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Abstract: 

Background: Enoyl acyl carrier protein reductase (InhA) is a critical enzyme in fatty acid synthesis, 

namely mycolic acid biosynthesis. It is a member of the NADH-dependent acyl carrier protein reductase 

family. The current literature focuses on several pyrrole analogs or enzyme inhibitors that decrease 

mycolic acid production, namely cell wall formation, by inhibiting the enzyme InhA. Pyrrole analogs 

were found to be the most effective compounds against InhA, with high bioavailability and MIC. The 

main objective of the present work to carry out extensive review on Pyrrole containing drugs in the 

market and thorough information, analysis, structure-activity relationships, and relevant insights on 

several Pyrrole analogs as InhA inhibitors.  

Main body: Comprehensive information on its Pyrrole containing drugs in the market , and relevant 

insights on several Pyrrole analogs as InhA inhibitors has been gathered and provided in this review 

article from a variety of web sources, including indexing sites like Web of Science, Scopus, PubMed, 

and Research Gate. Numerous articles from databases and indexed journals have been gathered and 

methodically examined. 

Conclusion: The present review investigation is very much helpful for researchers and readers to 

collectively have valuable information on Pyrrole containing drugs in the market , and relevant insights 

on several Pyrrole analogs as InhA inhibitors. Innovative anti-TB pharmaceutical formulations that 

reduce drug resistance and shorten treatment duration are in high demand due to the rise of widespread 

and multi-drug resistant tuberculosis. In order to cure tuberculosis, new anti-TB drugs can now be 

developed by specifically targeting InhA.  
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Introduction 

 

Heterocyclic chemistry is a significant area of organic chemistry. The molecules that fall under this 

division have attracted a lot of attention due to their applications in biology and technology, as well as 

the advancement of civilization. The physiologically active heterocyclic compounds can be obtained 

from natural sources as well as laboratories 1-9. Heterocyclic analogs can be made by changing one or 

more of the ring's carbon atoms to any other group7,8,10-12. A variety of pharmacological and bioactive 

chemical compounds are heterocyclic. Researchers in organic synthetic chemistry have concentrated on 

nitrogen and sulfur-carrying heterocycles. Heterocyclic compounds exhibit greater polarity and solubility 

in water due to the substitution of one carbon atom with nitrogen, sulfur, or oxygen 13-16. Typical medical 

uses for synthetic heterocyclic compounds include antitumor, antiviral, anticonvulsant, antihistamine, 

hypnotic, antiseptic, and antineoplastic properties The majority of synthetic heterocyclic molecules are 

used as therapeutic agents in a variety of diseases17,18. 

Pyrrole is a five membered aromatic ring with the formula C4H5N. It is a colourless, volatile liquid that 

swiftly darkens when exposed to air. F.F. Runge discovered it in coal tar in 1834. It was first isolated in 

1857 from bone pyrolysate. Its name is derived from the Greek word pyrroles (fiery), which refers to the 

red colour that it imparts to wood when soaked with hydrochloric acid. Pyrrole and its derivatives are 

among the most important nitrogen-containing heterocyclic compounds found in numerous natural 

products, including bile pigments, heme, cytochromes, vitamin B12, and alkaloids19.Pyrrole compounds 

are reported active as antibacterial20, antioxidant 21, anti-inflammatory22, antitubercular 23 and 

antitumor24. 

Tuberculosis (TB) is a highly dangerous infectious disease caused by the bacterial pathogen 

Mycobacterium tuberculosis(Mtb)25. The lungs are a vital organ that is affected by tuberculosis; it may 

also affect the other parts of the body as well.. It is uncommon in high-income countries, but it is still a 

problem. Low and middle-income people face a public health crisis. Among global health hazards, 

tuberculosis (TB) remained the second highest cause of mortality from a single infectious disease. In 

2012 alone, nearly 1.3 million fatalities are due to TB and over 95% of them are occurred in low- and 

middle-income countries26. According to the latest World Health Organization (WHO) report, 8.6 million 

new TB cases were recorded and among them three million people were co-infected with both HIV and 

Mycobacterium tuberculosis26,27. The individuals infected with TB relied greatly on cocktail of 6-8 drugs 

such as isonicotinic acid hydrazide (INH), rifampicin (RIF), ethambutol (EMB), streptomycin (STR), 

ethionamide, p-aminosalicylic acid (PAS), pyrazinamide(PZA), fluoroquinolones, etc. for prolonged 

period up to 24 Months 28.However, most of these drugs have different drawbacks such host toxicity, 

ineffectiveness against MDR-TB etc29. Hence the requirement for novel and effective chemotherapeutic 

agents to reduce the treatment period and side effects to combat this disease is much higher than ever 

before30. 

