
 

Thematic Section: Preparative Research. _____________________________________________________ Full Paper 
Subsection: Organic Chemistry.                                                       The Reference Object Identifier – ROI: jbc-01/20-63-7-11 

Kazan. The Republic of Tatarstan. Russia. _________ © Butlerov Communications. 2020. Vol.63. No.7. _________ 11 

The Digital Object Identifier – DOI: 10.37952/ROI-jbc-01/20-63-7-11 
Submitted on July 22, 2020. 

 

Synthetic meroterpenoids based on terpene alcohols:  
synthesis, self-assembly, and membranotropic properties  

  

© Alan A. Akhmedov, Dmitry N. Shurpik, Zainab R. Latypova,  
Rustem R. Gamirov, and Ivan I. Stoykov*+  

A.M. Butlerov Chemical Institute. Kazan Federal University, 420008. Kremlevskaya St., 18. Kazan. Russia. 
Phone: +7 (843) 233-74-62. E-mail: ivan.stoikov@mail.ru 

____________________________________  
*Supervising author; +Corresponding author  

Keywords: terpenoids, meroterpenoids, archaeal lipids, aggregation, model membranes, 
dipalmitoylphosphatidylcholine.  
 

Abstract  
Currently, targeted drug delivery is of great interest in the field of medicine. The study of compounds 

capable of permeating cell membranes is a major problem in this area. The synthesis of pharmacologically 
active compounds includes the formation of structures with various combinations of pharmacophore fragments 
and properties. Amphiphilic compounds tend to exhibit membranotropic activity. From this point of view, the 
modification of natural products, especially terpenoids, is of particular interest. Terpenoid structures are used 
as membrane anchors in the development of modulators for membrane-integrated proteins or structures for 
creating nanocontainers. In this paper we synthesized a number of water-soluble amphiphilic meroterpenoids 
containing a charged pyridinium fragment on the basis of acyclic terpene alcohols. Residue of terpene alcohols 
– geraniol (monoterpenol), farnesol (sesquiterpenol), and phytol (diterpenol) – were used as the hydrophobic 
part of the amphiphilic structure. Linear acyclic alcohols are commercially available reagents and have a 
structure similar to that of polyprenols in archaeal lipids, which made it possible to obtain synthetic lipid-like 
meroterpenoids capable of self-assembly in aqueous solutions. The charged pyridinium fragment, which is 
included in numerous natural compounds, was of interest as a polar component. This meroterpenoids are 
synthetic analogs of archaeal lipids. It was shown that the studied meroterpenoids form nanosized aggregates 
in aqueous solutions by the method of dynamic light scattering and the Doppler microelectrophoresis method. 
Turbidimetric titration on model dipalmitoylphosphatidylcholine vesicles revealed that the synthesized 
compounds are embedded into the bilayer membrane without destroying it. Self-assembled aggregates of 
synthesized compounds in water can find application for drug delivery – in the creation of nanocontainers 
containing membrane anchors capable of interacting with the outer surface of the cell (lipid membrane).  

 
 

References 
[1] V.V. Plemenkov, D.N. Shurpik, A.A. Akhmedov, J.B. Puplampu, I.I. Stoikov. Progress in studies on 

meroterpenoids. Stud. Nat. Prod. Chem. 2020. Vol.64. P.181-216.  
[2] D.N. Shurpik, and I.I. Stoikov. Synthesis of the new monomeric fragments for the construction of 

paracyclophanes. Butlerov Communications. 2017. Vol.51. No.8. P.76-83. DOI: 10.37952/ROI-jbc-01/17-
51-8-76 

[3] A.A. Akhmedov, D.N. Shurpik, V.V. Plemenkov, I.I. Stoikov. Water-soluble meroterpenes containing an 
aminoglyceride fragment with geraniol residues: synthesis and membranotropic properties. Mendeleev. 
Commun. 2019. Vol.29(1). P.29-31.  

[4] A. Jacquemet, J. Barbeau, L. Lemiègre, T. Benvegnu. Archaeal tetraether bipolar lipids: Structures, 
functions and applications. Biochimie. 2009. Vol.91. P.711-717.  

[5] S. Jain, A. Caforio, A.J.M. Driessen. Biosynthesis of archaeal membrane ether lipids. Front. Microbiol. 
2014. Vol.5. P.1-16.  

[6] T. Benvegnu, L. Lemiègre, S. Cammas-Marion. New generation of liposomes called archaeosomes based 
on natural or synthetic archaeal lipids as innovative formulations for drug delivery. Recent Pat. Drug. 
Deliv. 2009. Vol.3(3). P.206-220.  

[7] G.B. Patel, G.D. Sprott. Archaeobacterial ether lipid liposomes (archaeosomes) as novel vaccine and drug 
delivery systems. Crc. Cr, Rev, Biotechn. 1999. Vol.19(4). P.317-357.  



Full Paper ___________________ A.A. Akhmedov, D.N. Shurpik, Z.R. Latypova, R.R. Gamirov, and I.I. Stoykov 

12 _______________ http://butlerov.com/ ______________ ©Butlerov Communications. 2020. Vol.63. No.7. P.11-18. 

[8] D. Blöcher, R. Gutermann, B. Henkel, K. Ring. Physicochemical characterization of tetraether lipids from 
Thermoplasma acidophilum Differential scanning calorimetry studies on glycolipids and 
glycophospholipids. BBA-Biomembranes. 1984. Vol.778(1). P.74-80.  

[9] P.B. Eckburg, P.W. Lepp, D.A. Relman. Archaea and their potential role in human disease. Infect. 
Immun. 2003. Vol.71(2). P.591-596.  

[10] P.P. Chaudhary, P.L. Conway, J. Schlundt. Methanogens in humans: potentially beneficial or harmful 
for health. Appl. Microbiol. Biot. 2018. Vol.102(7). P.3095-3104.  

[11] G.B. Patel, W. Chen. Archaeosome immunostimulatory vaccine delivery system. Curr. Drug Deliv. 
2005. Vol.2(4). P.407-421.  

[12] G. Kaur, T. Garg, G. Rath, A.K. Goyal. Archaeosomes: an excellent carrier for drug and cell delivery. 
Drug Deliv. 2016. Vol.23(7). P.2497-2512.  

[13] S.E. Alavi, H. Mansouri, M.K.M. Esfahani, F. Movahedi, A. Akbarzadeh, M. Chiani. Archaeosome: As 
new drug carrier for delivery of paclitaxel to breast cancer. Indian J. Clin. Biochem. 2014. Vol.29(2), 
P.150-153.  

[14] F. Eker, H.O. Durmus, B.G. Akinoglu, F. Severcan. Application of turbidity technique on peptide-lipid 
and drug-lipid interactions. J. Mol. Struct. 1999. Vol.482. P.693-697.  

[15] F.M. Goñi, A. Alonso. Spectroscopic techniques in the study of membrane solubilization, reconstitution 
and permeabilization by detergents. BBA-Biomembranes. 2000. Vol.1508(1-2). P.51-68.  

[16] M. Keller, A. Kerth, A. Blume. Thermodynamics of interaction of octyl glucoside with 
phosphatidylcholine vesicles: partitioning and solubilization as studied by high sensitivity titration 
calorimetry. BBA-Biomembranes. 1997. Vol.1326(2). P.178-192.  
 
 
 


