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Amphiphilic glycoconjugates are unique objects in medicinal 
chemistry,1 and their synthesis is an important task of modern 
science.2 Introduction of sugar residues into the structure can 
significantly change the initial pharmacological profile of the syn
thesized drugs.3 Pentacyclic triterpenoids, e.g. allobetulin,4 are 
highly lipophilic compounds with poor bioavailability. Taking 
into account their significant initial biological activity, e.g. anticancer 
and antiviral ones,5 further modification of the pharmacological 
properties seems topical, in particular, testing of new glycoconju
gates for delivery to well-known therapeutic targets.6 Among 
them, development of conjugates with N-acetyl-d-galactosamine 
(GalNAc) represents the most progressive method of drug delivery 
to the liver for the treatment of liver diseases through interaction 
with the asialoglycoprotein receptor (ASGPR).7 To the best of 
our knowledge, conjugates of allobetulin and GalNAc as targeted 
molecules to the ASGPR were not synthesized. 

This paper reports the synthesis of allobetulin conjugates with 
GalNAc and investigation of their cytotoxic properties and binding 
affinity to hepatocytes. Our synthetic route is based on a common 
approach when a parent bioactive compound serves as a starting 
point for obtaining ASGPR-targeted conjugate. In this case, we 
used a more convenient and simpler ‘tuning’ instead of employing 
branched and bulky multivalent ligands. Allobetulin 1 was selected 
as a template molecule, and azide–alkyne [3+2]-cycloaddition was 
applied to conjugate allobetulin with azido sugars 2–4 [for their 
synthesis, see ref. 8(a)].

This approach was previously successfully used to create 
mono- and bivalent ASGPR-conjugates of paclitaxel and doxo
rubicin.8 The azide–alkyne [3+2]-cycloaddition9 results in 1,2,4-tri
azoles, which can also be responsible for p–p interactions with 
aromatic rings and hydrogen bonds through the N(2) and N(3) 

nitrogen atoms thus providing the additional binding with the 
target protein molecules.10

Allobetulin 1 contains a free C(3)-positioned hydroxyl group 
capable of undergoing acylation. Therefore, as in previous studies,8 
it was acylated with commercially available hex-5-ynoic acid to 
afford acetylene ester 5 (Scheme 1) whose hex-5-ynoyl moiety 
served as a linker between GalNAc derivatives 2–4 and the 
natural terpene in prodrug-type precursors of final conjugates.11

For C(3)–OH esterification of allobetulin 1, hex-5-ynoyl chloride 
in pyridine12 was used† (see Scheme 1). Subsequent CuI-catalyzed 
conjugation of alkyne 5 with azides 2–4 afforded glycotriterpenoids 

Synthesis of allobetulin-based asialoglycoprotein receptor-targeted 
glycoconjugates

Egor I. Seleznev,a Emil Yu. Yamansarov,*a Elena V. Lopatukhina,a Anton V. Lopuhov,a  
Dmitry A. Skvortsov,a Sergei A. Evteev,a Elvira T. Yamansarova,b Amina Yu. Adelgareeva,b  

Natalia L. Klyachko,a,c Elena K. Beloglazkina,a Yan A. Ivanenkovd,e and Alexander G. Majougaa,f,g

a	Department of Chemistry, M. V. Lomonosov Moscow State University, 119991 Moscow, Russian Federation. 
E-mail: yamansarov@org.chem.msu.ru

b	Bashkir State University, 450076 Ufa, Russian Federation
c	 Skolkovo Institute of Science and Technology, 143025 Moscow, Russian Federation
d	Institute of Biochemistry and Genetics, Ufa Scientific Centre of the Russian Academy of Sciences, 450054 

Ufa, Russian Federation
e	 Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Moscow Region, Russian Federation
f	 D. I. Mendeleev University of Chemical Technology of Russia, 125047 Moscow, Russian Federation
g	National University of Science and Technology ‘MISIS’, 119049 Moscow, Russian Federation

