
 



 

 



 

 

It gives me immense pleasure to present the annual report of CSIR-IIIM for 2023-24. This 

report achieved significant milestones in natural products research, technology 

development, and societal impact. During the years 2023-24, we have been able to file 

13 new patents in India and 16 patents abroad during the same period. During the year 

2023-24, CSIR-IIIM, Jammu published 246 scientific publications with an average impact 

factor of 3.97. A total number of 30 Skill Development Programs under CSIR-Integrated 

Skill Initiatives have been organized in the same year, benefiting 2801 participants all 

over the country. CSIR-IIIM Jammu had a productive year, marked by significant 

achievements. However, the institute initiated Lavender cultivation in Udhampur District, 

hosted the Lavender Festival on 15th December 2023, and conducted outreach programs 

to promote sustainable agriculture on 27th April 2024. Also, they organized a public 

outreach program with PRIs for awareness about CSIR-Aroma Mission, Floriculture 

Mission, and Agri StartUps on 3rd February 2024, Celebrated the Climate Clock Assembly. 

Moreover, they ƻǊƎŀƴƛȊŜŘ ŀ ά¸ƻǳǘƘ /ƻƴŎƭŀǾŜέ ƻƴ мсth & 17th September 2023 at Police 

!ǳŘƛǘƻǊƛǳƳ DǳƭǎƘŀƴ DǊƻǳƴŘΣ tƻƭƛŎŜ [ƛƴŜǎΣ WŀƳƳǳ 5ǊΦ WƛǘŜƴŘǊŀ {ƛƴƎƘΣ IƻƴΩōƭŜ ¦ƴƛƻƴ 

Minister of State (I/C) Science & Technology and Vice President, CSIR, was Chief Guest at 

the inaugural event on 16th September 2023 and IƻƴΩōƭŜ ±ƛŎŜ tǊŜǎƛŘŜƴǘ ƻŦ LƴŘƛŀ {ƘǊƛ 

Jagdeep Dhankhar ƛƴŀǳƎǳǊŀǘŜŘ aŜƎŀ 9ȄǇƻ ǳƴŘŜǊ ǘƘŜƳŜ ά9ƳŜǊƎƛƴƎ {ǘŀǊǘ¦Ǉ ¢ǊŜƴŘǎ ƛƴ 

bƻǊǘƘ LƴŘƛŀέ ŀǘ YŀǘƘǳŀ WŀƳƳǳ ƻƴ 4th January 2024. These efforts, combined with strong 

research and innovation, have elevated CSIR-IIIM Jammu to the 3rd rank among CSIR 

laboratories and the top position within the biology cluster. Eventually, I would like to 

express my gratitude to all stakeholders, including the scientists, staff, and students of 

CSIR-IIIM, whose collective efforts have contributed to the exceptional outcomes 

featured in this annual report.  
 

 

            Dr. Zabeer Ahmed  
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QAZI NAVEED AHMED  

 

Dr. Qazi Naveed Ahmed (Head, NPMC Division and Senior Principal Scientist) with his 

Research Group  

 

Publications/Patents 

  

I. Publications: 

1. Feroze Hussain, Sheena Mahajan, Sajjad Ahmed, Qazi Naveed Ahmed, Synthesis of unsymmetric 

phosphorotrithioates by sequential coupling of 1,1-dichloro-N,N-diethyl phosphanamine with thiols 

and sulfenyl chloride, Organic and Biomolecular Chemistry, 2024, 22, 2007-2011. 

2. Feroze Hussain, Sajjad Ahmed, Ashiq Hussain Padder, Qazi Naveed Ahmed, Synthesis of mixed 

phosphorotrithioates via thiol coupling with bis(diisopropylamino)chloro phosphine and sulphenyl 

chloride, Organic and Biomolecular Chemistry, 2024, 22, 284ï288. 

3. Showkat Ahmad Bhat, Qazi Naveed Ahmed, Khursheed Ahmad Bhat, DMSOïKOH mediated 

stereoselective synthesis of Z-enamides: an expeditious route to Z-enamide bearing natural products, 

Chemical Communications, 2024, 60, 114-117. 

4. Sajjad Ahmed, Mohammad Yaqoob Bhat, Feroze Hussain, Qazi Naveed Ahmed, BF3ïEt2O 

Promoted Heteronucleophilic Addition Reactions for the Synthesis of Unsymmetrical gem-

Diarylmethyl Thioethers, Organic Letters, 2023, 25, 27, 5017-5021. 

5. Sajjad Ahmed, Zoya Shafeeq, Feroze Hussain, Qazi Naveed Ahmed, Q. N.; BF3ïEt2O promoted 

bifunctionalization of aldehydes for the synthesis of arylmethyl substituted organophosphorus 

compoundsm, Chemical  Communications, 2023, 59, 12334-12337.    

6. Mohammad Yaqoob Bhat, Ashiq Hussain Padder, Raman Gupta and  Qazi Naveed Ahmed, Tf2O-

Promoted Regioselective Heteronucleophilic Ring-Opening Approaches of Tetrahydrofuran, The 

Journal of Organic Chemistry, 2023, 88, 20, 14323-14338. 

7. Showkat Ahmad Bhat, Mohammad Yaqoob Bhat, Suhail Ahmad Rather, Salman Jameel, Khursheed 

Ahmad Bhat, Qazi Naveed Ahmed,  I2-DMSO Promoted Deaminative Coupling Reactions of 
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Glycine Esters: Access to 5-(Methylthio)pyridazin-3(2H)-ones, Organic Letters, 2023, 25, 14, 2382-

2387. 

8. Ananta Ganjoo, Akash Pratap Singh, Radhika Kansal, Nsrgis Ayoub, Haseena Shafeeq, Ravi Shankar, 

Qazi Naveed Ahmed, Hemant K. Gautam, Vikash Babu, Zabeer Ahmed, Biocatalytic synthesis, in 

silico analysis and in vitro validation of hydroxamic acids against Histone Deacetylases, Process 

Biochemistry, 2023, 133, 241-250. 

9. Ashiq Hussain Padder, Mohammad Yaqoob Bhat, H. Surya Prakash Rao, Raman Gupta, Qazi 

Naveed Ahmed, Microwave-Assisted PEG-400 Medaited Synthesis of 4,5-dihydro-1H-

benzo[g]indazole Derivatives: An Enaminone Approach, Chemistry Select, 2023, 8(12), e202204951. 

Patents: 

¶ Phosphorylated Rucaparib Analogues as PARP inhibitors (Qazi Naveed Ahmed, Ashiq Hussain 

Padder, Sajjad Ahmed, Zoya Shafeeq, Mohammad Yaqoob Bhat, Jagdish Chand, Mohammad Saleem 

Dar, Yashi Garg, Feroze Hussain, Anindya Goswami, Mohd. Jamal Dar, Zabeer Ahmed, Patent 

Application No. 202411016691, provisional patent filed on 7 March 2024. 

¶ Synthesis of 17-ketoprostanozol (Qazi Naveed Ahmed, Dumbala Srinivasa Reddy, Sheena 

Mahajan, Giri Teja Illa, Kapendra Sahu, Arpit Soni, Puran Lal Sahu and Zabeer Ahmed, Patent 

Application: IN202311059079 Filed on 01-09-2023. 

 

1) Research Area, Interests: 

Organic synthesis, medicinal chemistry, In particular applications of functional group-driven synthetic 

methodologies across glycochemistry,bio-conjugation/bioorthogonal chemistry and late-stage 

modification of bioactives,Synthesis of long term metabolites as reference standards for doping analysis 

in sports. 

 

 

2)  Scientific work done: 

¶ Work Achievements in the National Dope Testing Project with CSIR-IIIM (GAP-3102). 

In the current ongoing project with National Dope Testing Laboratory {NDTL, only lab in INDIA working 

under the guidance of World Anti-Doping Agency (WADA)}, we aim at the synthesis of different reference 

standards of metabolites and long term metabolites. Out of these metabolites, following metabolites has been 

synthesized in our lab and dispatched to NDTL (Figure 1). In future, PK-PD analysis of the synthesized 

metabolites will be carried out in CSIR-IIIM along with the synthesis of new list of long term metabolites 

which will be provided by NDTL. 
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Figure 1:  Work achievements by CSIR-IIIM in project with NDTL (GAP-3102). 

Among these metabolites, patent has been filed for the ñSynthesis of 17-ketoprostanozolò (Qazi Naveed 

Ahmed, Dumbala Srinivasa Reddy, Sheena Mahajan, Giri Teja Illa, Kapendra Sahu, Arpit Soni, Puran Lal 

Sahu and Zabeer Ahmed, Patent Application: IN202311059079 Filed on 01-09-2023). 

¶ DMSOïKOH mediated stereoselective synthesis of ½-enamides: an expeditious route to ½-

enamide bearing natural products. 

An efficient strategy towards stereoselective amidation of alkynes is reported. The given method features 

operational simplicity, excellent functional group tolerance, broad substrate scope and fast kinetics to 

furnish Z-enamides. Moreover, the method was successfully applied for the facile synthesis of the natural 

products lansiumamide A, lansiumamide B and Z-alatamide. Notably, DMSO plays two vital roles: 

hydrogen source and solvent (Figure 2). 

Figure 2: Stereoselective amidation of alkynes. 
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¶ Synthesis of unsymmetric phosphorotrithioates by sequential coupling of 1,1-dichloro-N,N-

diethylphosphanamine with thiols and sulfenyl chloride. 

Herein, we present the first, one-step, direct synthesis of unsymmetric phosphorotrithioates through a 

process involving sequential coupling of 1,1-dichloro-N,N-diethylphosphanamine with thiols and 

sulfenyl chloride. This method showcases excellent functional group tolerance, substrate compatibility, 

and mild reaction conditions, offering a streamlined approach for the challenging phosphorotrithioate 

synthesis. Additionally, the applicability of this method can be extended to the synthesis of mixed 

phosphoroselenodithioates (Figure 3). 

 

Figure 3: Synthesis of unsymmetric phosphorotrithioates and phosphoroselenodithioates. 

