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ABSTRACT

From the building blocks of nature to disease-battling pharmaceuticals, glycans have had a profound
impact on evolution, society, economy, and human health. Numerous applications of these essential
biomolecules in many areas of science and technology exist, most of which can be found at the
forefront of therapeutic agent and diagnostic platform development. Although glycans are desirable
for the pharmaceutical and biomedical communities, these molecules are very challenging targets for
chemists because of the need for functionalization, protecting and leaving group manipulations,

controlling anomeric stereoselectivity, separation, and analysis.

At the core of this presentation is the development of new methods and strategies for the chemical
synthesis of glycans. These tools will be discussed in light of recent results related to the development
of new rmethods including regenerative glycosylation' and the 4K reaction® > as well as automated
technologies for glycan assembly on polymer supports® and carbohydrate synthesis in solution.” ® This
work has been generously supported by the National Institutes of Health and the National Science

Foundation.
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There is a recent renaissance amongst organic chemists in appreciating the value of stereoselective
carbohydrate synthesis as an excellent platform for discovery of chemical phenomena.!' In my talk, I
will describe two emerging directions pursued by my research group. In the first direction, I will
narrate our seminal efforts in developing mild and robust o-hole based noncovalent catalyzed methods
for selective carbohydrate synthesis — an approach we now define as the “o-hole based catalytic
glycosylation strategy” 1>

I will offer an overview of our early efforts in the development of exclusively halogen bonding (XB)
catalyzed strain-release glycosylation and 2-deoxyglycosylation. These strategies contain unique
advantages, such as the elevation of anomeric selectivity. Next, I will introduce our pioneering
approach in chalcogen bonding (ChB) catalyzed glycosylations and glycomimetic synthesis. We
recently demonstrated that the ChB catalysis performed exceptionally well on glycosyl substrates. We
further developed versatile strategies that enabled access into biologically relevant 7-membered ring
sugars known as septanosides,'*! B-indolyl glycosides!®'as well as in underexplored iminoglycosides.!®!
A second research axis is the harnessing of metal catalyzed asymmetric catalysis to surmount multiple
enantio-, diastereo- and site-selectivity challenges within a single bond forming step.?! Besides sharing
novel asymmetric thodium!”! and radical copper catalyzed!® platforms we developed, 1 will touch on
recent efforts to exploit NClIs for carbohydrate stereocontrol in the context of asymmetric palladium

catalyzed site-selective functionalizations."’
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Synthetic glyco-tools for exploring and exploiting the glycome.
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O-Glycosylation is a ubiquitous post-translational modification that is highly dynamic and responsive to cellular
stimuli through the action of the cycling enzymes. Expression of specific O-glycans is linked to changes in gene
expression in, for example, inflammatory bowel disease, cystic fibrosis and several types of cancer.!!!

Glycan multivalent probes constitute a good bio-mimetic model of carbohydrate presentation at the cell surface
and provide a powerful tool to screen for protein carbohydrate interactions and consequently for the identification
of carbohydrate receptors or ligands associated with many inter- and intracellular recognition processes associated
to disease including microbial infections.?!

Antimicrobial resistance (AMR) is a rapidly growing issue and poses a significant threat to our ability to treat
common infections. In the next 25 years, if current trends continue, the global death toll from AMR infections will
exceed that of cancer.!”) Development of rapid and selective diagnostic strategies to identify or target bacterial
infections at the point of care is of vital importance to avoid prescription of broad-spectrum antibiotic agents and
reduce the risk of contributing to AMR.[

In recent years, our group has developed fluorescent multivalent O-glycan probes for the study of O-glycosylation-
linked interactions in live cells and more recently in bacteria.l®! In this lecture, we will discussed the development
of a rapid bacteria screening strategy based on carbohydrate-functionalized polystyrene microspheres.*! Using this
assay, we identified selective binding of C-2 linked arabinose moieties immobilized on a microbead surface to
Staphylococcus aureus, a Gram-positive pathogenic bacterium of which antimicrobial-resistant strains are
widespread and problematic.l’! We could quantify this effect using image processing software (Abacus), allowing
selective detection of S. aureus over other bacteria species.
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probes. In 2021 she received the RSC Jeremy Knowles award for the development of
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The elucidation of the numerous biological functions of carbohydrates benefits enormously from the
development of chemical tools designed to achieve tight binding of carbohydrates to proteins and
RNA, to synthesize glycoconjugates, and to trace carbohydrates within cells. This lecture will give an
overview of some of our achievements in these fields.

