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 SYNTHESIS OF FUNCTIONALIZED CATIONIC GLYCOLIPIDS FOR 

TARGETED DRUG DELIVERY  

ABSTRACT 

 Amphiphilic glycolipids are known for their role in cellular recognition processes. 

This has created interest in using their assemblies, particularly vesicles, as drug carriers, 

because their strong intermolecular hydrogen bonding ensures high stability. Introduction 

of biological recognition domains onto the vesicular surface enables a targeting delivery 

of drugs to specific cells. This prevents unwanted interaction between the drug and non-

target cells, thus minimizing drug’s side effects. A series of functionalized glycolipids 

carrying CLICK functionality was prepared, which renders a bioconjugation opportunity 

with suitable antigens or targeting ligands under mild conditions. To ensure coupling 

efficiency, an ethylene oxide spacer was introduced between the CLICK functionality 

and the sugar head group to provide flexibility to the anchor. The incorporation of a 

quaternary ammonium cation, based on the Menshutkin reaction, gave rise to cationic 

character of the glycolipids. The electrostatic repulsion between these cations increased 

the hydrophilic surface area, thereby leading to an increased curvature in the assemblies 

and resulting in the formation of micellar aggregates in water instead of vesicles. All 

glycolipids exhibited very similar assembly behaviour, despite differing in the position 

of the functionalized linker on the sugar head group. Application of the compounds as co-

surfactant for vesicle preparation furnished uniformly small-sized and stable vesicles, as 

indicated by their zeta potential.  

Keywords: cationic glycolipids, CLICK, surfactant assembly, vesicle, drug delivery. 
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SINTESIS SEBATIAN GLIKOLIPID KATIONIK YANG DIFUNGSIKAN 

UNTUK PENGHANTARAN UBAT BERSASAR 

ABSTRAK 

Glikolipid yang bersifat amphiphilic dikenali dengan peranannya dalam proses 

pengecaman sel. Ini telah mencetuskan minat terhadap penggunaan perhimpunannya, 

terutamanya vesikel sebagai pembawa ubat atas sebab kestabilannya yang tinggi, 

disebabkan oleh pengikatan hidrogen antara molekul yang kuat. Pengenalan domain 

pengecaman biologi pada permukaan vesikel mengizinkan sistem penghantaran ubat 

yang menyasar, khususnya ke sel sasaran. Dengan itu, interaksi antara ubat dengan sel 

bukan sasaran dapat dielakan dan kesan sampingan ubat juga dapat dikurangkan. Satu siri 

glikolipid yang mengandungi fungsi KLIK telah dihasilkan dan ia telah mewujudkan 

peluang untuk biokonjugasi dengan antigen atau ligan yang menyasar dalan keadaan 

tindak balas yang sederhana. Untuk memastikan gandingan yang lebih efisien, penjarak 

berasaskan etilena oksida telah diperkenalkan di antara kefungsian KLIK dengan 

bahagian karbohidrat, supaya fleksibiliti dapat dibekalkan kepada sauh tersebut. 

Pencatuman kation ammonium kuaternan berdasarkan tindak balas Menshutkin telah 

menimbulkan sifat kationik dalam sebatian glikolipid tersebut. Penolakan elektrostatik 

antara kation ini telah meningkatkan luas permukaan hidrofilik dan menyebabkan 

kelengkungan dalam struktur perhimpunan glikolipid, serta mengakibatkan pembentukan 

agregat misel, bukannya vesikel di dalam air. Semua sebatian glikolipid mempamerkan 

perilaku perhimpunan yang agak sama, walaupun berbeza dalam kedudukan penyambung 

yang berfungsi di bahagian karbohidrat. Penggunaan sebatian glikolipid sebagai surfaktan 

sampingan telah pun berjaya menghasilkan vesikel yang bersaiz kecil dan stabil, 

dibuktikan melalui pengukuran potensi zeta tersebut. 

Kata kunci: kationik glikolipid, KLIK, penghimpunan surfaktan, vesikel, penghantaran 

ubat. 
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 INTRODUCTION 

1.1 Introduction 

 Side-effects of drugs result from undesirable interactions between the drugs and 

non-target cells that share similar biochemical processes with the target cell. They have 

become a major factor that narrows their therapeutic window and limits their clinical use 

(Botchkarev, 2003; Ramirez et al., 2009). One common example is observed in the use 

of cytostatic drug in chemotherapy, which actively interferes the proliferation process of 

fast growing cells, particularly the cancerous cells (Schirrmacher, 2019). However, due 

to the lack of its targeting property, the drug also targets the other fast-growing healthy 

cells, like hair follicle cells.  

The use of targeting vesicles is one promising drug delivery method to overcome 

the aforementioned problem. Their unique bilayer structures allow encapsulation of both 

lipophilic and hydrophilic active ingredients and avoids damage the drug by the biological 

defensive system (Elizondo et al., 2011). Besides, the presence of specific biological 

recognition domain on the vesicular surface through introduction of the antigens or 

targeting ligands, enables an antigen receptor-mediated drug delivery system that 

prevents unwanted drug interaction with the non-targets, thus minimizing its side effects.  

 Carbohydrate-based surfactants or glycolipids, have gained growing interest for 

use in vesicle preparation, as they are biodegradable and biocompatible materials that can 

be derived from natural resources (Bazito & El Seoud, 2001; Esmaeilian et al., 2018). In 

comparison with the phospholipid-based liposomes, which are the most investigated drug 

carriers (Allen & Cullis, 2013; Li et al., 2015), glycolipid vesicles are more stable towards 

oxidation and hydrolysis (Grit & Crommelin, 1993; Akbarzadeh et al., 2013). The 

polyhydroxyl head group of glycolipids not only contributes in the formation of stable 

assemblies, owing to their strong intermolecular hydrogen bonding (Li et al., 2014; 
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Salman et al., 2016), but also enables functionalization on the carbohydrate component 

(Dimakos & Taylor, 2018). Particularly interesting is the introduction of a functionality, 

which serves as docking site for bioconjugation with antigens or targeting ligands on 

vesicles, thus furnishing a biological recognition domain on a drug carrier to achieve 

receptor-antigen mediated targeted drug delivery. Thereby it minimizes side-effects of 

drugs by preventing unwanted interactions with non-target cells and significantly 

increases the drug concentration at the target site (Jones, 1994; Lukyanov et al., 2004).  

 Clustering of the docking sites on a vesicular surface can restrain an efficient 

bioconjugation. This can be avoided by introducing ionic charges on the functionalized 

glycolipids that exhibit intermolecular electrostatic repulsion, thereby maintaining a 

reasonable distance between docking sites on the vesicular assembly. Besides, their ionic 

repulsion promotes the distribution of surfactants during vesicle formulation, thereby 

furnishing smaller-sized vesicles that can pass through small blood vessels (Bnyan et al., 

2018).  

1.2 Objectives of Study 

The objectives of this study are: 

1. to synthesize and functionalize glycolipids with CLICK functionality. 

2. to investigate the assembly and surface behaviour of functionalized glycolipids. 

3. to investigate and characterize the vesicles formed by applying functionalized 

 glycolipids as co-surfactants. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Drug Delivery 

2.1.1 Problems of Conventional Drugs 

 Concerning enteral and parenteral drug administration, the drug efficiency is 

strongly depending on its bioavailability. This is mainly governed by two factors, i.e. 

permeability and solubility of the drug. As the human body comprises of around 70 % 

water, low drug solubility in water will result in low dissolution rate, thereby impeding 

the rate of drug absorption. As a result, a higher drug dosage may be required in order to 

achieve the remedial effect (Jain et al., 2015). Different approaches have been developed 

to resolve the drug solubility issue, such as ionization of drug molecules into salt 

(Agharkar et al., 1976). Yet, there remains disadvantages, like instability of the drug salt 

and low dissolution rate due to the common-ion effect (Waterman et al., 2002; 

Serajuddin, 2007). Moreover, these strategies are all still unable to achieve a high drug’s 

efficacy, owing to their low capability of localizing and concentrating the drugs at the 

tissue of interest. This limitation has then fostered the efforts to develop suitable drug 

delivery systems to minimize side effects of the drug, on the other hand maximize this 

therapeutic effect on the target cells. 

2.1.2 Concept of Drug Delivery 

 Drug delivery is a process whereby pharmaceutically active agents are 

administered to humans to achieve therapeutic effects (Maiti & Sen, 2017). Drug delivery 

system is a formulation applied to introduce a drug into the human body while 

maintaining its high efficacy by controlling the rate and location of its release (Allen & 

Cullis, 2004). This process typically involves administration and release of the 

therapeutic ingredients, followed by their transport across the biological membrane (Jain, 

2008).  
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 Advances in biotechnology and nanotechnology research have produced a great 

variety of novel drug delivery systems, in particular nano-scaled drug carriers to entrap 

drugs, thus providing protection for the drug throughout the delivery process (Jiang et al., 

2007). The remarkably small-sized drug carriers ensure access across biological barriers 

that are usually impermeable for big sized particulates (Lockman et al., 2002). Some drug 

carriers, e.g. vesicles are able to undergo membrane fusion to release the active 

ingredients into the target cells owing to their similar bilayer structures (Yang et al., 2016; 

Oshima & Sumitomo, 2017). The desirable pharmacokinetic of drugs can also be altered 

and adjusted by a modification of the surface of drug carriers, in order to meet the criteria 

of safe and effective therapy (Nguyen et al., 2016). 

2.1.3 Vesicular Drug Delivery 

Vesicles are highly ordered assemblies, which result from  self-assembling ability 

of amphiphiles in water, and consist of one or more lipid bilayers (Jain et al., 2014). 

Generally, vesicles are classified according to the number of lamellae and their sizes, into 

small unilamellar vesicles (SUVs), multilamellar vesicles (MLVs) and large unilamellar 

vesicles (LUVs) as shown in Figure 2.1. They can be differentiated based on electron 

microscopy and dynamic light scattering (Hallett et al., 1991; Pencer & Hallett, 2003; 

Bibi et al., 2011; Ahmed et al., 2015).  

 

Figure 2.1: Vesicles of different diameter sizes and number of lamellae. 
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Vesicles have been gaining interest for application as drug carriers, owing to their 

unique bilayer structures that provide environments for the encapsulation of both 

lipophilic and hydrophobic drug molecules. They also serve as a protective layer to 

prevent and delay the metabolism of the drug, thereby improving the drug bioavailability 

at the target site (Jain et al., 2014; Kalpesh et al., 2014). 

