophenyl)sulfonyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10b) 

White solid yield: 65%, mp: 178-182°C; FTIR (ATR, Vmax, cm-1): 3318, 2831, 1706, 1495, 1326, 

1166, 727; 1H NMR (400 MHz, CDCl3) δ 2.73(t, J=4.71Hz, 4H), 3.18(s, 4H), 3.22(s, 2H), 7.24-

7.32(m, 4H), 7.43-7.51(m, 2H), 7.79-7.83(m, 2H), 8.64(s, 1H), 9.56(s, 1H) ppm. 13C NMR (125 MHz, 
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CDCl3) δ 45.9, 52.6, 61.6, 116.3, 116.5, 116.7, 119.63, 123.40, 123.65, 125.22, 127.80, 129.86, 

130.30, 130.39, 150.09, 158.57, 164.13, 166.67, 169.02 ppm. LCMS (m/z): [M+H]+ Calculated for 

C21H20FN3O5S is 446,11; Observed. = 446.00. 

2-(4-((4-chlorophenyl)sulfonyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10c) 

White Solid yield: 75%, mp: 194-196°C; FTIR (ATR, Vmax, cm-1):3310, 2855, 1721, 1511, 1170, 

760; 1H NMR (400 MHz, CDCl3) δ 2.73 (t, J=4.5Hz, 4H), 3.19 (s, 2H), 3.22 (s, 2H), 7.28-7.33 (m, 

2H), 7.44-7.75 (m, 2H), 7.55-7.58 (m, 2H), 7.72 (d, J=8.5Hz, 2H), 8.64 (s, 1H), 9.55 (s, 1H) ppm. 13C 

NMR (125 MHz, CDCl3) δ 150.1, 139.8, 134.3, 129.8, 129.6, 129.0, 127.8, 125.2, 123.7, 123.4, 

119.6, 116.3, 61.6, 52.6, 45.9 ppm. LCMS (m/z): [M+H]+ Calculated for C21H20ClN3O5S is 442.14; 

Observed. = 441.90. 

2-(4-(3-chlorophenyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10d) 

White solid yield: 69%, mp: 175-181°C; FTIR (ATR, Vmax, cm-1): 3305, 2828, 1716, 1506, 1176, 

765; 1H NMR (400 MHz, CDCl3) δ 2.79 (t, J=4.7Hz, 4H), 3.27 (s, 2H), 3.33 (t, J=4.8Hz, 4H), 6.80-

6.85 (m, 2H), 6.91 (t, J=4.0Hz, 1H), 7.1 (t, J=8.1Hz, 1H), 7.28-7.37(m, 2H), 7.44-7.49 (m, 1H), 7.51-

7.54 (m ,1H), 8.69 (s, 1H), 9.95 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 169.7, 158.5, 152.0, 

150.1, 134.9, 130.2, 130.0, 129.7, 128.0, 127.7, 125.3, 125.1, 124.1, 123.6, 123.3, 119.7, 119.6, 119.4, 

116.12, 114.1, 61.88, 53.3, 48.9 ppm. LCMS (m/z): [M+H]+ Calculated for C21H20ClN3O3 is 

398,12; Observed. = 397.90. 

2-(4-(2-fluorophenyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10e) 

White solid yield: 79%, mp: 177-183°C; FTIR (ATR, Vmax, cm-1): 3306, 2821, 1720, 1517, 1177, 

776; 1H NMR (400 MHz, CDCl3) δ 2.83 (t, J=4.6Hz, 4H), 3.24 (t, J=4.4Hz, 4H), 3.28 (s, 2H), 6.94-

6.11 (m, 4H), 7.28-7.35 (m, 2H(, 7.43-7.47 (m, 1H), 7.51 (dd, J=3.7Hz (long), J=1.1Hz(short), 1H), 

8.7 (s, 1H), 10.0 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 179.9, 158.5, 156.9, 154.4, 150.1, 139.8, 

139.7, 129.6, 127.7, 125.1, 124.5, 124.5, 123.7, 123.2, 122.7, 122.7, 119.8, 119.1, 119.1, 116.3, 116.2, 

116.0, 61.9, 53.6, 50.6, 50.6 ppm. LCMS (m/z): [M+H]+ Calculated for C21H20FN3O3 is 382,15; 

Observed. = 382.25. 
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2-(4-(2-cyanophenyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10f) 

White solid yield: 74%, mp: 175-182°C; FTIR (ATR, Vmax, cm-1):3435, 2848, 1702, 1495, 1141, 

759. 1H NMR (400 MHz, CDCl3) δ 2.87 (t, J=4.6Hz, 4H), 3.30 (s, 2H), 3.35(t, J=4.3Hz, 4H), 7.03-

7.09 (m, 2H), 7.28-7.35 (m, 2H), 7.44-7.48 (m, 2H), 7.52 (t, J=7.1Hz, 2H), 7.57 (dd, J=3.75Hz(long), 

J=1.1Hz (short), 1H), 8.70 (s, 1H), 9.99(s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 169.8, 158.6, 

145.4, 150.1, 134.3, 133.9, 129.6, 127.7, 125.1, 123.7, 123.3, 122.2, 119.8, 119.0, 118.3, 116.3, 106.3, 

61.7, 53.4, 51.7 ppm. LCMS (m/z): [M+H]+ Calculated for C22H20N4O3 is 389.15; Observed. = 

389.05. 

2-(4-(2-methoxyphenyl)piperazin-1-yl)-N-(2-oxo-2H-chromen-3-yl)acetamide (10g) 

White solid yield: 75%, mp: 163-170°C; FTIR (ATR, Vmax, cm-1):3433, 2846, 1716, 1506, 1240, 

750; 1H NMR (400 MHz, CDCl3) δ 2.84(s, 4H), 3.21(s, 4H), 3.27(s, 2H), 3.87 (s, 3H), 6.87 (d, 

J=3.9Hz, 1H), 6.95(t, J=7.2Hz, 1H), 7.00-7.04 (m, 2H), 7.28-7.24 (m, 2H), 7.42-7.46 (m, 1H), 7.50 

(d, J=2.4Hz, 1H), 8.69 (s, 1H), 10.02 (s, 1H) ppm. 13C NMR (125 MHz, CDCl3) δ 170.2, 158.5, 152.1, 

150.1, 129.6, 127.7, 125.0, 123.8, 129.2, 123.2, 121.0, 119.8, 118.4, 116.3, 111.15, 62.0, 55.39, 53.7, 

50.74 ppm. LCMS (m/z): [M+H]+ Calculated for C22H23N3O4 is 394,17; Observed. = 394.50. 

N-(2-oxo-2H-chromen-3-yl)-2-(4-(phenylsulfonyl)piperazin-1-yl)acetamide (10h) 

White Solid yield: 78%, mp: 142-146°C; FTIR (ATR, Vmax, cm-1):3231, 2894, 1718, 1514, 1168, 

876, 740; 1H NMR (400 MHz, CDCl3) δ = 9.57 (s, 1H), 7.79 (d, J=7.4 Hz, 3H), 7.71 (t, J = 7.6Hz, 

3H), 7.50 (t, J=7.7Hz, 1H), 7.40-7.32 (m, 2H), 3.24 (s, 2H), 2.97 (s, 4H), 2.65 (s, 4H) ppm. 13C NMR 

(125 MHz, CDCl3) δ 169.99, 158.18, 150.04, 135.11, 133.91, 130.18, 129.96, 128.36, 128.02, 125.54, 

124.12, 122.80, 119.89, 116.41 ppm. LCMS (m/z): [M+H]+ Calculated for C21H21N3O5S is 428,12; 

Observed. = 428.35. 