¶ Synthesis of mixed phosphorotrithioates Ǿƛŀ thiol coupling with bis(diisopropylamino)chloro 

phosphine and sulphenyl chloride. 

In this study, we report a novel and efficient one-pot synthesis of mixed phosphorotrithioates under mild 

conditions at ambient temperature, obviating the requirement for supplementary additives. The method's 

versatility stems from its utilization of diverse thiols as nucleophilic reactants, 1-chloro-N,N,Nǋ,Nǋ-

tetraisopropylphosphanediamine [bis(diisopropylamino)chloro phosphine] as the phosphorus precursor, 

and various sulphenyl chlorides as sources of electrophilic sulfur. Notably, our investigation extends 

beyond mixed phosphorotrithioates to encompass the synthesis of phosphoroselenodithioates, 

underscoring the broad applicability of this synthetic protocol (Figure 4). 

 

Figure 4: Synthesis of mixed phosphorotrithioates and phosphoroselenodithioates. 

¶ I 2-DMSO Promoted Deaminative Coupling Reactions of Glycine Esters: Access to 5-

(Methylthio)pyridazin -3(2H)-ones. 

An unprecedented, one-step strategy for the synthesis of 5-(methylthio)pyridazin-3(2H)-one derivatives 

has been developed through iodine triggered deaminative coupling of glycine esters with methyl ketones 

and hydrazine hydrate in DMSO. These transformations in the absence of hydrazine helped to generate 

different 3-methylthio-4-oxo-enoates in good yields (Figure 5). Notably, DMSO played multiple roles 

such as oxidant, methylthiolating reagent, and solvent. 
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Figure 5: Synthesis of 5-(methylthio)pyridazin-3(2H)-one derivatives. 

¶ BF3ïEt2O Promoted Heteronucleophilic Addition Reactions for the Synthesis of 

Unsymmetrical gem-Diarylmethyl Thioethers. 

Herein, we present the BF3/BF4
ï mediated activation of diphenyl phosphite for the formation of thionium 

ions from aldehydes and thiophenols (Figure 6). These reactive species subsequently undergo reaction 

with in situ generated phenol, resulting in the synthesis of diarylmethyl thioethers. It was demonstrated 

that the addition of external phenol in the reaction produced unsymmetrical gem-diarylmethyl thioethers 

in good yields. 

 

 

Figure 6: Synthesis of Unsymmetrical gem-Diarylmethyl Thioethers. 

 

¶ BF3ïEt2O promoted bifunctionalization of aldehydes for the synthesis of arylmethyl substituted 

organophosphorus compounds. 

A simple and efficient protocol for the synthesis of arylmethyl substituted organophosphorus compounds 

is presented. This method involves the reaction of diphenyl phosphite with aldehydes in the presence of 

BF3ïEt2O. In this method, BF3ïEt2O plays a dual role, as it facilitates the generation of both 

hydrophosphonylated intermediate and phenol from diphenyl phosphite. A significant feature of this 

approach is its tolerance to the presence of external nucleophiles, such as phenol, aliphatic thiols, indole 

and 3-methylanisole. The simplicity of the reaction conditions and the high yields achieved make this 

method promising for applications in areas where phosphonate compounds are of interest (Figure 7). 
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Figure 7: Synthesis of arylmethyl substituted organophosphorus compounds. 

 

¶ Tf 2O-Promoted Regioselective Heteronucleophilic Ring-Opening Approaches of 

Tetrahydrofuran. 

The ring-opening functionalization strategy in tetrahydrofuran (THF) represents an ideal approach to 

access different valuable structures (Figure 8). Herein, we report different operationally simple, efficient, 

unique, and practical regioselective heteronucleophilic ring-opening strategies for the THF system. Tf2O, 

which is a strong electrophilic activator, was found to generate a THF triflate intermediate that triggers 

the nucleophilicity of nitriles (Nu1) and led to regioselective ring opening in the presence of different 

nucleophiles (Nu2). Furthermore, the synthesis of different heteronucleophilic ring-opening dimerization 

products was attributed to the nucleophilicity of Nu2. We also demonstrated that use of boraneï

tetrahydrofuran (BTHF) can achieve challenging hydride addition in a similar manner. 

 
 

Figure 8: Tf2O-Promoted Regioselective Heteronucleophilic Ring-Opening Approaches of 

Tetrahydrofuran. 

 

 

 

 

https://pubs.acs.org/doi/10.1021/acs.joc.3c01065
https://pubs.acs.org/doi/10.1021/acs.joc.3c01065
https://pubs.acs.org/doi/10.1021/acs.joc.3c01065
https://pubs.acs.org/doi/10.1021/acs.joc.3c01065
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¶ Microwave-Assisted PEG-400 Medaited Synthesis of 4,5-dihydro -1H-benzo[g] indazole 

Derivatives: An Enaminone Approach. 

A simple, rapid and conceptually new efficient protocol for the synthesis of 4,5-dihydro-1H-

benzo[g]indazole derivatives from novel enaminones prepared via Blaise reaction under catalyst free 

conditions is reported involving polyethylene glycol (PEG-400) as an efficient recyclable medium 

without using any organic co-solvent or additive by Microwave irridation with 91ï95 % yields without 

chromatography (Figure 9). 

 

Figure 9: synthesis of 4,5-dihydro-1H-benzo[g]indazole derivatives from novel enaminones. 
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PARVINDER PAL SINGH  

  

Dr. Parvinder Pal Singh (Principal Scientist), with his Research Group 

Publications/Patents: 

I. Publications: 

1. Pankaj Singh Cham, Rahul Bhat, Diksha Raina, Diksha Manhas, Pankul Kotwal, Durga Prasad 

Mindala, Noopur Pandey, Animesh Ghosh, Saurabh Saran, Utpal Nandi, Inshad Ali Khan, and 

Parvinder Pal Singh* Exploring the Antibacterial Potential of Semisynthetic Phytocannabinoid: 

Tetrahydrocannabidiol (THCBD) as a Potential Antibacterial Agent against Sensitive and 

Resistant Strains of Staphylococcus aureus. ACS Infectious Diseases, 2024 10 (1), 64-78. 

2. Pankaj Singh Cham, Pankul Kotwal, Kuhu Sharma, Sumit Dhiman, Lakhvinder Singh, Varun 

Pratap Singh, Ajay Kumar, Utpal Nandi, and Parvinder Pal Singh* Cannabidiol-Based Prodrugs: 

Synthesis and Bioevaluation. ACS Medicinal Chemistry Letters, 2024 15 (2), 221-229. 

3. Radhika Anand, Ritu Painuli, Vijay Kumar, Parvinder Pal Singh* Chemistry and 

pharmacological aspects of furanoid cannabinoids and related compounds: Is furanoid 

cannabinoids open a new dimension towards the non-psychoactive cannabinoids? Eur. J. Med. 

Chem. , 2024 268, 116164. 

4. Radhika Anand, Loveleena Kaur Anand, Nadia Rashid, Ritu Painuli, Fayaz Malik, and Parvinder 

Pal Singh* Synthesis and Evaluation of Natural and Unnatural Tetrahydrocannabiorcol for Its 

Potential Use in Neuropathologies. J. Nat. Prod.,  2024, 87 (2), 167-175 

5. Anjali Negi, Summaya Perveen, Ria Gupta, Parvinder Pal Singh,* and Rashmi 

Sharma*Unraveling Dilemmas and Lacunae in the Escalating Drug Resistance of Mycobacterium 

tuberculosis to Bedaquiline, Delamanid, and Pretomanid J. Med. Chem., 2024, 67(4), 2264-2286. 
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6. Ria Gupta, Riyaz Ahmed, Zaheen Akhter, Mukesh Kumar, and Parvinder Pal Singh* Silver-

mediated Room Temperature Reactions for the Synthesis of N Ŭ-Ketoacyl Sulfoximines and 

N Ŭ,ɓ-Unsaturated Acyl Sulfoximines. ACS Omega, 2023, 8 (4), 3812-3820. 

7. Dr. Riyaz Ahmed, Gulshan Kumar, Dr. Sheena Mahajan, Dr. Praveen Kumar Verma, Pankaj 

Singh Cham, Dr. D. Srinivasa Reddy, Dr. Ravi Shankar, Dr. Parvinder Pal Singh* TCT-

Mediated Process for the Preparation of Nafamostat Mesylate and Camostat Mesylate. 

ChemistrySelect, 2023, 8, e202300214. 

Patents: 

¶ Riyaz Ahmed, Gulshan Kumar, Sheena Mahajan, Praveen Verma, Pankaj Cham, Qazi Naveed 

Ahmed, D. Reddy, Ravi Shankar & Singh, Parvinder Pal Singh. (Process for the preparation of 

nafamostat, camostat and their derivatives. (Ref No. WO2023148783) 

¶ Cham, P. S.; Singh, M.; Verma, A.; Anand, R.; Singh, R.; Sharma, K.; Kotwal, P.; Gour, A.; 

Kumar, P.; Mindala, D. P.; Roy, S.; Singh, C. P.; Meena, S.; R.; Kumar, A.; Verma, Mahendra K. 

V.; Rahul, P.; Nandi, U.; Gairola, S.; Katare, A. K.; Singh, D.; Sangwan, P. L.; Vyas, D.; Sawant, 

S. D.; Singh, G.; Asrey, V. R.; Reddy, D. S.;, Parvinder Pal Singh Process of phytocannabinoids 

enrichment its formulation and use in the management of pain. (Ref No.: PCT/IN/2023/050459, 

WO2023/223351A1) 

¶ Cham, P. S.; Anand, L.; Arfath, Y.; Rashid, N.; Maqbool, M. S.; Gupta, R.; Akhter, Z.; Singh, V.; 

P.; Ahmed, Z.; Rafiq, S. R.; Malik, F. A.; Parvinder. Pal Singh. 2'-{Heterocyclyl 

(aryl/alkyl)methyl}-cannabidiol as anti-depressant and anti-inflammatory agents. (Ref No.: 

0057NF2023, Application No.: IN202311033447). 