Enoyl ACP reductase (ENR) is an enzyme that synthesises mycolic acids (MAs), which are important 

structural components of the mycobacterial cell wall. M. tuberculosis-ENR, an InhA-based anti-TB 

therapeutic target, has received extensive validation. However, the entire genome sequence of 

tuberculosis bacteria has helped to uncover numerous critical pharmacological targets that may be useful 

in preventative and therapeutic approaches31,32. Mycobacteria have both FAS-I and FAS-II systems, with 

FAS-I producing fatty acyl chains up to 16 carbons and FAS-II producing long chains up to 56 carbons 

that are precursors of MAs, implying that the FAS-II system uses FAS-I system products as primers to 

extend fatty acyl chain lengths even further33. The protein encoded by the InhA gene, known as InhA, 

has a similar amino acid sequence to the two previously characterised enoyl-ACP reductases, FabI from 

Escherichia coli and ENR1 from Brassica napus34,35. Further investigation indicated that InhA catalyses 

the NADH-dependent reduction of trans double bonds between the sites C2 and C3 of fatty acyl 

substrates. Furthermore, InhA prefers fatty acyl substrates of C16 or larger, which is consistent with its 

membership in the mycobacterial FAS-II system36. The gene InhA is derived from isoniazid (INH), a 

first-line antibiotic used to treat tuberculosis for over 50 years and known to block mycolic acid 

production. InhA is inhibited by the active adduct of INH (INH-NAD), which is covalently formed 

between NAD+ and the reactive acyl radical of INH produced by the activation of catalase-peroxidase 

(KatG)37. 
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Many researchers have been scientifically worked on various chemical and biological investigations of 

pyrrole analogsand they have published research papers in various journals and in scientific databases. 

Literature search revealed that, till date, no reports have been published on its Mycobacterium enoyl acyl 

carrier protein reductase (InhA)inhibiotrs as a key target for antitubercular drug discoveryHence, there 

is solid need to have collective information aboutenoyl acyl carrier protein reductase (InhA) inhibitors 

which will be helpful to other researchers and readers. With respect to this need, we have made an attempt 

to carry out the present review work. 

Main text 

1]Methodology for data collection 

In the present review article, extensive data on its Pyrrole containing drugs in the market , and relevant 

insights on several Pyrrole analogs as InhA inhibitors has been gathered and provided in this review 

article from a variety of web sources, including indexing sites like Web of Science, Scopus, PubMed, 

and Research Gate. Numerous articles from databases and indexed journals have been gathered and 

methodically examined. 

 

 

2]Pyrrole containing drugs in the market: 

 

Sr.

no 

Drug name Drug structure  Drug use Refs 

1. Atorvastatin 

 

Antilipidemic 38 

2. Ketorolac 

 

NSAID 39 

3. Tolmetin 

 

NSAID 40 

4. Pyrvinium 

 

Anthelmintic 38 

5. Obatoclax 

 

Anticancer 41 

6. Aloracetam  

 

Antialzheimer 42 
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7. Chlorfenapyr 

 
 

Insecticidal 38 

8. Ondansetron 

 

Antiemetic 39 

9. Nargenicin 

 

Anticancer 43 

10. Porphobilino

gen 

 

 

Porphyrin 

metabolism 

44 

11. Viminol  

 

Opioid analgesic 45 

12. Semaxanib  

 
 

Anticancer 46 

13. Procyclidine  

 

Antiparkinsonian 42 

 

        Fig 1.Pyrrole containing drugs in the market with different biological activity. 
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3.Pyrrole analogs as Mycobacterium enoyl acyl carrier protein reductase (InhA) inhibiotrs: 

 

3.1 Pyrrolyl benzohydrazide: Joshi et al.47 synthesized a novel series of 4-(2,5-dimethyl-1H-pyrrol-1-

yl)-N’ -(2-(substituted)acetyl) benzohydrazides derivatives and tested them for anti-tuberculosis 

efficacy.Compound 1 was found to be most potent of all the compounds tested with a MIC value of  

0.8µg/mL and % Inhibition of InhA was found 88%. 