 In search of a more efficient drug delivery system, surface modification of  

vesicles is usually targeted as the strategy to improve their physiological properties 

(Torchilin, 2006). Drug carriers are usually recognized as “foreign particles” and easily 

destroyed by the immune system. A strategy was found to improve the stability of vesicles 

by coating its surface. For example, vesicles coated with polyethylene glycol or polymeric 

glycolipids, like acylated chitosan were found to exhibit prolonged circulation time in 

blood, due to the increased hydrophilicity on the vesicular surface resulting from the 

polymeric coating. This prevents undesirable interactions between the vesicles and blood 

proteins like opsonins, which would possibly eliminate the vesicles by phagocytosis 

(Senior et al., 1991; Allen, 1994; Roos et al., 2004; Immordino et al., 2006).   

 Visualization of the drug carriers in a biological system is also crucial, because it 

allows evaluation of the drug delivery efficiency based on the bio-distribution and target 

accumulation of the drug carriers. Gamma-scintigraphy and magnetic resonance are 

examples of the most commonly used medical imaging modalities. They apply a contrast 

agent that absorbs irradiations strongly, thus enhancing the radiopacity in the target tissue. 

Vesicles loaded or labelled with paramagnetic or radioactive contrast agents were found 

not only useful for the visualization of tissue which is rich in macrophages but they also 

demonstrated high efficiency in targeting regional lymph nodes (Patel et al., 1984; Unger 

et al., 1989; Phillips et al., 2000; Cai et al., 2011). 

  

Univ
ers

ity
 of

 M
ala

ya



6 

2.1.4 Targeting Vesicular Drug Delivery 

 Targeted drug delivery was introduced by Paul Ehrlich (Ehrlich, 1960) who 

referred antibodies as “magic bullets” that selectively target the disease-causing 

organisms, consequently enabling selective delivery of the toxin to the organism (Tan & 

Grimes, 2010; Kamboj et al., 2013). Unlike the conventional drug delivery system, 

targeted drug delivery allows site-specific delivery of medication through recognition and 

interaction of the drug carriers with the target cells (Poste & Kirsh, 1983; Mishra et al., 

2016). This approach not only provides a better drug efficacy, but also avoids the uptake 

of drug by non-target cells, thus minimizing the side-effects of drug that appear as one of 

the major drawbacks in the conventional drug delivery system. As illustrated in Figure 

2.2, passive and active targeting are the two most commonly known strategies in drug 

targeting delivery. The former is commonly referred as Enhanced Permeability and 

Retention effect, which is based on the drug accumulation at the target sites (Nichols & 

Bae, 2014), whereas, active targeting involves specific ligand-receptor interaction 

between drug carriers and target cells (Poste & Kirsh, 1983; Mishra et al., 2016). This 

can be achieved by coupling the carriers with specific targeting ligands or antigens. The 

latter enable the selective binding of the carrier to the specific surface molecule on the 

target cell, such as receptors, followed by the release of the active ingredients through 

biological active transport or membrane fusion. For example, the glycoprotein transferrin 

was employed as targeting ligand on the vesicular surface for selective delivery of drug 

to tumour cells (Hatakeyama et al., 2004). 

Despite the presence of targeting ligands, non-specific adsorption of the vesicles 

to other cells, especially reticuloendothelial cells, appears to be another barrier preventing 

vesicles from reaching the target site. This led to the suggestion of multifunctional drug 

carriers with combined properties as shown in Figure 2.3. The idea was clearly 

demonstrated by Lukyanov and his co-workers, who created vesicles exhibiting both long 
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circulating and targeting properties and used them for selective delivery of doxorubicin 

to tumour cells (Lukyanov et al., 2004). However, in some cases polymeric coating 

precluded the releasing of the drug at the target cells. Consequently, it requires the 

introduction of a labile linkage, such as ester between the vesicular surface and the 

polymer, to facilitate detachment of the latter in response to particular stimuli, such as pH 

changes (Roux, Francis, et al., 2002; Roux, Stomp, et al., 2002). 

 

Figure 2.2: Schematic illustration of (a) passive targeting and (b) active targeting. 

 

 

Figure 2.3: Surface modification of vesicles. 
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2.2 Surfactants, Self-assemblies and Vesicles 

2.2.1 Microseparation Creates Assemblies 

 Classical assemblies result from their closest packing, in which the elongated and 

linear molecules that resemble a rod-like structure, are closely packed in an ordered way. 

They exhibit liquid-like fluidity owing to their intramolecular mobility, caused by the 

rotational freedom around the molecular axes (Demus, 1994). Glycolipid-based 

assemblies, on the other hand, originate from microphase separation of two incompatible 

molecular regions, i.e. the hydrophilic (polar) sugar head group and the lipophilic (non-

polar) chain of a glycolipid molecule (Vill & Hashim, 2002; Goodby et al., 2006; Hashim 

et al., 2018). These two domains segregate from one another; while the sugar units are 

interacting by hydrogen bonding, van der Waals forces dominate the lipophilic chains 

region. The driving force of the separation is the optimization of hydrogen bonding, which 

would be distributed without domain separation and it is known as the hydrophobic effect 

(Lindman, 2002; Maibaum et al., 2004).  

2.2.2 Assembly Types and Geometry 

 The critical packing parameter (CPP) was introduced by Israelachvili to explain 

the geometry of self-assembled structures formed by amphiphiles based on their 

molecular shape (Cullis et al., 1986; Israelachvili, 1992). It takes into account the volume 

of the hydrophobic region (v), the effective interphase area of the hydrophilic domain (ao) 

and the length of the fully extended hydrophobic chain (lc) as shown in the following 

equation  (Israelachvili, 1992; Butt et al., 2003).  

 CPP =  
𝑣

𝑎0𝑙𝑐
         (2.1) 

 As illustrated in Table 2.1, amphiphiles with a CPP less than 1/3 resemble conical 

shapes that prefer to form micelles. To maximize the overall packing, these ball-shaped 

micelles can be arranged in a cubic face-centred lattice, thereby leading to the formation 

Univ
ers

ity
 of

 M
ala

ya



9 

of a discontinuous cubic phase. Another type of cubic phase is the bicontinuous cubic 

phase, in which a continuous bilayer separates the space into two continuous and 

intertwined networks (Sakya et al., 1997; Takeuchi et al., 2016). Glycolipid bicontinuous 

cubic mesophases are rarely found in a thermotropic system, but commonly developed at 

the borderline between the lamellar and hexagonal phases in a lyotropic system. The 

bicontinuous cubic phase is attributed with biological relevance, especially for membrane 

fusion processes (Nieva et al., 1995; Demurtas et al., 2015) and sustainable drug delivery 

(Rizwan et al., 2010). This explains the great interest that it receives for pharmaceutical 

applications, like for sustained drug delivery systems (Shah et al., 2001; Chen et al., 2014; 

Nazaruk et al., 2015). Amphiphilic molecules with a CPP value between 1/3 and 1/2 

usually adopt a truncated cone-liked shape, resulting in stacking of these molecules in a 

hexagonal array reflecting the hexagonal or columnar phase. This phase is also of great 

interest for drug delivery applications. (Manaia et al., 2015).  

 When the CPP falls between 1/2 and 1, a balance is achieved between the 

hydrophilic and hydrophobic regions, thus the amphiphiles resemble rod-like shapes that 

preferably form a planar bilayer or the lamellar phase. The bilayer-based lamellar 

assembly provides high potential for the formation of vesicles, which allow drug uptake 

by the target cell via a membrane fusion process (Cevc & Richardsen, 1999; Demé et al., 

2002).  The previously discussed LC phases are all normal types, whereas inverse LC 

phases are formed only if the CPP is greater than 1 as shown in Figure 2.4 and Table 2.1. 

This type of molecule forms a structure in which the inner discontinuous region consists 

of hydrophilic head groups, while the hydrophobic chains form the outer continuous 

domain layer of the aggregate.  
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Figure 2.4: Types of lyotropic LCs. 

 

Table 2.1: Relation between CPP and packing structure. 

 Packing shape Structure formed 

Micelle CPP ≤ 1/3 

  

Sphere 

1/3˂ CPP ≤ 1/2 

 
 

Cylinder 

Liquid 
crystal 

CPP ≤ 1/3 

 
 

Discontinuous 
cubic 

1/3˂ CPP ≤ 1/2  

 

 

 

 

 

Hexagonal 

1/2˂ CPP ≤ 1 

 

Bicontinuous 
cubic 
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Table 2.1, continued 

Liquid 
crystal 

 

CPP ≈1 

 
 

Lamellar 

1 ˂ CPP  

 

 

 

 

 

 

 

Inversed 
bicontinuous 

cubic 

 

Inversed 
hexagonal 

 

Inversed 
discontinuous 

cubic 

Inversed 
micelle 

1 ˂ CPP 

 

  

Sphere 

 

2.2.3 Liquid Crystal 

A liquid crystal (LC) is a liquid-like matter possessing remaining degrees of 

orientational order similar to a crystalline solid. It was discovered by the botanist 

Friedrich Reinitzer in the year 1888. During his experiments on a cholesterol-based 

material he observed two melting points, which later being classified as the melting and 

clearing point respectively (Reinitzer, 1888). The intermediate state after the first melting 

appeared as a cloudy liquid and was termed as liquid crystal by the physicist Otto 

Lehmann (Lehmann, 1889; An et al., 2016). 
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 LCs are categorized into two main groups, i.e. thermotropic and lyotropic LCs. 

The former is formed by pure compounds upon change of temperature, while the latter is 

developed owing to the strong interaction of molecules with a solvent. For glycolipids, 

this is usually water, which can lead to an increased cross-sectional area of the hydrophilic 

sugar head groups owing to hydration based on strong hydrogen bonding with water 

molecules (Goodby et al., 2014; Garidel et al., 2015). Amphiphilic glycolipids are able 

to show both thermotropic and lyotropic LCs, thus they are also known as amphotropic 

compounds (Demus, 1994; Tschierske, 2002; Hashim et al., 2018). Although the 

assembly geometries are very similar, different nomenclatures are applied for 

thermotropic and lyotropic LCs, as listed in the Table 2.2 (Luzzati & Husson, 1962; 

Brooks et al., 2011). 

Table 2.2: Nomenclature of thermotropic and lyotropic mesophases. 