1) Research Area, Interests: 

Organic Synthesis and Medicinal Chemistry: 

¶ New methods for the synthesis of C-C/C- N/C- S/C-X bond via C-H activation/ 

Functionalization. 

¶ Synthesis of natural/synthetic bio-active molecules. 

¶ Synthesis of fluorescent labelled natural/unnatural probes. 

¶ Natural Product Chemistry (Cannabis and Boswellia). 

¶ Medicinal Chemistry. 

¶ Phytopharmaceutical drug development. 

¶  

2) Scientific work done: 

A brief description of research accomplishments attained during this reporting time: 

i) Cannabidiol-Based Prodrugs: Synthesis and Bio-evaluation-ACS Medicinal Chemistry 

Letters  2024, 15, 2, 221-229: 

Cannabidiol (CBD 1) is a nonpsychotic cannabinoid-based drug approved by the U.S. FDA for treating 

refractory epilepsy, namely, LennoxïGastaut and Dravet syndrome. However, its low aqueous solubility 

and oral bioavailability are compensated by administering high doses, and there is an increased demand 

for conjugates with improved properties. In this direction, the present work is focused on synthesizing 

CBD-based prodrugs to address the issue of poor solubility and oral bioavailability. Several CBD-based 

prodrugs were synthesized and studied in a battery of assays: viz, release kinetic (ex vivo), solubility (in 

vitro), chemical stability (in vitro), plasma stability (ex vivo), pharmacokinetics (in vivo), and efficacy 

https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00461
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studies (in vivo). Among the synthesized prodrugs, the morpholinyl CBD-based 

prodrugs 3a and 3aa showed good release behavior, stability, better solubility, and a plasma profile. 

Moreover, prodrug candidate 3aa showed better therapeutic efficacy. The present study identifies CBD-

based prodrugs with improved physiochemical properties and oral exposure (Figure 1). 

 

 

Figure 1: Cannabidiol-Based Prodrugs: Synthesis and Bio-evaluation. 

ii)  Exploring the Antibacterial Potential of Semisynthetic Phytocannabinoid: 

Tetrahydrocannabidiol (THCBD) as a Potential Antibacterial Agent against Sensitive and 

Resistant Strains of Staphylococcus aureus- ACS Infectious Diseases  2024, 10, 1, 64-78: 

Antimicrobial resistance (AMR) is one of the most challenging problems and is responsible for millions 

of deaths every year. We therefore urgently require new chemical entities with novel mechanisms of 

action. Phytocannabinoids have been adequately reported for the antimicrobial effect but not seriously 

pursued because of either stringent regulatory issues or poor drug-like properties. In this regard, the 

current work demonstrated the antibacterial potential of tetrahydrocannabidiol (THCBD, 4), a 

semisynthetic phytocannabinoid, against Staphylococcus aureus, the second-most widespread bug 

recognized by the WHO. THCBD (4) was generated from cannabidiol and subjected to extensive 

antibacterial screening. In in vitro studies, THCBD (4) demonstrated a potent MIC of 0.25 ɛg/mL against 

Gram-positive bacteria, S. aureus ATCC-29213. It is interesting to note that THCBD (4) has 

demonstrated strong effectiveness against efflux pump-overexpressing (SA-1199B, SA-K2191, SA-

K2192, and Mupr-1) and multidrug-resistant (MRSA-15187) S. aureus strains. THCBD (4) has also 

shown a good effect in kill kinetic assays against ATCC-29213 and MRSA-15187. In the checkerboard 

assay, THCBD (4) has shown additive/indifference effects with several well-known clinically used 

antibiotics, tetracycline, mupirocin, penicillin G, and ciprofloxacin. THCBD (4) also exhibited good 

permeability in the artificial skin model. Most importantly, THCBD (4) has significantly reduced CFU in 

miceôs in vivo skin infection models and also demonstrated decent plasma exposure with 16ï17% oral 

bioavailability. Acute dermal toxicity of THCBD (4) suggests no marked treatment-related impact on 

gross pathophysiology. This attractive in vitro and in vivo profile of plant-based compounds opens a new 

direction for new-generation antibiotics and warrants further detailed investigation (Figure 2). 

https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00461
https://pubs.acs.org/doi/10.1021/acsinfecdis.3c00154
https://pubs.acs.org/doi/10.1021/acsinfecdis.3c00154
https://pubs.acs.org/doi/10.1021/acsinfecdis.3c00154
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Figure 2: Exploring the Antibacterial Potential of Semisynthetic Phytocannabinoid: 

Tetrahydrocannabidiol (THCBD) as a Potential Antibacterial Agent against Sensitive and Resistant 

Strains of Staphylococcus aureus. 

iii)  Discovery of a novel and highly selective JAK3 inhibitor as a potent hair growth promoter- 

Journal of Translational Medicine volume 22, Article number: 370 (2024): 

 

Our marine-natural product-based medicinal chemistry led to the identification of a potent JAK-STAT 

inhibitor. JAK-STAT signaling pathway inhibitors have emerged as promising therapeutic agents for the 

treatment of hair loss. Among different JAK isoforms, JAK3 has become an ideal target for drug 

discovery because it only regulates a narrow spectrum of ɔc cytokines. In this study, we report the 

discovery of MJ04, a novel and highly selective 3-pyrimidinylazaindole based JAK3 inhibitor, as a 

potential hair growth promoter with an IC50 of 2.03 nM. During in vivo efficacy assays, topical 

application of MJ04 on DHT-challenged AGA and athymic nude mice resulted in early onset of hair 

regrowth. Furthermore, MJ04 significantly promoted the growth of human hair follicles under ex-vivo 

conditions. MJ04 exhibited a reasonably good pharmacokinetic profile and demonstrated a favourable 

safety profile under in vivo and in vitro conditions. Taken together, we report MJ04 as a highly potent 

and selective JAK3 inhibitor that exhibits overall properties suitable for topical drug development and 

advancement to human clinical trials.This work was done in collaboration with Dr. Jamalôs Group. 

 

iv) Chemistry and pharmacological aspects of furanoid cannabinoids and related compounds: Is 

furanoid cannabinoids open a new dimension towards the non-psychoactive cannabinoids? - 

European Journal of Medicinal ChemistryVolume 268, 15 March 2024, 116164: 

Our understanding in cannabis R&D has compelled us to present this important aspect of cannabinoids 

in review. Cannabinoids have emerged as compelling candidates for medicinal applications, notably 

following the recent approval of non-psychoactive cannabidiol (CBD) as a medicine. This endorsement 

has stimulated a growing interest in this class of compounds for drug discovery. Within the cannabis 

plant, a rich reservoir of over 125 compounds exists. Tetrahydrocannabinol (THC), a member of the 

dibenzopyran class, is widely recognized for its psychoactive effects. Conversely, the furanoid class, 

represented by cannabielsoin-type (CBE) and cannabifuran-type (CBF) compounds, has not been reported 

with psychoactivity and demonstrates a spectrum of pharmacological potential. The transition from the 

pyran structure of THC to the furan structure of CBE seems to mark a shift from psychoactive to non-

https://pubs.acs.org/doi/10.1021/acsinfecdis.3c00154
https://pubs.acs.org/doi/10.1021/acsinfecdis.3c00154
https://pubs.acs.org/doi/10.1021/acsinfecdis.3c00154
https://translational-medicine.biomedcentral.com/


12 
 

psychoactive properties, but a comprehensive examination of other members in this class is essential for 

a complete understanding. Building on these observations, our thorough review delves into the subject, 

offering a comprehensive exploration of furanoid cannabinoids, covering aspects such as their 

biosynthesis, classification, synthesis, and medicinal potential. The aim of this review is to encourage and 

catalyze increased research focus in this promising area of cannabinoid exploration (Figure 3). 

Figure 3: Chemistry and pharmacological aspects of furanoid cannabinoids and related compounds. 

v) Unraveling Dilemmas and Lacunae in the Escalating Drug Resistance of Mycobacterium 

tuberculosis to Bedaquiline, Delamanid, and Pretomanid- J. Med. Chem. 2024, 67, 4, 2264ï

2286: 

In continuation of our TB R&D, we have presented a review in colloboartion with Dr. Rashmiôs Group 

on the recently approved anti-TB drugs. Delamanid, bedaquiline, and pretomanid have been recently 

added in the anti-tuberculosis (anti-TB) treatment regimens and have emerged as potential solutions for 

combating drug-resistant TB. These drugs have proven to be effective in treating drug-resistant TB when 

used in combination. However, concerns have been raised about the eventual loss of these drugs due to 

evolving resistance mechanisms and certain adverse effects such as prolonged QT period, gastrointestinal 

problems, hepatotoxicity, and renal disorders. This Perspective emphasizes the properties of these first-

in-class drugs, including their mechanism of action, pharmacokinetics/pharmacodynamics profiles, 

clinical studies, adverse events, and underlying resistance mechanisms. A brief coverage of efforts toward 

the generation of best-in-class leads in each class is also provided. The ongoing clinical trials of new 

combinations of these drugs are discussed, thus providing a better insight into the use of these drugs while 

designing an effective treatment regimen for resistant TB cases (Figure 4). 
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Figure 4: Unraveling Dilemmas and Lacunae in the Escalating Drug Resistance of Mycobacterium 

tuberculosis to Bedaquiline, Delamanid, and Pretomanid. 

vi) TCT-Mediated Process for the Preparation of Nafamostat Mesylate and Camostat Mesylate - 

ChemistrySelect 2023, 8, e202300214: 

We have described the s-trichlorotriazine (TCT)-mediated formation of highly functionalized ester-based 

drugs, namely nafamostat mesylate and camostat mesylate. The TCT-mediated activation of acids 

followed by the attack of a hydroxyl group (īOH group) resulted in the formation of ester. The high 

aqueous solubility of cyanuric acid eases the work-up process and avoids repetitive washing process 

(better E-factor). The present method also avoids using pyridine as a base, and instead of that, N-

methylmorpholine (NMM) was used for the coupling. Moreover, we have also demonstrated the synthesis 

of key intermediates namely, 4-guanidinobenzoic acid and 6-hydroxy-2-naphthimidamide from 

economical and readily available raw materials. The TCT-mediated coupling provides many advantages 

in scalability, cost-effectiveness and environmentally friendly handling (Figure 5). 