We synthesized numerous high-affinity multivalent lectin ligands including a photoswitchable one!
and developed a new design of multivalent lectin ligands, termed inline lectin ligands (iLecs).? iLecs
lead to exceptionally high binding affinities without concurrent precipitation of proteins due to
crosslinking. RNA-binding carbohydrates derived from glucosamine-6-phosphate (GIcN6P) can
function as activators of the g/mS riboswitch and are promising lead structures for the development of
future antibiotics with a potentially novel mode of action.?

Conjugation of unprotected (reducing) carbohydrates to surfaces or probes by chemoselective ligation
reactions is indispensable for the elucidation of their biological functions. We studied the kinetics of
the oxyamine ligation by real-time NMR spectroscopy and could show that the reaction rate is
significantly increased (up to 500-fold) without the need for a catalyst when starting with glycosyl
amines.*

Metabolic glycoengineering (MGE) is now a well-established approach to study the biological roles
of carbohydrates.> We applied the inverse-electron-demand Diels-Alder (IEDDA) reaction in MGE to
achieve the visualization of protein-specific glycosylation within living cells using confocal FLIM-
FRET microscopy. To study protein-O-GlcNAcylation, we developed dienophile-modified
glucosamine-1-phosphate derivatives that do not lead to non-specific labeling by the recently reported

S-glyco modification.®
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Lectins are carbohydrate-binding proteins of non-immune origin. Although some
participate in immune-related processes, they are not direct products of the immune
response and lack enzymatic activity toward their ligands. Microbial lectins
specifically recognize carbohydrates on host cell surfaces, such as glycoproteins or
glycolipids, thereby mediating adhesion to host cells or mucosal surfaces and serving
as key virulence factors.

Our long-term objective is to identify, isolate, and characterize lectins from bacteria
and fungi, particularly those associated with human, plant, and insect pathogens. This
contribution focuses on structure—function analyses of selected bacterial lectins
involved in host—pathogen interactions, including those that may play a role in
nematobacterial complexes exhibiting high pathogenicity toward diverse insect
species.
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ABSTRACT (Times new roman, font size 11) (Max. 250 words, 1.5

spacing)

The dense layer of glycans decorating eukaryotic cell surfaces represents one of the front-line barrier
that mediate interactions at the virus-host interface. These sugars are structurally diverse and expressed
in tissue- and cell type—specific manners.[ 1] Numerous viruses display virally encoded lectins (glycan-
binding proteins) on their surface, which act as molecular “keys” to engage glycan receptors on host
cells and mediate viral attachment and entry.[2] The selectivity of these virolectins for specific glycan
structures critically determines host range, tissue tropism, and pathogenesis.

A prototypical example is influenza A virus, whose hemagglutinin (HA) lectin binds to cell-surface
glycans terminating in 02,6-linked sialic acid moieties (Neu5Ac(02,6)Gal), which are predominant in
the human upper respiratory tract. By contrast, certain coronaviruses, toroviruses, and influenza C and
D viruses exhibit host-specific receptor recognition that depends on both the glycosidic linkage type
and the O-acetylation pattern of sialic acids.

The rational design of new surveillance, prevention, and intervention strategies against viral infections
requires detailed molecular and structural knowledge—ideally at atomic resolution—of viral receptor
recognition mechanisms. Our research contributes to elucidating the molecular basis of viral lectin—
host glycan interactions.[3,4] To achieve this, we employ a multidisciplinary approach that integrates
chemical synthesis, recombinant protein expression, high-resolution biophysical binding studies, and
cell-based assays. The insights gained from this work advance our understanding of glycan recognition
in viral infections and hold potential for the rational design of vaccines, antiviral agents, and predictive

models for the emergence of novel human virus variants.
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Lipopolysaccharide (LPS) is a major glycoconjugate in outer membrane of Gram-negative bacteria
and canonical Escherichia coli LPS activate innate immunity to induce lethal strong inflammation. The
terminal glycolipid lipid A is the active principle of LPS. Low inflammatory lipid A have been
expected as vaccine adjuvants.

We hypothesized that co-evolved parasitic and symbiotic bacterial components should modulate host
immunity moderately with low toxicity. We synthesized parasitic [ 1] and symbiotic [2] bacterial lipid
A and elucidated the molecular basis of immunoregulation, and developed safe and useful adjuvants.
In this presentation, we introduce chemical synthesis and functions of lipid A from Alcaligenes faecalis
inhabiting gut-associated lymphoid-tissue (GALT) that is responsible for the mucosal immunity
regulation.