4. Conclusion 

In conclusion, we have successfully synthesised and characterised a small library of novel hybrid 

molecules using various spectroscopic techniques. (FT-IR, mass and NMR). In addition, the anti-

mycobacterial activity of all newly synthesised compounds against the M. tuberculosis H37 Rv strain 
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was evaluated in vitro. Based on a comprehensive examination of the experimental data, it was 

possible to conclude that the hybrid molecules possessed less anti-tubercular activity. Moreover, 

additional modifications are required to increase the activity to develop efficient anti-tubercular 

agents against the parental and drug-resistant strains of tuberculosis. 

5. Acknowledgement 

The authors are thankful to the Discipline of Pharmaceutical Sciences, College of Health Sciences, 

University of Kwa-Zulu Natal (UKZN), Durban, South Africa, and The M.S. University of Baroda, 

Vadodara, India and Institute of Translational Health Science and Technology,Faridabad, India for 

providing all the necessary facilities. R.K. gratefully acknowledges National Research Foundation-

South Africa for funding this project (Grant Nos.103728 and 112079). The biological activities (anti 

mycobacterial and anti microbial activities) are not performed by student. 

6. Conflict of interest 

Authors hereby declare that there are no financial/commercial conflicts of interest. 

References 

[1] Bitla, S., Gayatri, A.A., Puchakayala, M.R., Bhukya, V.K., Vannada, J., Dhanavath, R., 

 Kuthati, B., Kothula, D., Sagurthi, S.R. and Atcha, K.R., 2021. Design and synthesis, 

 biological evaluation of bis-(1, 2, 3-and 1, 2, 4)-triazole derivatives as potential 

 antimicrobial and antifungal agents. Bioorganic & Medicinal Chemistry Letters, 41, 

 p.128004. 

[2] Prestinaci, F., Pezzotti, P. and Pantosti, A., 2015. Antimicrobial resistance: a global 

 multifaceted phenomenon. Pathogens and global health, 109(7), pp.309-318. 

[3] Moraski, G.C., Markley, L.D., Chang, M., Cho, S., Franzblau, S.G., Hwang, C.H., 

 Boshoff, H. and Miller, M.J., 2012. Generation and exploration of new classes of 

 antitubercular agents: The optimization of oxazolines, oxazoles, thiazolines, thiazoles  to 

imidazo [1, 2-a] pyridines and isomeric 5, 6-fused scaffolds. Bioorganic & medicinal 

 chemistry, 20(7), pp.2214-2220. 



 
181 Chapter 5 

[4] Moraski, G.C., Chang, M., Villegas-Estrada, A., Franzblau, S.G., Möllmann, U. and 

 Miller, M.J., 2010. Structure–activity relationship of new anti-tuberculosis agents 

 derived from oxazoline and oxazole benzyl esters. European journal of medicinal 

 chemistry, 45(5), pp.1703-1716. 

[5] Shah, S.R. and Katariya, K.D., 2020. 1, 3‐Oxazole‐isoniazid hybrids: Synthesis, 

 antitubercular activity, and their docking studies. Journal of Heterocyclic Chemistry, 

 57(4), pp.1682-1691. 

[6] Venugopala, K.N., Rashmi, V. and Odhav, B., 2013. Review on natural coumarin lead 

 compounds for their pharmacological activity. BioMed research international, 2013. 

[7] Patel, D., Kumari, P. and Patel, N., 2012. Synthesis of 3-{4-[4-dimethylamino-6-(4-

 methyl-2-oxo-2 H-chromen-7-yloxy)-[1, 3, 5] triazin-2-ylamino]-phenyl}-2-phenyl-5- (4-

 pyridin-2-yl-piperazin-1-ylmethyl)-thiazolidin-4-one and their biological  evaluation. 

 Medicinal Chemistry Research, 21, pp.2926-2944. 

[8] Ostrowska, K., 2020. Coumarin-piperazine derivatives as biologically active  compounds. 

 Saudi Pharmaceutical Journal, 28(2), pp.220-232. 

[9] Patel, D., Kumari, P. and Patel, N., 2012. Synthesis of 3-{4-[4-dimethylamino-6-(4-

 methyl-2-oxo-2 H-chromen-7-yloxy)-[1, 3, 5] triazin-2-ylamino]-phenyl}-2-phenyl-5- (4-

 pyridin-2-yl-piperazin-1-ylmethyl)-thiazolidin-4-one and their biological  evaluation. 

 Medicinal Chemistry Research, 21, pp.2926-2944. 

[10] P Lakum, H., R Shah, D. and H Chikhalia, K., 2015. The novel derivatives of 3-

 (iminomethyl)-2H-chromen-2-one with thiourea and piperazine structural motive: 

 Rationale, synthesis, antimicrobial and anti-TB evaluation. Letters in Drug Design &

 Discovery, 12(4), pp.324-341. 

[11] Akbar, A., McNeil, N.M., Albert, M.R., Ta, V., Adhikary, G., Bourgeois, K., Eckert, 

 R.L. and Keillor, J.W., 2017. Structure–activity relationships of potent, targeted  covalent 



 
182 Chapter 5 

 inhibitors that abolish both the transamidation and GTP binding activities of  human 

 tissue transglutaminase. Journal of medicinal chemistry, 60(18), pp.7910-7927. 

[12] Pozdnev, V.F., 1990. Improved method for synthesis of 7-amino-4-methylcoumarin. 

 Chemistry of Heterocyclic Compounds, 26(3), pp.264-265. 

[13] Durgapal, S.D., Soni, R., Umar, S., Suresh, B. and Soman, S.S., 2017. Anticancer 

 Activity and DNA Binding Studies of Novel 3, 7‐Disubstituted Benzopyrones. 

 ChemistrySelect, 2(1), pp.147-153. 

[14] Thamban Chandrika, N., Shrestha, S.K., Ngo, H.X., Tsodikov, O.V., Howard, K.C. and 

 Garneau-Tsodikova, S., 2018. Alkylated piperazines and piperazine-azole hybrids as 

 antifungal agents. Journal of Medicinal Chemistry, 61(1), pp.158-173. 

[15] Durgapal, S.D., Soni, R., Soman, S.S. and Prajapati, A.K., 2020. Synthesis and 

 mesomorphic properties of coumarin derivatives with chalcone and imine linkages. 

 Journal of Molecular Liquids, 297, p.111920. 

[16] Meena, C.L., Singh, P., Shaliwal, R.P., Kumar, V., Kumar, A., Tiwari, A.K., Asthana, S., 

Singh, R. and Mahajan, D., 2020. Synthesis and evaluation of thiophene based small 

molecules as potent inhibitors of Mycobacterium tuberculosis. European Journal of Medicinal 

Chemistry, 208, p.112772. 

[17]  Govender, H., Mocktar, C. and Koorbanally, N.A., 2018. Synthesis and Bioactivity of 

Quinoline‐3‐carboxamide Derivatives. Journal of Heterocyclic Chemistry, 55(4), pp.1002-

1009. 