 

Figure 5: TCT-Mediated Process for the Preparation of Nafamostat Mesylate and Camostat 

Mesylate. 
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vii)  Silver-mediated Room Temperature Reactions for the Synthesis of N-Ŭ-Ketoacyl Sulfoximines 

and N-Ŭ,ɓ-Unsaturated Acyl Sulfoximines-ACS Omega 2023, 8, 4, 3812ï3820: 

Here, we report a silver-mediated coupling of acetylenes with sulfoximines to synthesize N-Ŭ-ketoacyl 

sulfoximines and N-Ŭ,ɓ-unsaturated acyl sulfoximines. The reactions are performed under an open 

atmosphere using the oxidant K2S2O8 and the ligand 2,2-bipyridyl. However, the fate of the product 

formation is controlled by the type of substrate used. The coupling between aryl acetylenes and 

sulfoximines afforded the N-Ŭ-ketoacylsulfoximines, while the alkyl acetylenes provided the N-Ŭ,ɓ-

unsaturated acyl sulfoximines. Controlled experiments reveal the differential reactivity patterns of 

substrates. The labeling 18O experiments showed that water is the source of the incoming oxygen atom 

for the keto group of N-Ŭ-ketoacyl sulfoximines and N-Ŭ,ɓ-unsaturated acyl sulfoximines (Figure 6). 

 

Figure 6: Silver-mediated Room Temperature Reactions for the Synthesis of N-Ŭ-Ketoacyl 

Sulfoximines and N-Ŭ,ɓ-Unsaturated Acyl Sulfoximines. 
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2) Scientific work done: 

¶ Design and Synthesis of C-8 spiro-isoxazoline analogues of 14-Deoxy-11, 12-

didehydroandrographolide (14-DDA) for dual targeting of CDK4 and BCL2 mediated 

anticancer activity. 

14-Deoxy-11,12-didehydroandrographolide (14-DDA, 3), a secondary metabolite found in 

Andrographis paniculata nees, has been synthetically modified into a new series of C-8 spiro-

isoxazoline derivatives. Andrographolide and its derivatives were well reported for the anticancer 

activity so herein we have synthesised C-8 spiro-isoxazoline derivatives (4a-l) and screened for in 

vitro studies against four human cancer cell lines: breast (MCF-7), lung (A549), pancreatic 

(MiaPaCa-2), and prostate (PC-3). Most of the synthesized compounds exhibited better anti-cancer 

activities than the parent natural products andrographolide (1) and 14-deoxy-11,12-

didehydroandrographolide (3) for different human cancer lines. Among all compounds, compound 

4k displayed most potent cytotoxicity (IC50 =3 ɛM) in breast cancer cells (MCF-7). Further, 

mechanistic studies revealed that compound 4k affected the nuclear morphology of MCF-7 cells, 

increased the production of cellular and mitochondrial ROS, decreased the mitochondrial membrane 

potential (MMP), and inhibited the colony formation. The compound 4k also induced apoptosis in 
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MCF-7 by attenuating the BCl2 expression in a dose dependent manner. The expression of Cdk-4 

was also downregulated by 4k. The overall findings of this study indicate that the compound 4k 

exhibited significant anticancer activity with reduced toxicity in-vitro and might thus be a promising 

anti-cancer lead candidate (Figure 1). 

 

Figure 1: Synthesis of C-8-substituted spiroisoxazoline adducts of 14-DDA. 

¶ Biocatalytic synthesis, in silico analysis and in vitro validation of hydroxamic acids against 

Histone Deacetylases. 

Hydroxamic acids with functional group R-CONHOH, have been used as possible inhibitors of 

metalloenzymes because of their innate ability to strongly bind with metal ions. The synthesis from 

amides to hydroxamic acids is commonly carried out via a synthetic route wherein hazardous 

chemicals like acids and extreme reaction conditions are used. Hence, the present study aims to 

develop a biocatalytic process for the synthesis of a series of hydroxamic acids using the resting cells 

of Bacillus smithii IIIMB2907. Further, through in silico analysis of the synthesized compounds 

using molecular docking, molecular dynamics pharmacophore analysis, and density functional theory 

(DFT) calculations, it was observed that ligand N1-(3-(trifluoromethyl)phenyl)-N8-

hydroxyoctanediamide (2c) showed better interaction with class I histone deacetylases (HDACs) on 

comparisons with FDA approved anti-cancer drug Suberoylanilide hydroxamic acid (SAHA). 

Furthermore, in vitro HDAC activity of 2c in C2C12 skeletal muscle cell lines validates the potency 

of this molecule as an HDAC inhibitor, as it shows 33 % HDAC inhibition on comparison with 

SAHA which showed only 14 % HDAC inhibition. Therefore, this study proposes a novel process 

for the synthesis of a potential drug candidate that may act as an inhibitor of class I HDACôs (Figure 

2). 

 

Figure 2: Biocatalytic synthesis, in silico analysis and in vitro validation of hydroxamic acids against 

Histone Deacetylases. 
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¶ Morphological, phytochemical, and transcriptome analyses provide insights into the 

biosynthesis of monoterpenes in Monarda citriodora. 

Morphological, phytochemical, and transcriptome analyses revealed candidate genes involved in the 

biosynthesis of volatile monoterpenes and development of glandular trichomes in Monarda 

citriodora. Monarda citriodora Cerv. ex Lag. is a valuable aromatic plant due to the presence of 

monoterpenes as major constituents in its essential oil (EO). In this study, we studied different types 

of trichomes and their relative densities in three different developmental stages of leaves, early stage 

of leaf development (L1), mid-stage of leaf development (L2), and later stage of leaf development 

(L3) and the histochemistry of trichomes for the presence of lipid and terpenoid compounds. Further, 

the phytochemical analysis of this plant through GC-MS indicated a higher content of monoterpenes 

(thymol, thymoquinone, ɔ-terpinene, p-cymene, and carvacrol) in the L1 stage with a substantial 

decrease in the L3 stage of leaf development. This considerable decrease in the content of 

monoterpenes was attributed to the decrease in the trichome density from L1 to L3. Further, we 

developed a de novo transcriptome assembly by carrying out RNA sequencing of different plant parts 

of M. citriodora. The transcriptome data revealed several putative unigenes involved in the 

biosynthesis of specialized terpenoid compounds, as well as regulatory genes involved in glandular 

trichome development. The data generated in the present study build a strong foundation for further 

improvement of M. citriodora, in terms of quantity and quality of its essential oil, through genetic 

engineering (Figure 3). 

 

Figure 3: Morphological, phytochemical, and transcriptome analyses provide insights into the 

biosynthesis of monoterpenes in Monarda citriodora. 

¶ TCT-Mediated Process for the Preparation of Nafamostat Mesylate and Camostat Mesylate. 

The present work describes the s trichlorotriazine (TCT) mediated formation of highly 

functionalized ester based drugs, namely nafamostat mesylate and camostat mesylate. The TCT

mediated activation of acids followed by the attack of a hydroxyl group (īOH group) resulted in the 

formation of ester. The high aqueous solubility of cyanuric acid eases the work up process and avoids 

repetitive washing process (better E factor). The present method also avoids using pyridine as a base, 

and instead of that, N methylmorpholine (NMM) was used for the coupling. Moreover, we have also 

demonstrated the synthesis of key intermediates namely, 4 guanidinobenzoic acid and 6 hydroxy 2

naphthimidamide from economical and readily available raw materials. The TCT mediated coupling 

provides many advantages in scalability, cost effectiveness and environmental friendly handling 

(Figure 4). 
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Figure 4: Previous and present routes for the synthesis of nafamostat mesylate and camostat mesylate. 

¶ Redox-Responsive Hyaluronic AcidïTacrolimus Conjugate: Synthesis, Characterization, and 

In Vitro Immunosuppressive Activity, ACS Applied Bio Materials.  

A redox-responsive macromolecular prodrug of tacrolimus, HA-ss-Tac, was constructed by 

conjugation of tacrolimus (TAC, FK506) through its succinate ester to cystamine-modified 

hyaluronic acid (HA-Cys), and its physicochemical properties and immunosuppressive activity were 

studied. The synthesized HA-ss-TAC was determined to contain 8% of chemically loaded TAC with 

significantly enhanced water solubility. The release study showed a sustained release of drug through 

slow degradation of linkerīdrug bonds. In vitro inhibition of proliferation of T- and B-lymphocytes 

was almost comparable to that of TAC, implying that the biologically active compound could be 

released from the conjugate. The polymeric prodrug lacks obvious cytotoxicity on Raw 264.7 

macrophages and significantly suppressed the production of inflammatory cytokines IL-2 and IL-1ɓ 

by LPS-activated cells. Additionally, the cellular uptake study of the FITC-labeled conjugate 

confirmed the HA receptor-mediated internalization of the conjugate into targeted cells, thus 

avoiding systemic side effects. Taken together, the HA-ss-TAC prodrug could be an optimal prodrug 

for intravenous administration based on this preliminary data and can be expected to have improved 

therapeutic efficacy (Figure 5). 

 

Figure 5: Redox-Responsive Hyaluronic AcidïTacrolimus Conjugate: Synthesis, Characterization, and 

In Vitro Immunosuppressive Activity, ACS Applied Bio Materials. 
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¶ Site-Selective Synthesis of C-17 Ester Derivatives of Natural Andrographolide for Evaluation 

as a Potential Anticancer Agent.  

