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From Director’s Desk

It gives me immense pleasure to present the annual report of-CiMRor 202324. This

report achieved significant milestones in natural products researgthnology
development, and societal impact. During the years 2023we have been able to file

13 new patents in India and 16 patents abroad during the same period. Duengeén
202324, CSIRIIM, Jammupublished 26 scientific publications with an average impact
factor of 3.97. A total number of 30 Skill Development Programs underl@8{fRated

Skill Initiatives have been organized in the same year, bemgf2801participants all

over the country.CSIRIIM Jammu had a productive year, marked significant
achievements. However, the institute initiated Lavender cultivation in Udhampur District,
hosted the Lavender Festival on"lBecember 2023, and conducted outreach programs

to promote sustainable agriculturen 27" April 2024. Also,they organized a public
outreach program with PRIs for awareness about @%ta Mission, Floriculture
Mission and Agri StartUps orf“February 2024Celebrated the Climate Clock Assembly.
Moreover, they2 NHI YA T SR | &, 2®&I1R" Sépeyit@f 2028 StéPoliey ™
| dZRA 02 NRA dzY Ddzf &Ky DNRBdzyRE t2ft A0S [AySa
Minister of State (I/C) Science & Technology and Vice President, CSIR, was Chief Guest a
the inaugural event on T6September 2022nd! 2y Q6 f S A0S t NBaAR
Jagdeep Dhankhary I dz3dzNJ 4§ SR a83IF 9ELR dzyRSNJ (KSY
b2NIUK LYRALFE | 4" Jankan2R2dzThesd lefiors dzonbified with strong
research and innovation, have elevated CHIMR Jammu to the 3radank among CSIR
laboratories and the top position within the biology cluster. Eventually, | would like to
express my gratitude to all stakeholders, including the scientists, staff, and students of
CSIRIIM, whose collective efforts have contributed to thexceptional outcomes
featured in this annual report.

Dr. Zabeer Ahmed
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Dr. Qazi Naveed Ahmed (Head, NPMC Wision and Senior Principal Scientist)with his
Research Group
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Patents

T Phosphorylated Rucapari b AQakzogihNeseas RAREBII N
Padder, Sajjad Ahmed, Zoya Shafeeq, Mohammad )\
Dar , Yas hi Gar g, Feroze Hussain, Ani nPpa e ®BD s\
Application No. 202411016691, provisional pat

T Synt hestikset opr ds{tuanzoizoNaveed Ahmed, Dumbal a S
Mahaj an, Giri Teja 111 a, Kapendra Sah®atAnpi t
Application: | N20231QaP39079 Filed on 01

1) ResearclhntAeeast s:

Organic synthesis, medicinal chemistry, In particular applications of functional -girowgm synthetic
methalologies across glycochemistnyg-conjugation/bioorthogonal chemistry and Istage
modification of bioactives,Synthesis of long term metabolites as reference standards for doping analysis
in sports.

2) Scientific work done:
T Work Achievements in the Natiolnlal MD@PRR Test i n:q

In the current ongoing project with National Dope Testing Laboratory {NDTL, only lab in INDIA working
under the guidance of World ArDoping Agency (WADA)}, we aim at the synthesis of different reference
standards of metabolites and long term metaboldes of these metabolitefmllowing metabolites has been
synthesized in our lab and dispatched to NDFigqre 1). In future, PKPD analysis of the synthesized
metabolites will be carried out in CSIRM along with the synthesis of new list of long temretabolites
which will be provided by NDTL.
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Figure 1. Work achievements by CSIRM in project with NDTL (GAP-3102).

Among these metabolites, patenkehapr o $Qaa Naleed led 1
Ahmed, Dumbala Srinivasa Reddy, Sheena Mahajan, Giri Teja llla, Kapendra Sahu, Arpit Soni, Puran Lal
Sahu and Zabeer Ahmed, Patent Application: IN202311059079 Filed-08-2023)

T DMSTKOH medi ated stereo®eldna&nitdee: saymt br pedi toif

enami de bearing natur al product s.

An efficient strategy towards stereoselective amidatfaalkynes is reported. The given method features
operational simplicity, excellent functional group tolerance, broad substrate scope and fast kinetics to
furnishZ-enamides. Moreover, the method was successfully applied for the facile synthesis of the natural
products lansiumamide A, lansiumamide B @ndlatamide. Notably, DMSO plays two vital roles:
hydrogen source and solveRidure 2).
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Figure 2: Stereoselective amidation of alkynes.



T Synthesis of unsymmetric phosphoro-ttrch-NNpDat es
diethyl phosphanamine with thiols and sul fenyl

Herein, we present the first, oiséep, direct synthesis of unsymmetric phosphorotrithioates through a
process involving sequential coupling of -Hithloro-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. Aditionally, the applicability of this method can be extended to the synthesis of mixed
phosphoroselenodithioateSigure 3).

5

R,SH Rs3< 5+,CI [ First One Step Report) Advantages
@ One-step Process
c| 2 (\? I @ Novel and additive-free
~enen. R,S-P=SR; | or| R,s—P~sePh| ® 30 min reaction time
“NEt, 0o 3 R4S R,S @ low temperature reaction
/ Ctort @ Broad Substrate Scope
X=S/Se 30 min. ® Asymmetric approach

R4SH
Figure 3: Synthesis oinsymmetrigphosphorotrithioateandphosphoroselenodithioates.

T Synthesis of mi xeddAgdhiosphooapti nhi avattérs bi s ( di
phosphine and sulphenyl chloride.

In this study, we report a novel and efficient goa 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 diveg thiols as nucleophilic reactantschloro-N,N,NN}N;
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 dhethesis of phosphoroselenodithioates,
underscoring the broad applicability of this synthetic protoEgure 4).

o I
N (iPr CHCl, I |
R1SH + F', (iPr), + RZ\X/CI > 1S/F\XR2 ! X =S or Se
- o I
(iPr), N ClI 0°Ctort R,S |
' Advantages !
E @ Additive-free ® Room temperature reaction !
! @ One-pot ® Broad Substrate Scope :

: ® 30 min reaction time @ Easy operation

Figure 4: Synthesis of mixed phosphorotrithioates phdsphoroselenodithioates.

1 1>-DMSO Promoted Deaminative Coupling Reactions of Glycine Esters: Access to- 5
(Methylthio)pyridazin -3(2H)-ones.

An unprecedented, orstep strategy for the synthesis efrbethylthio)pyridazir3(2H)-one derivatives

has been developed through iodine triggered deaminative coupling of glycine esters with methyl ketones
and hydrazine hydrate in DMSO. These transfornmatio the absence of hydrazine helped to generate
different 3methylthio4-oxo-enoates in good yield§igure 5). Notably, DMSO played multiple roles

such as oxidant, methylthiolating reagent, and solvent.



H .
0 0
.N 0 .
" OR ") o’
Iy _ =
|| Ar
=

+ R ] A}
o 0
H'H L 18 examples 21 examples “N-
H,N-NH, (::o)‘ p
hydrazinehydrate up to 77% | Ar
metal free Z
broad substrate scope 6 examples

Figure 5: Synthesis 05-(methylthio)pyridazin3(2H)-one derivatives

1 BFsiEt2O Promoted Heteronucleophilic Addition Reactions for the Synthesis of
Unsymmetrical gem-Diarylmethyl Thioethers.

Herein, we present the BBF, mediated activation of diphenyl phosphite for the formation of thionium
ions from aldehydes and thiophendisgure 6). These reactive species subsequently undergo reaction
with in situgenerated phenol, resulting in the synthesis of diarylmethyl thioethers. It was demonstrated
that the addition of external phenol in the reaction produced unsymmegitadiarylmethyl hioethers

in good yields.

OH B OPh 7 e e OH SArBF, |}
H/3\0Ph . OH . ArZ;SH i o ] Ar Pié ~ gl—;3\;BF4_promoted
. ! ] i 1 H activation
Nu, @ M ' j ] /I‘:":OPh JJ: PhO/\OPh BF4 Bﬁoa)d substrate scope
Nu, ' i Arg :z_(') 5 eOF-)h ! Nu, P(IV) + Heteronucleophilic Addition
' | 1 BF; Et,0 |(0-5 equiv). Ar SAr Reactive :
Arg 6 SAr; s ACN & ° 3 1 4 2 intermediate

Figure 6: Synthesis of UnsymmetricgemDiarylmethyl Thioethers.