Thermotropic Lyotropic 
Bicontinuous cubic Cubbi Bicontinuous cubic Normal, V1 

Inverse, V2 

 
Discontinuous cubic Cubdis Discontinuous cubic Normal, I1 

Inverse, I2 

 
Columnar Col Hexagonal Normal, H1 

Inverse, H2 

 
Smectic A SA Lamellar L∝ 

 
Smectic C SC Gel Lβ 

 
Isotropic Iso Micellar Normal, L1 

Inverse, L2 

  

 Determination and characterization of LC phases involve several physical 

techniques, such as differential scanning calorimetry (DSC), which provides information 

about phase transition and related enthalpy changes, small-angle X-ray scattering 

(SAXS), by which the types of LCs can be identified based on the scattering patterns, and 
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optical polarizing microscopy (OPM) (Garidel et al., 2015; An et al., 2016). The latter 

was employed in this study for identifying the anisotropic LC phases exhibited by the 

glycolipids. Anisotropic LC shows birefringent property, which refers to its ability to 

refract the incident light (in a direction different to the LC’s optical axis) into two different 

directions, thus leading to a texture that can be seen under the microscope (An et al., 

2016). 

 Glycolipids self-assemble into various LC phases, such as hexagonal or columnar 

phases and lamellar or smectic phases. They are typically birefringent and form 

characteristic textures under the polarizing microscope (Saupe, 1977; Hindi, 2016). 

Amongst them, cubic phases are not birefringent and hence are observed as a dark band 

owing to their isotropic behaviour (Garidel et al., 2015). However, they exhibit higher 

viscosity than the usual isotropic liquids.  

2.2.4 Vesicles Formulation Strategies 

 A variety of methods to prepare vesicles has been introduced since the first 

reported lipid-based vesicle (Bangham et al., 1965). The shape of the vesicles in terms of 

sizes and number of lamellae depend on the method of preparation. MLVs are easiest to 

prepare; simple hydration of a thin lipid film deposited on the wall of a round bottom 

flask with aqueous buffer can provide the vesicles. To obtain smaller sized MLVs, 

techniques such as membrane filtration (Olson et al., 1979; Tamba et al., 2011) that 

separates the giant lipid vesicles and vigorous shearing using a vortex stirrer can be 

applied. However, MLVs usually show lower encapsulation capacity than unilamellar 

vesicles of comparable size due to their multi-bilayer structures (Szoka & 

Papahadjopoulos, 1980; Xu et al., 2012). 

 Unilamellar vesicles can be obtained by breaking down the structure of MLVs 

with the aid of mechanical forces, such as sonication. Yet, the use of sonication can cause 
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lipid degradation and  metal contamination from the sonicator’s probe tip (Varshosaz et 

al., 2003). Therefore, several other methods have been introduced to address the 

aforementioned problems. For example, French press extrusion is a non-destructive 

method, whereby SUVs are produced by injecting a lipid suspension through a small 

orifice under high pressure (Hamilton et al., 1980; Wagner & Vorauer-Uhl, 2011). 

Ethanol injection is another approach based on solvent dispersion. It involves injection of 

an ethanolic lipid solution into an aqueous phase through a small needle hole (Batzri & 

Korn, 1973). This method appears to be relatively simple and fast for vesicle preparation 

in laboratory scale, compared to others, e.g. the detergent removal method (Kagawa & 

Racker, 1966; Schurtenberger et al., 1984; Schubert, 2003). Whereas, LUVs are formed 

based on the fusion of SUVs through a freezing-thawing process (Pick, 1981; Traïkia et 

al., 2000). 

2.2.5 Classification of Surfactants 

 Surfactants are amphiphiles that can reduce the interfacial surface tension, like 

interface between air and a liquid. They are classified according to their hydrophilic 

domain as shown in Figure 2.5.  

 Non-ionic surfactants carry no electrical charge. Their hydrophilicity is due to the 

presence of highly polar groups, such as polyols. Unlike for ionic surfactants, assemblies 

of non-ionic surfactants are stable towards pH changes and resistant to water hardness 

deactivation (Danby et al., 2018). For example, esters of long chain fatty acid are edible 

and they possess good emulsifying properties, which making them useful emulsifiers in 

food and pharmaceutical industries (Spernath et al., 2002). Alkyl glycoside is another 

example of non-ionic surfactants, which has been used for drug carriers owing to its 

biocompatibility (Kiwada, Niimura, Fujisaki, et al., 1985; Aulmann & Sterzel, 1997). 
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 Anionic surfactants possess negatively charged hydrophilic groups, such as 

carboxylate (-COO-), sulphate (-SO4
2-) and sulphonate (-SO3

-). They are the most 

economic surfactants (Butt et al., 2003) and are commonly used in cleanser or detergent 

formulation, owing to their good foaming and cleaning properties (Draelos, 2018). 

However, anionic surfactants are unstable below pH 7, where the anionic head groups are 

prone to be acidified, thus losing their ionic character. The most common examples are 

sodium dodecyl sulphate (SDS) and sodium stearate. 

 Cationic surfactants are usually amines or ammonium salts. Unlike anionic 

surfactants, cationic surfactants are ineffective agents for cleansing purpose (St. Laurent 

et al., 2007), but they are used as oral disinfectants, antiseptics and sanitizers (Madunić-

Čačić et al., 2008), owing to their good bactericidal properties (Kamboj et al., 2012; 

Inácio et al., 2016). Most of the cationic surfactants are sensitive towards high pH, except 

for quaternary ammonium salts (Rosen, 2004), such as N-alkyltrimethylammonium 

chlorides and N-alkylimidazoline that are used as emulsifiers in acidic emulsions (Porter, 

1991; Barney et al., 2006). 

 Zwitterionic surfactants bear both negative and positive charges at their isoelectic 

points. They show anionic properties at high pH and cationic properties at low pH. The 

negative part is either a carboxylate or sulphate, while the positive part is made of an 

ammonium cation. Zwitterionic surfactants, such as betaines and N-alkyl amino acids, 

are frequently used in personal care products, like shampoos, owing to their mild 

characteristics, like low skin and eye irritation (Trüeb, 2007; Tadros, 2014).  
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Figure 2.5: Four major types of surfactants. 

 

2.3 Glycolipids 

 Glycolipids are carbohydrate-based surfactants that belong to the glycoconjugate 

family, comprising of other biogenic substances, such as glycoproteins, glycopeptides, 

lipopolysaccharides and peptidoglycans. Their peculiar amphiphilic structure allows 

them to self-assemble into supramolecular complexes, like micelles, based on the 

hydrophobic effect (Dowhan et al., 2008). Glycolipids can be classified in many different 

ways, yet the primary way is based on the aglycon or the lipid part. As shown in Figure 

2.6, glycolipids attached to a glycerol backbone belong to glycoglycocerolipids, while 

those with sphingosine or ceramide are classified as glycosphingolipids (Kopitz, 2009). 

Glycophospholipids are phosphorylated diglycerides in which the phosphoric acid is also 

esterified with the anomeric hydroxyl group of a carbohydrate (Takahashi et al., 2012). 
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Figure 2.6: (a) Glycoglycocerolipid, (b) glycosphingolipid and (c) glycophospholipid. 

 

 Alkyl glycoside are synthetic glycolipids, in which a hydrophobic alkyl chain is 

attached to the reducing end of a carbohydrate. Industrial manufacture of alkyl glycosides 

usually results in a complex mixture of alkyl mono-, di- or oligoglycosides, therefore they 

are also known as alkyl polyglucosides (APGs). Alkyl glycosides have been used for 

various surfactant applications owing to their good surface active properties and high 

stability towards hydrolysis, especially in basic media (von Rybinski & Hill, 1998; El-

Sukkary et al., 2009). The first alkyl glucoside of simple structure was reported by Emil 

Fischer around the year 1900. He and Helferich successfully synthesized the first long-

chain glucosides (Fischer, 1893; Fischer & Helferich, 1911).  

2.3.1 Classification of Glycosides 

 Chemical syntheses of glycosides typically involve a nucleophilic reaction at the 

activated anomeric centre of sugar (Brito-Arias, 2007; Nicotra et al., 2007). The type of 

nucleophiles, also termed as aglycone, determines the glycoside formed. They are 

classified according to the atom that is attached to the sugar; there are four types, referring 

to N-, C-, O- and S-glycosides. Examples of glycosides are shown in Figure 2.7. 
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Figure 2.7: Examples of natural occurring glycosides. 

 

 O-glycosides are widely distributed in plants as secondary metabolites (Singh, 

2016), e.g. flavonol glycosides, while nucleosides are well-known examples of N-

glycosides that are essential building blocks of many biomolecules, such as DNA and 

RNA(Shabarova & Bogdanov, 1994; Boschi-Muller & Motorin, 2013). C- and S-

glycosides are relatively rare compared to the others. Yet, they have been gaining 

increasing interest for potential application as glycomimetic or anticancer drugs, owing 

to their metabolic stability (Driguez, 1998; Buqui et al., 2015) and anticancer properties 

(Herscovici et al., 1991; Talalay, 1999; Sánchez-Fernández et al., 2010). However, both 

C- and S-glycosides are not suitable for this study in view of the chemical stability of the 

C-C and C-S linkages, which affects the biodegradability of the glycolipids.  

2.3.2 Biological Functions of Glycolipids 

Significant developments in glycolipid research have revealed the crucial roles of 

glycolipids in many life processes. For example, monogalactosyldiacylglycerol (MGDG), 
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found abundantly in the thylakoid membrane of all photosynthesis performing organisms, 

stabilizes and maintains the flexibility of quinone, an essential electron receptor for the 

photosynthesis process (Dowhan et al., 2008). On the other hand, glycopeptidolipids 

(GPL), a structural element found in the cell wall of mycobacteria, are responsible for 

preserving its rigidity (Brandenburg & Holst, 2015). 

 

Figure 2.8: Fluid mosaic model of plasma membrane. Modified from: 
https://tophat.com/marketplace/science-&-math/biology/textbooks/oer-openstax-
biology-openstax-content/79/4108 

 
 

 Figure 2.8 shows the orientation of glycolipid in the membrane bilayer, in which 

the amphiphilic structure is responsible for the extracellular facing carbohydrate while 

the lipid chain is embedded in the membrane bilayer, thereby building the glycocalyx, a 

common protective layer found in most bacteria (Merrill et al., 2007). Another type of 

glycolipid, glucosylceramides, is found profusely in the skin and is vital to maintain the 

water permeability (Squier et al., 1991). 

Besides the significant contribution in structural support as the lipid component 

of the plasma membrane, recent studies have also revealed the active involvement of 

glycolipids in various cellular functions, such as signal transduction, modulation of 

immune system and cellular interaction. This was particularly observed in the studies of 
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T-cell activation mechanism, which involves the interaction between bacterial glycolipids 

and CD1, a major histocompatibility complex protein. This complex is then bound to T-

cell receptor and triggers the corresponding immune responses (Moody & Besra, 2001).  