                                                   
                                                          Compound 1 

3.2 Pyrrole carbaldehyde:Joshi et.al 48 synthesized a novel series ofpyrrolecarbaldehyde derivatives and 

tested them for anti-tuberculosis efficacy. Compound 2a was found to be most potent of all the 

compounds tested with a MIC value of 3.12µg/mL.It showed H-bonding interactions similar to that of 

triclosan with enoyl-ACP enzyme and with a better docking score (C score 8.81), , while the compound 

2b showed additional interaction with MET98.H amino acid residue. 

                                                  
                                                        Compound 2 

3.3  Pyrrolo[1,2-a] quinoxaline : Youfu Luo  et.al 49  synthesized  a new series ofPyrrolo[1,2-a] 

quinoxaline tested for anti-tuberculosis efficacy.Compound 3a was found to be most potent of all the 

compounds tested with a MIC value of 5µg/mL. as a representative may possess better oral bioavailability 

and indicated high permeability by the parallel artificial membrane permeation assay of the blood-brain 

barrier (PAMPA-BBB). Compound 3b were demonstrated to bind well with a classic anti-TB drug target 

InhA and % Inhibition of InhA was found 64.86%. 

                                             
                                                Compound 3 

3.4 (1H-pyrrol-1-yl) benzamide: Joshi et.al 50 synthesized a novel series ofpyrrolyl benzamide 

derivatives were developed using molecular hybridization technique to create novel lead 

antimycobacterial molecules used to fight against Mycobacterium tuberculosis .The newly synthesized 

molecules have inhibited InhA, the enoyl-ACP reductase enzyme from the mycobacterial type II fatty 

acid biosynthetic pathway. Of these, compound 4 showed H-bonding interactions with Tyr158 and co-

factor NAD+ that binds the active site of InhA. All the molecules were screened for in vitro antitubercular 

activity against M. tuberculosis H37Rv, as well as some representative molecules as the inhibitors of 

InhA. Most of all compounds exhibited good anti-TB activities (MIC = 1.6 μg/mL), but only few 

representative molecules showed the moderate InhA enzyme inhibition activity. 

                                                    
                                                     Compound 4 
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3.5 Pyrrolyl phenoxy: Joshi et.al51 synthesized a novel series of pyrrolyl phenoxy derivatives bearing 

alkoxy linker were synthesized and evaluated for anti-tubercular activity (anti-TB) against 

Mycobacterium tuberculosis. Molecular modeling, pharmacophore constructed using GALAHAD to 

produce an effective alignment of data set and evaluated by Pareto ranking. The pharmacophore features 

were filtered by Surflex-dock study using enoyl ACP reductase from M. tuberculosis. Compound 5 

showed the H-bond with NAD+, whereas compound 5 showed H bonds with Tyr158, Thr196, Met199 

and NAD+ that fitted well into the binding pocket of target InhA. The alkoxy linker bridge and acceptor 

groups with benzene ring were advantageous for anti-TB activity.     

                                                     
 

                                                            Compound 5 

 

3.6 Pyrrolyl benzamide: Joshi et.al 52 synthesized a novel series ofpyrrolyl benzamide derivatives . The 

new chemical entities were screened to target enoyl-ACP reductase enzyme. Compound 6 exhibited H-

bonding interactions with Tyr158, Thr196 and co-factor NAD+ that binds the active site of InhA. All the 

pyrrolyl benzamide compounds were evaluated as inhibitors of M. tuberculosis H37Rv as well as 

inhibitors of InhA. Among them, few representative compounds were tested for mammalian cell toxicity 

on the human lung cancer cell-line (A549) and MV cell line that presented no cytotoxicity. Five of these 

compounds exhibited a good activity against InhA. 

                                                         
 

                                                           Compound 6           

 3.7 Pyrrolyl hydrazones : Joshi et.al 53 synthesized a novel series of pyrrolyl hydrazones .Compound 7 

exhibited more than 60% binding with the enzyme even at 5 µM (exhibited good IC50 upto 2.4 µM). 

Most of the active molecules have a very less cytotoxicity against the human lung cancer cell-line A549. 