1 BFsi Et20 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
BFsi EO. In this method, B&F EO 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, aliplsaticdole

and 3methylanisole. The simplicity of the reaction conditions and the high yields achieved make this
method promising for applications in areas where phosphonate compounds are of Fitpues{r].
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Figure 7: Synthesis of arylmethyl substituted organophosphorus compounds.

1 Tf20-Promoted Regioselective  Heteronucleophilic  Rin®pening  Approaches  of
Tetrahydrofuran .

The ringopening functionalization strategy in tetrahydrofuran (THF) represents an ideal approach to
access different valuable structurBgy(re 8). Herein, we report different operationally simple, efficient,
unique, and practical regioselective heteronucleophilicopgning strategies for the THF systenpx(f

which is a strong electrophilic activator, was found to generate a THF triflate intermediate that triggers
the nucleophilicity of nitriles (Ny) and led to regioselective ring opening in the presence of different
nucleophiles (Ny). Furthermore, the synthesis of different heteronucleophilicoipgning dimerization
products was attributed to the nucleophilicity of .NWe also demonstrated that use of borane
tetrahydrofuran (BTHF) can achieve challenging hydride addition in a similar manner.

| Phenol, ! Tf?o 'Acid, Alcohol,:
lo PBr::’CI?,E Nu, (0} RCN ::,2 lo
R)\N/\/\/O\/\/\Nu2 <72' THF Nuy — R)\N/\/\/N'"2
H THF THF H
— dimeric products 85 °C 85 °C —
Nuy 13 examples Nuy
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+ Novel & highly regioselective BH;-THF 57 examples
v Heteronucleophilic ring-opening 85 °C
strategy |0
! Broad substrate scope R)\N/\/\/o\/\/\H
+ Appreciable yields H
& metal free “——  hydride addition ~ NY2
Nu, dimeric products
6 examples

Figure 8: Tf20-Promoted Regioselective HeteronucleophRiag-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

1 Microwave-Assisted PEG400 Medaited Synthesis of 4;8lihydro-1H-benzofg] indazole
Derivatives: An Enaminone Approach.

A simple, rapid and conceptually new efficient protocol for the synthesis oflidyslro-1H-
benzo[g]indazole derivatives from novel enaminones prepaeedlaise reaction under catalyst free
conditions is reported involving polyethylene glycol (RE@)) as an efficient recyclable medium
without using any organic esolvent or additive by Microwave irridationwith® 5 % yi el ds w
chromatographyKigure 9).

R1
Broad substrate scope
Green solvent (PEG-400)
Fast reaction (3-5 min)
Excellent yields (91-95%)
Chromatography free

Z NH, H:NNH;.H0
PEG-400

0 MW, 80 W,
3min, 91-95% R?

R2

Figure 9: synthesis of 4 &lihydro-1H-benzo[g]indazole derivatives from novetaminones.



PARVINDER PAL SINGH

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

Publications/Patents:

Publications:

. 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 aurd@S Infectious Diseasgd02410 (1), 64-78.

. Pankaj Singh Cham, Pankibtwal, Kuhu Sharma, Sumit Dhiman, Lakhvinder Singh, Varun

Pratap Singh, Ajay Kumar, Utpal Nandi, dadrvinder Pal Singh* CannabidiolBased Prodrugs:
Synthesis and BioevaluatioACS Medicinal Chemistry Lettei202415 (2), 221229.

. Radhika Anand, Ritu Painuli, Vijay KumarParvinder Pal Singh* Chemistry and

pharmacological aspects of furanoid cannabinoids and related compounds: Is furanoid
cannabinoids open a new dimension towards thepsychoactive cannabinoid&r. J. Med.
Chem, 2024268,116164.

. Radhika Anand, Loveleena Kaur Anand, Nadia Rashid, Ritu Painuli, Fayaz MaliRaavidder

Pal Singh* Synthesis and Evaluation of Natural and Unnatural Tetrahydrocannabiorcol for Its
Potential Use in Neuropathologiels.Nat. Prod, 2024 87 (2), 167175

. Anjali Negi, Summaya Perveen, Ria Gupt®arvinder Pal Singh* and Rashmi

Sharma*Unraveling Dilemmas and Lacunae in the Escalating Drug Resistance of Mycobacterium
tuberculosis to Bedaquiline, Delamanid, and Pretomanided. Chem2024 67(4), 22642286.



6. Ria Gupta, Riyaz Ahmed, Zaheen Akhter, Mukesh Kumar, Rainder Pal Singh* Silver-
medi ated Room Temperature R&etaadyl Sulfordsminésoand t h e
N UUn&aturated Acyl Sulfoximine&CS Omega2023 8 (4), 38123820.

7. Dr. Riyaz Ahmed, Gulshan Kumar, Dr. Sheena Mahajan, Dr. Praveen Kumar Verma, Pankaj
Singh Cham, Dr. D. Srinivasa Reddy, Dr. Ravi Shankar, Rarvinder Pal Singh* TCT-
Mediated Process for the Preparation of Nafamostat Mesylate and Camostat Mesylate.
ChemistrySelecf023 8, €202300214.

Patents:

1 Riyaz Ahmed, Gulshan Kumar, Sheena Mahajan, Praveen Verma, Pankaj Cham, Qazi Naveed
Ahmed, D. Reddy, Ravi Shankar & SindgParvinder Pal Singh. (Process for the preparation of
nafamostat, camostat and their derivatiyBef No.W02023148783

1 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.; Saamgw. L.; Vyas, D.; Sawant,
S.D.; Singh, G.; Asrey, V. R.; Reddy, D. arvinder Pal SinghProcess of phytocannabinoids
enrichment its formulation and use in the management of (Réf.No.: PCT/IN/2023/050459,
WO02023/223351A1)

1 Cham, P. S.; Anand, L.; Arfath, Y.; Rashid, N.; Magbool, M. S.; Gupta, R.; Akhter, Z.; Singh, V.;
P.; Ahmed, Z.; Rafig, S. R.; Malik, F. A.Parvinder. Pal Singh 2-{Heterocyclyl
(aryl/alkyl)methyl}-cannabidiol as antiepressant and antiffammatory agents(Ref No.:
0057NF2023, Application No.: IN202311033447)

1) Research Area, Il nterest s:

Organic Synthesis and Medicinal Chemistry

1 New methods for the synthesis of@ZC- N/C- S/GX bond via GH activation/
Functionalization

Synthesis of natural/synthetic baxtivemolecules

Synthesis of fluorescent labelled natural/unnatural probes

Natural Product Chemistry (Cannabis and Boswellia)

Medicinal Chemistry

Phytopharmaceutical drug development

=4 =4 4 4 A 4

2) Scientific work done:
A brief description of research accomplishments attained during this reporting time:

i) Cannabidiol-Based Prodrugs: Synthesis and BievaluationrACS Medicinal Chemistry
Letters 2024 15, 2, 221-229:

Cannabidiol (CBDL) is a nonpsychotic cannabindised drug approved by the U.S. FDA for treating
refractory epilepsy, namely, Lenrid@astautind 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 bessing
CBD-based prodrugs to address the issue of poor solubility and oral bioavailability. SeverblaS&iD
prodrugs were synthesized and studied in a battery of assays: viz, release dxneitrg ( solubility (n

vitro), chemical stability i( vitro), plasma stability €x vivg, pharmacokineticsir{ vivo), and efficacy

9


https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00461

studies i vivo. Among the synthesized prodrugs, the morpholinyl @G&i3ed
prodrugs3aand3aashowed good release behavior, stability, better solubility, and a plasma profile.
Moreover, prodrug candidaBaashowed better therapeutic efficacy. The present study identifies CBD
based prodrugs with improved physiochemical properties and oral expbuunee(1).

e Highly lipophilic
o Low solubility
® Poor PK profile

N
Shown good release profile Koj
Cannabis sativa Improved Solubility, PK profile and Bioefficacy

Figure 1. CannabidiolBased Prodrugs: Synthesis and-Bwaluation

i) Exploring the Antibacterial Potential of  Semisynthetic Phytocannabinoid:
Tetrahydrocannabidiol (THCBD) as a Potential Antibacterial Agent against Sensitive and
Resistant Strains ofStaphylococcus aureusACS Infectious Disease®024 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 repftehe antimicrobial effect but not seriously
pursued because of either stringent regulatory issues or pootikkuygroperties. In this regard, the
current work demonstrated the antibacterial potential of tetrahydrocannabidiol (THKBR,

semisynthetic phytocannabinoid, agaiS&phylococcus aureus, the secomast widespread bug