The assembly of glycosphingolipids (GSLs) within the cell membrane forms lipid 

rafts’ microdomains, which act as specific target sites for various transmembrane proteins 

and regulate the activity of raft proteins (Lucero & Robbins, 2004). In addition, GSL 

microdomain was found involving in signal transduction at the cell surface, through 

binding of specific ligand to the domain, thereby causing structural changes across the 

cell membrane. This induces the activity of intracellular signal transducers and likely 

triggers intracellular signalling cascades, thereby resulting in regulation of cellular events, 

such as cell proliferation, differentiation and apoptosis (Simons & Toomre, 2000). 

2.3.3 Glycolipids for Drug Delivery 

 Glycolipids have been gaining increasing interest as material for drug delivery, 

replacing commonly used surfactants, like ethylene oxide based surfactants and 

phospholipids, because they are competitively amphiphilic, biodegradable and 

biocompatible. Unlike liposomes by phospholipids, glycolipid based assemblies are more 

stable due to the presence of hydroxyl groups that contribute in forming attractive 

hydrogen bonding with the neighbouring carbohydrate head groups, and their biological 

roles in cellular communication and recognition can also be adopted to promote 

bioadhesion of the carriers in drug delivery (Brandley & Schnaar, 1986; Faivre & Rosilio, 

2010). In addition, the presence of the unsaturated bond in the fatty acid renders the 

phospholipid susceptible to oxidation, which potentially leads to a structural disruption 

of the liposome (Araseki et al., 2002). Remarkably, glycolipid-based drug carriers have 

also shown higher encapsulation efficiency and better stability in plasma solution than 
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liposomes (Kiwada, Niimura, Fujisaki, et al., 1985; Faivre & Rosilio, 2010; Salim et al., 

2015). 

Glycolipids exhibit effective surface properties that can be varied by altering the 

hydrophobic chain length and the number of carbohydrate moieties. In view of their 

noteworthy lyotropic properties, glycolipids have been specially designed and modified 

to give interesting self-assemblies that lead to the formation of nanostructured particles 

or micro-emulsions, which have potential to be used for drug delivery purpose (Uchegbu 

& Vyas, 1998; Abd-Elbary et al., 2008; Faivre & Rosilio, 2010). A remarkable research 

work by Lee and his colleagues has even demonstrated that glycolipids based micro-

emulsions not only showed better drug solubilization, but also induced less pain upon 

injection in comparison with the other commercially available dosage forms (Lee et al., 

2002).  

Besides of their application as drug carriers, glycolipids have been used as 

targeting ligands for surface modification of the drug carriers to promote specific 

interactions with the target cells or tissues. For instance, mannosylated liposome, 

formulated by Minakshi Grag, was used for targeted delivery of stavudine, a common 

drug used for treating human immunodeficiency virus (HIV) via specific protein-

carbohydrate interaction. This formulation has shown improved cell uptake and increased 

mean residence time of the drug, thereby reducing the required drug dosage and 

minimizing side effects of the drug (Garg et al., 2006). The distinctly high uptake and 

retaining of galactose in liver was also used as a measure for hepatocytes-targeted drug 

delivery by applying alkyl galactoside based vesicles (Kiwada, Niimura, & Kato, 1985; 

Coelho et al., 2015). 
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2.4 Synthesis of Glycolipids 

Biological glycolipids are produced based on a highly stereospecific enzymatic 

reactions and their isolation process is usually tedious. Considering the high 

manufacturing cost of natural glycolipids, alkyl glycosides, which are much more easily 

accessible based on organic synthesis, are more practical base material for the current 

study.  

2.4.1 Glycosylation 

A glycoside is a cyclic acetal, in which an aglycone moiety is bound to the 

anomeric centre of a sugar. The chemical procedure involved is known as glycosylation. 

In biological systems, enzymes, typically glycosyltransferases mediate the glycolipid 

biosynthesis by attaching glycans to other organic molecules, such as ceramides 

(Malhotra & Kumar, 2010). There is a few classes of glycosides, yet only O-linked 

glycosides will be discussed based on the target of this research.  

 The very first chemical glycosylation was reported in year 1879 by an organic 

chemist named Michael Arthur who successfully demonstrated an anomeric substitution 

on a glycopyranosyl halide to an aryl glycoside, as shown in Scheme 2.1 (Michael, 1881). 

 

Scheme 2.1: Michael glycosylation. 

 

 In 1893, Emil Fischer established a very distinct synthetic approach, which 

applied unprotected monosaccharides as the starting materials. The reaction was carried 

out under harsh acidic conditions in the presence of excess alcohol as glycosyl acceptors 
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to furnish a complex mixture of pyranosides and furanosides, as illustrated in Scheme 2.2 

(Fischer, 1893; Fischer & Beensch, 1894; Bishop & Cooper, 1962). His findings inspired 

the use of hydroxyl protecting groups to prevent interconversion between furanosides and 

pyranosides during the glycosylation.  

 

Scheme 2.2: Fischer glycosylation. 

 

 In 1901, Koenigs and Knorr reported another approach of chemical glycosylation, 

whereby glycosyl halides were reacted with glycosyl acceptors in the presence of silver 

carbonate or silver oxide as scavenger for the hydrogen halide by-product (Koenigs & 

Knorr, 1901). The Koenigs-Knorr glycosylation usually showed a complete inversion of 

the anomeric configuration in the product and the reaction was hence assumed to proceed 

via Walden inversion i.e. a concerted nucleophilic substitution mechanism as indicated in 

Scheme 2.3.  
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Scheme 2.3: (a) Koenigs-Knorr glycosylation; (b) Walden inversion. 

 

 However, further mechanistic studies by Pigman and Isbell rejected the Walden 

mechanism. Instead the inversion of the anomeric configuration was attributed to the 

participation of a neighbouring group effect at position C-2. Either a normal glycoside or 

an orthoester can be obtained, depending on the experimental conditions employed for 

the glycosylation reaction as illustrated in Scheme 2.4 (Isbell, 1940). 

 A variety of glycosylation reactions applying various activated glycosyl donors, 

such as thioglycosides (Veeneman et al., 1990; Krag et al., 2010), glycosyl 

trichloroacetimidates (Schmidt & Michel, 1980; Minamikawa et al., 1994; Das & 

Mukhopadhyay, 2016) and n-pentenyl glycosides (Mootoo et al., 1988; Fraser-Reid et 

al., 1993; Cristobal Lopez et al., 1995; López et al., 2007) has been reported. Ester 

glycosylation (Scheme 2.5) is amongst the most commonly used method to prepare 

glycoside. It employs an anomeric acetate as the glycosyl donor and a Lewis acid catalyst, 

such as borontrifluoride to furnish both - and β-anomeric glycosides. The ratio of which 

can be controlled based on the catalyst used and the reaction time (Lemieux & Shyluk, 

1953; von Minden et al., 2000; Milkereit et al., 2005). 
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Scheme 2.4: Neighbouring group effect. 
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Scheme 2.5: Ester glycosylation. 

 

Further studies on the anomeric reactivity revealed an unconventional inclination 

towards formation of the anomeric product due to the anomeric effect, which can be 

explained in terms of dipole moments. The anomeric C-O bond of the β-anomer is in 

equatorial orientation, as depicted in Figure 2.9. The lone pairs of electrons on the ring 

oxygen and the anomeric C-O bond add up to a large dipole moment, which destabilizes 

the β-anomer. In the  -anomer, the two dipole moments partially compensate each other, 

resulting in a more favourable small dipole moment (Mydock & Demchenko, 2010). 

 

Figure 2. 9: Anomeric effect. 

 

2.4.2 Protecting Group Strategies 

Regioselectivity has always been a great challenge in carbohydrate chemistry, due 

to the presence of several hydroxyl groups of different reactivity that necessitates the 

application of suitable protecting group strategies to inhibit the participation of non-target 

hydroxyl groups. Differences in the reactivity of the hydroxyl groups form the basis of 

regioselective protections, such as the formation of a benzylidene acetal selectively 
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blocking the OH-groups at C-4 and C-6 of a glucopyranose. Listed below are the 

protecting group strategies that have been applied throughout the syntheses. 

2.4.2.1 Ester (Acetate) 

Acetic acid ester is one of the most commonly used protecting groups in 

carbohydrate chemistry. Acetates are frequently applied on free sugars to provide a 

blocking of all alcoholic hydroxyl groups, while activating the anomeric carbon at the 

same time. Treatment with acetic anhydride and sodium acetate as buffer at reflux 

condition preferably produces the β-anomer as depicted in Scheme 2.6. This is due to the 

fast mutarotation between the  - and β-anomeric free sugars at elevated temperature, in 

which the latter is more nucleophilic owing to the less hindered equatorial position (Davis 

& Fairbanks, 2002).  

 

Scheme 2.6: Preparation of β-D-glucose pentaacetate. 

 

A mild approach to introduce an acetate at a complex carbohydrate precursor 

applies acetic anyhydride in pyridine at room temperature (Rye & Withers, 2002) as 

shown in Scheme 2.7. 

 

Scheme 2.7: Acetylation of sugar hydroxyl groups. 
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Acetates are easily removed by transesterification based on the Zemplén 

procedure (Zemplén & Kunz, 1924; Ren et al., 2015) which employs basic conditions. 

However, the high reactivity of acetates still limits their application for protection 

purpose. 

2.4.2.2  Acetal (Benzylidene) 

As shown in Scheme 2.8, selective protection of the 4- and 6- hydroxyl groups of 

aldopyranosides can be achieved by formation of a cyclic benzylidene acetal using 

benzaldehyde or one of its acyclic acetals under acid-catalyzed condition (Coterón et al., 

1996). Unlike isopropylidene acetals, which typically favour 5-membered rings, 

benzylidene acetals prefer the formation of a 6-membered ring, in which the bulky phenyl 

group adopts the equatorial position to prevent any unfavourable 1,3-diaxial interactions 

(Lindhorst, 2000; Davis & Fairbanks, 2002). 

 

Scheme 2.8: Synthesis of 4,6-O-benzylidene. 

 

 Benzylidene acetal can be readily cleaved under acidic condition or by 

hydrogenation (Coterón et al., 1996; Santra et al., 2013). A selective opening of 

benzylidene acetal also provides a regioselective benzylation on either the 4- or 6-

hydroxyl group, depending on the substituents and the reagents used as shown in Scheme 

2.9 and 2.10 (Lee, Zulueta, et al., 2011; Ohlin et al., 2011). 
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Scheme 2.9: Selective reduction opening of benzylidene acetal. 

