
Designing Amide-linked molecules based on sugar 
amino acids and related building blocks  

Some recent works 

 
Our success in organic synthesis has given us the confidence to venture into the emerging 
areas of creating new molecular entities. We are well endowed today to create in the 
laboratory diverse arrays of new molecules with tailor-made structures and properties. The 
challenges are to find ways to quickly assemble complex three dimensional drug-like 
structures that can be easily manipulated to build up diverse libraries of NCEs and scaled up 
for drug developmental purposes. In our work on conformationally constrained scaffolds of 
sugar amino acids (SAA) and related multifunctional building blocks, many de novo peptides 
with interesting secondary structures and useful biological properties are being developed. 
Some recent works are listed here. 

 
A) Influence of appended carbohydrates on the structural 

preferences of δ-SAA-derived foldamer backbones in water to 

render them with distinct biological activities  
 

We have recently demonstrated that sugar amino acid based foldamers when appended 

with different sugars exhibit a defining role in the conformations adopted by the foldamers. 

Of particular significance is the observation that the grafted mannoside moieties provoked a 

conformational switch in the cis-foldamer backbone (and not in its trans-foldamer 

counterpart), from a 10-membered H-bonded turn structure when not appended with sugars, 

to an unprecedented 16-membered helical one when mannosyl units are grafted. And these 

differences were reflected in the contrasting interactions of these glycofoldamers with 

various biological targets like lectin Concanavalin A (Con-A) and the bacterium, Escherichia 

coli (E. coli), suggesting that these differences may have their seeds in the underlying 

conformational preferences of these neoglycopeptides.  
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These data further confirm the notion that subtle differences in solution conformation and, 

likely, dynamics preferences should indeed have consequences on the underlying biology of 

natural glycopeptides even when these might be structurally, closely related. 

Subsequently, it was also found by us that linker length influences the conformational 

preferences of glycosylated sugar amino acid foldamers. Glyco foldamers appended by 

sugars with a propyltriazole linker nucleated an unprecedented 16/10-mixed turn structure, 

irrespective of the starting foldamer geometry, in contrast to their structures with a two-

carbon shorter methyltriazole linker (16-membered for cis and 10-membered for trans 

foldamers) demonstrating the defining influence of the linker length on the conformational 

preferences of these neoglycopeptide mimics. 
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Next, the sugar amino acid (SAA) based foldamers with well-defined secondary structures 

were appended with GalNAc sugars to access sequence-defined, multidentate 

glycoconjugates with full control over number, spacing and position. Conformational analysis 

of these glycopeptides by extensive NMR studies revealed that the appended GalNAc units 

had profound influence on the native conformational behaviour of the SAA foldamers. While 

the “2,5-cis” glycoconjugate showed helical structure in water comprising of two consecutive 

16-member hydrogen bondings, its “2,5-trans” congener displayed an unprecedented 16/10-

mixed turn structure, not seen before in any glycopeptide foldamer. 
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B) Cationic cyclic peptides containing sugar amino acids that 
are nontoxic and kill Mycobacterium tuberculosis selectively 

  
Cyclic cationic antimicrobial peptides mimicking gramicidin S –  

In our continued works on the uses of sugar amino acids and related building blocks in 

designing molecules with interesting structures and properties and developing them further, 

we have synthesized tetrahydrofuran amino acid (Taa) containing gramicidin S (GS) 

analogues, carried out conformational analysis and explored their structure activity 

relationships by evaluating the antitubercular, antibacterial and cytotoxic properties.  
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Replacement of the turn inducing D-Phe-Pro units of natural gramicidin S (GS) with a novel 

tetrahydrofuran amino acid, bearing a C6-Bn substitution to mimic the D-Phe side chain of 

GS, did not disturb the structural integrity of the molecule and retained its antimicrobial 

activity, with two of these analogues showing impressive as well as selective activity against 

Mycobacterium tuberculosis (MTB) devoid of toxicity towards the mammalian Vero cells or 

human RBCs, promising to be potential leads. 