[18]  S Aremu, O., Gopaul, K., Kadam, P., Singh, M., Mocktar, C., Singh, P. and A 

 Koorbanally, N., 2017. Synthesis, characterization, anticancer and antibacterial activity  of 

 some novel pyrano [2, 3-d] pyrimidinone carbonitrile derivatives. Anti-Cancer  Agents in 

 Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer  Agents), 

 17(5), pp.719-725. 



 
S183 Chapter 6 

Chapter 6 

Facile Synthesis of Amides Through TransamidationWith Iodine Under Neat Conditions 

Published:  Published in chemistry select (DOI: 10.1002/slct.202103237) 

Graphical Abstract 

 

Abstract 

Iodine and NH2OH.HCl mediated transamidation of unactivated amides with a variety of 

amines under thermal/microwave irradiations have been presented in this chapter. The current strategy 

is effective for a wide variety of primary, secondary, and tertiary amides and allows formylation, 

acylation, and benzoylation of various amines. The primary advantages of the current protocol are 

simple, rapid, absence of metal catalyst, low-cost starting material as a solvent, and low 

environmental impact during the synthesis process. 
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Introduction 

The amide bonds are a significant functional group in both industrial and medicinal 

chemistry[1,2]. Due to the inert nature of the amide bond, the development of an easy and effective 

transamidation technique has garnered considerable attention[3]. Transamidation is a versatile and 

important strategy for the preparation of several natural products[4], proteins[5], peptides[6], 

alkaloids[7,8], pharmaceutical agents[9], polymers[10,11], pesticides[12], etc. As a result, tremendous effort 

has been expended on developing synthetic procedures to synthesize diversified amides. Numerous 

groups, including our own, have since conducted an extensive study to improve their strategies' 

efficiency[13–21].  

The utilization of metal catalysts to generate amides from various starting materials has a 

particular area of interest for the various research groups. Ni(II) metal complex[22], Ni(quin)2
[23],  has 

recognized as a highly efficient catalyst for the N-formylation and N-acylation of aromatic, aliphatic, 

and heterocyclic amines. Gong and co-workers have also reported the transamidation reaction, using 

15 mol% Cobalt (II) at 150oC temperature[24]. Along with metal catalysts, the non-metal catalysts have 

also been successfully catalyzedamidation transformations, with ammonium carbonate[25] and related 

compounds acting as the most prominent example. Krishnamurthy and co-workers have reported a 

new amide bond formation between hydroxamic acids and amines[26]. 

We have modified a new transamidation method under conventional heating and microwave 

radiation that utilizes the NH2OH.HCl and catalytic iodine with a shorter reaction time and a broad 

scope. In the current study, primary (1o), secondary (2o), and tertiary (3o) unactivated formamides, 

acetamide and benzamide derivatives were well tolerated and provided the desired products in good to 

excellent yields. Additionally, we conducted a comparison of conventional and microwave-assisted 

reactions. 

Results and Discussion 

The optimization of the reaction was explored through the conventional method using ideal substrates 

o-anisidine (1e) 1.0 mmol, DMF (2c) (5.0 V)and 0.5 equivalent (equiv.) of I2 during optimization 

study Figure 1. Initially, the transamidation potential was investigated using different solvents, and 
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the results indicated that solvent selection had a stronger effect on the yield of the desired product. 

The reaction performed in water and DMF afforded the desired product in 85% and 93% yield 

(Graph 1), respectively. The reactions were conducted in DMSO to determine the solvent impact; 3e 

was produced in trace amounts. We finalized amide (2c) as reactant and solvent from these results, so 

all the optimization studies were performed under neat conditions. When 2c amount was reduced from 

5.0 to 3.0 equiv., the product was obtained in 92% yield. Whereas reducing 2c by 2.0 to 1.0 vol. 

significantly decreased the yield of 3e, this could be possible if this volume was insufficient for proper 

stirring (Graph 2). As a result, we fixed 3.0 vol. of 2c for the following optimization of reaction. 

Further, reducing equivs. of NH2OH.HCl from 1.0 equiv. to 0.5 equiv. resulted in a significant 

reduction in yield (57% Graph 3). Whereas, the increase in its use up to 2.0 equiv. did not provide the 

further improvement in yield (89%). Thus, the use of 1.0 equiv. of reagent results in the best reaction 

outcome (92% Graph 3). When the reaction temperature was reduced to 100o C, a reduced yield 

(27%) of 3e was observed (Graph-4). Additionally, time played a crucial role in reaction completion; 

reducing reaction time to 1.0 h resulted in a decline in yield of 3e to 61% (Graph-5).  
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Figure 1 Graphical representation of reaction optimizations. 

aConditions: o-anisidine 1e 1.0 mmol, formamide 2c (3.0 vol.), NH2OH.HCl = 1.0 equiv, Temp = 120 

oC, Time = 2.0 hr, Solvent = 5.0 vol (Supporting information; Table 1; Entry = 1-2 & 4); bConditions:  

o-anisidine 1e 1.0 mmol, formamide 2c (5.0 vol.) (Supporting information; Table 1; Entry = 3), 

NH2OH.HCl = 1.0 equiv, Temp = 120 oC, Time = 2.0 hrs, cConditions:  o-anisidine 1e 1.0 mmol, 

formamide 2c (1.0-5.0 vol.) (Supporting information; Table 1; Entry = 5-8), NH2OH.HCl = 1.0 equiv, 

Temp = 120 oC, Time = 2.0 hrs; dConditions:  o-anisidine 1e 1.0 mmol, formamide 2c 3.0 vol., 

NH2OH.HCl = 1.0 equiv(Supporting information; Table 1; Entry = 9-11), Temp = 120 oC, Time = 2.0 

hrs; eConditions:  o-anisidine 1e 1.0 mmol, formamide 2c 3.0 vol., NH2OH.HCl = 1.0 equiv, Temp = 

80-130 oC (Supporting information; Table 1; Entry = 12-15), Time = 2.0 hrs; fConditions:  o-anisidine 

1e 1.0 mmol, formamide 2c 3.0 vol., NH2OH.HCl = 1.0 equiv, Temp = 120 oC, Time = 1-3 hrs 

(Supporting information; Table 1; Entry = 16-18).  
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Based on the above-optimized reaction condition, we studied the N-formylation of diversified 

amines. In order to explore the flexibility and the scope of protocol, we allowed reacting a variety of 

substituted aromatic (1a-1ae), hetero aromatic (1ah-ai), aliphatic amines (1aj-ak), and 2o amines 

(3af-3ag) with 2c under optimal conditions (Scheme 1). It's worth noting that the anilines with 

electron-donating groups such as hydroxyl (-OH), and methoxy (-OCH3) provided an excellent yield 

(88-91%, 3b-f) of desired compounds. However, similar products (3d and 3f) were also generated in 

high yields (88-91%) after microwave irradiation (150W) at 120°C for 40 minutes. Remarkably, the 

ortho-substitutedhydroxyl and methoxy groups have shown comparatively more yield than meta and 

para derivatives (91% and 90%, 3b and 3e). Additionally, we compared the reactivity of anisidine 

and thio-anisidine (3g, 69%) and resulted demonstrated that p-thio anisidine (3g, 69%) yielded a 

lower N-formylated product than p-anisidine (3f, 88%). However, in the presence of a strong electron-

withdrawing group, viz: o-nitro aniline, we obtained poor yield for 3i (38%), and on the other hand, p-

nitro anilines were failed to show corresponding N-formylation (3h and 3j). Interestingly, substrates 

containing a keto group also reacted efficiently and provided good yield for 3u and 3v (64% and 

73%). However, Moderate yields were obtained when acid and ester substituted anilines were used as 

a substrate. (61% and 49%, 3w and 3x). The halogen-substituted anilines (I, Cl, Br, F) have shown 

good compatibility and provided moderate to an excellent yield of corresponding N-formylated 

products (44-85%, 3k-r), respectively.  