 

 

Scheme 2.10: Proposed mechanism of selective opening of 4,6-O-benzylidene. 

 

2.4.2.3 Benzyl Ether 

Sugar hydroxyl group can be protected as benzyl ethers. They are formed by 

converting the hydroxyl group to an alkoxide anion with a suitable base, e.g. sodium 

hydride, followed by a SN2 substitution on a benzyl halide. An example is shown in 

Scheme 2.11 (Konda et al., 2014). 
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The benzyl ether protecting group is highly stable towards both base and acid, but 

can readily be cleaved under a mild condition by catalytic hydrogenation, requiring the 

use of palladium on carbon as the catalyst (Röhrling et al., 2002), as illustrated in Scheme 

2.12. Selective benzylation is typically achieved through regioselective opening of an 

intermediate cyclic acetal, as previously discussed in section 2.4.2.2. 

 

Scheme 2.11: Benzylation of 2- and 3-hydroxyl groups. 

 

 

Scheme 2.12: Hydrogenolysis of benzyl ether. 

 

2.4.2.4 Imine 

 In an amino sugar, the amino group can be protected as an imine through the 

Schiff base reaction with an aldehyde as shown in Scheme 2.13. The imine is labile under 

acidic condition, which enables a selective deprotection of an acetylated sugar compound 

as illustrated in Scheme 2.14. 

 

Scheme 2.13: An imine protecting group results from a Schiff base reaction. 

Univ
ers

ity
 of

 M
ala

ya



31 

 

Scheme 2.14: Removal of the imine protecting group. 

  

2.4.3 Functionalization of Glycolipids 

The targeted functionalized glycolipid resulted from a coupling reaction between 

functionalized linkers and glycolipid cores. The compounds carry two key features: one 

is its CLICK functionality that acts as docking site for targeting ligands or antigens on 

the vesicle stage; the second is the positive charge of the imidazolium cation, which gives 

rise to intermolecular ionic repulsion. The latter feature is crucial for the formation of 

uniformly small-sized vesicles and preventing clustering of the docking sites on the 

vesicle membrane as well. The imidazolium cations were synthesized based on the 

Menshutkin reaction, involving the quaternization of the heterocyclic amine by treatment 

with an alkyl halide (Menschutkin, 1890a, 1890b). As illustrated in Scheme 2.15, the lone 

pair at N-1 is unavailable for nucleophilic attack, because it is part of the aromatic system, 

whereas the lone pair at N-3 is free to attack the electrophilic carbon of alkyl halide as 

nucleophile, thus resulting in a very stable imidazolium salt owing to its high degree of 

symmetry (Duffin, 1964). To ensure efficient couplings, alkyl chlorides were avoided in 

this study due to their low reactivity (Larsen & Kraus, 1954). 
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Scheme 2.15: Quaternization of N-alkylimidazole and its resonance structures. 

 

2.5 Imidazolium Cation and Coupling Strategies 

2.5.1 Imidazolium Ionic Liquids 

 

Figure 2.10: Examples of simple imidazolium-based ionic liquids. 

 

 As shown in Figure 2.10 are examples of imidazolium-based ionic liquids (ILs), 

which generally defined as salts consisting of imidazolium cations and inorganic anions, 

which are liquids at room temperature (Seddon et al., 2000). Their unusual physical state 

compared to the other ionic compounds, is attributed to the molecular symmetry distortion 

caused by the uncommon hydrogen bond between the cation and the anion, bulkiness of 

the anion, asymmetrical charge distribution in the cation and rotational freedom, thus 

preventing intermolecular packing and leading to a liquid state (Noack et al., 2010). They 

have been widely used as “green solvent”, in replacement of the typical organic solvents 

due to their negligible vapour pressure (Wasserscheid et al., 2002). Detailed biological 

studies on imidazolium-based ILs have also provided some scientific insights into their 
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antibacterial, antifungal and anticancer activities, which would be an additional advantage 

for drug delivery application (Docherty & Kulpa, 2005; Malhotra & Kumar, 2010). 

 

Figure 2.11: General denotation of 1-alkyl-3-methylimidazolium cation. 

 

 As shown in Figure 2.11, the C2 hydrogen atom of an imidazolium cation is 

susceptible forming hydrogen bonding with an anion. This interaction is found mildly 

orientation dependent in contrast to the conventional hydrogen bonding. Yet it still causes 

a significant downfield shift on the C2 proton (Bonhôte et al., 1996; Tsuzuki et al., 2007). 

The signal of the C2 proton usually appears as a small and broad peak in the 1H-NMR 

spectrum recorded in a protic NMR solvent, such as CD3OD. This is due to the substantial 

acidity of C2 proton that readily undergoes H/ D-chemical exchange with the protic 

solvent (Balme & Lederer, 1994) as shown in the following Scheme 2.16. 

 

Scheme 2.16: H/ D-chemical exchange process. 

 

2.5.2 CLICK Chemistry- an Approach for Bioconjugation 

 CLICK chemistry was firstly introduced by K. B. Sharpless in 2001 to define 

those modular and stereospecific reactions, which are wide in scope, give very high 

yields, produce by-products that can be readily eliminated by non-chromatographic 

procedures and can be carried out under easy reaction conditions without or with only 

benign solvents (Kolb et al., 2001).  It involves the formation of new carbon-heteroatom 
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bonds with fast reaction completion owing to high thermodynamic driving force. 

Generally, CLICK reactions cover the following classes of chemical transformations: 

 1,3-dipolar cycloaddition reactions 

 Diels-Alder reactions 

 nucleophilic reactions which comprise ring opening reactions 

 non-aldol typed carbonyl reactions 

 addition reactions to carbon-carbon multiple bonds 

 The Huisgen 1,3-dipolar cycloaddition appears to be the most noteworthy among 

all the CLICK reactions. It unites a 1,3-dipole (an azide) with a dipolarophile (an alkyne), 

generating a five membered heterocycle in a concerted approach. The original Huisgen 

1,3-dipolar cycloaddition was found inappropriate for application on delicate biomaterials 

due to its harsh reaction conditions and because it usually furnishes a mixture of 

regioisomers (Huisgen, 1963), as depicted in Scheme 2.17. 

 

Scheme 2.17: Huisgen 1,3-dipolar cycloaddition. 

 

 

Scheme 2.18: CuAAC reaction 

However, Rostovtsev et al. have introduced the Copper(I)-catalyzed Azide-

Alkyne Cycloaddion (CuAAc), a modified Huisgen reaction, which employs terminal 

alkynes and azides together with a Cu (I) catalyst, as shown in Scheme 2.18. The 
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catalyzed reaction is highly regiospecific and produces only 1,4-disubstituted 1,2,3-

triazoles in very high yields. The proposed mechanism is shown in Scheme 2.19 (Worrell 

et al., 2013). 

 

Scheme 2.19: Proposed mechanism for Cu (I)-catalyzed CLICK reaction 

 

CLICK chemistry has been gaining a lot of interests as an efficient bioconjugation 

strategy that involves binding of synthetic labels to biomolecules, owing to its unique 

properties as listed below (Nwe & Brechbiel, 2009): 

 it is bio-orthogonal 

 proceeds irreversibly in water at neutral pH 

 feasible at biocompatible temperatures (25 – 37 °C) 

 no cytotoxic reagent is necessary 

 it produces no cytotoxic byproducts 

For example, Wang et al. coupled fluorescein-labelled Cowpea mosaic virus 

particles using a CLICK reaction in more than 95 % yield (Wang et al., 2003). Deiters et 
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al. established a protein-encoding method, which fused the protein of yeast with either 

acetylene- or azide-bearing synthetic amino acids based on CLICK chemistry. Moreover, 

they also proved the possibility of incorporating organic dyes to the proteins by the same 

approach (Deiters et al., 2003). Despite the concern that copper catalysis may be 

unsuitable for certain biological applications due to the toxicity of the metal, yet there is 

still a significant growing application of CLICK reaction in many research fields, 

especially in pharmaceutical and biomedical fields due to some remarkable biological 

activities of the triazoles, such as anti-HIV and antibacterial activities (Alvarez et al., 

1994; Docherty & Kulpa, 2005). In addition, the triazoles also exhibit extraordinary 

stability towards metabolic degradation.  

CLICK reaction requires very mild reaction condition and it is water compatible, 

which avoids disturbing the vesicle assemblies, as well as prevents denaturation of the 

biological antigens during the bioconjugation reaction. Therefore it was targeted as the 

bioconjugation strategy for associating antigens or targeting ligands onto the vesicular 

surface in this study, as illustrated in Figure 2.12. 
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Figure 2.12: Targeting vesicle using functionalized glycolipids as co-surfactant. 
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CHAPTER 3: METHODOLOGY 

3.1 Structure Characterization 

3.1.1 NMR Spectroscopy 

1HNMR spectra provide information about the number of proton atoms, chemical 

environment and configuration of the investigated nuclei. The information can be 

extracted based on the analysis of signal integration, chemical shift, coupling pattern and 

coupling constants. The latter are particularly important for assigning the NMR signals 

of carbohydrate compounds. The value of a vicinal proton-proton coupling, 3JH,H, greatly 

depends on the dihedral angle of the two C-H bonds as shown in Figure 3.1. Thereby it 

provides information on the spatial arrangement between the protons, which is the key in 

identifying the stereochemistry of carbohydrate compounds (Coxon, 2009). In pyranose, 

β-anomers display an axial-axial orientation of H-1 and H-2, reflecting a dihedral angle 

close to 180 °. The correlated coupling constant is around 8 Hz  as shown in Figure 3.2, 

while the dihedral angle between an equatorial H-1 and an axial H-2 in α-anomers is 

around 60 °, leading to a coupling constant of around 4 Hz (Lindhorst, 2000). 

 

Figure 3.1: Karplus relation 
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Figure 3.2: 1H NMR spectrum. 

 

 

Figure 3.3: 1H-1H COSY spectrum. 
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However, there were some cases, where the 1H NMR signals were found not well 

resolved or overlapped with other signals, causing difficulties in determination of the 

coupling constants. In these cases, a 2D NMR 1H-1H Correlation Spectroscopy (COSY) 

was employed to indicate which 1H atoms are coupling with each other, as shown in 

Figure 3.3.   