The docking and 3D-QSAR studies have been carried out to provide some insights into the mechanism 

of action for this class of compounds. 

                                   
                                                        Compound 7           

 

3.8 Pyrrolyl pyrazoline, isoxazole and phenyl thiourea : Joshi et.al54 synthesized  a novel series of 

pyrrolyl derivatives bearing pyrazoline, isoxazole and phenyl thiourea moieties. Docking analysis of the 

crystal structure of ENR performed using Surflex-Dock in Sybyl-X 2.0 software indicates the occupation 

of substituted pyrrolyl derivatives into hydrophobic pocket of InhA enzyme. Compounds 8a and  8b 

exhibited the highest antitubercular activity almost close to isoniazid (0.4 µg/mL) with a MIC value of 

0.8 µg/mL.  The compounds were further test moieties for mammalian cell toxicity using human lung 

cancer cell-line (A549) and were nontoxic. Some compounds exhibited inhibition activities against InhA. 
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                                       Compound 8a                   Compound 8b                                

                                                        Compound 8           

3.9 Pyrroyl-1,3,4-thiadiazole: Joshi et.al 55 synthesized  a novel series of pyrroyl-1,3,4-thiadiazole 

moieties. Compounds 9a and  9b displayed significant activities 3.125 and 6.25 µg/mL respectively 

against M. tuberculosis H37Rv strain. Three-dimensional quantitative structure–activity relationships 

(3D-QSAR) were established for pyrrolyl substituted aryloxy-1,3,4-thiadiazole series of InhA inhibitors 

using the comparative molecular field analysis (CoMFA). Docking analysis of the crystal structure of 

ENR performed by using Surflex-Dock in Sybyl-X 2.0 software indicates the occupation of pyrrolyl 

substituted aryloxy 1,3,4-thiadiazole into hydrophobic pocket of InhA enzyme. Based on docking and 

database alignment rules, two computational models were established to compare their statistical results. 

The analysis of 3D contour plots allowed us to investigate the effect of different substituent groups at 

different positions of the common scaffold. In vitro testing of ligands using biological assays 

substantiated the efficacy of ligands that were screened through in silico methods. 

                                         
                                                        Compound 9 

3.10 Pyrrolyl –oxadiazoles and pyrrolyl –pyridazines: Joshi et.al56 synthesized  a novel series of a 

series of 4-(4-pyrrol-1-yl/2,5-dimethyl-4-pyrrol-1-yl) benzoic acid hydrazide analogs, some derived 

oxadiazoles and azines have been synthesized in good yields and structures of these compounds were 

established by IR, 1 H NMR, 13C NMR, mass spectral and elemental analysis.Compound 10a  displayed 

promising anti-tubercular activity. some compounds were also assessed for their cytotoxic activity (IC50) 

against mammalian Vero cell lines and A549 (lung adenocarcinoma) cell lines using the MTT assay 

method. The results revealed that these compounds exhibit anti-tubercular activity at non-cytotoxic 

concentrations. The docking of inhibitors into InhA using Sybyl-X 2.0 software revealed the vital 

interactions and binding conformation of the inhibitors. 

 

                              
             

                              

                                                     Compound 10 

3.11 Pyrrole hydrazine derivatives: Joshi et.al 57 synthesized  a novel series of pyrrole hydrazine 

derivatives. Highly active compound 11 (MIC 0.2 mg/mL) showed hydrogen bonding interactions with 

Tyr158 and NAD+ in the same manner as those of ligands PT70 and triclosan. The CoMFA and CoMSIA 

models generated with database alignment were the best in terms of overall statistics. The predictive 

ability of the CoMFA and CoMSIA models was determined using a test set of 13 compounds, which 

gave predictive correlation coefficients (rpred2 ) of 0.896 and 0.930, respective. pyrrole hydrazine 

derivatives have been synthesized and screened which target the essential enoyl-ACP reductase. The 
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binding mode of the compounds at the active site of enoyl-ACP reductase was explored using surflex-

docking method. The binding model suggests one or two hydrogen bonding interactions between pyrrole 

hydrazones and InhA enzyme. 