Further, we attempted poly-substituted anilines, the 2,6 dibromo-4-methyl aniline 3z shown 

traces of product obviously due to electronic impact at the ortho position of aniline. The compounds 

with ortho and para di-substituted anilines (3y, 3aa,3ab and 3ac) shown the reaction compatibility 

toward the N-formylation with 60%, 78%, 75% and 81% of respective yield. The meta and para di-

substituted anilines have shown good to a moderate yield of the desired product (84% and 53%, 3ad 

and 3ae). The 2o anilines viz:N,N-diphenyl amine (3ag) yielded 28% of the desired product, whereas 

N-methyl aniline (3af) produced 52% of the product which demonstrated the steric hindrance caused 

by the bulky group. Following aromatic amines, we explored hetero aromatic amines, and isolated 

yield demonstrated the flexibility of this method (38% and 55%, 3ah and 3ai). Finally, we 
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investigated aliphatic and heterocyclic amines, and the experimental results demonstrated their 

compatibility with this method. 
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Scheme 1
c
: NH2OH.HCl-promoted transamidation of N,N-dimethylforamide (2c) with amines: scope 

of amines. 
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a
Conventional method isolated yield, 

b
Microwave method isolated yield, cAll the reactions were 

conducted on a 1.0 mmol scale of amine, 3.0 mmol of amide, 1.0 mmol of NH2OH.HCl, 0.5 mmol of 

I2 under air for 2.0 hrs., using neat conditions, NP: Not performed. 

 

After determining the formylation scope further, we evaluated the acylation and benzoylation 

of amines as illustrated in scheme 2. We successfully performed N-acylation of various substituted 

anilines (1A-J, Scheme 2) on treating them with simple N-N-dimethyl acetamide (2f)in Scheme 2. 

The acylation of o-methoxy aniline (3C) produced 94% of the required product, whereas the o-amino 

phenol produced 89% of the desired product (3B). The m-nitro aniline transformed to corresponding 

product (3D) in poor 32% yield under both thermal/microwave conditions. Among the ortho and 

parachloro anilines, the reactivity of ortho substituent is lower than para derivatives (58% and 73%, 

3E and 3F). The electron-withdrawing halo alkyl and halo alkoxy group substituted aniline 

derivatives also tolerated acylation under our method (62%and 45%, 3G and 3H). The compatibility 

of N-methyl aromatic 2o amine (3I) and N-benzyl piperazine (3J) has also been proven. Consequently, 

we presented some of the benzoylated derivatives; we treated different amines (1K-P) with N,N-

dimethyl benzamide (2j) and isolated corresponding benzoylated compounds with moderate to good 

yield (Scheme-2). The para anisidine derivatives showed a better conversion its ortho derivative 

(85% and 90%, 3K and 3L). The chloro substituted aniline produced good yield of the final product 

(73%, 3M). The electron-deficient tri-fluoro methyl (-CF3) substituted aniline comfortably allowed 

benzoylation using this method (45%, 3N). Interestingly, we also established its compatibility with 2o 

aniline and aliphatic amine (58% and 60%, 3O and 3P).  
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Scheme 2
c
: NH2OH.HCl-promoted transamidation of N,N-dimethyl acetamide (2f) and N,N-dimethyl 

benzamide (2j) with diversified amines (1A-S):  
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a
Conventional method isolated yield, 

b
Microwave method isolated yield, cAll the reactions were 

conducted on a 1.0 mmol scale of amine, 3.0 mmol of amide, 1.0 mmol of NH2OH.HCl, 0.5 mmol of 

I2 under air for 2.0 hrs., using neat conditions, NP: Not performed. 

Table 1 describes the scope of different substituted amides. Overall study concluded that reactivity of 

furamide (entry 1, 4 and 9) is better than acetamides and benzamide derivatives. In case of amides the, 

increase in substituents on amine group reduces the product yield (entry 4-8) 

Table 1: The substrate scope of 1a with diversified amides (2a-j).  

 

S.No.
[a]

 Amide Product Isolated yield (%) 

1 

 
 

94% 

2 

 
 

91% 

3 

  

90% 

4 

 
 

89% 
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5 

 
 

74% 

6 

 
 

71% 

7 

  

62% 

8 

  

                  54% 

9 

  

80% 

10 

 
 

85% 

[a] All reactions were performed on a 1.0 mmol scale of 1a, 3.0 equiv. of different amides (2a-j), 

under air for 2.0 hrs., using neat conditions 

The gram-scale reaction of o-anisidine (1e) and 2c were carried out utilizing the 1.0 equiv. of 

NH2OH.HCl as a catalyst on conventional heating Scheme 3[A], provided an excellent yield of 93%, 

respectively. A competition experiment was also conducted to determine the reaction's selectivity, and 

the results reveal that the reactivity of an amine is greater than that of the hydroxyl group, resulting in 

the formation of the selective transamidation product Scheme 3[B]. After this success, to demonstrate 

the role of hydroxyl amine hydrochloride salt, further investigations were conducted using triethyl 

amine hydrochloride salt using similar reaction conditions and the results are reported in Scheme 

3[C]. 
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Scheme 3:  (A): Conversion of o-anisidine 1e on a gram scale; (B): Chemoselectivityof  N-

formylation reaction; (C):Reaction with TEA.HCl salt. 

 

Scheme 3: Control experiment 
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Scheme 4: The plausible mechanism for transamidation reaction. 

Based upon the previously reported protocols the plausible mechanism for transamidation is depicted 

in Scheme 4. Firstly, amide A was activated[27] by hydroxylamine hydrochloride salt afforded 

intermediate B, which then converted in to intermediate C on nucleophilic attack of hydroxyl 

amine[26].  Iodine helps removal of 2H from intermediate C to produces acyl nitroso intermediate D. 

The nucleophilic attack of amine on intermediate D, leads the final amide product E. 

Experimental Section 

All the chemicals were purchased from Sigma Aldrich Chemical Co., and Alfa Aesar suppliers, 

which were used without further purification. The majority of reactions were performed out under 

regular operating conditions. Lab reagent (LR) grade solvents were used for extraction and 

chromatographic columns purchased from Roma-chem. The reaction progress was monitored on 

Merck TLC Silica gel 60 F254 plates, TLC plates visualized under ultraviolet (UV) light, followed by 

iodine or ninhydrin staining solution.  
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1H, 13C, and 19F Nuclear magnetic resonance (NMR) spectra were recorded on 400, 100, 377 

MHz NMR instruments using CDCl3 and DMSO-d6 as solvents unless otherwise stated. Chemical 

shifts were expressed in parts per million (ppm) with respect to TMS used as an internal standard. 

Unless otherwise specified, all reagents were weighed and handled in air. 