We synthesized 4. faecalis lipids A 1-3 with diverse acyl group patterns and identified the active center
as hexa-acylated 3 [2]. Lipid A 3 was confirmed to exhibit non-toxic but useful adjuvant function
(enhancing antigen-specific IgA and IgG production) [3-5], and the vaccine model using 3 was found
to be significantly protective against bacterial infection [4]. Since IgA is responsible for mucosal
immune homeostasis, we found a promising adjuvant that can safely regulate mucosal immunity by
focusing on GALT symbiotic bacteria. Furthermore, lipid A 4, which reversed the stereochemistry of
the acyl side chain hydroxy group, was found to be more active than 3, and the molecular basis of the

adjuvant function is also becoming clear.
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Developing potent inhibitors to resist resistance
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The rapid rise of multidrug-resistant (MDR) pathogens threatens the efficacy of frontline
antibiotics and poses a pressing global health crisis. Macrolides, such as erythromycin and
tylosin, act by binding to the ribosomal nascent peptide exit tunnel (NPET) and blocking
protein synthesis'. However, their clinical efficacy is compromised by Erm family
methyltransferases, which modify a conserved adenine within the NPET to prevent drug
binding. Expression of these enzymes is uniquely regulated through an antibiotic-induced
ribosomal stalling mechanism, where a leader peptide sequence directs programmed translation
arrest to trigger resistance’.

To address this challenge, we employed a structure-guided design strategy to generate
macrolide-peptide conjugates capable of interfering with Erm expression. By strategically
modifying the macrolide scaffold with peptide-based extensions, we introduced conformational
constraints within the NPET that disrupt programmed ribosomal stalling and suppress Erm
activation, thereby bypassing resistance.

This work demonstrates how integrating structural biology and synthetic chemistry can directly
target resistance-regulatory mechanisms. Our findings highlight a rational framework for the
development of next-generation macrolides with the potential to restore clinical efficacy
against MDR bacterial isolates
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Orthogonal Amide Coupling Strategy for Conjugation-Ready
Trisaccharide of Vibrio cholerae 0100

Cell-surface bacterial carbohydrates consist of repeating units of rare deoxy amino glycans
that, when conjugated with proteins, serve as promising vaccine candidates. Their limited
natural availability necessitates efficient synthetic approaches, but the chemical synthesis of
these structurally diverse glycans remains highly challenging. The emerging field of
multicomponent carbohydrate-based synthetic vaccines involves the synthesis of bacterial
glycans.! Herein, we describe the total synthesis of a structurally complex trisaccharide
repeating unit of the O-antigen from Vibrio cholerae 0100.? Our synthetic strategy involves
the efficient construction of a conjugation-ready trisaccharide RU from Vibrio cholerae 0100,
utilizing orthogonally protected rare deoxy amino building blocks** and employing post-
glycosylation orthogonal amide coupling at an advanced stage of amide coupling with Hb and
dHh to achieve the desired target molecule.
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Diastereoselective Gelation in ROMP Polymers from Sugar
Cyclic Nitrones: Multifunctional Organogels for Adsorption and
Insulation
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Subtle stereochemical variations can decisively alter supramolecular assembly pathways, yet
their impact on polymer gelation remains underexplored. In this work, carbohydrate-derived
cyclic nitrones'® were transformed into polymers via ring-opening metathesis polymerization
(ROMP),* affording diastercomeric materials with contrasting outcomes in which endo-
configured monomers yielded self-supporting organogels, that underwent spontaneous gelation
in the ROMP reaction under ambient conditions, whereas the exo analogues produced only
soluble polymers. The resulting gels displayed interconnected porous networks and thermal
robustness. Beyond structural distinctiveness, they exhibited multifunctionality. Efficiently
removing organic dyes with recyclability, enabling burst and sustained fragrance release, and
functioning as electrical insulators in simple conductivity tests. These findings establish the
first example of diastereomer-dependent gelation in ROMP-derived carbohydrate polymers,

expanding the utility of renewable sugar scaffolds toward multifunctional soft materials.
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Unravelling viral haemagglutinin preferences to host glycans by

chemoenzymatic synthesis and NMR
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The periodic emergence of global pandemics underscores the urgent need for effective strategies to
combat viral diseases. Among these, human influenza A viruses (#ZIAVs) remain a major public health
concern, with the A/H3N2 subtype responsible for most severe seasonal flu cases. While antiviral drugs
provide an essential complement to vaccination, the rapid emergence of resistant strains demands
innovative approaches for the development of next-generation therapies'. Central to AIAV infection is the
haemagglutinin (HA) glycoprotein, which mediates viral entry by binding to host cell glycans terminating
in a2,6-linked sialic acid residues (NeuSAca2,6Gal). These receptors are usually located at the termini of
extended oligosaccharides composed of LacNAc repeats, found in both N- and O-glycans®. Previous
studies have shown that antigenic drift, driven by immune pressure, modulates HA receptor specificity
and contributes to the diversification of glycan-binding profiles among different circulating viral clades.
Our group has recently dissected these differences at the atomic level by means of chemoenzymatic

glycan synthesis, state-of-the-art NMR spectroscopy, and computational modelling?.