 

 
Figure 3.4: 13C (top) and APT (bottom) NMR spectra. 
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A 13C NMR spectrum shows all the carbon atoms in a compound, but it does not 

differentiate between quaternary carbon (C), methine (CH), methylene (CH2) and methyl 

(CH3) signals. Therefore, APT (Attached Proton Test) or PENDANT (Polarization 

Enhancement Nurtured during Attached Nucleus Testing) experiments, was applied 

instead, in which both CH and CH3 will appear as positive signals, while C and CH2 are 

negative signals in the spectrum, as illustrated in Figure 3.4. The assignments of carbon 

signals was based on 2D NMR Heteronuclear Single Quantum Coherence Spectroscopy 

(HSQC), which provides a correlation of carbons and their attached protons, as shown in 

Figure 3.5. As for compounds involving polycyclic aromatic rings, Heteronuclear 

Multiple Bond Correlation (HMBC) spectrum, as shown in Figure 3.6 enables the 

correlation between carbons and protons that are separated by two to three bonds, was 

applied. 

 

Figure 3.5: HSQC spectrum. 
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Figure 3.6: HMBC spectrum. 

 

3.1.2 IR Spectroscopy 

In this study, IR was applied to confirm the presence of azido groups, which 

appear as a strong peak at around 2100 cm-1, as shown in Figure 3.7. 

 

Figure 3.7: IR spectrum. 
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3.1.3 Mass Spectrometry 

The compounds were dissolved in 1 mL of HPLC grade methanol and the 

respective HRMS (High Resolution Mass Spectra) were recorded by electrospray 

ionization based on time of flight measurements (TOF).  

3.2 Physical Properties Investigations 

3.2.1 Surfactant Assembly Behaviour  

Surfactant solutions of different concentrations in water were prepared and their 

respective surface tension was measured in five replicates. The measurement was 

repeated until the statistical error was below 0.1 mN m-1. The graph of surface tension 

versus logarithmic concentration was plotted and the critical aggregation concentration 

(CAC) was obtained from the intersection point of two regression lines reflecting the 

concentration dependent region and the concentration independent region. The surface 

area per molecule, Amin was calculated using the Gibbs adsorption isotherm based on 

equation 3.2, which explains the relation between surface area per molecule and surface 

excess concentration. The latter was determined based on equation 3.1 (Rosen & 

Kunjappu, 2012). 

 Γmax = −
10−3

2.303𝑛𝑅𝑇
(

𝜕𝛾

𝜕𝑙𝑜𝑔𝐶
) max T       (3.1) 

 Amin =  
1020

𝑁Γmax
         (3.2) 

In these equations, Γmax is the surface excess concentration, n is the factor 

depending on the valency of the ionic species, R is the universal gas constant, T is the 

absolute temperature, γ is the surface tension, C is the surfactant concentration, Amin is the 

molecular surface area and N is Avogadro’s constant. 
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3.2.2 Optical Polarizing Microscopy 

For the study of surfactant mixtures, the sample was prepared by dissolving the 

surfactants based on a desired ratio in methanol under sonication to ensure a uniform 

mixing. The solvent was then evaporated and the sample dried at high vacuum for several 

hours. Lyotropic behaviour of the surfactants was studied using a modified Amscope 

microscope with installed polarizers based on the water penetration method (Laughlin, 

1992; von Minden et al., 2000). A small amount of the surfactant was melted on a glass 

slide until it reached an isotropic phase. The sample was covered with a cover slip and a 

drop of solvent was placed at the edge of the cover slip to penetrate the sample by 

capillary force. The textures reflecting lyotropic phases were observed under the optical 

polarized microscope at room temperature (~25 °C) at 50 x magnification. 

3.2.3 Vesicle Preparation 

The ethanol injection method was applied for the vesicle preparation (Jaafar-

Maalej et al., 2010). A mixture of surfactant and co-surfactant at the desired ratio was 

dissolved in ethanol (5 % of total volume) and rapidly injected into bulk water through a 

25 Ga bevel tip needle at room temperature. The resulting dispersion was stirred for 10 

minutes at room temperature to yield the vesicles. Samples applied concentration of 2 

mM for the surfactants and a ratio of ethanol and water of 1: 19. 

3.2.4 Vesicle Characterization 

The vesicle sizes were measured based on dynamic light scattering (DLS) method, 

relying on a backscatter detection angle at 173°. Owing to Brownian motion, particles 

suspended in a liquid phase will experience different diffusing speed and it provides a 

fluctuation pattern of the scattered light.  The size of particles can be determined from 

their translational diffusion coefficient based on Stoke-Einstein equation (Sutherland, 

1905; Einstein, 1906; Bhattacharjee, 2016). The same instrument was used to determine 
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zeta potential, in a gold-plated electrode U-shaped cell. Zeta potential is the electrostatic 

potential measured at the surface of shear or slip surface in an electrical double layer. It 

is determined using electrophoresis, which involves migration of the charged particles 

towards the electrode of opposite charge when an electric field is applied. This gives 

information about the velocity of the particle in a unit of electric field, or the particle’s 

electrophoretic mobility, which is related to the zeta potential according to the Henry’s 

equation (Henry & Lapworth, 1931; Bhattacharjee, 2016). 

3.2.5  Specific Optical Rotation 

 Chemical compounds were dissolved in either chloroform or methanol (10 mL), 

depending on the solubility and their respective specific optical rotations of the sugar 

compounds were determined according to the following equation: 

 [∝]𝐷
25 =

𝛼

𝑙𝑐
         (3.3) 

Where, 

 ∝ = measured rotation in degrees 

 l = path length in decimetres 

 c = concentration (g/ mL for pure liquid compound; g/100 mL for a 
   solution 

 

3.2.6 Fluorescence Calibration Curve 

 A stock solution of R3 (10 µM) in methanol was prepared and used to prepare a 

series of solutions of different concentrations by dilution. A fluorescence calibration 

curve was obtained by plotting the measured fluorescence intensities of the solutions 

against the corresponding concentrations. 
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3.3 Molecular Modelling 

 Molecular structures were created in GaussView 5.0 and structural optimizations 

were carried out in Gaussian 9.0, using Density Functional Theory under B3LYP function 

with  6-31G + (d,p) basis set (Salman et al., 2013; Bayach et al., 2016). 

3.4 General Synthetic Procedures 

3.4.1 N-alkylation of Imidazole 

 Into a solution of imidazole in tetrahydrofuran, sodium hydride (60 % suspension 

in paraffin oil) was added. After an hour of stirring, alkyl halide was added under ice bath 

cooling and the mixture was subsequently refluxed overnight. The reaction was cooled to 

room temperature and quenched with methanol (3-5 mL). The solvent was evaporated at 

reduced pressure and the resulting residue was extracted with dichloromethane. The 

concentrated extract was subjected to column chromatography over silica gel (EtOAc: 

acetone= 8: 1 for compound 2a-c) to give the alkylated imidazole. Table 3.1 describes 

the molar equivalents of the reagents needed for the reaction (Xu et al., 2009; Lee, Choi, 

et al., 2011). 

Table 3.1: Molar equivalents of the reagents 

 Molar equivalent 
Reagent Alkyl halide Imidazole Sodium 

hydride 
Mono-

halogenated 
1 2 2.3 

Dichloro 
compound 

4 1 2 

 

3.4.2 Azidation 

 A mixture of alkyl halide (1 equiv) and sodium azide (2 equiv) in 

dimethylformamide was heated to 80°C overnight and the solvent was subsequently 

evaporated at reduced pressure (Hanessian et al., 1978; Lin et al., 2011). 
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Alkyl imidazole: the residue was extracted with dichloromethane and insoluble 

solids were filtered off. The solvent was evaporated under reduced pressure to furnish the 

azido compound. 

Sugar compound: the residue was taken up in dichloromethane and water. The 

organic layer was dried over magnesium sulphate and concentrated.  

3.4.3 Peracetylation of Glucose 

A suspension of sodium acetate (10 g) in acetic anhydride (100 mL) was heated 

to reflux. D-glucose (20 g) was added portionwise with continuous heating. The mixture 

was heated to 120 °C for another 1.5 hours after the sugar had completely dissolved. The 

mixture was cooled to room temperature and slowly poured into an iced water (1 L) with 

continuous stirring and left to warm to room temperature overnight. The resulting solid 

was collected by suction filtration and recrystallized from ethanol to obtain pure β-D-

glucose pentaacetate as a white powder (Fischer, 1916; Chen et al., 2016). 

3.4.4 Sugar Ester Glycosylation 

 A solution of β- D- glucose pentaacetate (1 equiv) and long-chained alcohol (1.3 

equiv) in dichloromethane was treated with boron trifluoride diethyl etherate (1.5 equiv) 

and stirred for 5 hours at room temperature. The reaction was washed successively with 

saturated sodium bicarbonate solution and water, and dried over magnesium sulphate. 

The crude product was subjected to column chromatography over silica gel to isolate the 

β-glucoside (Dahmén et al., 1983). 

3.4.5 Deacetylation  

 Acetylated glycoside was dissolved in methanol and a catalytic amount of sodium 

methoxide was added to obtain a basic medium. The mixture was stirred overnight at 
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room temperature. Amberlite 120 (H+) was added to neutralize the basic medium. The 

resin was filtered off and solvent was evaporated to yield the glycoside (Ren et al., 2015). 

3.4.6 Selective Halogenation on Sugar C-6  

Glycolipid (1 equiv) and triphenylphosphine (2 equiv) were dissolved in 

dimethylformamide. About 2-5 mL dimethylformamide was evaporated to remove water 

contents. The mixture was cooled to 0°C and subsequently N-bromosuccinimide or N-

chlorosuccinimide (2 equiv) was added slowly. The mixture was then heated to 70 ° C 

for another two hours under nitrogen atmosphere and cooled to room temperature before 

the reaction was quenched by addition of methanol (10 mL). After evaporation of the 

solvent, the residue was distributed between dichloromethane and saturated sodium 

bicarbonate solution. The organic layer was dried over magnesium sulphate and 

concentrated to furnish the crude material, which was directly used for subsequent 

reaction (Hanessian et al., 1972). 

3.4.7 Acetylation of Sugar Compound  

 Into a solution of glycoside (1 equiv) in pyridine, acetic anhydride (2 equiv per 

hydroxyl group) was added slowly. The mixture was stirred at room temperature 

overnight. Pyridine was evaporated and the residue was taken up in dichloromethane and 

2 N hydrochloric acid. The organic layer was washed with water and dried over 

magnesium sulphate. The concentrated crude product was chromatographed over silica 

gel to isolate the target compound (Ichikawa et al., 1985; Taniguchi & Monde, 2012). 