Synthesis of N-formylation of amines 

As shown in scheme 1, 2 and 3, a mixture of amine 1 (1.0 equiv), amide 2 (3.0 vol.), I2 (0.5 equiv), 

and NH2OH.HCl (1.0 equiv) was stirred in a 20.0 mL sealed vial under atmospheric air at 120 °C for 

2.0 hrs. After bringing the mixture to room temperature, the reaction mixture and 10 mL of 5% 

bicarbonate solution was added into a separating funnel, the resultant mixture was extracted with ethyl 

acetate (3 X 20 mL). 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.  

General Experimental Procedure (GEP-1)  

 

N-formylation of amines: 

A mixture of amine 1 (1.0 equiv), amide 2 (3.0 Vol), I2 (0.5 equiv), and NH2OH.HCl (1.0 

equiv) was stirred in a 20.0 ml sealed vial under atmospheric air at 120 °C for 2.0 hrs. After bringing 

the mixture to room temperature, the reaction mixture and 10 mL of 5% bicarbonate solution was 

added into a separating funnel, the resultant mixture was extracted with ethyl acetate (3 X 20 mL). 

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.  

The same stoichiometry has been followed under microwave reactor at 120 °C for 40 min. Similar 

procedure was followed for acylation and benzoylation of amines. 

Spectroscopic data of compounds 

N-phenylformamide[28](Scheme 2, entry 3a) (CAS No. 103-70-8) 
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Using the experimental procedure  GEP-1, the product was obtained as yellow solid in 86% yield; A 

mixture of rotamers is observed; 
1
H 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); 
13

C 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-(2-Hydroxy-4-methylphenyl)formamide[29](Scheme 2, entry3b) (CAS No. 2843-27-8) 

Using the experimental procedure GEP-1, the product was obtained as brown solid in 91% yield; 
1
H 

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); 
13

C 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-(3-hydroxyphenyl)formamide[30](Scheme 2, entry 3c) (CAS No. 24891-35-8) 

Using the experimental procedure GEP-1, the product was obtained as brown oil in 89% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, DMSO) δ 10.02 (d, J = 12.3 Hz, 0.98H), 9.51 

(minor rotamer, s, 0.27H), 9.41 (major rotamer, s, 0.73H), 8.72 (minor rotamer, d, J = 11.0 Hz, 

0.28H), 8.22 (major rotamer, d, J = 1.1 Hz, 0.72H), 7.18 (s, 0.73H), 7.08 (t, J = 8.0 Hz, 1.0H), 6.94 (d, 

J = 8.0 Hz, 0.73H), 6.63 (d, J = 8.0 Hz, 0.27H), 6.57 (s, 0.27H), 6.51 – 6.46 (m, 0.99H); 
13

C NMR 

(100 MHz, DMSO) δ Major rotamer: 159.45, 157.70, 139.24, 129.56, 110.80, 106.40, minor rotamer: 

162.38, 158.26, 139.47, 130.19, 110.85, 104.76. 

N-(4-hydroxyphenyl)formamide[31](Scheme 2, entry 3d) (CAS No. 41656-75-1) 

Using the experimental procedure GEP-1, the product was obtained as brown solid in 88% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, DMSO) δ 9.85 (t, J = 13.6 Hz, 1.01H), 9.23 (s, 

1H), 8.51 (Minor rotamer, d, J = 11.2 Hz, 0.23H), 8.17 (Major rotamer, d, J = 1.8 Hz, 0.74H), 7.38 (d, 

J = 8.8 Hz, 1.52H), 6.98 (d, J = 8.7 Hz, 0.46H), 6.72 (t, J = 6.9 Hz, 2H); 
13

C NMR (100 MHz, 

DMSO) δ Major rotamer: 155.83, 150.55, 126.98, 117.82, 112.19, minor rotamer: 159.55, 151.22, 

126.66, 117.22, 112.81. 
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N-(2-methoxyphenyl)formamide[32](Scheme 2, entry3e) (CAS No. 23896-88-0)  

Using the experimental procedure  GEP-1, the product was obtained as brown solid in 90% yield;  A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, CDCl3) δ 8.89 (Minor rotamer, s, 0.26H), 8.47 

(Major rotamer, s, 0.66H), 8.35 (Major rotamer, d, J = 7.9 Hz, 0.71H), 7.91 (s, 0.61H), 7.79 (s, 

0.31H), 7.18 (d, J = 7.8 Hz, 0.33H), 7.06 (t, J = 7.8 Hz, 0.6H), 7.15 – 7.01 (m, 0.33H), 6.97-6.87 (m, 

2H), 3.86 (d, J = 7.3 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ major rotamer: 158.91, 147.91, 124.35, 

121.13, 110.15, 55.79, minor rotamers: 161.59, 148.88, 126.80, 125.33, 120.54, 111.38. 

N-(4-methoxyphenyl) formamide[33](Scheme 2, entry 3f) (CAS No. 5470-34-8) 

Using the experimental procedure GEP-1, the product was obtained as reddish brown solid in 88% 

yield. A mixture of rotamers is observed; 
1
H 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). 
13

C 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-(methylthio)phenyl)formamide[34](Scheme 2, entry 3g) (CAS No. 170288-29-6) 

Using the experimental procedure GEP-1, the product was obtained as cream solid in 69% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, CDCl3) δ 8.65 (Minor rotamer, d, J = 11.2 Hz, 

0.49H), 8.58 (Minor rotamer, s, 0.42H), 8.36 (Major rotamer, s, 0.55H), 7.69 (Major rotamer, br, s, 

0.46H), 7.49 (d, J = 8.4 Hz, 1H), 7.25 (dd, J = 10.8, 8.6 Hz, 2.19H), 7.05 (d, J = 8.3 Hz, 1H), 2.48 (d, 

J = 5.1 Hz, 3H). 
13

C NMR (100 MHz, CDCl3) δ Major rotamer: 159.25, 134.52, 127.95, 120.77, 

16.61, minor rotamer: 162.82, 135.43, 128.52, 119.76, 16.58. 

N-(3-nitrophenyl)formamide[35](Scheme 2, entry 3i) (CAS No.102-38-5) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 38% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, DMSO) δ 10.67 (Major rotamer, s, 0.83H), 

10.48 (Minor rotamer, d, J = 10.3 Hz, 0.17H), 8.95 (minor rotamer, d, J = 10.7 Hz, 0.17H), 8.61 

(major rotamer, s, 0.83H), 8.38 (s, 0.85H), 8.02 (s, 0.17H), 7.91 (dd, J = 16.1, 8.1 Hz, 1.87H), 7.61 (t, 
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J = 8.1 Hz, 1.0H). 
13

C NMR (100 MHz, DMSO) δ Major rotamer: 160.35, 139.23, 130.31, 125.12, 

118.16, 113.35, minor rotamer: 162.73, 139.92, 130.75, 123.12, 117.84, 111.57. 

N-(2-chlorophenyl)formamide[30](Scheme 2, entry3k) (CAS No. 2596-93-2) 

Using the experimental procedure  GEP-1, the product was obtained as yellow oil in 69% yield;  A 

mixture of rotamers is observed; 
1
H 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). 
13

C 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-(3-chlorophenyl) formamide[34](Scheme 2, entry 3l) (CAS No. 139-71-9) 

Using the experimental procedure GEP-1, the product was obtained as off white solid in 81%; 
1
H 

NMR (400 MHz, CDCl3) δ 8.72 – 8.58 (m, 1H), 8.30 (s, 1H), 7.59 (s, 1H), 7.32 (d, J = 8.1 Hz, 1H), 

7.24 – 7.13 (m, 1H), 7.04 (d, J = 7.2 Hz, 1H).
13

C NMR (100 MHz, CDCl3) δ 162.60, 159.26, 138.08, 

134.87, 130.95, 130.25, 125.49, 125.05, 120.25, 118.91, 118.05, 116.84. 