A library of 57 compounds of natural andrographolide was designed, synthesized, and screened for 

in vitro studiesagainst four human cancer cell lines: A594, PC-3, MCF-7, and HCT-116. Most of the 

synthesized compounds displayed bettercytotoxic profile against all tested cells compared to the 

parent andrographolide (1). The tested semisynthetic derivatives ofandrographolide were found to be 

more sensitive toward lung carcinoma (A594) and prostate carcinoma (PC-3) cell lines. Amongthe 

synthesized compounds, the C-17 p-methoxy phenyl ester analog 8s inhibited cell proliferation 

effectively in A549 (IC50: 6.6ɛM) and PC-3 (IC50: 5.9 ɛM) cell variants, and compound 9s exhibited 

the most potent activity against the A594 cell line, with anIC50 value of 3.5 ɛM. Further anticancer 

mechanistic investigation demonstrated that compound 9s displayed nuclear morphologicalchanges 

and increased reactive oxygen species (ROS) with disturbed mitochondrial membrane potential 

(MMP) that can lead toapoptosis. To know the exact structure confirmation of intermediate 

compounds 4 and 5, single X-ray crystallography wasperformed, which supported the complete 

reaction design of this work (Figure 6).  

 

Figure 6: Site-Selective Synthesis of C-17 Ester Derivatives of Natural Andrographolide. 

¶ Ru(II)-catalyzed Synthesis of Fused Imidazo[1,2-a]pyridine-chromenones, Methylene-tethered 

bis-imidazo[1,2-a]pyridines and Regioselective O-Acetoxylation of Imidazo[1,2-a]pyridines.  

Herein, we disclose an unprecedented protocol via ruthenium-catalyzed annulation for the synthesis 

of 6H-chromeno[4ǋ,3ǋ:4,5]imidazo[1,2-a]pyridin-6-one, and functionalized 2-(3-formylimidazo[1,2-

a]pyridin-2-yl)phenyl acetate has been revealed by intramolecular chelation-assisted CïH activation. 

Additionally, a one-pot approach for creating bis(2-phenylimidazo[1,2-a]pyridin-3-yl)methane (BIP) 

has been realized through ruthenium catalysis with the use of formic acid. This method was used in 

gram-scale synthesis of BIP and step-economical late-stage functionalization of a marketed drug, 

zolimidine, in good yield (Figure 7). 
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Figure 7 : Synthesis of Fused Imidazo[1,2-a]pyridine-chromenones and Methylene-Tethered Bis-

imidazo[1,2-a]pyridines and Regioselective O-Acetoxylation of Imidazo[1,2-a]pyridines. 

¶ Synthesis and site selective CïH functionalization of imidazo-[1,2-a] pyridines. 

Imidazo[1,2-a]pyridine has attracted much interest in drug development because of its potent 

medicinal properties, therefore the discovery of novel methods for its synthesis and functionalization 

continues to be an exciting area of research. Although transition metal catalysis has fuelled the most 

significant developments, extremely beneficial metal-free approaches have also been identified. Even 

though pertinent reviews focused on imidazo[1,2-a]pyridine synthesis, properties (physicochemical 

and medicinal), and functionalization at the C3 position have been published, none of these reviews 

has focused on the outcomes obtained in the field of global ring functionalization. We wish here to 

describe a brief synthesis and an overview of all the functionalization reactions at each carbon atom, 

viz, C2, C3, C5, C6, C7 and C8 of this scaffold, divided into sections based on site-selectivity and 

the type of functionalization methods used (Figure 8).  

 

                    Figure 8: Synthesis and site selective CïH functionalization of imidazo-[1,2-a] pyridines. 
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2) Scientific work done: 

Our lab specializes in the field of photo-redox chemistry, focusing on harnessing the power of light to 

drive redox reactions for organic synthesis (Figure1). Utilizing state-of-the-art photo-reactors and a range 

of photocatalysts, we explore new methodologies to facilitate challenging chemical transformations that 

are otherwise difficult to happen under normal circumstances. Primarily, we investigate the reactive 

behavior of vinyl radicals produced by the photoredox reaction of alkynes/alkenes. Also, we intend to 

explore the possibility of using these radicals for late-stage functionalizations of bioactive molecules. Our 

research includes developing novel systems that operate under visible light, aiming to improve reaction 

efficiency, selectivity, and sustainability. We employ a variety of analytical techniques, such as NMR, 

mass spectrometry, and X-ray crystallography, to characterize reaction intermediates and products. 

Collaborating with computational and electrochemists, we also delve into the mechanistic aspects of these 

processes, seeking to understand the fundamental principles governing these reactions. By integrating 

experimental and theoretical approaches, our lab aims to advance the application of photo-redox 

chemistry in pharmaceuticals, materials science, and drug development.  

 

 

 

 

 

 

 

 

 

Figure 1: Our work around vinyl radical via photo-redox catalysis. 
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4.1 Visible-Light -Mediated Synthesis of N-Acyl-N,O-hemiacetals from Terminal  Alkynes: Access 

to N,N-, N,S-, and N,O-Acetals. 

We have developed a unified platform for the construction of N-acyl-N,O-hemiacetals through an EDA 

complex-mediated strategy in the presence of visible light. This first reported protocol provides access 

to a wide range of N-acyl-N,O-hemiacetals from readily available feed-stocks such as terminal alkynes, 

under operationally simple conditions (Figure 2). The approach also provides access to the generation 

of electrophilic N-acylimines, which can be trapped with different nucleophiles, such as alcohols, thiols, 

and nitriles, to produce diverse N,O-, N,S- acetals and N,N-aminoacetals. We strongly believe that this 

protocol will broaden the applicability of N-acyl-N,O-hemiacetals as versatile building blocks in organic 

synthesis, paving the way for the creation of novel scaffolds. 

 

 

 

Figure 2: Synthesis of N-Acyl-N,O-hemiacetals from Terminal Alkynes. 

4.2 Metal-Free Tunable 1,2-Difunctionalization of Terminal  Alkynes: Synthesis of ɓ-   Substituted 

Ŭ,ɓ-Unsaturated Ketones.  

A novel method has been established for the metal-free adjustment of 1,2-difunctionalization in terminal 

alkynes, featuring a sequential formation of CīC and CīS bonds. The crucial aspect of this approach 

involves employing acetic acid as an acyl source to produce ɓ- substituted Ŭ,ɓ-unsaturated ketones. 

Under room temperature conditions, the reaction results in the selective acylation at the terminal carbon 

of alkynes, while at - 78 oC, the acylation takes place at the more substituted carbon (Figure 3). 

 

 

Figure 3: Synthesis of ɓ- Substituted Ŭ,ɓ-Unsaturated Ketones. 
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4.3 Visible-Light -Mediated Synthesis of Thioesters Using Thiocarboxylic Acid as the Dual Reagent.       

In this project, we have developed a method that uses visible light to synthesize thioesters without the 

need for a photocatalyst (Figure 4). This method involves using thiocarboxylic acids as both light-

absorbing agents and reactants. It is the first time that thioacids have been combined with thiophenols for 

thioester synthesis. This method is particularly useful for synthesizing thioesters of amino acids, which 

are important feedstock chemicals for NCL reactions. Additionally, this protocol can be used to synthesize 

thioesters of drugs. The method has high yields and uses inexpensive and easily accessible starting 

materials. We believe that its simplicity and accessibility will make it widely used in the synthesis of 

thioesters and beyond. 

 

 
 

Figure 4: Synthesis of Thioesters Using Thiocarboxylic Acid as the Dual Reagent. 
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2) Scientific work done: 

My Research Focus 

Dr Gupta's research group is dedicated to the precise isolation and structure elucidation of bioactive 

compounds from natural sources, including fungal/microbial cultures and plants and marine natural 

products. These groundbreaking studies hold significant implications in the domains of drug discovery 

and herbal medicine. 

Natural Products Drug Discovery 

In our various projects, we are actively engaged in the identification of new drug leads. Our largest project 

involves the exploration of plants a library of endophytic microbes and marine microbes, which can be 

explores to produce new anticancer, anti-Alzheimer, antimicrobial leads. This research is a crucial part of 

a program project supported by the Department of Pharmaceutical and Department of Science and 

Technology, where our team members are actively seeking leads from marine organism. Over the past 

few years, we have meticulously examined over 20 cultures, isolating more than 100 compounds, with 

over 1/15 of them representing new compound. In addition to that, we currently have several ongoing 

Phytopharmaceutical drug discovery projects, all cantered around the use of plant to identify small 

molecules that can effectively impact biological systems and can be developed as drug. 

 

Herbal Drugs 

The tools and skill sets that my group develops in the realm of drug discovery are directly applicable to 

working with herbal drugs. The end goals between these projects may differ, but the expertise we bring 

to herbal drug development is highly relevant. We specialize in developing reference standards to fully 

characterize herbal mixtures and are engaged in a project with colleagues from academia and industries 

to understand potential interactions between pharmaceuticals and herbal materials. Our herbal projects 

consistently apply natural product chemistry to enhance the safety and consistency of herbal products for 

consumers. 
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AMIT NARGOTRA  

 

Dr. Amit Nargotra (Senior Principal Scientist) with his Research Group  

 

1) Publications/Patents: 

 

1. Dixhya Rani, Diksha Kumari, Anil Bhushan, Vishwani Jamwal, Bashir Ahmad Lone, Gunjan 

Lakhanpal, Amit Nargotra, Kuljit Singh, Prasoon Gupta. Design, synthesis, and biological 

evaluation of eugenol-isoxazoline hybrid derivatives as potential anti-leishmanial agents. Journal 

of Molecular Structure (2024) https://doi.org/10.1016/j.molstruc.2024.138105  

 

2. Harshita Tiwaria,, Amit Kumar, Manas Ranjan Barika, Harjot Kaur, Shubham Mahajan, Monu 

Kumar Shukla, Monika Gupta, Govind Yadav, Amit Nargotra. Repositioning the existing drugs 

for neuroinflammation: A fusion of computational approach and biological validation to counter 

the Parkinsonôs disease progression Molecular Diversity (2023) https://doi.org/10.1007/s11030-

023-10708-5  

 

3. H Tiwari, D Raina, M Gupta, MR Barik, IA Khan, F Khan, A Nargotra. Identification of novel 

MurA inhibitors using in silico approach, their validation and elucidation of mode of inhibition. 