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

antibacterial screening. in vitro studies, THCBD4) demonstr ated a potent
Grampositive bacteriaS. aureuATCC-29213. It is interesting to note that THCBD!) (has
demonstrated strong effectiveness against efflux pawgpexpressing (SA199B, SAK2191, SA
K2192, and Muptl) and multidrugresistant (MRSAL5187)S. aureustrains. THCBD (4) has also
shown a good effect in kill kinetic assays against ATZ8213 and MRSAL5187. In the checkerboard
assay, THCBD 4) has shown additive/indifference effects with several skmetiwn clinically used
antibiotics, tetracycline, mupirocin, penicillin G, and ciprofloxacin. THCBI &lso exhibited good
permeability in the artificial skin model. Most importantly, THCBA) fas significantly reduced CFU in
mi c | ¥i\s skin infection models and also demtraged decent plasma exposure with 18% oral
bioavailability. Acute dermal toxicity of THCBD4] suggests no marked treatmeelkated impact on
gross pathophysiology. This attractivevitro andin vivo profile of plantbased compounds opens a new
direction for newgeneration antibiotics and warrants further detailed investig&ftiguire 2).

10
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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

-

Cannabis sativa CBD (1) THCBD (4)

v MIC (in vitro) effect with tetracycline, v/ Antimicrobial efficacy (in vivo)

S. aureus ) mupirocin, penicillin G, = CFU below detection

(ATCC-29213) and ciprofloxacin @ 2 and 0.5%

SA-1199 v Kill kinetics (in vitro) v PK profile (in vivo)

SA-99B A o5 ygimL ® ATCC-20213: 2 ug/mL " Oral (50 mpk, mice)

SA-K2191 reduced CFU below Chax: 2300 ng/mL

SA-K2192 detection limit in 8 hrs AUCq_ins: 11938 ng.h/mL

Mupr-1 = |V (10 mpk, mice)

MRSA-15187 _) = MRSA-15187: 2 ug/mL Cp: 20978 ng/mL

v Safety index reduced CFU below AUC.ins: 14693 ng.h/mL

= ~50 fold wrt detection limit in 4 hrs = Oral bio-availablity: 16-17%

‘/prlmary astrocytes v Permeability studies v~ Dermal toxicity (in vivo)
Checkerboard assay = Shows moderate BBB and = No toxicity observed @ 800 mg/kg

® Additive or indiffernce good skin permeability

Figure 2: Exploring the Antibacterial Potential of Semisynthetic Phytocannabinoid:
Tetrahydrocannabidiol (THCBD) as a Potential Antibacterial Agent against Sensitive and Resistant
Strains ofStaphylococcus 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 marinenatural producbased medicinal chemistry led to the identification of a potent-3ART
inhibitor. JAK-STAT signaling pathway inhibitors have emerged as promising therapeutic agents for the
treatment of hair loss. Among different JAK isofornrd®\K3 has become an ideal target for drug

di scovery because it only regulates a narrow s
discovery of MJO4, a novel and highly selectivg@ydimidinylazaindole based JAK3 inhibitor, as a
potential hair gowth promoter with an IC56f 2.03nM. During in vivo efficacy assays, topical
application of MJ04 on DHThallenged AGA and athymic nude mice resulted in early onset of hair
regrowth. Furthermore, MJ04 significantly promoted the growth of human hatlésllunder exivo
conditions. MJ0O4 exhibited a reasonably good pharmacokinetic profile and demonstrated a favourable
safety profile under in vivo and in vitro conditions. Taken together, we report MJO4 as a highly potent
and selective JAK3 inhibitor thaxhibits overall properties suitable for topical drug development and
advancement to human clinical trials.This worKk

iv) Chemistry and pharmacological aspects of furanoid cannabinoids and related compounds: Is
furanoid cannabinoids open a new dimension towards the nepsychoactive 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 nggsychoactive cannalim (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 @lss, is widely recognized for its psychoactive effects. Conversely, the furanoid class,
represented by cannabielsaype (CBE) and cannabifuragpe (CBF) compounds, has not been reported

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

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

11


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/

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 furanacddnnabinoids, 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 expléiigtioa 8).

Pyran
based
" Majorig ‘ O Furan
phytocannabinoid O basall
R
* Minor

phytocannabinoid

Psychoactive Search
for

Non-Psychoactive ?

Highly Studied Safer Less Studied
Phytocannabinoids Need Intervention

Figure 3: Chemistry and pharmacological aspects of furasaighabinoids and related compounds.

v) Unraveling Dilemmas and Lacunae in the Escalating Drug Resistance bfycobacterium
tuberculosisto Bedaquiline, Delamanid, and Pretomanid J. Med. Chem.2024, 67, 4, 2264
2286:

I n continuation of our TB R&D, we have presente
on the recently approved afitB drugs. Delamanid, bedaquiline, and pretomanid have been recently
added in the antuberculosis (arHTB) treatment regimenand have emerged as potential solutions for
combating drugesistant TB. These drugs have proven to be effective in treatingesisgant TB when

used in combination. However, concerns have been raised about the eventual loss of these drugs due tc
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 actipharmacokinetics/pharmacodynamics profiles,
clinical studies, adverse events, and underlying resistance mechanisms. A brief coverage of efforts toward
the generation of begt-class leads in each class is also provided. The ongoing clinical trialsmvof ne
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 cagps ¢ 4).
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Figure 4: Unraveling Dilemmas and Lacunae in the Escalating Drug Resistaygcobacterium
tuberculosigo Bedaquiline, Delamanid, and Pretomanid.

vi) TCT-Mediated Process for the Preparation of Nafamostat Mesylate and Camostat Mesylate
ChemistrySelect2023,8, €202300214:

We have described tteetrichlorotriazine (TCTimediated formation of highly functionalized eskersed
drugs, namely nafamostat mesylate and camostat mesylate. Then@dlated activation of acids
foll owed by the attack of a hydr ox pflesteg Thehigh (1 O
agueous solubility of cyanuric acid eases the wagrkprocess and avoids repetitive washing process
(better Efactor). The present method also avoids using pyridine as a base, and instead Nsf that,
methylmorpholire (NMM) was used for the coupling. Moreover, we have also demonstrated the synthesis
of key intermediates namely,-guanidinobenzoic acid and-Hdroxy-2-naphthimidamide from
economical and readily available raw materials. The -h@Hiated coupling providemany advantages

in scalability, coseffectiveness and environmentally friendly handlikgy(re 5).

Cl

Trichlorotriazine
(TCT)

[0}

TCT, NMM
HCl J\LH OH
H,NT N

R
3

- 2CHzSO4H

NH NH
7
Cl)\NJ\CI HO J\LH Q)ko
4 HN N

ii) Aq. NaHCO3 Nafamostat mesylate
iii) MSA, MeOH 1

ii) Aq. NaHCO, HoN
iii) MSA, MeOH

o o]
o Y
(0]
HO 5 ° NH o
L CH3SO3H
N
H

Camostat mesylate
2

Overall Better yield,
Ease of work up,
Economical
and

Scalable process

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 bF-U-Ketoacy! Sulfoximines
and N-U ,-Unsaturated Acyl SulfoximinesACS Omega2023, 8, 4, 38123820:

Here, we report a silvenediated coupling of acetylenes with sulfoximines to synthésikkketoacyl
sulfoximines andN-U ,-umsaturated acyl sulfoximines. The reactions are performed under an open
atmosphere using the oxidant K2S2@8&l the ligand 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 thsl-Uketoacylsulfoximines, while the alkyl acetylenes provided NHg ,- b
unsaturated acyl swkimines. Controlled experiments reveal the differential reactivity patterns of
substrates. The labelifO experiments showed that water is the source of the incoming oxygen atom
for the keto group ol-U-ketoacy! sulfoximines anN-U ,-umsaturated acyl sulfoximineBigure 6).