 

Linear cationic antimicrobial peptides showing antitubercular activities – 

 It has also been found by us that the linear octapeptide precursors from above studies 

showed activities – weak to moderate against Gram positive, Gram negative bacteria by two 

of them only, but very significant against Mycobacterium tuberculosis (MTB) devoid of 

toxicity towards the mammalian Vero cells. The N-terminal deprotected esters showed the 

best results with excellent selectivity for MTB promising to be potential leads. 
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Extension of this work to dodecameric peptides revealed that some of these linear 

dodecameric molecules show slightly better antimicrobial activities than their tetra and 

octameric congeners, but no activity against MTB for which octapeptides exhibited by far the 

best results implying that antibacterial activities are dependent on the length of these linear 

peptides. All dodecapeptides described here are found to be toxic in nature against Vero 

cells. The study helps to delineate the optimal length of this series of linear peptides and 

select potential leads in the development of novel cationic peptide-based antibiotics. 
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Earlier, we reported a very remarkable finding that the cyclic cationic peptides containing 

sugar amino acids (SAA) on attachment with AuNP significantly decreased their 

cytotoxicities while retaining their antimicrobial activities.  
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Inhibition of pre-miRNA - In addition, the above cationic peptides molecules are also 

showing remarkable down-regulation of some oncogenic miRNAs that will further broaden 

their activities as potential anti-cancer molecules. Our study focuses on the selectivity of 

novel cationic cyclic peptide inhibitors of miRNA maturation and hence its function. Our SAA 

based cationic cyclic peptides have been found to be selectively downregulating miRNA 

within the same family, by hindering Dicer processing of pre-miRNA. The scaffold of these 

three cyclic peptides can thus be used as a scaffold to design more specific miRNA 

inhibitors (In collaboration with Dr.Souvik Maiti, CSIR-IGIB, New Delhi). 
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C) Sugar amino acid containing dolastatin 10 analogues as novel 

anticancer agents 
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Another noteworthy application of sugar amino acids has led to the development of very 

promising synthetic dolastatin 10 analogues that suppressed microtubule dynamics, inhibited 

cell proliferation of many types of cancer cells in culture at nanomolar concentrations, and 

induced apoptotic cell death. 

Antileishmanial peptides – 

The above dolastatin 10 analogues that were shown to have excellent tubulin binding 

properties strongly suppressing the dynamics of microtubule assembly in vitro prompted us 

to design similar peptides that could be tested for antileishmanial activities. The fact that 

mammalian tubulin binding cytotoxic molecules have been widely screened against 

kinetoplastid tubulin for discovering anti-leishmanial compounds was the guiding factor. In 

addition, these dolastatin 10 analogues also showed synergistic effect with colchicine 

lending further support to screen them for antileishmanial activities as colchicine is known for 

its strong binding with β-tubulin of Leishmania spp. Subsequent discovery of almiramides 



A-C was of immense help for remodelling the dolastatin 10 analogues into almiramide look-

alikes for the present study. 
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Among the synthesized analogues, most of the  permethylated compounds exhibited more 

activity in in vitro studies against intra-macrophagic amastigotes than its non-methylated 

analogues. SAR and NMR studies revealed that introduction of the N-methyl groups 

inhibited the formation of any turn structure in these molecules that led to improved activities. 

 

D) Furan amino acid containing G-quadruplex binding ligands 
(In collaboration with Dr.Souvik Maiti, CSIR-IGIB, New Delhi)  

The furan amino acid containing G-quadruplex binding ligands with very high equilibrium 

binding constants (K ~ 107 M-1) for G-quadruplex, and no affinity for the duplex DNA, showed 

stabilization of the quadruplex region of the promoter of c-MYC genes leading to up to 90% 

down-regulation of c-MYC transcripts in HeLa cells. 
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In another study, we reported that when zebrafish embryos were injected with the above 

furan amino acid based G-quadruplex binding ligand, the CDH-2 (ZN-cad) gene which 

carries a putative G-quadruplex motif in its upstream promoter region was significantly 

downregulated in the ligand-treated embryos. Biophysical characterization of the interaction 

of the ligand with the G-quadruplex motif found in this promoter yielded strong binding and 



stabilization of the G-quadruplex with this ligand. For the first time the phenotypic impact of 

G-quadruplex targeting with a ligand in a vertebrate organism was observed. This study has 

unveiled not only G-quadruplex targeting in non-human animal species but also the potential 

that G-quadruplexes can provide a ready tool for understanding the phenotypic effects of 

targeting certain important genes involved in differentiation and developmental processes in 

a living eukaryotic organism. 