N-(4-chlorophenyl) formamide[36] (Scheme 2, entry 3m) (CAS No. 2617-79-0) 

Using the experimental procedure GEP-1, the product was obtained as off-white solid in 77% yield. 

A mixture of rotamers is observed; 
1
H NMR (400 MHz, CDCl3) δ 8.78 (Minor rotamer, br, s, 0.31H), 

8.66 (Minor rotamer, d, J = 11.3 Hz, 0.39H), 8.37 (Major rotamer, s, 0.51H), 7.82 ( Major rotamer, br, 

s, 0.45H), 7.51 (d, J = 8.4 Hz, 1H), 7.31 (q, J = 7.2 Hz, 1.86H), 7.06 (d, J = 8.4 Hz, 0.77H); 
13

C NMR 

(100 MHz, CDCl3) δ Major rotamer: 159.34, 135.53, 129.24, 121.40, minor rotamer: 162.83, 135.42, 

130.91, 120.20. 

N-(3-fluorophenyl)formamide[37](Scheme 2, entry 3n) (CAS No. 1428-10-0) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 83% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, CDCl3) 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);  
13

C NMR 
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(100 MHz, CDCl3) δ Major rotamer: 164.41 (d, J = 48.22 Hz), 162.88, 138.56 (d, J = 5.10 Hz), 

130.31 (d, J = 9.32 Hz), 115.43, 111.64 (d, J = 21.14 Hz), 107.75 (d, J = 26.07 Hz), Minor rotamer: 

161.96 (d, J = 46.14 Hz), 159.69, 138.46 (d, J = 5.77 Hz), 131.22 (d, J = 9.3 Hz),  114.15 (d, J = 2.96 

Hz), 112.11 (d, J = 21.00 Hz), 106.02 (d, J = 24.97 Hz) ; 
19

F NMR (377 MHz, CDCl3) δ -110.46, -

110.48, -110.50, -110.52, -111.18, -111.21, -111.22, -111.23, -111.24. 

N-(4-fluorophenyl) formamide[38](Scheme 2, entry 3o) (CAS No. 459-25-6) 

Using the experimental procedure GEP-1, the product was obtained as off-white solid in 85% yield. 

A mixture of rotamers is observed; 
1
H 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); 
13

C NMR (100 MHz, CDCl3) δ Major 

rotamer: 161.37 (d, J = 85.32 Hz), 159.33, 132.98, 121.99 (d, J = 7.88 Hz), 115.87 (d, J = 22.45 Hz), 

minor rotamer: 163.22, 158.51, 132.85, 121.29 (d, J = 8.2 Hz), 116.66 (d, J = 22.74 Hz); 
19

F 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-chlorophenyl)formamide[28](Scheme 2, entry 3p) (CAS No. 139-71-9) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 74% yield.  A 

mixture of rotamers is observed; 
1
H 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), 

13
C 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[39](Scheme 2, entry 3q) (CAS No. 2617-78-9) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 65% yield. A 

mixture of rotamers is observed; 
1
H 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); 
13

CNMR (100 MHz, 
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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[29] (Scheme 2, entry 3r) (CAS NO. 10113-39-0) 

Using the experimental procedure  GEP-1, the product was obtained as brown solid in 44% yield; A 

mixture of rotamers is observed;
1
H NMR (400 MHz, CDCl3) 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). 
13

C 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[40](Scheme 2, entry 3s) (CAS No. 3085-53-8) 

Using the experimental procedure  GEP-1, the product was obtained as brown oil in 82% yield; A 

mixture of rotamers is observed;  
1
H 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). 
13

C 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-(4-(trifluoromethoxy)phenyl)formamide[39](Scheme 2, entry 3t) (CAS No. 85293-36-3) 

Using the experimental procedure GEP-1, the product was obtained as yellow oil in 51% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, CDCl3) δ 8.66 (Major rotamer, d, J = 11.2 Hz, 

0.43H), 8.50 (Minor rotamer, br, s, 0.35H), 8.38 (s, 0.64H), 7.59 (t, J = 9.4 Hz, 1.74H), 7.25 – 7.11 

(m, 3H); 
13

C NMR (100 MHz, CDCl3) δ 122.74, 121.97, 121.31, 120.23, Major rotamer: 159.18, 

135.59, minor rotamer: 162.69, 135.52; 
19

F NMR (377 MHz, CDCl3) δ -58.16 (major rotamer, s), -

58.22 (minor rotamer, s). 

N-(3-acetylphenyl)formamide[41](Scheme 2, entry 3u) (CAS No.72801-78-6) 
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Using the experimental procedure GEP-1, the product was obtained as white solid in 64% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, CDCl3) 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); 
13

C 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. 

N-(4-acetylphenyl)formamide[42](Scheme 2, entry 3v) (CAS No. 41656-75-1) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 73% yield. A 

mixture of rotamers is observed; 
1
H 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), 
13

C 

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. 

4-formamidobenzoic acid[43](Scheme 2, entry 3w) (CAS No.28533-43-9) 

Using the experimental procedure GEP-1, the product was obtained as brown oil in 61% yield. A 

mixture of rotamers is observed; 
1
H 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); 
13

C 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. 

Ethyl 4-formamidobenzoate[44](Scheme 2, entry 3x) (CAS No.5422-63-9) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 49% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, DMSO) 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 
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Hz, 0.61H), 4.28 (q, J = 7.1 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H); 
13

C NMR (100 MHz, DMSO) δ Major 

rotamer: 160.11, 142.43, 130.32, 118.62, minor rotamer: 162.53, 142.90, 121.19, 116.43. 

N-(2-bromo-4-methylphenyl)formamide[45](Scheme 2, entry 3y) (CAS No.353284-16-9) 

Using the experimental procedure GEP-1, the product was obtained as off-white solid in 60% yield. 

A mixture of rotamers is observed; 
1
H 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). 
13

C 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-(2-hydroxy-5-methylphenyl)formamide[46](Scheme 2, entry 3aa) (CAS No.74642-14-1) 

Using the experimental procedure GEP-1, the product was obtained as brown solid in 78% yield. A 

mixture of rotamers is observed; 
1
H NMR (400 MHz, DMSO) δ 9.65 (s, 0.87H), 9.50 (s, 0.99H), 9.18 

(d, J = 10.9 Hz, 0.16H), 8.51 (Minor rotamer, d, J = 11.2 Hz, 0.16H), 8.26 (Major rotamer, s, 0.84H), 

7.85 (s, 0.83H), 6.93 (s, 0.15H), 6.74 (dt, J = 14.8, 7.3 Hz, 2H), 2.18 (s, 3H); 
13

C NMR (100 MHz, 

DMSO) δ Major rotamer: 160.11, 142.43, 130.32, 118.62, minor rotamer: 162.53, 142.90, 131.19, 

124.56. 