1 X = Ag: Reaction conditions = K,S,0g, 2,2-bipyridyl, DCM:H50, rt;
. X = H: Reaction conditions = Ag, K»,S,0g, 2,2-bipyridyl, DCM:H,0, rt

I *Open Atmosphere *Room Temperature*

__________________________________________________________________________________________

0 o |
| R=Aryl ?\\NJ\WR |
i n=0 0O E
| 0 I
I \g X 25 examples :
S |
n - o O -

! R= Alkyl, : .
I Aryloxy Sl\\NJ\/\R :
| n=1 ©/ ‘
: 3 example i

Figure 6: Silver-mediated Room Temperature Reactions for the Synthebidifetoacyl
Sulfoximines andN-Ub-Unsaturated Acyl Sulfoximines
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1) Publications/Patents:

Publications:
1. Gul shan Kumar, Mi sbah Tabassum, Bhupesh K
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3.
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Hi st one D@aocoeephbas8@dR2Be2®WI.t ry
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4. Priyanka Sharma, Mir Abdul Wajid, Mohd Fay
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5. Ri yaz Ahmed, Gul shan Kumar , Sheena Mahaj a
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e202300214.
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7. Gul shan Kumar, Sonia Thapa, Javeed Ahmad
Shar ma, Kamakshya Nath Rawida,Sh & iiHassilecacntki v K
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Patents:
a) Gul shan Mksmah, Tabassum, BhupeshawW SShha Arkab e eSra

b)

Ahmed,-i Spkapnol-dlaeekly dlfizdédAydroandrograaglkol iadge |
and process Hroorv ipsrieopnaarla tpiaddre W3 NF2022%d number

Riyaz Ahmed, Gul shan Kumar , Sheena Mahaj an,
Ami t Kumar , Qazi Naveed AhmRad, Dhadlaa | @diem
Singh, Process for t he preparation of na

WO/ 2023/.148, 783

2) Scientific work done:

1 Design and Synthesis of @ spiro-isoxazoline analogues of 14Deoxy-11, 12

didehydroandrographolide (14DDA) for dual targeting of CDK4 and BCL2 mediated
anticancer activity.

14-Deoxy-11,12didehydroandrographolide (d2DA, 3), a secondary metabolite found in
Andrographis paniculata nees, has been synthetically modified into a new serie8 spiG
isoxazoline derivatives. Andrographolide and its derivatives were well repfotehe anticancer
activity so herein we have synthesised Gpiraisoxazoline derivatives (48 and screened for in

vitro studies against four human cancer cell lines: breast (MCHung (A549), pancreatic
(MiaPaCa2), and prostate (RPB). Most of he synthesized compounds exhibited betterearicer
activities than the parent natural products andrographolide (1) andleddr11,12
didehydroandrographolid&) for different human cancer lines. Among all compounds, compound
4k displayed most potent cytot oxi ci-#.yurtifet, C50
mechanistic studies revealed that compound 4k affected the nuclear morphology 0f 4QS§;,
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 BCI2 expression in a dose dependent manner. The expressio® of Cdk
was also downregulated by 4k. The overall findings of this study indicate that the compound 4k
exhibited significant anticancer activity with reduced toxicitywitito and might thus be a promising

anticancer lead candidatEigure 1).
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Figure 1: Synthesis of €8-substituted spiroisoxazoline adducts ofBA.

1 Biocatalytic synthesis, in silico analysis and in vitro validation of hydroxamic acids against
Histone Deacetylases.

Hydroxamic acids with functional group-€ONHOH, 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 wata 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 smithi 11IMB2907. 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 -(84(trifluoromethyl)phenylN8-
hydroxyoctinediamide (2c) showed better interaction with class | histone deacetylases (HDACSs) on
comparisons with FDA approved agtncer drug Suberoylanilide hydroxamic acid (SAHA).
Furthermore, in vitro HDAC activity of 2c in C2C12 skeletal muscle cell lineslatds 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 candidatethatma ct as an i nhi (Figuteor of
2).

Potential class I HDAC inhibitor

O

F g

iotr R-CO-NH-OH

Bacillus smithii 11IMB2907 Hydroxamic acie
(37°C, 200rpm, 7.0 pH) Product

— In silico

z Analysis —  Selection of a potent molecule —  In vitro Analysis

e
HDAC Activity
3% o
2
o8

Figure 2: Biocatalytic synthesis, in silico analysis and in vitro validation of hydroxamic acids against
Histone Deacetylases.
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T Morphological, phytochemical, andsitghtns criingt

bi osynthesis oMomandaecpenesdona.

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 aromagictue 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 developmenfL1), 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-B6 indicated a higher céent of monoterpenes
(thymol , t h-temmioceqey pcymene, eand 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 decreaskartrichome 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 sggrialized 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 esalenil, through genetic
engineering Eigure 3).
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Figure 3: Morphological, phytochemical, and transcriptome analyses provide insights into the
biosynthesis of monoterpenes in Monarda citriodora.

T TCM™Medi ated Process for the Preparation of Naf

The present wor k describes t he s trichloro

functionalized ester based drugs, namely naf e
medi ated activation of acids f ol lroopyreslltediythet h e
formation of ester. The high aqueous solubil it

repetitive washing process (better E factor).
and i nstead mofphdine E&NMIV) whis uged forlthg ¢oupling. Moreover, we have also

demonstrated the synthesis of key intermediat
naphthimidamide from economical and readgly a
provides many advantages in scalability, COS
(Figure 4).
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Figure 4: Previous and present routes for the synthesis of nafamostat mesylate and camostat mesylate.

1T Red®esponsi ve HyTaacurroolniinmusAcGCanj ugat e: Synt hes
I n Vitro I mmunosuppressive Activity, ACS Appli

A redoxresponsive macromolecular prodrug of tacrolimus,-$$¥ac, was constructed by
conjugation of tacrolimus (TAC, FK506) through its succinate ester to cystanoddied
hyaluronic acid (HACys), and its physicochemical properties and immunosuppeesastivity were
studied. The synthesized H#s 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
sl ow degradat i on oifroirdhibitok ¢ prdlifdratiangof FrardBtyraphocytes v
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 ahsignificantly suppressed the production of inflammatory cytokinesdind IL-1 b

by LPSactivated cells. Additionally, the cellular uptake study of the Fldlieled conjugate
confirmed the HA receptemediated internalization of the conjugate into taggdetells, thus
avoiding systemic side effects. Taken together, thesdAAC prodrug could be an optimal prodrug

for intravenous administration based on this preliminary data and can be expected to have improved
therapeutic efficacyHigure 5).
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Figure 5: RedoxResponsive Hyaluronic Acid'acrolimus Conjugate: Synthesis, Characterization, and
In Vitro Immunosuppressive Activity, ACS Applied Bio Materials.
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T Si-Bel ecti ve Sly/ntkhsetseirs efr iGvati ves of Natural /
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: A5943PKRICF7, and HCT116. Most of the
synthesized compounds displayed bettercytotoxic profile agailh tested cells compared to the
parent andrographolidd); The tested semisynthetic derivatives ofandrographolide were found to be
more sensitive toward lung carcinoma (A594) and prostate carcinomd)(&€ll lines. Amongthe
synthesized compounds,etiG17 pmethoxy phenyl ester analog 8s inhibited cell proliferation
effectively in A5589 ((ICEG®DO0: 56 96&eM) ared|IPQari an:
the most potent activity against theranicatcdr c el
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 &tracconfirmation of intermediate
compounds 4 and 5, single-rdy crystallography wasperformed, which supported the complete
reaction design of this workeigure 6).
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Figure 6: Site-Selective Synthesis of-C7 EsteDerivatives of Natural Andrographolide.
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T Ru(th)alyzed Synt hesi-a poyfr iddursreade n om e sxizeo e Re U ¢
bi-ismi dazappyr 2di nes anGARegoopglearico nal @fy rli rdiidazso

Herein, we disclose an unprecedented protocol via ruthenatalyzed annulation for the synthesis
of6H-c hr o men o[ 4 Nj, 3-Hjpyddin®-pne,randduactiondlized@-formylimidazo[1,2
apyridin-2-yl)phenyl acetate has been revealed by intramolecular chekdssted TH activation.
Additionally, a onepot approach for creating bis(thenylimidazo[1,2a]pyridin-3-yl)methane (BIP)

has been realized through ruthenium catalysis with the use of formic acid. This method was used in
gramscale synthesis of BIP and steponomical latestage functionalization of a marketed drug,
zolimidine, in good yieldKigure 7).
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Figure 7 : Synthesis of Fused Imidazo[ighyridine-chromenones and Methylefiethered Bis
imidazo[1,2a]pyridines and Regioselectiv@Acetoxylation of Imidazo[1 A]pyridines.