 

Reference: “Morphological effects of G-quadruplex stabilization using small molecule in Zebrafish” 
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Using the above furan amino acid based ligand as a probe; we further demonstrated that G-

quadruplex motif in antisense strand of DNA substantially inhibits transcription while when in 

the sense strand it does not affect transcription although it does ultimately reduce 

translation. Further, our furan amino acid based G-quadruplex stabilizing ligand can enhance 

this asymmetric transcription regulation as a result of increased stabilization of G-

quadruplex. 

References:  
“In the Sense of Transcription regulation by G-quadruplexes: Asymmetric effects in sense and anti-
sense strand” Tani Agarwal, Santosh Kumar, Saumya Roy, Tushar Kanti Chakraborty and Souvik 
Maiti Biochemistry 2014, 53, 3711-3718. 

“Morphological effects of G-quadruplex stabilization using small molecule in Zebrafish” Tani 
Agarwal, Mukesh Kumar Lalwani, Santosh Kumar, Saumya Roy, Tushar Kanti Chakraborty, Sridhar 
Sivasubbu and Souvik Maiti Biochemistry 2014, 53, 1117-1124. 
 

E) Ribonucleoside amino acids for amide-linked RNA mimics for 

miRNA modulation 

A common strategy for the syntheses of all four nucleoside amino acids in multigram 

quantities has been developed that will enable us to synthesize many amide-linked RNA-

mimics of great biological interest and is being pursued presently in our laboratory.  

 



 
Reference: “Studies directed toward the 
development of amide-linked RNA mimics: 
synthesis of the monomeric building blocks” 
Tushar Kanti Chakraborty, Praveen Kumar 
Gajula and Dipankar Koley J. Org. Chem. 
2008, 73, 6916-6919. 

 

 

This has now been extended to the synthesis of fully amide-linked RNA analogues of small 

oligonucleotides containing, for the first time, all four nucleoside amino acids using standard 

solid phase Fmoc-chemistry (Y. S. Sunkari, et al Tetrahedron 2014, 70, 5455-5462). 

 

Amide Linked Cyclic Dinucleotide Analogues with Pyrimidine Bases –  

A convenient protocol has been developed for the synthesis of C2-symmetric cyclic 

dinucleotide analogs with all pyrimidine bases, having amides in place of natural 

phosphodiester linkages, starting from commercially available D-glucose diacetonide (GDA). 



Vorbrüggen glycosylation of a common intermediate using various pyrimidine bases was the 

key step of the synthesis. 
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Studies on sugar puckering and glycosidic stabilities of 3'-amino-5'-carboxymethyl-

3',5'-dideoxy nucleoside mimics –  

Next, to evaluate and characterize the impact of the neutral amide backbone on key 

attributes like puckering of the sugar rings and glycosidic bond strengths of the nucleoside 

amino acid analogs, we studied the nucleoside amino acid monomer for their structures and 

stabilities. The conformational analysis suggests that amide-linked nucleotides have a large 

predilection towards N-type conformers. The glycosidic bond strength was found to be 

slightly weaker compared to ribonucleosides under acidic conditions at high temperatures. 

The results will be helpful to explore in future the development of fully amide-linked 

oligonucleotides for therapeutic purposes. 

 

Reference: 
C. Pal, A. Velusamy, Y. K. Sunkari and T. K. 
Chakraborty 
Studies on sugar puckering and glycosidic 
stabilities of 3'-amino-5'-carboxymethyl-3',5'-
dideoxy nucleoside mimics 
 
Org. Biomol. Chem. 2018, 16, 6735-6740. 

 

Development of Minimal Diguanosinyl Motif towards RNA G-quadruplex Like 

Structure in Solution –  

Among the non-canonical structures of B-DNA, G-quadruplex is of particular interest 

because of its well-defined conformation, high stability and versatilities. Here in we report our 

studies on the development of an amide-linked minimal diguanosinyl motif that formed G-

quadruplex like structure in solution in presence of K+ ion for which various linear guanosine 

amino acid dimers were synthesized with linkers of different chain lengths to investigate the 

optimum flexibility required to form such structures. 
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