Here, we extend this integrative approach to investigate newly emerging A/H3N2 variants and elucidate
the molecular basis of their evolving glycan recognition properties. The synthesis of a library of diverse
glycans containing the minimal epitopes present in the human respiratory tract enables a comparative
analysis of four A/SG/16-derived variants. Our results unveil epistasis among critical residues within the
HA binding site, which synergistically reshapes receptor binding specificity while preserving immune
escape. NMR-based experiments have been essential in providing comprehensive atomic-level insights
into the evolutionary changes and receptor adaptations of contemporary A/H3N2 viruses, complementing

and consistent with glycan array and molecular dynamics findings recently reported by Liang et al.*.
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Targeting phenylalanine tRNA synthetase of the malarial parasite using

nucleosideamino acid conjugates
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Malaria is a disease caused by Plasmodium parasites. Resistance to most antimalarial drugs, including
Artemisinin, has emerged, which significantly reduces their efficacy'. This highlights the urgent need for
novel drugs and therapeutic targets. Aminoacyl-tRNA synthetases (aaRS), enzymes responsible for the
formation of aminoacylated tRNA, present promising druggable targets’. In recent years, several
domainspecific inhibitors of aaRS have been reported*. Our group previously synthesised the AMS-Phe,
which binds to the ATP and amino acid binding pocket of phenylalanyl-tRNA synthetase (PheRS) and acts
as an inhibitor. However, AMS-Phe lacked specificity for parasitic enzymes. To address this, we employed
a structure-based drug design approach by targeting the enzyme's auxiliary pocket*. Accordingly, we
synthesised a derivative of AMS-Phe, modifying the 2'-OH group (AP-4) to facilitate binding in the
auxiliary pocket. The newly synthesised compound demonstrated improved specificity for
PhenylalanyltRNA synthetase of Plasmodium vivax (PvFRS) (ATm=10.2° and /Cso= 1.1 uM), compared
to the human analogue (HsFRS) (ATm = 3.8°, ICso = 13.2 uM. However, the crystal structure of this
inhibitor with PvFRS suggests that the 2'-modification actually occupies the ATP pocket and is involved
in -7 stacking interactions with the adenine ring. These results indicate that although a new compound is
a more specific inhibitor against the malarial parasite, its specificity can be further enhanced by increasing
the rigidity of the 2'-extension for it to occupy an auxiliary pocket. Similarly, attempts were made to
introduce modifications at different positions, including the Phenylalanine end of the molecule (4-chloro,
4-fluoro) and on the base part of AMS-Phe (N6-NHCONHPh), as well as the molecule with an N-linked
sulfomyl linkage to increase specificity towards parasitic aaRS.
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Lewis Acid-Promoted Hydroalkoxylation Reduction/Cycloaddition of Cyclopropenes: A
Unified Route to Synthesize THF, THP, Oxaspirolactones and Spiroketals
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Cyclic ethers like tetrahydrofurans (THFs), tetrahydropyrans (THPs), oxaspirocyclic lactones
and spiroketals are fundamental structural core moieties present in many natural products and
bioactive compounds.' Developing a method that enables the synthesis of these heterocycles
is an important objective. Metal or acid-catalysed synthesis of these heterocycles via
hydroalkoxylation reduction cascade of alkynes/olefins and spiroketalization of oxo diols are
reported in the literature.” To the best of our knowledge, a unified approach towards the
divergent synthesis of these heterocycles from cyclopropenes is unprecedented in literature.
Herein, we report the utility of hydroxy cyclopropenes in the synthesis of these heterocycles
through the generation of donor-acceptor cyclopropanes as a common reactive intermediate.
In the presence of an external nucleophile under Lewis acidic condition reaction furnished the
desired THF and THP derivatives, whereas in the absence of an external nucleophile, the
diester functionality serves as an internal nucleophile to provide access to oxaspirolactones
stereoselectively.’ Similarly, the reactivity of donor-acceptor cyclopropanes in the
cycloaddition reaction is exploited in the stereoselective synthesis of [5,5] and [6,5]
spiroketals. The developed methodology was found to be general with broad range of
substrate scope with good functional group tolerance. Furthermore, these heterocycles were
transformed to facilitate the access of intricate polycyclic heterocycles.
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Scheme: Synthesis of THF, THP, Oxaspirolactone, Spiroketal from Hydroxy Cyclopropene.