T Synthesis andHsfuecseberalki gealtailomyafi diimiesazo

Imidazo[1,2a]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 na&glsis has fuelled the most
significant developments, extremely beneficial métaé approaches have also been identified. Even
though pertinent reviews focused on imidazo{djyridine 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
descrile 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 -@elsitévity and

the type of functionalization methods usé&ayre 8).
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Figure 8: Synthesis and site selectivekCfunctionalization of imidaz§l,2-a] pyridines.
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2) Scientific work done:

Our lab specializes in the field of phatedox chemistry, focusing dmarnessing the power of light to

drive redox reactions for organic synthesig(rel). Utilizing stateof-the-art photereactors 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 dinerea
behavior of vinyl radicals produced by the photoredox reaction of alkynes/alkenes. Also, we intend to
explore the possibility of using these radicals for-Ettgyefunctionalizations 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-rdy 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 fundamentadiies governing these reactions. By integrating
experimental and theoretical approaches, our lab aims to advance the application efegdroto
chemistry in pharmaceuticals, materials science, and drug development.

Figure 1: Our work around vinyl radicalia photoredox catalysis.
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4.1 Visible-Light-Mediated Synthesis of NAcyl-N,O-hemiacetalsfromTerminal Alkynes: Access
to N,N-, N,S-, andN,O-Acetals.

We have developed a unified platform for ttmastruction of NacyFN,O-hemiacetals through an EDA
complexmediated strategy in the presence of visible light. This first reported protocol provides access
to a wide range of MicyFN,O-hemiacetals from readily available festbcks such as terminal glkes,

under operationally simple conditionSigure 2). The approach also provides access to the generation
of electrophilic Nacylimines, which can be trapped with different nucleophiles, such as alcohols, thiols,
and nitriles, to produce diverse N,M,S- acetals and N,Miminoacetals. We strongly believe that this
protocol will broaden the applicability of-HcyFN,O-hemiacetals as versatile building blocks in organic
synthesis, paving the way for the creation of novel scaffolds.

4 A
> 2
EDA complex Nu = alcohols,thiols,nitriles
SH J—T—} \[)J\ J_T_} ph
©\ PTSA
L \ R =-OR/, -SR/, NHCOR

Figure 2: Synthesis of NAcyl-N,O-hemiacetaléromTerminalAlkynes.

4.2 Metal-Free Tunable 1,2-Difunctionalization of Terminal Alkynes: Sy nt h e s Substitotdd b
U ,-WBnsaturated Ketones.

A novel method has be@stablishedor themetalfreeadjustmenof 1,2-difunctionalizationin terminal

al kynes, featuring a sequential f orohthisapproachof C1
involves employing aceti c -asobstithtedd sumsatnrateaketgnés. s ou r
Underroomtemperatureonditions, thereaction results in the selective acylation at the terminal carbon

of alkynes, while at 78°C, the acylatiortakesplaceatthemore substitutedarbon Figure 3).

g ™
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Figure 3:Sy nt h e-Siud sd fi tlmdatardted Ketdnes.
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4.3 Visible-Light -Mediated Synthesis of Thioesters Using Thiocarboxylic Acid as the Dual Reagent.

In this projectwe have developed a method that uses visible light to synthesize thioesters without the
need for a photocatalysFigure 4). This method involves using thiocarboxylic acids as both dight
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 thioetmsno acids, which

are important feedstock chemicals for NCL reactions. Additionally, this protocol can be sgathesize
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.
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Figure 4: Synthesis of Thioesters Using Thiocarboxylic Acid as the Dual Reagent.
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1. Rani , D. ; Kumar i, D. ; Bhushan, A.; Jamwal , B
K.; Gupgat a, R r aDsecsad mg*n , byot bgsrcal a u dil suoaxt a zoonl ior

hybrid derivat i-lveiss hansa npJatlernat g éan toda n Mo [2e0c2u4l a r
13810kQI : 10. 1016/ j.molstruc. 2024.138105)

2. Kour , N.; Qayoom, A.; Lone&upB.a,A.PraSmmognb]| Ba
acid from fruits of Carissa ca4@ndaebkl sntiotk
activation olat wraasslpaskrsoduc2z02A3Reslaf( DI :
10.1080/14786419.2023.2232082)

3. Bhushan, A. Rani , D. ; Lone, B. A.; Tabassur
GuptaGupPth, CFstuilCosCgevtAxXxi c Sesquiterpene L
of Auckl andi a Natowsrt auls FFrad ¢uz® 2 ¥RedR abPOlh:
10.1080/147864)19.2023.2275743

4. Lone, B. A.; Tabassum, M. ; Bhushan, A.; Ran
N. ; Mondhe, DGuMt,a ®ai Irloil @mosi.des K and L, t
from rhizomes of Trill-camcgovageahemfaagepoh
549 cancer Foeolnlt i elri nen 202221, 32 AR 06RAN .. (
10.3389/fchem. 2023.1306271)

5. Bhushan, Anil; Rani , D. ; Lone, B. A.; Tabassu

A. Gupta, HPIDA Met hod for Quantification of Bi
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and Fractions of Aucklandia costus Mall ®@.cudnmrd

202238 480Gl. : (10.3390/ mol ecul es28124815
6. Lone, B. A.,; 7. Shar ma, N. ; Kour , DGy p tBah,u sR.n
lwvitreiakting potenti al of Baicalin and Nar.i

Citrus aurantium on MNamamadi @k lo,d 02384 (Redlqdddc d
390BOI ( 10.1080/14786419.2022.2158330)

7. Kumar , P. ; Singh, K. ; BhuGhmatng, SR r Gupatas. A
Chemical, andBaBMA BRartdcedhd i cati on of Her bal
Meni sperRBadesdea. Brasil ei2M®m233B¢ 2B0@racognosi a

8. Kumar , P. ; Singh, K. ; Lone, J . F. ; -aBhhaut sohmai nc,a |
Mol ecul ar , and ChemiTcal | iSutmandwnldinz aermxuanB. o0 Dc

Endangered Medicinal H ePrhba r Matciovgen otsay0 2MA8 & & B i m ¢
12-B43.

9. Meenu K., Qayum, A. Kumar, A.; Rani , P.; Gup
associated wi t h Lamell odysi dea her bacea: i
metabohieesati ona202B6¢A@1AUBbogy

a.doi : 10. 10029370/3s6180 1 2 3

10.Tabassum, M. ; Lone, B. A.; Bhat, M. N. ; , Bhu:

Mondhe, D. M. ; Gupt a, P. N. Apoptotic Potent

New Steroidal Saponin |IsolatedACS o@mMdRdpaz2@me s
8(35BWAVMAGiI : 10. 1021/ acsomega. 3c036
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2) Scientific work done:

My Research Focus

Dr Gupta's research group is dedicated to the precise isolation and structure elucidbiaactofe
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

I n our various projects, we are actively engage:
involves the exploration of plants a |ibrary of
explores to produikclkze nmer ananciamcerobaatil eads.

a program project supported by the Department

Technol ogy, where our team members are actively
few years, we have meticulously examined over 2z
over 1/15 of them representing new compound. (I
Phytophar maceuti cal dr ug adiosumdayv etrhye pursoej eacft sp | ar
mol ecul es that can effectively impact biologica

Herbal Drugs

The tool s tahnadt snkyi Igr osuiepp sdevel ops in the realm o
working with herbal drugs. The end goals betwee
to herbal drug development iIisilmgghlyereheeanst ar
characterize herbal mixtures and are engaged in
to understand potenti al i nteractions between pbh
consistyennatyuraplplproduct chemistry to enhance t

consumer s.
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AMIT NARGOTRA

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

1) Publications/ Patents:

1. Di x Raani , Di ksha Kumari, Anil Bhushan, Vi shw
LakhaAmat , Nar gkoulrjai t Singh, Prasoon Gupta. |
evaluatiohsokaeogenel hybrid -dershmandabr agknp