N-(5-(tert-butyl)-2-hydroxyphenyl)formamide[47](Scheme 2, entry 3ab) (CAS No.2305056-85-1) 

Using the experimental procedure GEP-1, the product was obtained as brown solid in 75% yield. A 

mixture of rotamers is observed; 
1
H 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). 
13

C 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-(2,4-dimethylphenyl)formamide[48](Scheme 2, entry 3ac) (CAS No.60397-77-5) 
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Using the experimental procedure GEP-1, the product was obtained as off-white solid in 81% yield.  

A mixture of rotamers is observed;  
1
H 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). 
13

C 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-(3-chloro-4-fluorophenyl)formamide[49](Scheme 2, entry 3ad) (CAS No.770-22-9 ) 

Using the experimental procedure GEP-1, the product was obtained as off-white solid in 84% yield.  

A mixture of rotamers is observed; 
1
H 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). 
13

C NMR (100 MHz, CDCl3) δ Major rotamer: 159.30, 

156.71 (d, J = 84.35 Hz), 133.53, 122.46, 121.45, 119.87 (d, J = 67.2 Hz), 116.86 (d, J = 22.18 Hz), 

minor rotamer: 162.88, 154.26 (d, J = 83.92 Hz), 133.56, 121.58, 121.27, 119.07 (d, J = 84.35 

Hz),117.67 (d, J = 22.38 Hz); 
19

F NMR (377 MHz, CDCl3) δ -119.23, -119.25, -119.27, -119.48, -

119.50, -119.51, -119.51, -119.52, -119.53. 

N-(4-chloro-3-(trifluoromethyl)phenyl)formamide  (Scheme 2, entry 3ae) (CAS No.656-96-2) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 53% yield. A 

mixture of rotamers is observed; 
1
H 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); 
13

C NMR (100 MHz, CDCl3) δ 135.76 Major rotamer: 159.36, 132.29, 

129.06 (d, J = 31.39 Hz), 124.11, 123.91, 121.19, 119.08 (q), minor rotamer: 162.35, 133.03, 127.71, 

123.71, 122.69, 120.99, 117.91 (q); 
19

F NMR (377 MHz, CDCl3) δ -62.91 (minor, s), -63.05 (minor, 

s). 

N-methyl-N-phenylformamide[36](Scheme 2, entry 3af) (CAS No.93-61-8) 

Using the experimental procedure GEP-1, the product was obtained as yellow oil in 52% yield. 
1
H 

NMR (400 MHz, CDCl3) δ 8.44 (s, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.25 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 
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8.1 Hz, 2H), 3.29 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 162.42, 142.21, 129.66, 129.09, 126.46, 

126.32, 123.69, 122.42, 32.09. 

N,N-diphenylformamide[50](Scheme 2, entry 3ag) (CAS No. 607-00-1) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 28% yield. 
1
H 

NMR (400 MHz, CDCl3) δ 8.59 (s, 1H), 7.32 (dd, J = 12.8, 7.3 Hz, 4H), 7.21 (td, J = 11.6, 6.4 Hz, 

4H), 7.09 (d, J = 7.8 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 161.85, 141.90, 139.75, 129.80, 129.29, 

127.15, 126.97, 126.22, 125.20. 

N-(quinolin-8-yl)formamide[51](Scheme 2, entry 3ah) (CAS No. 62937-22-8) 

Using the experimental procedure GEP-1, the product was obtained as brown solid in 38% yield.A 

mixture of rotamers is observed; 
1
H 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); 
13

C 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. 

N-(pyridin-2-yl)formamide[52](Scheme 2, entry 3ai) (CAS No. 34813-97-3) 

Using the experimental procedure GEP-1, the product was obtained as brown solid in 55%; 
1
H 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).
13

C 

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. 

piperidine-1-carbaldehyde[53] (Scheme 2, entry 3aj) (CAS No.2591-86-8) 

Using the experimental procedure GEP-1, the product was obtained as yellow oil in 46%; 
1
H 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).
13

C NMR (100 MHz, CDCl3) δ 160.34, 46.34, 40.11, 26.31, 26.14, 

24.66, 24.23. 



 
S206 Chapter 6 

4-(2-chlorophenyl)piperazine-1-carbaldehyde (Scheme 2, entry 3ak) (CAS No.1497871-12-1) 

Using the experimental procedure  GEP-1, the product was obtained as light brown solid in 71% 

yield;
1
H NMR (400 MHz, CDCl3) δ 8.07 (s, 1H), 7.43 (d, J = 7.9 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 

7.15 (d, J = 8.0 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 3.63 – 3.44 (m, 4H), 3.00 – 2.94 (m, 2H), 2.93 – 

2.87 (m, 2H). 
13

C NMR (100 MHz, CDCl3) δ 168.97, 148.63, 130.32, 128.11, 127.79, 124.36, 

121.28, 51.64, 50.59, 45.08. 

N-phenylacetamide[54](Scheme 3. entry 3A) (CAS No.103-84-4) 

Using the experimental procedure GEP-1, the product was obtained as colourless oil in 93%; 
1
H 

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). 
13

C NMR (100 MHz, CDCl3) δ 169.05, 138.03, 129.03, 124.47, 120.25, 

24.47. 

N-(2-hydroxyphenyl)acetamide[55](Scheme 3. entry 3B)(CAS No.614-80-2) 

 Using the experimental procedure GEP-1, the product was obtained as white solid in 89%; 
1
H NMR 

(400 MHz, DMSO) 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). 
13

C NMR (100 MHz, DMSO) δ 

169.02, 147.89, 126.42, 124.65, 122.37, 118.98, 115.95, 23.59. 

N-(2-methoxyphenyl)acetamide[56](Scheme 3. Entry 3C) z(CAS No.93-26-5) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 94%; 
1
H NMR 

(400 MHz, CDCl3) δ 8.34 (d, J = 7.9 Hz, 1H), 7.78 (s, 1H), 7.03 (t, J = 7.7 Hz, 1H), 6.94 (t, J = 7.7 

Hz, 1H), 6.86 (d, J = 8.1 Hz, 1H), 3.87 (s, 3H), 2.19 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 168.32, 

147.79, 127.78, 123.72, 121.17, 119.92, 109.98, 55.73, 29.78, 24.96. 

N-(3-nitrophenyl)acetamide[37](Scheme 3. entry 3D) (CAS No.121-89-1) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 32%; 
1
H NMR 

(400 MHz, CDCl3) 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). 
13

C NMR (100 MHz, CDCl3) δ 166.08, 144.94, 137.39, 127.07, 121.86, 

114.49, 110.03, 109.93, 21.01. 

N-(2-chlorophenyl)acetamide[57](Scheme 3. entry 3E) (CAS No.533-17-5) 
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Using the experimental procedure GEP-1, the product was obtained as colourless oil in 58%; 
1
H 

NMR (400 MHz, DMSO) δ 8.55 (d, J = 8.0 Hz, 1H), 7.86 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.47 (t, J 

= 7.1 Hz, 1H), 7.24 (t, J = 7.6 Hz, 1H), 2.44 (s, 3H). 
13

C NMR (100 MHz, DMSO) δ 168.40, 134.72, 

130.68, 129.08, 127.81, 124.74, 121.84, 77.48, 77.16, 76.84, 24.91. 