Journal of Biomolecular Structure and Dynamics (2023) 41(2), 457-468. 

https://doi.org/10.1080/07391102.2021.2007793  

 

4. Ravi S Manhas, Harshita Tiwari, Mateen Noor, Ajaz Ahmed, Jyoti Vishwakarma, Raja BM 

Tripathi, Ravishankar Ramachandran, Sreedhar Madishetti, Debaraj Mukherjee, Amit Nargotra, 

Asha Chaubey. Setomimycin as a potential molecule for COVID 19 target: in silico approach and 

in vitro validation. Molecular Diversity (2023) 27, 619ï633  https://doi.org/10.1007/s11030-022-

10441-5Φ 
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2) Scientific work done: 

Optimization of selected compounds in anti-viral mission project using AI  

Utilizing AI-driven approaches, we identified compounds with expected enhanced therapeutic efficacy. 

Molecular docking with Diffdock revealed favorable interactions of andrographolide and a novel scaffold 

S1 (selected under anti-viral mission) with the Mpro target. Scaffold hoping using AI-scaffold generated 

500 scaffolds, which were filtered for drug-like properties that resulted in 350 remaining scaffolds: 259 

for Andrographolide and 91 for S1. Virtual screening with PyRMD identified 74 active compounds: 40 

for andrographolide and 34 for the new scaffold. The list has been submitted to the Medicinal Chemist. 

Interaction analysis of these compounds would be carried out in order to identify the key interactions and 

design better affinity compounds (Figure 1).   

 

 
Figure 1: Strategy for optimization of selected anti-viral compounds against target Mpro using artificial 

intelligence tools. 

 

In silico screening and optimization of PARP protein inhibitors 

Applying virtual screening by using DiffDock and AutoDock, the potential of 28 compounds alongside a 

standard compound for therapeutic targeting of PARP1 was evaluated. The acceptable scores obtained 

suggested the compounds potential for further optimization and development as therapeutic agents 

targeting PARP1. Compound NDS-100805 had the highest score by Diffdock. Superimposition of 

rucaparib orientations showed no significant differences, affirming DiffDock's reliability. This helped in 

establishing the docking protocol using public domain AI-based tools, which would be further explored 

for optimizing the compounds for PARP inhibition, as well as selectivity studies of PARP1 & PARP2 

(Figure 2). 
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Figure 2: (A,B) 3D and 2D Interactions of bound ligand (rucaparib) with amino acids of binding site of 

target (C,D) 3D and 2D Interactions of top compound NDS-100805 with amino acids of binding site of 

target. 

 

Similarity search and virtual screening of AdipoRon compounds 

Similarity search on Institutional compound repository for AdipoRon, a known anti-diabetic agent, and 

four additional compounds was carried out for identifying inhibitors for AdipoR1 receptor. Thereafter 

virtual screening by docking was performed to rank order and prune down the compounds to a reasonable 

number. The compounds list was submitted to the Pharmacology division, and a joint project proposal 

has been submitted to the funding agency for further studies (Figure 3). 
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Figure 3: Similarity search and virtual screening of AdipoRon compounds. A total of 56 compounds 

were submitted to Pharmacology division for assay set up and wet lab evaluation. 

 

Elucidation of Phytochemicals of Cannabis sativa to explore their role in neurodegenerative 

diseases using network pharmacology approach.  

One new compound and two targets for neurodegenerative diseases have been identified. Further work 

and analysis is ongoing before the final targets for wet lab validation are identified. Additionally, network 

pharmacology work was carried out on Ginkgo biloba towards elucidation of the mechanism of action of 

its phytoconstituents for huntingtonôs disease. One compound was identified using network analysis, 

molecular docking and MD simulation study for huntingtonôs disease. The CYP1A1 target protein was 

identified through network analysis and also reported in literature for its vital role in huntingtonôs disease. 

This corroborated with our network studies. The best hit found to be interacting with identified target 

protein CYP1A1 where ASP A:320 amino acid residue plays vital role in huntingtonôs disease. The 

manuscript for the same is under preparation (Figure 4). 
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Figure 4: (A) represents MCODE original cluster network of cytohubba analysis which identified 

potential compounds and targets (Dark red: Seed protein; Red: Significant interactions; Yellow: Non 

significant interactions). The protein-ligand interaction of top compound were assessed by molecular 

docking study as shown in (B) representing the docked pose of top compound w.r.t., TRAF6 target 

protein and (C) represents the stability of their complex via MD simulation study. 

 

Molecular Docking analysis of Natural product library compounds against Sterol C-24 

methyltransferase (SMT) protein.  

The potential interactions among six inhibitors were identified for SMT protein of Leishmania donovani. 

Two potential anti-leishmanial hits, displayed substantial interaction with LdSMT along with significant 

leishmanicidal activity. The relationship between binding affinity and obtained IC50 values indicates the 

potential of identified molecules to act as LdSMT inhibitors (Figure 5). 

 
 

Figure 5: Docked pose of standard molecule (Amphotericin B) against SMT protein of Leishmania 

donovani which showed similar protein interactions (Gln 263, Phe264, Arg89, Glu81,Ile296) as 

identified in the hits from the natural product library. 
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Development of Scientist-Project mapping database portal.  

 

This portal provides the information related to the projects that each scientist has. The portal is enabled 

with search facility w.r.t. the Scientists, Project title, Project code, role etc.  

 

 
 

 

Figure 6: Snapshot of the scientist-project mapping portal. The portal provides a search based on 

Project title, code or PI name. The status update of the Institutional compound repository is also 

integrated on this portal. 
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JASHA S. MOMO HMUNGSHEL ANA L  

 

Dr. Jasha S. Momo Hmungshel Anal(Scientist) with his Research Group  

 

 

I. Publications/Patents: 

 

1. Puneet Kumar, Ruhi Singh, Deepak Sharma, Qazi Parvaiz Hassan, Boobalan Gopu, Jasha Momo 

H. An«l*, Design, synthesis, and biological evaluation of chalcone acetamide derivatives against 

triple-negative breast cancer. Bioorganic & Medicinal Chemistry Letters, 107 (2024) 129795 

(Impact factor: 2.7). 

2. Mohd Hassan, Jasha Momo H. Anal, Ravail Singh, Comprehensive analysis of codon usage 

pattern in Eisenia fetida and its correlation with gene expression. Biocatal. Agric. Biotechnol., 52, 

102810 (2023). https://doi.org/10.1016/j.bcab.2023.102810.  

(Impact factor:4.0). 

3. Kyndiah L, Sarkar FK, Gajurel S, Sarkar R, Jasha Momo H. Anal, Pal AK. Pd@GO catalyzed 

stereo- and regio-selective addition of arenes to alkynes and synthesis of coumarins via CïH 

functionalization. Org. Biomol. Chem., 21, 7928-7934 (2023). 

https://doi.org/10.1039/D3OB01237A. (Impact factor: 3.2).  

4. Waseem Iqbal Lone, Jagdish Chand, Puneet Kumar, Yashi Garg, Zabeer Ahmed, Debaraj 
Mukherjee, Anindya Goswami *, Jasha Momo H. An«l *, Discovery of colchicine aryne cyclo-

adduct as a potent molecule for abrogating epithelial to mesenchymal transition via modulating 

cell cycle regulatory CDK-2 and CDK-4 kinases in Breast Cancer Cells.  (Manuscript Under 

Revision). 

5. Anti-inflammatory Activity of Indole and Amide Derivatives of Ursolic Acid: Design, Synthesis, 
and Docking Studies.Kumar P, Choudhary R, Kour G, Ahmed Z, H. Jasha Momo H. Anal*. Che 
5ǊΦ !Ƴƛǘ bŀǊƎƻǘǊŀ mRxiv., 2023; doi:10.26434/chemrxiv-2023-30d1n. 
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II.  Scientific work done: 

 

Phytochemical Investigation of Major Compounds from Humulus Lupulus 

Humulus lupulus, commonly known as hops, is a flowering plant in the hemp family Cannabaceae, native 

to Europe, western Asia, and North America. In India, it grows wildly in Kashmir valley, Lahaul-Spiti in 

Himachal Pradesh, and Champawat in UP hills. It is a perennial, herbaceous climbing plant that sends up 

new shoots in early spring and dies back to a cold-hardy rhizome in autumn. It is dioecious (separate male 

and female plants). The female cone-shaped fruits from H. lupulus are used by breweries to preserve and 

flavor beer, and so H. lupulus is widely cultivated for use by the brewing industry. The fragrant flower 

cones, known as hops, impart a bitter flavor and aromatic and preservative qualities. Humulus lupulus 

(hop) contains a variety of sesquiterpenoids, diterpenoids, triterpenoids, phytoestrogens, and the 

flavonoid xanthohumol.  

a. The key compounds important for flavoring hops are the resins and essential oils. The resin fraction 
consists of several components, the most significant being the Ŭ-acids or humulones, which are the 

source of bittering compounds. There are three variants of acids, cohumulone, adhumulone, and 

humulone, making up 2ï15% dry weight. When heated during wort boiling, the acids undergo 

isomerization to more soluble and bitter compounds called iso-Ŭ-acids, which also exist as isomers 

(Figure 1).  

 

 
Figure 1: Ŭ- and ɓ- acids of hops plant. 

Xanthohumol (XN) a principal prenylated chalcone, is present in female inflorescences of Humulus 

lupulus (hops) and beer. In recent years, XN has been among the phenolic compounds, a growing interest, 

and their presumed role in preventing various degenerative diseases, such as cancer, cardiovascular 

diseases, and neurodegenerative disorders (dementia, Alzheimer's, Parkinson's). XN is a significant 

element in beer and has various medicinal applications, which include anti-inflammatory, antimicrobial, 

antioxidant, immunomodulatory, antiviral, antifungal, antigenotoxic, antiangiogenic, and antimalarial 

effects, as well as anticancer solid activity towards various types of cancer cells. This compound has vast, 

interesting biological activities reported for therapeutic effectiveness (Figure 2). 