                                             
                                                               Compound 11 

3.12. Pyrrolyl benzohydrazides:Joshi et.al58 synthesized  a novel series of 19 pyrrolyl benzohydrazides 

were synthesized and screened to target enoyl-ACP reductase enzyme, which is one of the important 

enzymes involved in type II fatty acid biosynthetic pathway of M. tuberculosis. Pharmacophores were 

constructed using GALAHAD to generate alignment of data sets and calculated by Pareto ranking. The 

pharmacophore features were then filtered by Surflex-dock study using enoyl ACP reductase from M. 

tuberculosis. Compounds 12a and 12b showed H bonding interactions with Tyr158, Thr196 and co-factor 

NAD+ that fitted well within the binding pocket of InhA. All the synthesized compounds were screened 

for preliminary antibacterial activities against Gram-positive S. aureus and Gram-negative E. coli and M. 

tuberculosis H37Rv to evaluate their antitubercular activity. 

                          
                                                                         Compound 12 

 

3.13. Carbazole tethered pyrrole derivatives: Md. Perwez Alam Ansari59 focus in the tubercular drug 

research is on the development of agents inhibiting the enzyme targets involved in potential role in the 

life cycle of the pathogen. In the present research work the docking studies was performed on the human 

pathogenic bacterial enzyme InhA from its parent domain Mycobacterium Tuberculosis. In this present 

study, the flexible and extra precision docking simulation were performed on twenty new carbazole 

tethered pyrrole derivative against InhA by using Glide v5.6. All the derivatives were considered and 

docked as well as bound to ligand binding domain EAcCPR. All the compounds show good Glide score 

as compared to isoniazid as standard drug. Compound 13 showing highest glide score (-9.518). The result 

obtain were valuable for synthesis and thereafter biological screening of promising hits and it could be 

useful for development of new anti- tubercular agents. 

                                                                  
                                                      Compound 13 

      

 3.14  Oxadiazole-Ligated Pyrrole: Asgaonkar et.al60 was developed a quantitative structure-activity 

relationship model on a series of compounds containing oxadiazole-ligated pyrrole pharmacophore to 

identify key structural fragments required for anti-tubercular activity. 2D- and 3D-QSAR results shed 

light on the electronic, steric, hydrophobic, and topological nature of the substitution pattern around the 

selected pyrrole-ligated oxadiazole pharmacophore. The 2D-QSAR study indicated the requirement of 

T_O_O_5 and the sds CHE index which positively contributed to the biological activity. 3D-QSAR gave 

information about the nature of the substituents like the electron-withdrawing group at the 4th and 5th 

position of pyrrole, the less steric group at meta, para, and ortho position on the benzene ring, the electron 

withdrawing group at the 4th position of benzene, and finally the more hydrophobic group at para position 

of the benzene ring is required for good antimycobacterial activity. The designed compounds were 

subjected to Lipinski’s filter, which gave information about the pharmacokinetic behavior. The designed 

compounds also showed a good binding interaction with the enoyl-ACP (CoA) reductase enzyme. 
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compound showed two hydrogen bonds as compared to the standard (isoniazid) which showed three 

hydrogen bonds. 

                                    
                                                  Compound 14 

 

3.15 Pyrrolidine-3-carboxamide: Babu joseph et.al61 was done a molecular docking one aspect of a 

novel new approach to  researching the binding of tiny molecules to receptor 

proteins.Compound15 ,CHEMBL441373 [1-cyclohexyl-5-oxo-N-(3-phenyl) pyrrolidine-3-

carboxamide]become located to possess maximum appropriate docking energy (-11.1Kcal/mol), and it 

has become suitable as candidate molecules of cell wall protein inhibitor (4U0J).  

                               
                                             Compound 15 

 

3.16  Pyrrolyl thiadiazoles:  Joshi et.al62 synthesized a novel series of Pyrrolyl thiadiazole compounds 

exhibited moderate activity against M. tuberculosis. Compounds 16a, 16b, and 16d inhibited growth of 

M. tuberculosis very effectively at a MIC value of 12.5 µg/mL .Most of the molecules could effectively 

bind to the substrate binding site of ENR. The key H-bonding interactions with Tyr158, Met98, and 

cofactor NAD+ , as well as hydrophobic amino acid residues, stabilized the ligand–receptor complex to 

conclude that molecules are efficiently bound at the active site of ENR and, hence, can be better ENR 

inhibitors. The predicted in silico Surflex-Dock values obtained through docking studies have pointed  

the most promising inhibitors. 