DOI: 10.1016/j.mencom.2019.09.016

i,
ii, azido sugars

O

HO
H

H

H

H O

O
H

H

H

H

O
N

NN

Cl

O

3

GalNAc

New allobetulin conjugates were obtained through its O-esteri
fication with hex-5-ynoic acid followed by [3+2]-cycloaddition 
with three azido derivatives of N-acetyl-d-galactosamine. The 
conjugates are non-toxic in micromolar range against hepato
cellular carcinoma cell lines and have a high affinity towards the 
asialoglycoprotein receptor of hepatocytes based on molecular 
docking and surface plasmon resonance data.
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†	 For procedures and characteristics of the products, see Online Supple
mentary Materials.
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6–8 with high regioselectivity towards 1,4-substituted 1,2,4-tri
azoles. Structures of compounds 6–8 were proved by 1H and 
13C NMR spectra showing the signals of 1,2,4-triazole rings and 
GalNAc moieties. Furthermore, initial azido sugars 2–4 were 
individual b-anomers, and this configuration retained in the course 
of conjugation (evidenced by the J values of 8–9 Hz of the glyco
side protons in their 1H NMR spectra13). High-resolution mass 
spectrometry (ESI HRMS) data on compounds 6–8 were in full 
accordance with the obtained results.

As a follow-up study, we have performed in silico evaluation 
of the obtained conjugates 6–8 using molecular docking approach 
(interaction with the ASGPR binding site). Crystallographic data 
from Protein Data Bank (PDB ID 5JPV)14 was used for the develop
ment of a 3D computational model of the ASGPR binding site. 
The developed docking model was validated by redocking of the 
crystallographic ligand. Then, conjugates 6–8 were docked into 
the binding site to assess their affinity.‡

The glycosidic fragment of conjugate 7 occupied the corres
ponding binding site and formed hydrogen bonds with the residues 
Glu252, Asp241, Asn264 and Gln239, as well as interaction with 
calcium ion. The ester group of the linker moiety in compound 7 
formed hydrogen bonds with Arg236, and the allobetulin moiety 
formed a hydrophobic contact with Pro237. The glycoside 
residues of conjugates 6 and 8 did not fit into the corresponding 
receptor pocket. However, hydrogen bonds were formed between 
6 and residues Glu238, Asp241 and Gln239; and between 8 and 
residues Asn264 and Gln239. Besides, conjugate 8 showed the 
highest energy score value Escore = –5.21 kcal mol–1. As a result 
of in silico studies, the ability to interact with ASGPR was predicted 
for all the structures docked with similar binding affinities.

Next, affinity of the obtained compounds to a protein molecule 
of ASGPR was estimated using surface plasmon resonance (SPR) 
technique by analogy with the procedure described by Stokmaier  
et al.15 Glycoconjugates 6–8 showed high binding affinity (Kd ~ nm) 
that considerably outnumbers Kd values for native ASGPR ligands, 
viz. N-acetyl-d-galactosamine and galactose,16 probably due to the large 
aliphatic hydrocarbon skeleton. In general, conjugates 6 and 7 demon
strated a weaker binding affinity in comparison to 8. Compound 8 
revealed the best result with Kd 8.3 nm. This study proved the results 
of molecular docking and thereby demonstrated the potency of 
allobetulin glycoconjugates to active ASGPR-mediated transport 
into hepatocytes.

We have also performed MTT-based cytotoxicity assay17 against 
the selected hepatocellular carcinoma cells HepG2 and Huh7. As 
a control, we used prostate cancer cells PC3 and human embryonic 
kidney cells Hek293. In all cases, compounds 6–8 were non-toxic 
in the micromolar range and inhibitory concentration has not been 
achieved below 100 mm. Notably, the low cytotoxicity of allobetulin-
based ASGPR-conjugates should promote further investigation 
of different biological properties against liver disease, such as antiviral, 
antimalarial, etc., except anticancer activity against hepatocellular 
carcinoma. 

In conclusion, the synthesis of novel monovalent conjugates of 
allobetulin and N-acetyl-d-galactosamine has been described. A sub
sequent biological evaluation revealed that the resultant compounds 
were non-toxic against hepatocarcinoma cell lines HepG2 and Huh7 
in the micromolar range, as well as against Hek293 cells and prostate 
cancer cell line PC3. Molecular docking simulations were applied 
to predict and analyze the binding mode of conjugates to carbo
hydrate recognition domain of the ASGPR. The excellent binding 
affinity of the allobetulin conjugates to ASGPR was evaluated using 
SPR spectroscopy. Finally, obtained results present an attractive 
example of new triterpenoid-based targeted derivatives for further 
investigations of natural products against liver diseases.
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Scheme  1  Reagents and conditions: i, HC≡C(CH2)3C(O)Cl, Py, DMAP, 
reflux, 12 h; ii, CuI, DMF, DIPEA, Ar, room temperature, 24 h.
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