N-(4-chlorophenyl)acetamide[58](Scheme 3. entry 3F) (CAS No.99-91-2) 

Using the experimental procedure  GEP-1, the product was obtained as light yellow solid in 73%; 
1
H 

NMR (400 MHz, DMSO) δ 10.05 (s, 1H), 7.60 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 2.04 (s, 

3H). 
13

C NMR (100 MHz, DMSO) δ 168.42, 138.24, 128.52, 126.49, 120.47, 120.38, 23.94. 

N-(3-(trifluoromethyl)phenyl)acetamide[59](Scheme 3. entry 3G) (CAS No.349-76-8) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 62%; 
1
H NMR 

(400 MHz, DMSO) 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). 
13

C NMR (100 MHz, DMSO) 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[60](Scheme 3. entry 3H) (CAS No.85013-98-5) 

Using the experimental procedure GEP-1, the product was obtained as Colourless Solid in 45%; 
1
H 

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). 
13

C 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[52](Scheme 3. entry 3I) (CAS No.579-10-2) 

Using the experimental procedure GEP-1, the product was obtained as light brown solid in 44%; 
1
H 

NMR (400 MHz, DMSO) 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). 
13

C NMR (100 MHz, DMSO) δ 144.39, 129.56, 127.38, 127.06, 36.52, 22.17. 

1-(4-(2-chlorophenyl)piperazin-1-yl)ethan-1-one (Scheme 3. entry 3J) (CAS No.150557-82-7) 

Using the experimental procedure  GEP-1, the product was obtained as light yellow solid in 70%; 
1
H 

NMR (400 MHz, DMSO) 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, 
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2H), 2.05 (s, 3H). 
13

C NMR (100 MHz, CDCl3) 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-methoxyphenyl)benzamide[61] (Scheme 4. entry 3K) (CAS No.5395-00-6) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 85%; 
1
H NMR 

(400 MHz, DMSO) 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). 
13

C 

NMR (100 MHz, DMSO) 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[62](Scheme 4. entry 3L) (CAS No.7472-54-0) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 90%; 
1
H NMR 

(400 MHz, DMSO) 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). 
13

C NMR (100 MHz, DMSO) δ 165.06, 155.53, 135.02, 

132.20, 131.29, 128.27, 127.48, 121.96, 113.69. 

N-(4-chlorophenyl)benzamide[63] (Scheme:4. Entry 3M) (CAS No.2866-82-2) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 73%; 
1
H NMR 

(400 MHz, DMSO) 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).
13

C NMR (100 MHz, DMSO) δ 165.60, 138.14, 134.64, 131.61, 128.42, 

128.33, 127.65, 127.22, 121.85, 121.76. 

N-(3-(trifluoromethyl)phenyl)benzamide[63](Scheme 4. entry 3N) (CAS No.1939-24-8) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 45%; 
1
H NMR 

(400 MHz, DMSO) 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). 
13

C NMR (101 MHz, DMSO) δ 140.00, 131.87, 

129.79, 128.41, 127.77, 123.82. 

N,N-diphenylbenzamide[64] (Scheme 4. entry 3O) (CAS No.4051-56-3) 

Using the experimental procedure GEP-1, the product was obtained as yellow solid in 58%; 
1
H NMR 

(400 MHz, DMSO) δ 7.73-7.64 (m, 7H), 7.32 – 7.14 (m, 4H), 7.00 (t, J = 8.4 Hz, 4H). 
13

C NMR (100 
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MHz, DMSO) 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-benzylbenzamide[65] (Scheme 4. entry 3P) (CAS No.1485-70-7) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 60%; 
1
H NMR 

(400 MHz, DMSO) 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). 
13

C NMR (100 MHz, DMSO) δ 166.17, 139.70, 

134.32, 131.19, 128.28, 128.24, 127.23, 127.17, 126.68. 

N-phenylisobutyramide[66](Scheme 5. entry 3Q) (CAS No.4406-41-1) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 62%; 
1
H NMR 

(400 MHz, CDCl3) δ 7.53 (d, J = 8.0 Hz, 2H), 7.43 (s, 1H), 7.30 (t, J = 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). 
13

C 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. 

N-phenylpivalamide[62] (Scheme 5. entry 3R) (CAS No.6625-74-7) 

Using the experimental procedure GEP-1, the product was obtained as white solid in 54%; 
1
H 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.  

Conclusion 

In conclusion, we demonstrated that hydroxylamine hydrochloride and iodine are effective 

catalysts for the transamidation of amines and 1o, 2o, and 3ounactivated amides as carbonyl sources 

utilizing thermal/microwave irradiation. The approach displayed a broad substrate scope and 

produced desired product from moderate to good yield. Additionally, given the method's advantages, 

it requires a low-cost, readily available, and less toxic catalyst, and consumes less time and neat 

reaction conditions. 
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Summary and conclusion 

The bacterial infectious disease from mycobacterium and microbials are a major health concern 

worldwide. The treatment and management of bacterial infections have become more difficult since 

the appearance of drug-resistant strains of the disease.This has prompted scientists all around the 

world to work on creating new, fast-acting, and powerful antibiotics. Piperazine-isoniazid hybrids 

showed promising in vitro activity against antitubercular strains H37Rv. Based on a survey of the 

literature, we have designed three series of phenyl piperazine hybrids with distinct biologically active 

chemical components and tested them against anti-TB strain H37Rv and broad range of antimicrobial 

gram positive and gram negative strains. Among all synthesised derivatives from first series (chapter 

3), isoniazid and phenyl-piperazine together (compound c8) showed a synergistic effect of 

mycobacterial activity. The antimicrobial data concluded that, more modifications were required in 

order to achieve antibacterial activity. 

 In another series, hybrids of phenylpiperazine sulphonamide (E1-E6) and phenyl hydrazide 

(F7-F19) were synthesised and tested for antibacterial activity in this study.The SAR research found 

that the isoniazid moiety present in analogues E1 and E2 was effective against the H37Rv strain. Our 

antimicrobial experiments showed that F10 was the most effective derivative against the bacterium 

Enterococcus faecium. In final series, using a variety of spectroscopy methods, we have effectively 

synthesised and described a small collection of new hybrid compounds. All freshly synthesised 

substances were also tested in vitro for their anti-mycobacterial action against the M. TB H37Rv 

strain. In-depth analysis of the trial data led to the conclusion that the combination molecules were 

less effective at fighting tuberculosis. Anti-tubercular drugs that are effective against both the 

ancestral and drug-resistant types of TB will require further changes to enhance activity. 

Future Scope 

Organic chemists will benefit from this study and the presented work because they will better 

understand the difficulties inherent in creating effective antimycobacterial and antimicrobial 
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compounds. The SAR study will help research to improve the activity against mycobacterium (H37Rv) 

and microbial (MRSA, Streptococcus pyrogens, Bacillus subtilis, Enterococcus faecium, 

Staphylococcus aureus, Enterobacter hormaechei, Pseudomonas aerugenosa, and Escherichia coli) 

strains by bringing the different substitutions on presented active analogues. Additionally, the 

piperazine-isoniazid derivatives disclosed in this work showed potency against H37Rv strain. This may 

help us for further development of similar derivatives against mycobacterium strain. 

Furthermore, the approach described in this study on trans amidation could help researchers in the 

synthesis step of formylation, acetylation, and benzoylation without the use of any hazardous metal 

catalyst or hazardous reagent. 
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