              
                                                   Compound 16 

 

3.17 Pyrrolyl benzohydrazide: Joshi et.al63 synthesized a novel pyrrolyl benzohydrazide derivatives. 

For most of the potent compounds (17a, 17band 17c), the IC50 values were determined using the 4- 

parameter curve-fitting software XLFit (IDBS) considering at least five to six points. The binding mode 

of compounds at the active site of enoyl-ACP reductase was explored using the surflex-docking method. 

The model suggests one or two H-bonding interactions between the compounds and the InhA enzyme. 

Some compounds exhibited good activities against InhA in addition to promising activities against M. 

tuberculosis. 
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                                                           Compound 17 

3.18Dimethyl-pyrrolyl-acetohydrazide derivatives: Joshi et.al64 synthesized a novel series of 

dimethyl-pyrrolyl-acetohydrazide derivatives .The pyrrolyl acetohydrazides exhibited one or two H-

bonding connections with InhA enzyme. Compound 18 was found to be a most potent with  MIC  0.4 

μg/mL and % Inhibition of InhA was found 70% at 50 μM and  showed H-bonding connections with 

Tyr158 and NAD+ in a similar mode to that of ligand pyrrolidine carboxamide. 

                              
                                                  Compound 18 

3.19Pyrrolyl-benzohydrazide derivatives: Joshi et.al65 synthesized a novel series pyrrolyl-

benzohydrazide derivatives.In vitro assays indicated that the compounds 19 a to 19 g have significant 

enzyme inhibitory action against both the ENR-enzyme and DHFR enzyme enzymes. All the compounds 

had moderate to good potency against tuberculosis, as shown by MICs ranging from 1.6 to 12.5 μg/ml. 

 

            
                                                        Compound 19 

  

Conclusion 

Innovative anti-TB pharmaceutical formulations that reduce drug resistance and shorten treatment 

duration are in high demand due to the rise of widespread and multi-drug resistant tuberculosis. Fatty 

acid production involves the mycolic acid pathway, of which InhA is an essential component. It has been 

discovered to be a unique target for every species of Mycobacterium since it is blocked by a variety of 

scaffolds. In order to cure tuberculosis, new anti-TB drugs can now be developed by specifically targeting 

InhA. Several scaffolds have been shown to exhibit anti-TB and anti-InhA properties in vitro. Using 

screening techniques like fragment-based screening, encoded library technology, and high throughput 
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screening, a number of InhA inhibitors have been discovered. Scaffolds used for InhA action include 

pyrrolyl benzohydrazide pyrroles, pyrrolyl acetamides, pyrrolyl thiadiazoles, pyrrolyl triazole, and 

pyrrolyl acetohydrazides, as well as its derivatives that were found to be active against Mtb .The notion 

that a direct inhibitor of InhA is a viable substitute for acquiring new compounds to be used in drug 

combinations in upcoming therapies is supported by emerging data. Multi-drug combinations will be 

used to treat tuberculosis (TB) in the foreseable future.  

 

Disclaimer (artificial intelligence) 
  The authors declare that there is no generative AI technologies such as ChatGPT, COPILOT, etc and 

text to image generators have been used during writing this manuscript.   

 

 Acknowledgements 

The authors are thankful to Dr.S.G.Vasantharaju,  Dr.U.B..Bolmal , Dr.A.D.Taranali ,teaching and non 

teaching staff of Rani Chennamma College of Pharmacy, Belagavi, Karnataka ,India . We are grateful, 

to Dr. H.V. Dambal, Dr.V.G. Jamakandi, and Dr.V.H. Kulkarni, S.E.T’s College of Pharmacy in 

Dharwad, Karnataka, India. 

 

Conflict of Interest  
The authors declare that they have no conflict of interest. 

 

Abbreviations 

TB: Tuberculosis, Mtb:Mycobacterium tuberculosis, ENR: Enoyl ACP reductase, MAs: mycolic acids. 

 

Summary 
This review provides valuable insights into marketed pyrrole-containing drugs and pyrrole analogs as 

InhA inhibitors. With the growing challenge of drug-resistant tuberculosis, there is an urgent need for 

innovative anti-TB formulations that reduce resistance and treatment duration. Targeting InhA offers a 

promising strategy for the development of new anti-TB drugs. 
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