3.4.8 Benzylidenation  

 Into a suspension of glycoside (1 equiv) in dichloromethane, benzaldehyde 

dimethyl acetal (2.4 equiv) and p-toluenesulphonic acid monohydrate (100 mg) were 

added. The mixture was stirred at room temperature overnight. The reaction was washed 

with saturated sodium bicarbonate solution and water, dried over magnesium sulphate 
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and concentrated. The 4,6-O-benzylidene compound was obtained either by column 

chromatography or crystallization from hexane (Coterón et al., 1996; Ito et al., 2012). 

3.4.9 Benzylation 

To a solution of glycoside (1 equiv) in dimethylformamide, sodium hydride (60 

% suspension in paraffin oil) (2 equiv per hydroxyl group) was added slowly. The mixture 

was stirred for an hour at room temperature. Benzyl bromide (1.5 equiv per hydroxyl 

group) was added dropwise at 0 °C and the mixture was warmed to room temperature and 

stirred overnight. The reaction was quenched by addition of methanol (10 ml) and the 

solvent was removed at reduced pressure. The resulting residue was distributed between 

dichloromethane and water. The organic layer was dried over magnesium sulphate and 

concentrated (Uzawa et al., 2005).  

3.4.10 Selective Opening of Benzylidene 

 A solution of 4,6-O- benzylidene compound (1 equiv) in dichloromethane was 

treated with activated 4 Å molecular sieves (2 g per 2 mmol of sugar compound) and 

stirred for 5 minutes. The mixture was cooled to 0 °C, followed by addition of 

triethylsilane (6 equiv) and trifluoroacetic acid (6 equiv). The reaction was stirred at room 

temperature overnight. The solid was filtered and the filtrate was washed successively 

with saturated sodium bicarbonate solution and water. The organic layer was dried over 

magnesium sulphate and concentrated under reduced pressure. Target compound was 

obtained by column chromatography over silica gel (Yoneda et al., 2005; Kasuya et al., 

2007). 

3.4.11 Hydrogenolysis of Benzyl Ether 

Benzylated glycoside was dissolved in methanol (100 ml) and palladium on 

activated carbon (10 % Pd, oxidic form) (25-40 mg) was added. The mixture was placed 

under hydrogen atmosphere with stirring after addition of concentrated hydrochloric acid 
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(0.5-1 mL). The reaction was complete as indicated by TLC showing absence of starting 

material. The catalyst was filtered through a celite pad and the resulting filtrate was 

neutralized with sodium bicarbonate. The solvent was evaporated after filtering off the 

solid to give the crude product which was used for the next reaction without prior 

purification (Combs et al., 1949; Röhrling et al., 2002). 

3.4.12 Catalytic Phase Transfer Alkylation 

A solution of glycoside (1 equiv) in toluene was cooled in an ice bath. Tetra-n-

butylammonium bromide (0.5-1 equiv) and aqueous solution of sodium hydroxide (50 % 

w/w) were added and the mixture was then stirred vigorously for 15 minutes. Tert-

butylbromoacetate (1.5 equiv per hydroxyl group) was added slowly at 0 °C and vigorous 

stirring was continued. Methanol (10 mL) was added when the reaction was complete as 

indicated by TLC. The organic layer was isolated and concentrated. The crude material 

was subjected to the next reaction without prior purification (Dou et al., 1977; Starks et 

al., 1994; Sabah et al., 2011).  

3.4.13 Reduction of Ester 

A solution of the ester (1 equiv) in tetrahydrofuran was cooled to 0 °C and lithium 

aluminium hydride (4 equiv per ester) was added slowly. The mixture was warmed to 

room temperature with continuous stirring until TLC indicated absence of the starting 

material. Water (1-2 mL) was added slowly and stirred for two minutes. White 

precipitates formed upon addition of aqueous solution of sodium hydroxide (15 % w/w) 

(1-2 mL). After five minutes, another 3 ml of water was added and stirring was continued 

for another 3 minutes. The white precipitate was filtered off and the filtrate was then 

concentrated.  The residue was distributed between dichloromethane and water. The 

organic layer was dried over magnesium sulphate and concentrated to give the crude 
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product, which was directly used for the subsequent reaction (González-García et al., 

2003; Qabaja et al., 2013). 

3.4.14 Iodination of Primary Hydroxyl Group 

Into a solution of glycoside (1 equiv) in toluene, iodine (1.5 equiv), 

triphenyphosphine (1.5 equiv) and imidazole (3 equiv) were added. The reaction was then 

heated to 50 °C until TLC indicated complete conversion of the starting material. After 

cooling to room temperature, the mixture was diluted with methanol to around 50 %. The 

solvent was evaporated and the residue was distributed between dichloromethane and 

aqueous solution of sodium thiosulphate (10 % w/w). The organic layer was washed with 

water and dried over magnesium sulphate. The remaining solvent was evaporated under 

reduced pressure and the resulting crude was used for the subsequent reaction without 

prior purification (Sletten & Liotta, 2006). 

3.4.15 Quaternization of Alkyl Imidazoles 

A solution of alkyl imidazole (1 equiv) and alkyl bromide (1 equiv) in xylene or 

toluene (3-5 mL) was heated to 130 °C for xylene or 90 °C for toluene with TLC 

monitoring. The solvent was evaporated when the reaction was complete to furnish the 

imidazolium compound. 

3.4.16 CLICK Reaction 

Into a micellar or vesicle dispersion containing azide-terminated functionalized 

glycolipids in water, alkyne terminated compound, copper (II) acetate (0.15 equiv) and 

sodium ascorbate (0.45 equiv) were added. The reaction was stirred at room temperature 

overnight. 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Conceptual Design of a Vesicular Targeting Drug Delivery System 

An antigen-receptor mediated targeted drug delivery system requires a biological 

recognition domain on the vesicular surface. This can be achieved through vesicle 

formulation using surfactant mixture containing both base and antigen-bearing 

glycolipids. However, random distribution of the surfactants during vesicle formation will 

result in the embedment of antigens inside the vesicle, where they are unable to interact 

with the receptors of the target cells. An alternative strategy can employ functionalized 

glycolipids as co-surfactant for vesicle preparation, as illustrated in Figure 4.1, which 

serve as docking sites for the antigens on the vesicular surface. This approach avoids the 

loss of precious antigen inside the vesicle and enables the use of same vesicles for diverse 

therapeutic applications simply by applying different antigens.  

 CLICK reaction was targeted for the bioconjugation of the functionalized vesicles 

with antigens owing to its high reaction efficiency and selectivity. Moreover, a CLICK 

reaction can proceed under mild reaction condition, which prevents subjecting the 

antigens to harsh reaction conditions, which may lead to denaturation. Its water 

compatibility also avoids the use of potentially problematic solvents. Therefore, 

glycolipids carrying CLICK functionality, referred to as “functionalized glycolipids” 

were prepared in this study.  
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Figure 4.1: Approaches to prepare bio-functionalized vesicles. 

 

The design of the functionalized glycolipid, comprising of a glycolipid core and 

a functionalized linker is depicted in Figure 4.2. A biantennary glycolipid was used as it 

mimics the structure of natural biosurfactants and its relatively larger hydrophobic 

volume favours the formation of the lamellar phase that highly potential to give rise to 

vesicular assemblies. The Guerbet alcohols used for glycosylation are commercially 

available as a racemic mixture, thus they gave rise to a diastereomeric mixture of the 

glycosides. The natural glycolipid (as shown in Figure 2.6) has a chiral centre, C-2 at the 

glycerol unit, which is attached to four significantly different substituents. On the other 

hand, the chiral centre at the hydrocarbon chain of Guerbet glycoside (as indicated in 

Figure 4.2) exhibits an almost identical local environment since it is attached to two alkyl 

chains that only differ by two carbon atoms. This is reflected in an almost identical 13C 

NMR data for the two sub-chains. Thus, the stereochemical impact of the Guerbet 
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alcohols, particularly those of longer hydrocarbon chain, is assumed to be irrelevant for 

both biological and physicochemical properties.  

A key feature in the functionalized linker is the CLICK functionality, which can 

be either an azide or a terminal alkyne that serves as docking site for the antigen. An 

ethylene oxide (EO) backbone was introduced as the spacer between the CLICK 

functionality and the sugar head group to provide flexibility to the anchor, thus facilitating 

an efficient bioconjugation reaction at the vesicle stage. The EO spacer was chosen 

because of its low toxicity and low immunogenicity (Powel, 1980; Yamaoka et al., 1994). 

Besides, it does not exhibit significant influence on specific biological properties of 

pharmaceuticals (Zalipsky, 1995).  

 Another key feature is the imidazolium cation, which results from the Menshutkin 

reaction and provides cationic character to the functionalized glycolipid. Vesicles 

incorporating these functionalized glycolipids as co-surfactant are stable towards pH, as 

the quaternary ammonium cation is pH-insensitive (Gelardi et al., 2016). During the 

vesicle formation, the electrostatic repulsion between the imidazolium cations maintains 

a reasonable distance between the glycolipids, thereby avoiding clustering of the docking 

sites on the vesicular surface, which otherwise could restrict the accessibility for the target 

cells. Besides, the use of ionic glycolipids furnishes smaller-sized vesicles, due to the 

ionic repulsion between the cationic surfactants that promotes the surfactant distribution 

during the injection (Varshosaz et al., 2003; Israelachvili, 2011; Mak et al., 2015; Bnyan 

et al., 2018). Positive surface charge of the vesicles is expected to  improve the interaction 

with target cells, which typically possess abundant negative surface charges, such as 

Gram-negative bacterial cells (Costerton et al., 1974) and nuclei acid of negative nature 

(Yang et al., 2014; Kasyanenko et al., 2018).  
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To compare the effect of the position of the functionalized linker on the surfactant 

assembly behaviour, three different positions (C-1, C-4 and C-6) of the sugar head group 

were targeted as the functionalizing sites for the linkers in this study. This selection is 

based on their easy accessibility.  

 

Figure 4.2: General structure of a C-4 functionalized glycolipid. 

 

4.2 Synthesis of Functionalized Linkers 

Each functionalized linker carries either a terminal alkyne or an azido group, 

which is the key element for the targeted biofunctionalization of vesicles through CLICK 

reaction. This approach requires a complementary functionalization of the antigens, as 

illustrated in Figure 2.12.  

The synthetic scheme of azide terminated functionalized linkers is illustrated in 

Scheme 4.2. An imidazolate was generated through proton abstraction from the 

heterocyclic nitrogen by a strong base, sodium hydride, followed by a nucleophilic 

substitution with dichloro compounds (1a-c) respectively to yield the intermediates 2a-c. 