0] 1 1

r
of Mol ecul@20Bdbrpus:t/u/fckol rg/ 10.1016/j). mol st

2. Har shit aAnmiitwakumar,, Manas Ranjan Bari ka, Har
Kumar Shukl a, Moni kAmiGupNar gr@tpmwasn d i Yoandianvg, t h e
for neuroinflammation: A fusion of computat:
the ParkinsonodsMdlisewlsaer( 20idBaressisti/\d doi . or g/ 1C
02B0 798

Gu p tAa ,NaMRy oB @draink ,i fli A aKh &
in silico approach, th
ul ar SR20RAtYr2e 45%7B d l
80/ 07391102.2021.200779

i
ur A
our
t p

4. Rav i S Manhas, Harshita Tiwari, Mat een Noor
Tripathi, Ravishankar Ramachandr aAnmi tS rNeagrdghoatrr
Asha Chaubey. Setomimycin as a potential mol
i n vitroMwlad d Wdlad ri( @ODi2vBe)ri668IBMW t ps: / / doi . o372 10. :
10 4-3p1
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https://doi.org/10.1007/s11030-023-10708-5
https://doi.org/10.1007/s11030-023-10708-5
https://doi.org/10.1080/07391102.2021.2007793
https://doi.org/10.1007/s11030-022-10441-5
https://doi.org/10.1007/s11030-022-10441-5

2) Scientific work done:

Optimization of selected compounds in antviral mission project using Al

Utilidirnyekhl approaches, we identified compound:¢
Mol ecul ar docking with Diffdock revealed favor a
S1 (sel ectveidr aulndneirs sainatni}y awgeh .t SeaMohbhdfbbobpgi ggni

500 scaffolds, whi-lcihkevepreogder ttieeg £ dt Hatr rdeauuwl t ed
for Andrographolide and 91 for S1. Virtua#hOscre
for andrographolide and 34 for the new scaffold

I nteraction analysis of these compounds would b
design better Rifdumety compounds (

PyRMD (Bioactivity
data of Mpro from
ChEMBL)

Docking BLLEEES Virtual

screenin
Standard, DiffDock 9 Benchmark

Confidence Of Mode (IC50,
score scaﬁo’ds EC50, Ki, Kd )

Screening
Mode
(RMD Score e
Active compound)

andrographolide,
new scaffold

SMINA
Minimized

RMSD p——

74

compounds
Andrographolide
&
New scaffold

ompounds

Al Scaffold 500 Compounds each
(Total 1000)

Solubility,
Sca_ﬁold Drug-like property,

hoping Synthesizebility

259 Andrographolide
91 new scaffold
(Total 350)

Fi gur eStlrategy for optviimiazlatcioomp ooufn dsse laggcati ends ta rt ta
intelligence tool s.

I n silico screening and optimization of PARP pr
Applying virtual screening by wusing DiffDock an
standard compound for therapeutic targeting of
suggested the compounds opnotaemd i dév dloogpnieunrtt haes
targeting PARP1-10C®Wnpohad NID&E highest score by
rucapari b orientations showed no significant di
establ idchdkigng hper ot ocol -baserd pobl s¢ @wbmahnwaAulul
for optimizing the compounds for PARP inhibitic
(Fi gwr.e 2
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HIS 5
B8 A:862

ALA
A:898

PHE
AB89Zy " -

Interactions

- Conventional Hydrogen Bond - Pi-Sigma
:I Carbon Hydrogen Bond - Pi-Pi Stacked
D Halogen (Fluorine) - Pi-Pi T-shaped
I:I Pi-Donor Hydrogen Bond D Pi-Alkyl
HIS
o v, Aoz
.
- e +% 6Ly
¢ " “A:863
e (d
‘ Y PHE
Ve AT, A:89z
LT A:898
- (TYR
TYR 'ATBSS,
A:889 —
N Lys
A:903
Interactions
D van der Waals - Pi-Pi Stacked
- Conventional Hydrogen Bond - Amide-Pi Stacked
- Unfavorable Acceptor-Acceptor I:] Alkyl
- Pi-Cation I:] Pi-Alkyl
FigureA”AR B) 3D and 2D Interactions of

target (C,D) 3D and 2D | At0OHr8aOGt iwarntsh @fmitnmp aco dp
target .

Similarity search and virtual screeni of

Similarity search on Institutional -dé @agdurmrd agep

four additional compounds was <carried

virtual screening by dodceki mogn dwags upneer fdoormme d hteo cro

number . The compounds | ist was submi t o

has been submitted to theFifgwrde n3y agency for

bound
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Similarity search and virtual screening of compounds

Compound
Libraries

Query

'-1-'1‘ P I Natural product Library
e Y Synthetic Library
Chemdiv Library

Chembridge Library

Compoun Natural Syntheti | Chemdiv | Chembrid
d /Library Product cLibrary Library ge Library
Library
0 0 37 64

Similarity Search (0.6)

1.

AdipoRon
127 Compounds
2. Matairesi 3 1 1 7
nol
3. Arctiin 9 0 0 0
4,  Arctigenin 3 1 1 7
5.  Gramine 0 0 0
56 Compounds
Fi gur eSi3mi |l arity search and virtual screening

were submitted to Pharmacology division fol

Elucidation of Phytochemicals of Cannabis sati
di seases using networ.k phar macol ogy approach

One new compound and two targets for neurodeger
and analysis is ongoing before the final target
phar macol ogy wor k waobaanmniwad desutel aurc i @iart k g oif |
its phytoconstituents for huntingtonébés disease.
mol ecul ar docking and MD simulation study for F
i dteinf i ed through network analysis and also report
This corroborated with our network studies. The
protein CYP1A1l where SAISdPueA: Bl12@&y samv intoalacr @l e ei n
manuscript for the FKiagngr.ee s4 under preparation (
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TOP TARGETS

Protein RMSD (4)
(1) Wy Duel

s 160 13s
Time (nsec)

Figure( M) represents MCODE original cluster ne

potenti al compounds and targets (Dark red: See
significant intergendonsj]er dutnidpweo & Rep ecc
docking study as shown in (B) representing the
protein and (C) represents the stability of
Mol ecul ar Docking anal ysi s of Natur al pZdo duct
met hyl transferase (SMT) protein
The potenti al i nteractions among siXx inhibitors
Two pot elndgiiaH mamital hits, displayed substanti al
|l ei shmanicidal actientlyindhegrefg@inonghapdbebiwe
potential of identified mboilgegwud es to act as LdS

ACTIVE SITE
OF LdSMT
protein

Fi gurebDdcked pose of standard mol ecul ei P AM®prhioad
donowhnhth showed similar protein interactions
identified in the hits from the natur
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Devel opment-Pob) &ct emapping database portal
This portal provides the information

related to
with search facility w.r.t. the Sci

entists, Pr o

Project Mapping of Scientists

Home Division Wise Project wise Scientist wise List of all Pls Search By Name

Search Data

X ) i . Col. SIR R.N. CHOPRA COMPOUND REPOSITORY
Project List ‘ ---Select List of Projects-—- v OR
Scientist List ‘ ---Select List of Scientist--—- OR
Technical Staff List ‘ ---Select List of Technical-- + OR

Natural
S
Compoun

Search By Project Title

Enter few characters without space

Phytopharmaceutical

Compound
CLEAR DATA

Designed, Maintained and Hosted by Discovery Informatics lab, NPMC Division, CSIR-Indian Institute of Integrative Medicine,Jammu.