References
1. (a) J. Rutkowski, B. Brzezinski, Biomed. Res. Int., 2013, 2013, 162513. (b) F.-M. Zhang, S.-Y. Zhang, Y.-Q.Tu,
Nat. Prod. Rep. 2018, 35, 75.

2. (a) F. Alonso, 1. P. Beletskaya, M. Yus, Chem. Rev., 2004, 104, 3079. (b) S. S. Thorat and R. Kontham, Org.
Biomol. Chem., 2019, 17, 7270. (c) S. J. Gharpure, D. S. Vishwakarma, S. K. Nanda, Org. Lett., 2017, 19, 6534.
(d) S. J. Gharpure, S. K. Nanda, Padmaja, Y. G. Shelke, Chem. Eur. J., 2017, 23, 10007.

3. Gharpure, S. J.; Gupta, K. S.; Yadav, R. Chem. Commun. 2025, 61, 9705.

4.  Gharpure, S. J.; Gupta, K. S.; Yadav, R. Org. Lett. 2025, 27, 1, 292.



Smrriti Subir Mukherjee
IIT Bombay

Palindromic Redox-Sensitive Peptidic Anion Transporter that Promotes
Healthy Breast Cells over Breast Cancer Cells

The biocompatibility of peptides and the redox-responsiveness of cystines are harnessed to
develop a library of palindromic acyclic scaffolds as anion transporters. The tryptophan-
flanked cystine peptide selectively transports anions across lipid vesicles, with a preference
towards nitrate and halide ion antiport. The disulfide backbone provides a covalent tether for
the two anion-binding hydrophobic indole units, ensuring effective membrane insertion and
anionic flux. The anion transport activity significantly drops when the cystine is reduced to
cysteine in a GSH-rich environment. This attenuation arises not only from GSH-mediated
reduction but also from altered peptide—-membrane interactions and uptake, revealing distinct
GSH-regulated ion-transport behaviour in the presence versus absence of a lipid bilayer.

Remarkably, this disulfide motif intrinsically demonstrates differential behaviour towards
untransformed and transformed breast cells. When cultured separately, the triple-negative
breast cancer line MDA-MB-231 shows lower viability upon treatment with the peptide
compared to its untransformed counterpart, MCF10A. In co-cultures of these two cell lines
over 4 days, exposure to the peptide favours the proliferation of MCF10A cells over MDA -
MB-231 cells. Together, this study paves the way for using redox-sensitive disulfide scaffolds
to mitigate off-target effects in cancer therapy, demonstrating their potential as selective
modulators of healthy (non-cancerous) cells within the complex tumour microenvironment.



Total Synthesis of the Zwitterionic Trisaccharide Repeating Unit of Pseudomonas aeruginosa
NCTC 8505 Acinetobacter baumannii MG1 and strain 24
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Cell-surface glycans are critically involved in a wide range of fundamental biological events, such as
pathogen entry during viral and bacterial infections, intercellular recognition and signaling, and
modulation of immune responses, thereby contributing to the pathology of many infectious diseases.
Within the notorious ESKAPE group of pathogens, Pseudomonas aeruginosa, listed by the WHO as a
high-priority multidrug-resistant bacterium, and Acinetobacter baumannii, ranked at the highest
“critical” priority level, are responsible for life-threatening infections. These unique carbohydrate
structures therefore serve as highly promising targets for the development of glycoconjugate vaccines
and diagnostic reagents. Herein, we report the first total synthesis of the tetrasaccharide repeating unit
of the capsular polysaccharide from Pseudomonas aeruginosa NCTC 8505 prepared in a conjugation-
ready form suitable for vaccine construction. Also developed new methodology for synthesis of novel
building block L-galactoronic acid. Further a systematic study was conducted for the notoriously
difficult glycosylation of the most unreactive axial 4-OH of D-galactosamine with D-glucosamine unit.
The successful outcome for this glycosylation was utilized to accomplish the total synthesis of linker-
appended trisaccharide repeating units of Acinetobacter baumannii MG1 and strain 24, which is also a

potential antigen for immunotherapy and vaccine development.
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