 

 

 

 

 

 

 

 

Figure 2: Xanthohumol and isothohumol. 
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Antibacterial Activity of Structurally Diverse Natural Prenylated Flavonoid Derivatives 

Isobavachalcone (IBC ) is a natural prenylated flavonoid containing chalcone and prenyl chain moiety 

with a wide range of biological and pharmacological properties. In this present work, we have synthesized 

structurally diversified derivatives (IBC -2 to IBC-10) from the natural prenylated chalcone IBC isolated 

from Psoralea corylifolia and access their antibacterial potency against Gram-positive and Gram-negative 

bacterial strains S. aureus ATCC 29213, MRSA ATCC 15187, E. coli ATCC25922 and P. aeruginosa 

ATCC 27853. IBC and IBC-2 exhibited a minimum inhibition concentration (MIC) of 5.0 ɛM against S. 

aureus ATCC 29213, whereas IBC-3 exhibited a broad-spectrum activity against significant bactericidal 

activity. Cytotoxicity assessments on the murine RAW 264.7 macrophage cell line revealed minimal to 

moderate cytotoxicity for IBC-2 and IBC-3 with a favorable selectivity index (>10). Time- and 

concentration-dependent studies further supported the bactericidal nature of the compounds, as IBC , 

IBC-2, and IBC-3 exhibited concentration-dependent killing against S. aureus in a time-dependent 

manner. Furthermore, the combination studies alongside SEM analysis suggest that IBC -3's mechanism 

of action points towards the bacteria's cytoplasmic membrane or cell wall.The bioactive compounds 

displayed promising drug-like characteristics and a favorable pharmacokinetic profile (ADME-Tox), 

indicating a projected high oral bioavailability. The structural activity relationships (SARs) drawn from 

this study reveal certain key functional groups responsible for this antibacterial potential, which will be 

helpful in the future discovery and development of antibiotics from natural products to decipher the 

antibiotic resistance crisis (Figure 3). 

 

Figure 3: Graphical representation of the antibacterial activity of structurally diverse natural prenylated 

flavonoid derivatives. 
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Antibacterial Potential of Novel Thymol Derivatives against MRSA and P. aeruginosa Pathogenic 

Bacteria 

Thymol, a natural monoterpenoid phenolic compound isolated from Monarda citriodora, is known for its 

aromatic, therapeutic properties and exhibits antimicrobial activity. The recent escalating threat of 

antibiotic resistance requires discovering plant-based antimicrobial agents and natural compounds, which 

have emerged as promising candidates. In this study, dihydroprymidone and dihydropyridine thymol 

derivatives were synthesized, and the antimicrobial properties of thymol derivatives were explored. These 

compounds 3(a-i) were evaluated for their antibacterial activities in vitro against pathogenic 

microorganisms, including P. aeruginosa (Gram-negative) and MRSA (Methicillin-Resistant 

Staphylococcus aureus) (Gram-positive). The results showed that compound 3i exhibited promising 

antibacterial activity among the derivatives against P. aeruginosa and MRSA, with MIC values of 12.5 

µM and 50.0 µM, respectively. 

Additionally, a synergistic effect of 3i for its combination therapy reveals that it can potentially synergize 

vancomycin activity. In-silico physiochemical properties of 3i obey all rules of drug-likeness. The 

docking study of the bioactive compound 3i and its protein target also gives insight into the binding 

affinity, which has a better binding affinity to the protein-ligand interactions than thymol (Figure 4). 

 

Figure 4:  Antibacterial Potential of Novel Thymol Derivatives against MRSA and P. aeruginosa 

Pathogenic Bacteria. 
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YOGESH PANDHARINATH BHARITKAR  

 

Dr. Yogesh P. Bharitkar with his Research Group  

 

I. Publications/Patents: 

1. Chetan Paul Singh, Rohit Singh, Ghulam Mustafa, Ramajayan Pandian, Ravindra S. Phatake, 

Yogesh P. Bharitkar*. Discovery of structurally important cycloartane-type triterpenes from 

Dysoxylum binectariferum leaves and their anti-inflammatory activity. Journal of Molecular 

Structure, 2024, https://doi.org/10.1016/j.molstruc.2024.138183   

2. Chetan Paul Singh, Priyanka Sharma, Manzoor Ahmed, Diljeet Kumar, Yogesh Brijwashi 

Sharma, Jayanta Samanta, Zabeer Ahmed, Sanket Kumar Shukla, Abhijit Hazra, Yogesh P. 

Bharitkar*. Semi-synthesis of novel dispiro- pyrrolizidino/ thiopyrrolizidino-oxindolo/ indanedione 

natural products hybrids of parthenin followed by their cytotoxicity evaluation ACS Omega, 2023,  

8, 38, 35283ï35294. 

3. Diksha Kumari,, Parampreet  Kour, Chetan Paul Singh, Rinku Choudhary, Syed Mudassir Ali, 

Sagar Bhayye, Yogesh P. Bharitkar,* Kuljit Singh.*  Anhydroparthenin as a dual-target 

inhibitor against Sterol C-24 methyltransferase and Sterol 14-Ŭ demethylase of Leishmania 

donovani: A comprehensive in vitro and in silico study, International Journal of Biological 

Macromolecules, 2024, https://doi.org/10.1016/j.ijbiomac.2024.132034 

4. Yedukondalu Nalli, Sahil Bharti, Tanzeeba Amin, Rohit Singh, Jayaprakash Behera, Sagar S. 

Bhayye, Yogesh P. Bharitkar, Anindya Goswami, Mahendra Kumar Verma. Bioassay-

guided fractionations of Cannabis sativa extract and HPLC-assisted purifications of anti-

proliferative active fractions lead to the isolation of 16 known and one new phytomolecule 

https://doi.org/10.1016/j.molstruc.2024.138183
https://doi.org/10.1016/j.ijbiomac.2024.132034
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and their in-silico analysis. Medicinal chemistry Research, 2024, doi.org/10.1007/s00044-

024-03199-y. 

5. Shabir Ahmad Mir, Mir Shahid Maqbool , Yogesh P. Bharitkar, Fayaz 

A. Malik , Syed Khalid Yousuf. Suzuki coupling-based synthesis and in vitro cytotoxic 

evaluation of C-2 aryl derivatives of withaferin A. Steroid, 2023, 

doi.org/10.1016/j.steroids.2023.109246 

 

 
II.  Scientific work done: 

(A) Discovery of structurally important  cycloartane-type triterpenes from Dysoxylum 

binectariferum leaves: 

We recently reported the isolation of architecturally interesting triterpene molecules 1ï10 from a 

chloroform extract of D. binectariferum leaves (Figure 1). The chloroform extract of D. binectariferum 

leaves had been subjected to repeated silica gel column chromatography, semipreperative HPLC, and 

crystallization. This led to the isolation of triterpenoid molecules 1ï10 with distinct structural features 

(Figure). Nine undescribed cycloartane-type triterpenes (2ï10) were isolated from the leaves of 

Dysoxylum binectariferum. 

 
Figure 1: Chemical structures of selected cycloartane-type triterpenes isolated from Dysoxyllum 

binectariferum (1ï10) 

 

(B) Semi-synthesis of novel dispiro- pyrrolizidino/ thiopyrrolizidino -oxindolo/ indanedione 

natural products hybrids of parthenin followed by their cytotoxicity evaluation: 

Natural products possess unique and broader intricacy in chemical space and have been an essential source 

for drug discovery. The crucial factor for drug discovery success is not the size of the library but its 

structural diversity. Although the reports on number of new structurally diverse natural products (NPs) 

https://doi.org/10.1016/j.steroids.2023.109246
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have declined recently, researchers follow the next logical step: synthesizing natural products hybrids and 

their analogs using the most potent tool, diversity oriented synthesis (DOS). Here we used the weed 

Parthenium hysterophorus as a source of parthenin for synthesis of novel dispiro-pyrrolizidino/ 

thiopyrrolizidino-oxindolo/ indanedione natural products hybrids of parthenin via chemo, regio, and 

stereoselective azomethine ylide cycloaddition. All synthesized compounds were characterized through 

detailed analysis of 1D, 2D NMR and HRMS, and the stereochemistries of the compounds were 

confirmed by X-ray diffraction analysis. All compounds were evaluated for their cytotoxicity against four 

cell lines (HCT-116, A549, Mia Paca-2, and MCF-7) and compound 6 (dispiro-pyrrolizidino indanedione 

hybrid of parthenin) inhibited the HCT-116 cells with an IC50 of 5.0 Ñ 0.08ɛM.  

 

Figure 2: Semi-synthesis of novel dispiro- pyrrolizidino/ thiopyrrolizidino-oxindolo/ indanedione 

natural products hybrids of parthenin followed by their cytotoxicity evaluation. 
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SHOWKAT RASHID  

 

Dr. Showkat Rashid (Senior Scientist) with his Research Group  

  

 

I. Publications/Patents: 

 

1. Lone, W. I.; Rashid, A.; Bhat B. A.;* Rashid S.* Chemoselective Oxidation of Aromatic 

Aldehydes to Carboxylic Acids: Potassium tert-butoxide as an Anomalous Source of 

Oxygen,ChemComm.,2024. 

(https://pubs.rsc.org/en/content/articlelanding/2024/cc/d4cc01639d) 

2. Rashid, A.; Lone, W. I.; Dogra, P.; Rashid, S.;* Bhat, B. A.;* HFIP-mediated C-3-alkylation 

of indoles and synthesis of indolo[2,3-b]quinolines& related natural products, Org. Biomol. 

Chem., 2024, 22, 3502-3509. 

3. Rashid, S.; Lone, W. I.; Rashid, A.; Bhat B. A. Inverse electron demand Diels-Alder reaction 

in total synthesis of bioactive natural products, Tetrahedron Chem., 2024, 09, 100066 

4. Rashid, S.; Husain, A.; Bhat B. A.; Mehta, G. Incisive Analysis of Hydrogen-Bonded 

Supramolecular Architectures in designer Polycyclitols: Observation of Some Interesting Self-

Assembly Patterns, CrystEngComm., 2024, 26, 1952-1961. 