Last updated on 3rd April, 2024

Fi g6reSnapshot -prfojtédcet smapmitngtportal . The

por
Project title

, code or PI name. The status up:
i ntegrated on this portal
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Dr. Jasha S Momo Hmungshel Anal(Scientist)with his Research Group

Publications/ Patent s:

.Puneet Kumar, Ruhi Singh, Deepak Shasma, MQmo

H. An«IDesign, synthesis, and biological eval
t rinpelgeat i ve bBie@sitgamincce& . Medi c,iln0a2 0 2C4he2n9 595
(l mpact: f2a.ch)o.r

. Mohd Haas&ama, Momaq H.avAand@d nPpirneghhe,nsi ve al ysi s
pattern in Eiceminal dteito md awiaBniload & se Agp; eS23Borc
1028202t t ps://doi .org/ 10..12016/j).bcab.2023.10

(l mpactd4f.@rtor:

. Kyndi ah L, Sarkar Bklk,sh@ajMomel PR, | ABad. k aPrd @G0 «

stemaead wsefective addition of arenesvit@H al ky

functional©@rzga.ti onBi omol,. 2Clh,e m:7 97342 & 0 X 3
https://doi.org/ 1mph@39MAETOBOLI2B7AR. (

. Waseem | gbal Lone, Jagdi sh Chand, Puneet Kt
Mukherjee, Anihaylaa Gde wat mH.DYiAsncwlvery of -col ch
adduct as a potent molecule for awbimmgaitliang ne
cell cycle 2e@auldadtColrkyn aGRK i n BrMarsus cCainpcte r Ui

Revi)si on

.And nfl ammatory Activity of I ndole and Amide

and Docking Studies. Kumar P,JLhhbhadMamiCiRe AKma
5N ! YAIMPX.NEZARB: 10. 26 430 BDddamr xi v
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https://www.sciencedirect.com/science/article/pii/S1878818123002116
https://www.sciencedirect.com/science/article/pii/S1878818123002116
https://doi.org/10.1016/j.bcab.2023.102810

Il. Scientifixc work done

Phytochemical Investigation of Major Compounds fromHumulus Lupulus

Humulus lupuluscommonly known as hops, is a flowering plant in the hemp family Cannabaceae, native
to Europe, westerAsia, and North America. In India, it grows wildly in Kashmir valley, Lak&piti 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-baldly rhizomen autumn. It is dioecious (separate male

and female plants). The female cesteaped fruits front. lupulusare used by breweries to preserve and
flavor beer, and s#l. lupulusis widely cultivated for use by the brewing industry. The fragrant flower
cones known as hops, impart a bitter flavor and aromatic and preservative quéliiesilus lupulus

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

a. The key compounds i mportant for flavoring hops
consists of several componéamdisds tdire Mmomdl i gNn,i
source of bittering compofundei dsTshecehwmwel otnher,e
humul one, ia%% ndgr yupwe2i ght . When heated during

i somerization to more solubhei dasr d Wwhitecrr alcoap e
(Fi gur.e 1

a—Acid

Cohumulone R= CH(CH3)» Colupulone
Humulone R=  CH;CH(CH3), Lupulone
Adhumulone R= CH(CHj3)CH,CHj; Adlupulone
FiguilUandaci ds of hops plant.
Xant hohumol ( XN) a principal prenyl at elddu nothlad sc o
luphweps) and beer. I n recent years, XN has bee
and their presumed role in preventing various
di seases, and neurodegenematise HBasbrondeos' ).em
el ement in beer and has vari ous nniddinomantaolr ygp mlnit
antioxidant, i mmunomodul atory, antiviral, antif
effact svel | as anticancer solid activity towards
i nteresting biological acti viFtiigag.er ported for
|
HO OH OH
L
0 O
Xanthohumol Isoxanthohumol

FiguXen2hohumol and isothohumol
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Antibacterial Activity of Structurally Diverse Natural Prenylated Flavonoid Pervatves

IsobavachalconelBC) 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 derivative$gC -2 to IBC-10) from the natural prenylated chalcol€ isolated

from Psoralea corylifolisand access their antibacterial potency against Grasitive and Grarmegative
bacterial strain$s. aureusATCC 29213, MRSA ATCC 1518E. coliATCC25922 andP. aeruginosa

ATCC 27853IBC andIBC-2e x hi bited a minimum inhibitio8 conc
aureusATCC 29213, whered8C -3 exhibited a broagpectrum activity against significant bactericidal
activity. Cytotoxicity assessments on the murine RAW 264.7 macrophage cell line revealed minimal to
moderate cytotoxicity foiBC-2 and IBC-3 with a favorable selectivity index (>10). Timand
concentratiordependent studies further supported the bactericidal nature of the compoutgig, as
IBC-2, and IBC-3 exhibited concentratiedependent killing againss. aureusin a timedependent
manner. Furthermore, the combination studies alongside SEM analysis suggit #3& mechanism

of action points towards the bacteria's cytoplasmic membrane or cell wall.The bioactive compounds
displayed promising drutike characteristics and a favorable pharmacokinetic profile (ABIE),
indicating a projected high oral bioavailatyl The structural activity relationships (SARs) drawn from

this study reveal certain key functional groups resgd@dor this antibacterial potential, which will be
helpful in the future discovery and development of antibiotics from natural products to decipher the
antibiotic resistance crisigigure 3).

Y
,,

Time-kill curves

IBC-3 | - e
o -
! .
) ' Anti-bacterial activity | Combinational stuidy
MIC (uM) : ;
Q | aureus MRSA E. coli aeruginosa
Q\*’UL —>| IBc 5 <100 <100 23
Mg IBC-2 5 <100 <100 22
IBC-3 10 6 22 24

Membrane integrity disruption of IBC-3 on
the morphological appearance of S. aureus

Figure 3: Graphical representation of thatibacterial activity oétructurally diverse natural prenylated
flavonoid derivatives.
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Antibacterial Potential of Novel Thymol Derivatives against MRSA andP. aeruginosaPathogenic
Bacteria

Thymol, a natural monoterpenoid phenolic compound isolated Kfomarda citriodorg is known for its
aromatic, therapeutic properties and exhibits antimicrobial activity. The recent escalating threat of
antibiotic resistance requires discovering plaased antimicrobial agents and natural compounds, which
have emerged as promising catates. In this study, dihydroprymidone and dihydropyridine thymol
derivatives were synthesized, and the antimicrobial properties of thymol derivatives were explored. These
compounds 3(@) were evaluated for their antibacterial activiti@s vitro against pathogenic
microorganisms, includingP. aeruginosa (Gramnegative) and MRSA (MethicilliResistant
Staphylococcus aureugGrampositive). The results showed that compound 3i exhibited promising
antibacterial activity among the derivatives agaisaeruginosaand MRSA, with MIC values of 12.5

MM and 50.0 uM, respectively.

Additionally, a synergistic effect & for its combination therapy reveals that it can potentially synergize
vancomycin activity.In-silico physiochemical properties of 3i obey all rules of dlikgness. 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 protdigand interactions than thymdFigure 4).

Antibacterial

Assays

Crystal
Structure

Molecular
Docking/ in
silico studies

9
DFT @20

Calculations

—

Figure 4: Antibacterial Potential of Novel Thymol Derivatives against MRSA Bnderuginosa
Pathogenic Bacteria
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YOGESH PANDHARINATH BHARITKAR

Publ i
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Dr. Yogesh P. Bharitkar with his Research Group

cations/ Patent s:
etan Paul Singh, Rohit Singh, Ghulam Must

Yogesh P. .Bhacov&rmy *a fmpoteryumahtiovaryaplalnyer i t er p e |

Dy
St
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Sh
Bh
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ructonde,t ps: / / doi .org/ 10.1016/j). mol struc. z
etan Paul Singh, Priyanka ShYaorgneas,h Marnizjow
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Sa
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3 813 53259248.3
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hibitor aX4aimetth)Sltterraord s fCedreanseet hayn da s@t eorfo IL
novani: A comprehensilvret @rnnatiitamalanddo urnn &
cromolechléeps:20@6j . org/ 10.1016/7j .1 ) bi oms:
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5. ShaAhmad MMB8hahi d MWaogkeesd! BhaR.i,.F&pnaz
AMal,Sy&Khalid Ywashkif .-casedi sgnthesis and i
evaluati of afyl C derivatives Stodr oiwdi,t haZ(

doi .org/10.1016/j.steroids. 2023.109246

Scientific work done:

(A) Discovery of structurally important cycloartanetype triterpenes from Dysoxylum
binectariferumleaves

We recently reported theolation ofarchitecturally interesting triterpene molecul#sl0 from a
chloroform extract oD. binectariferumeaves(Figure 1).The chloroform extract dD. binectariferum

leaves had been subjected to repeated silica gel column chromatography, semipreperative HPLC, and
crystallization. This led to the isolation of triterpenoid molecudles0 with distinct structural features
(Figure). Nine undescribed cycloartartgpe triterpenes 2 10) were isolated from the leaves of

Dysoxylum binectariferum

A U ¢ o~
7 ' 8 Qx
‘ » o990
0,_"}_’/ —b / ' f
¢ e ]

v

& 9

I
}}\/ :, /&y)‘—) n)‘.«'

%
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e

Figure 1. Chemical structures of selected cycloartangype triterpenes isolated from Dysoxyllum
binectariferum (17 10)