5. Rashid, S.; Murakami, T.; Koganezawa, H.; Yoshigoe, Y.; Hosoya, S.; Saito, S. Fluorinated 

[2]rotaxanes with spirofluorene motif: non-symmetric distribution of the ring component 

along the axle component. New J. Chem., 2023, 47, 900. 
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II.  Scientific work done: 

a) An efficient and scalable total synthesis of Paeoveitol and its analogues was accomplished 

through a novel synthetic route using TiCl4 assisted lactonization and Heterogeneous Inverse 

Electron Demand Diels-Alder Reaction (IEDDAR) as key steps (Figure 1). All these molecules 

were evaluated for their Anti-Alzheimerôs potential in collaboration with Dr. Ajay Kumar (Pr. 

Scientist IIIM Jammu) and we are having some interesting results. We are currently working on 

the mechanistic aspects of this study. 

 

 
Figure 1: Total synthesis of Paeoveitol and its analogues. 

 

b) Metal free C-3 alkylation of indoles and its NIS-mediated deviation to Indolo[2,3-b]quinolones 

was established in our laboratory (Figure 2). This protocol was executed in aqueous HFIP, had 

excellent substrate scope and is well inclined towards the ideas of green and sustainable 

chemistry. Applications of these strategies in accessing privileged bioactive natural products like 

vibrindole, norcryptotakeine, neocryptolepine and indenoindolone scaffolds was also 

demonstrated. The highly functionalized, diverse indole scaffolds were evaluated for their 

potential against multidrug resistant microbial strains and we have got some interesting results 

and currently we are engaged in generating better hits in this domain.  

 

 
Figure 2: Metal free C-3 alkylation of indoles and its NIS-mediated deviation to Indolo[2,3-

b]quinolones. 

c) A robust, chemoselective and gram scale oxidation protocol for aromatic and heteroaromatic 

aldehydes to their corresponding carboxylic acids was recently established in our research group 

(Figure 3). Potassium tert-butoxide acts as an anomalous oxygen source and delivers the 

corresponding acids without chromatographic purifications. Use of table-top reagents, broad 

substrate scope, simple operational executions, excellent chemo-selectivity with respect to the 

oxidation of least preferred aldehyde functionality in presence of more susceptible functional 

groups and more importantly its scope to be executed at large/industrial scale are some of the key 

applications of this strategy. 
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Figure 3: Oxidation protocol for aromatic and heteroaromatic aldehydes to their corresponding 

carboxylic acids. 

d) Many guaiane based natural products have been synthesized previously via hemi-/semi- 

synthesis, chiral pool or transannular ring cyclization approaches (Figure 4). Such syntheses have 

been very specific towards some particular natural product targets. We became interested in 

ñmultifacetedò and ñunified strategiesò which can target a range of natural products belonging to 

both guaianolide-6, 12 and guaianolide-8, 12 sub-classes. An interplay between Ring Closing 

Metathesis (RCM), Wacker oxidation and Tanabe lactonization has been used to assemble some 

structurally novel bioactive natural products belonging to Guianolidesesquiterpene lactones 

(GSLs). The research outcome from this endeavour is expected to furnish important therapeutic 

compounds in scalable quantities with implications in various medicinal chemistry and drug 

discovery programs currently operating in our research institute. 

 

 

Figure 4: Reported strategies to assemble the 1,4-dimethyl-azulene framework present in diverse 

natural products and our 'Unified Approach'. 

e) A scalable and commercially viable synthesis of potent histone deacetylase (HDAC) inhibitor 
panobinostat and its close congener, dacinostat through a non-infringing route has been 

accomplished in our research group under Centre for Marine Therapeutics project (CMT). Key 

advanced intermediates, like 2-methyltryptamine, tryptamine and ethyl (E)-3-(4-

formylphenyl)acrylate were synthesized on multigram scale from commercially available and 

cheap starting materials in an expeditious fashion. Requirement of very few column 

chromatographic purifications, use of benchtop reagents, good to excellent yields and provisions 

for scale up make this approach a practical endeavor for industrial production. We are currently 

in the process for patent filing. 
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Dr . Ravindra Phatake (PI) with his Research Group  
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1. Discovery of structurally important cycloartane-type triterpenes from Dysoxylum binectariferum 

leaves and their anti-inflammatory activity Chetan Paul Singh, Rohit Singh, Ghulam Mustafa, 

Ramajayan Pandian, Ravindra S. Phatake*, Yogesh P Bharitkar*, J. Mol. Struct., 2024, 1309, 

138183. Scoparone Chemical Modification into Semi-Synthetic Analogs Featuring C-3 

Substitution for their Anti-Inflammatory Activity  

2. Chetan Kumar*, Pankaj Chibber, Ritu Painuli, Syed Assim Haq, Ram A. Vishwakarma, 

Gurdarshan Singh, N. K. Satti, Ravindra S. Phatake*, Molecular Diversity, 2023, DOI: 

10.1007/s11030-023-10687-7  A Tuning the Latency by Anionic Ligand Exchange in Ruthenium 

Benzylidene Phosphite Complexes 

3. Nebal Alassad, Ravindra S. Phatake*, Mark Baranov, Ofer Reany and N. Gabriel Lemcoff *, 

Catalysts 2023, 13(11), 1411 Ruthenium Olefin Metathesis Catalysts with Six Membered 

Chelating Dithioacetal Ligands: Synthesis and Reactivity  

4. Gal Segalovich-Gerendash, Mark Baranov, and N. Gabriel Lemcoff*, Ravindra S. Phatake*, 

Organometallics 2023, 42, 9, 825ï831. Plasmonic Vis-NIR photothermal activation of olefin 

metathesis enabling photoresponsive materials 

5. Nir Lemcoff, Noy B. Nechmad, Or Eivgi, Elad Yehezkel, Ofir Shelonchik, Ravindra S. Phatake, 

Doron Yesodi, Anna Vaisman, N. Gabriel Lemcoff and Yossi Weizmann* Nat. Chem. 2023, 1ï8  

6. Bis(pentafluorophenyl)borane catalyzed E-selective isomerization of terminal alkenes to internal 

alkenes  Ravindra S. Phatake, Tizian M¿ller, Arthur Averdunk, and Urs Gellrich* Org. Chem. 

Front., 2023, 10, 1128-1133  

7. Steric and electronic effects in latent olefin metathesis catalysts Nebal Alassad, Noy Nechmad, 

Ravindra S. Phatake, Ofer Reany* and N. Gabriel Lemcoff*, Catal. Sci. Technol., 2023, 13, 321-

328  
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Discovery Utilizing Natural Products. 

¶ Ritu Painuli, Biru Chauhan, Kanhaiya Kumar, Chetan Kumar*, and Ravindra S. Phatake* 

¶ Chapter 13, 2024, Book- Secondary Metabolites and Drug Discoveries 

¶ Assessing the Value of Allopathic Medicine in Non-Communicable Disease Management: Costs, 

Benefits, and Side Effects 

¶ Ritu Painuli, Abhishek Kumar Gupta, Chetan Kumar*, and Ravindra S. Phatake* 

¶ Chapter 16, 2024, Book- Secondary Metabolites and Drug Discoveries 

 

II.  Scientific work done: 

Currently, our lab is working on improving the bioactivities of biologically significant natural 

compounds by creating semi-synthetic analogues and developing novel small drug-like molecules. Our 

research on medicinal chemistry focuses mainly with the critical problems that account for the majority 

of mortality worldwide, such as cancer and tuberculosis. The main goal of the research effort revolves 

around the identification and synthesizing of small molecules with anti-inflammatory, anti-tubercular, 

and anti-cancer activities. We have a strong believe in the concept that medicinal-organic chemists can 

develop cutting-edge medicines that deal with upcoming health issues and emergencies. Currently, more 

focus is on the development of bioactive small molecule, step-economical diversity-oriented heterocyclic 

library synthesis, development of metal catalysed C-C, C-N, & C-B bond formation reactions and organic 

polymer-materials for medical applications.  

Within a short time period at CSIR-IIIM, in our lab we have already identified several small 

molecules (natural products based and new chemical entities) showing promising properties for targeted 

anti-inflammatory, anti-tubercular, and anti-cancer activities. Already having three lead compounds for 

anti-inflammation with promising properties on the basis of in vitro and in vivo data (Molecular Diversity, 

2023, DOI: 10.1007/s11030-023-10687-7). Further targeted library synthesis and additional in-depth 

research is in progress. Some of our hybrid molecules based on natural products have been systematically 

investigated and have shown significant anti-tubercular and anti-cancer potential, additional detail study 

is in progress. At the same time our focus is on catalysis to develop new methods for C-C and C-N bond 

formation reactions are working well. We already established methodologies for generating biologically 

important nitrogen containing heterocycles and fluorescent molecules by using non-precious metals.  

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

AMOL B. GADE  

 

 

Dr . Amol B. Gade with his Research Group  

 

I. Publications/Patents: 

1. Amol B. Gade,* Urvashi, Nitin T. Patil,* Asymmetric gold catalysis enabled by specially 

designed ligands, Org. Chem. Front. 2024, 11, 1858-1895. 

 

II.  Scientific work done: 

Our group specializes in scouting routes and developing processes for Active Pharmaceutical Ingredients 

(APIs), particularly focusing on using environmentally friendly solvents derived from renewable 

resources. These solvents have lower toxicity than traditional organic solvents, and incorporating them 

into our synthetic methodologies helps reduce the environmental impact of chemical manufacturing. We 

also use alternative reagents to develop sustainable and cost-effective methods, reducing our reliance on 

precious metals. This not only lowers production costs but also lessens the environmental impact of 

pharmaceutical synthesis. We have successfully synthesized two key API molecules, Lenalidomide and 

Valsartan, at a gram scale and have developed processes for the required starting materials. 

Additionally, as part of the CSIR antiviral mission program, we have designed and synthesized new 

chemical entities (NCEs) that effectively inhibit the SARS-CoV-2 main protease (Mpro). This protease is 

essential for the viral life cycle and has become a primary target for antiviral drug development. Our small 

molecules are designed to noncovalently target the Mpro, demonstrating our commitment to innovative 

antiviral solutions. 

Furthermore, our recent review titled "Asymmetric Gold Catalysis Enabled by Specially Designed 

Ligands" discusses the design and development of ligands for asymmetric gold catalysis, aiming to foster 

further growth in the field. 

 

 