(B) Semisynthesis of novel dispire pyrrolizidino/ thiopyrrolizidino -oxindolo/ indanedione

natural products hybrids of parthenin followed by their cytotoxicity evaluation:

Naturalproducts possess unique and broader intricacy in chemical space and have been an essential sourc
for drug discovery. The crucial factor for drug discovery success is not the size of the library but its

structural diversityAlthough thereports ommumber of new structurally diverse natural products (NPs)
40


https://doi.org/10.1016/j.steroids.2023.109246

have declined recently, researchers follow the next logical step: synthesizing natural productshgbrids
their analogs using the most potent tatiersity oriented synthesi®QS). Here we usedhe weed
Parthenium hysterophoruas a source of parthenin for synthesis of novel digpyroolizidino/
thiopyrrolizidino-oxindolo/ indanedione natural products hybrids of parthemnchemo, regio, and
stereoselective azomethine ylide cycloadditidh.synthesized compoundsere characterized through
detailed analysis of 1D, 2D NMRand HRMS, and the stereochemiss of the compounds were
confirmed by Xray diffraction analysis. All compounds were evaluated for their cytotoxicity against four
cell lines (HCF116, A549, Mia Pac&, and MCF7) and compound (dispiro-pyrrolizidino indanedione
hybrid of parthenin)nhibited the HCT116 cellswithanlggof 5. 0 N 0. 08¢ M.

Natural products hybrids

! ‘ }-CHZ. S|
50 QO

Figure 2: Semisynthesis of novel dispir@yrrolizidino/ thiopyrrolizidino-oxindolo/ indanedione
natural products hybrids of parthenin followed by their cytotoxicity evaluation.
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Dr. Showkat Rashid (Senior Scientistwith his Research Group

l. Publications/ Patent s:

1. Lone, W. |.; Rashid, A.; Bhat B. A.;Rashid S* Chemoselective Oxidation of Aromatic
Aldehydes to Carboxylic Acids: Potassium itbutoxide as an Anomalous Source of
OxygenChemCommR2024
(https://pubs.rsc.org/en/content/articlelanding/2024/cc/d4cc0163%d

2. Rashid, A.; Lone, W. I.; Dogra, FRashid, S.* Bhat, B. A.;* HFIP-mediated €3-alkylation
of indoles and synthesis of indolo[2h3quinolines& related natural productSrg. Biomol.
Chem, 2024 22, 35023509.

3. Rashid, S; Lone, W. |.; Rashid, A.; Bhat B. A. Inverse electron demand BA&er reaction
in total synthesis of bioactive natural produdtstrahedron Chem2024 09, 100066

4. Rashid, S.;Husain, A.; Bhat B. A.; Mehta, G. Incisive Analysis of Hydrogsmded
Supramolecular Architectures in designer Polycyclitols: Observation of Some Interesting Self
Assembly Pattern€GrystEngComm 2024 26, 19521961.

5. Rashid, S; Murakami, T.; Koganezawa, H.; Yoshigoe, Mgsoya, S.Saito, S Fluorinated
[2]rotaxanes with spirofluorene motif: neaymmetric distribution of the ring component
along the axle componemMiew J. Chem2023 47, 900.
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1. Scientific work done:

a) An efficient and scalable total synthesis of Paeoveitol and its analogues was accomplished
through a novel synthetic route using Ti@ksisted lactonization and Heterogeneous Inverse
Electron Demand Dielé\lder Reaction (IEDDAR) as key stepsigure 1). All these molecules
were evaluated for their AnfA | zhei mer 6s potenti al i n coll ab
Scientist I1IM Jammu) and we are having some interesting results. We are currently working on

the mechanistic aspects of this study.

N\ H

: OH O J"{ ;LLLL'/ : Screening of Compounds for L@Bactivit
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: r . OH HO-~-meo__ / || : .
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i Re=H.CH, X Ry H,0 OH i, Paeoveitol ;
: NaBH 0 1t L ° Ry on Vo i &
' MeOH : THF (1:2) & P Rs 2R Ragy Analogues; Contl e Sz 0z Srs S S 2 S s 28
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Figure 1: Total synthesis of Paeoveitol and its analogues.
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Figure 2: Metal free G3 alkylation of indoles and its Ni&ediated deviation to Indolo[2 3
b]quinolones.
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Figure 3: Oxidation protocol for aromatic arteteroaromatic aldehydes to their corresponding
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carboxylic acids
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Figure 4: Reported strategies to assemble thedirdethylazulene framework present in diverse
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natural products and our 'Unified Approach'.
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Dr. Ravindra Phatake (PI)with his Research Group

. Publications:

1. Di scovery of struct dtryaplel yt riinmpeorrpteannets cfyrcolno aDryts
| eaves anidnftlhaemmatatiydt aat iPaiutly Si ngh, Rohi't {
Ramajayan Pandi an¥, Ryaovgiensdhr aPJ $BclaR h atikeaki/e ) 9
13818%8eéoparone Chemical Moy chit fhied a tci oAn ail-®Btgs &
Substituti olnnffloammateonry ARdtii vity
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Benzylidene Phosphite Compl exes
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4. Gall S e g@&elroevnidcavbalr Kk Bar anov, ankRaMi nGaar*iSel Ph
Organom20oaf2 i @8 38 33RI5as moMNilR VYihsot ot her mal acti
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Doron Yesodi, Anna Vai sman, N. NéabrZ®288L e mc o
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Book Chapters

T I's Structur al Engineering of Quononéde ODf srciol
AnLiancer Drugs?

T Rohit Singh, Ranigmd ZRadbwiindt &a$.i | Plbatr el

T Chap3tze0r2B30 cQui nmameed Compounds i BLPEVIQERI ISNGV

T Understanding Quinone DerivativesRAAniteashaach e
Structural Activity Relationship.

T Ujjawal Havelikar, SaRawymadiSa*SGowmhat &ke Babu

T Chapdte0r2B30 cQui nmameed Compounds i BLPEVIQERI IsNGV

T Pharmacol ogi cal Diversity in Integrative Med
Di scovery Utilizing Natural Products.

T Ritu Painuli, BiKwm&inhatudra nK uRkavm nadirgaa’dsS . Phat e

T Chapteoz2aB@Eelkcondary Metabolites and Drug Di s

1T Assessing the Value offoMmmump ztathil @ Ne dieaisree Mia
Benefits, and Side Effects

T Ritu PRa@ihnwlhie,k KChmat aGu KuRwawi*n d raandS . Phat ake

T Chapt2oz2aB-mSelcondary Metabolites and Drug Di s

Scientific work done:

Currently, our lab is working on improving the bioactivities of biologically significant natural
compounds by creating semsynthetic analogues and developing novel small dikegmolecules. Our
research on medicinal chemisfocuses mainly with the critical problems that account for the majority
of mortality worldwide, such as cancer and tuberculddi® main goal of the research effort revolves
around the identification and synthesizing of small molecules withigfldmmatory, anttubercular,
and anticancer activities. We have a strong believe in the concept that medioyaalic chemists can
develop cuttingedge medicines that deal with upcoming health issues and emergencies. Currently, more
focus is on the development of bioactive small molecule;astemomical diversityoriented heterocyclic
library synthesis, development of metal cataty€eC, GN, & C-B bond formation reactions and organic
polymermaterials for medical applications.
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resear ch iSsomen opfr coqurre shsy.bri d mol ecul es based on
i nvestigated and hdawdeaedhhowaamicgamitipiot @ mteitati tli sd d
i's i n Aroghessame time our focus i s -@nanhth@Inyds i
formation reactions are working wellngWeial ogad
i mportant nitrogen containing heteponegicbtes mada
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AMOL B. GADE

Dr. Amol B. Gadewith his Research Group

Publications/ Patent s:

1. Amol B., UGadMihtii,n TAs yRnanteitlIr,i *c gold catalysis
designedrligi.gmedn) 214 58 95 .

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 thantioadi 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 andffaagive 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 processks fequired starting materials.

Additionally, as part of the CSIR antiviral mission program, we have designed and synthesized new
chemical entities (NCES) that effectively inhibit the SAR8V-2 main protease (NP). 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 tR€, Mlemonstrating our commitment to innovative
antiviral solutions.

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

Ligands" discusses the design aeyelopment of ligands for asymmetric gold catalysis, aiming to foster
further growth in the field.
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