Considering the competition between formations of the target compounds (2a-c) and bis-

imidazole derivatives, excessive dichloro compounds (1a-c) were used to enhance the 

selectivity towards the target compounds without promoting the formation of 
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imidazolium cations, because the latter usually requires high temperature condition. 

Compound 1c was prepared based on the reaction with thionyl chloride as shown in 

Scheme 4.1. Compound 1c was used for the subsequent alkylation with the imidazolate 

without prior purification, which explains the lower percentage yield of compound 2c, in 

comparison with the others. Lastly, azidation of the N-alkylated imidazoles furnished a 

series of azide-terminated linkers (3a-3c) in reasonably good yields. 

 

Scheme 4.1: Synthesis of 1c. 

 

 

Scheme 4.2: Synthesis of azide-terminated linkers. 

 

 The azide-terminated functionalized linkers were meant for association with the 

halogen-bearing glycolipid core through the Menshutkin reaction. However, during the 

preparation of the O-4 modified glycolipid core, an N-alkyl imidazole was successfully 

incorporated instead of a halogen group owing to synthetic constraints (detailed 

discussion in section 4.3.2). Therefore, a halogen-group was introduced onto the linker 
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as shown in Scheme 4.3. Unlike for the linkers in Scheme 4.2, terminal alkyne was used 

as biofunctionalization anchor to simplify the synthesis. Reaction of propargyl bromide 

with an ethylene oxide salt, obtained from the reaction between diethylene glycol and 

sodium hydride provided the linker. Excessive glycol was used to enhance the selectivity 

for the formation of mono-alkyne compound 4. Since the tosylate ion is unsuitable for 

biological application, the remaining hydroxyl group was first converted to a tosylate and 

subsequently subjected to a nucleophilic exchange reaction (Finkelstein, 1910; 

Baughman et al., 2004) to provide iodo-compound 6 in an overall yield of around 50 %. 

 

Scheme 4.3: Synthesis of linker 6. 

 

4.3 Synthesis of Functionalized Glycolipids 

 The preparation of functionalized glycolipids involved association of 

functionalized linkers with glycolipid cores by the Menshutkin reaction, resulting in the 

formation of the imidazolium cation. Both ionic character and lack of molecular 

symmetry of functionalized glycolipids precluded the purification procedures by classic 

chromatographic techniques or crystallization. Therefore, the reaction was performed by 

applying both reactants at an exact ratio of 1: 1, with monitoring by TLC over time to 

prevent the materials from getting charred or burnt since high temperature condition was 

necessary for the reaction. 

To study the effect of the position of the functionalized linker on the surfactant 

behaviour, three different positions (C-6, C-4 and C-1) of the glycolipid were targeted. In 
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order to achieve regioselective functionalization, the polyfunctionality of carbohydrate 

with its many hydroxyl groups necessitated the application of protecting group strategies. 

4.3.1 Synthesis of C-6 Functionalized Glycolipids 

 The difference in reactivity between the primary hydroxyl group at C-6 and other 

secondary hydroxyl groups of the sugar head group enables a selective halogenation at 

C-6. As illustrated in Scheme 4.4, the synthesis started with an ester-based glycosylation 

of two commercial Guerbet alcohols (Hashim et al., 2006). Subsequent selective 

bromination at C-6 of the glucosides, applied N-bromosuccinimide and 

triphenylphosphine, followed by an acetylation reaction to facilitate the purification for 

the products (11-12) by chromatography (Stanek, 1963). The bromination was performed 

under  nitrogen atmosphere and provided a higher yield than the literature reported 

analogous transformation (Hanessian et al., 1972).  

Functionalization of the glucosides by quaternization of the alkyl imidazole 

required high temperature condition, therefore xylene was employed as the solvent 

(Maton et al., 2015). Final deacetylation of the imidazolium compounds successfully 

furnished two series of C-6 functionalized glycolipids in an overall yield of about 40 % 

based on Guerbet glucoside (9, 10). 
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Scheme 4.4: Synthesis of C-6 functionalized glycolipids. 
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4.3.2 Synthesis of C-4 Functionalized Glycolipids 

Straight chain glycolipid 18 was employed as a model compound for the 

preparation of C-4 functionalized glycolipids, as the synthesis involved intermediates that 

had been previously reported. Moreover, the intermediates were isolated based on easy 

extraction and crystallization procedures instead of chromatographic purification (Sabah 

et al., 2011). As shown in Scheme 4.5, selective opening of the 4,6-O-benzylidene 

afforded compound 21 with a free hydroxyl group at C-4. Two different approaches, 

indicated as (v) and (vi) in Scheme 4.5, were applied. The former involved iodine 

complexation with the electron pair on the glucoside’s O-4 in combination with a 

cyanoborohydride and provided a relatively lower yield (Rao et al., 2010), compared to 

the latter approach, which applied triethylsilane and trifluoroacetic acid (Kasuya et al., 

2007).  

Seeing that a halogen group was essential for associating the alkyl imidazole-

based functionalized linkers with the glucoside, a few attempts to introduce bis-halogen- 

and bis-tosyl-terminated spacers with structures as shown in Scheme 4.6 were carried 

out. Amongst them, only alkylation with spacer 23 proceeded based on TLC analysis, as 

illustrated in Scheme 4.7. Since the CLICK functionality is unstable towards 

hydrogenation, the benzyl groups of compound 24 were replaced with acetates in a 2-step 

sequence before introduction of the functionalized linker, but the yield was very low. 

Moreover, the subsequent Menshutkin reaction with linker 3a was incomplete.  
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Scheme 4.5: Synthesis of 21. 

 

 

Scheme 4.6: Preparation of spacers 22 and 23. 
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Scheme 4.7: Different attempts at preparing the C-4 glycolipid cores. 

 

 The failures of the previously discussed alkylation might be due to low reactivity 

of the alkyl bromides. Consequently a more reactive, tert-butyl bromoacetate, was used 

and the tert-butyl ester was successfully introduced at O-4 of glucoside 21, followed by 

a reduction to furnish a less hindered, primary alcohol in compound 27 in a reasonable 

yield, as depicted in Scheme 4.7.  

Two strategies were attempted to convert this hydroxyl group into a halogen. As 

illustrated in Scheme 4.8, one involved tosylation of the hydroxyl group, followed by 
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conversion of benzyl ethers into acetates prior to an iodide exchange reaction. However, 

the compound resulted from acetylation of glucoside 30 was found missing tosyl group 

signals in the 1H NMR spectrum. On the other hand, direct iodination of the hydroxyl 

group successfully produced iodo-sugar 32 in a good yield  (Sletten & Liotta, 2006). The 

compound was subjected to a 2-step reaction to convert the benzyl ethers to acetates prior 

to functionalization. Unfortunately, the resulting compound missed the 13C-I signal in the 

13C NMR spectrum. The result can be explained with the formation of a cyclic ether due 

to the favourable 6-membered ring during the acetylation, as illustrated in Scheme 4.8.  

Multiple failures in producing a halogenated sugar unit led to a modified synthetic 

strategy, in which an imidazole-bearing sugar and a halogen-terminated linker (as 

discussed in Scheme 4.3 of section 4.2) were targeted. As a result, highly polar imidazole-

bearing sugar compound 35 was successfully synthesized in a 3-step sequence, in an 

overall yield of 35 % based on 32. Unlike the typical arrangement for hydrogenolysis of 

benzyl ethers, hydrochloric acid was used in this case instead of acetic acid to ensure 

acidic condition, considering the significant basicity of the alkyl imidazole compound.  
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Scheme 4.8: Preparation of the C-4 glycolipid core from 28. 

 

Functionalization of compound 35 with linker 6 employed similar reaction 

condition applied for preparation of the C-6 functionalized glycolipids. However, 

remaining starting material 35 in the TLC indicated an incomplete reaction. The 

appearance of a black product that poorly soluble in most of the organic solvents 

suggested decomposition of the linker.  
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Accordingly, milder reaction conditions were applied as shown in Scheme 4.9. 

Cationic acetylated sugar compound was successfully produced and subsequent 

deacetylation furnishing the C-4 functionalized glycolipid 37.  

 

Scheme 4.9: Synthesis of C-4 functionalized glycolipid 37. 

 

The successful preparation of 37 led to synthesis of branched chain, C-4 

functionalized glycolipids 48a and 48b following the same procedure, as summarized in 

Scheme 4.10. 
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Scheme 4.10: Synthesis of branched chain C-4 functionalized glycolipids. 
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4.3.3 Synthesis of C-1 Functionalized Glycolipids 

 The preparation of C-1 functionalized glycolipids involved functionalization at 

the anomeric center, while the hydrophobic chain was targeted to be introduced 

elsewhere, which made this synthesis challenging. Since position C-6 is easily accessible 

due to its higher reactivity compared to the other hydroxyl groups, it was aimed as the 

target site for attaching the hydrophobic domain by Staudinger coupling (Staudinger & 

Jules, 1919; Gololobov & Kasukhin, 1992; Salman et al., 2014). 

 The overall synthetic scheme is illustrated in Scheme 4.11. Commercially 

available methyl--D-glucoside was used as starting material. A selective chlorination 

was performed using chlorinating agent, N-chlorosuccinimide and triphenylphosphine 

under nitrogen atmosphere (Hanessian et al., 1972), followed by an acetylation to 

facilitate chromatographic purification of target compound 51. Subsequent nucleophilic 

substitution with sodium azide furnished azido compound 52 in a very good yield. The 

reactivity of the anomeric centre improved by acetolysis of the methyl glucoside 52 

(Guthrie & McCarthy, 1967) and the resulting -anomer 53 was isolated by 

crystallization from ethanol (Combemale et al., 2014). 

 An easy approach to introduce a halogen terminated aglycone unit at C-1 of 53 

appeared to be an ester glycosylation using 2-chloroethanol. However, the reaction did 

not proceed as indicated by TLC. Thus, classic Fischer glycosylation was employed, 

which required deacetylation of 53 prior to acid catalyzed glycosylation with 2-

chloroethanol (Fischer, 1893; Sani et al., 2012). The resulting free glucoside underwent 

an acetylation to give less polar 56, which was isolated as an anomeric mixture (: β=3: 

2) by chromatography in an overall yield of 61 % based on 54. To avoid complication 

during structural elucidation, only the major -anomer 57 was isolated after Staudinger 

coupling of glycoside 56 with palmitoyl chloride (Maunier et al., 1997). The low reaction 
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yield reflects the molar ratio of anomeric pure 57 to anomeric mixture 56. To ensure a 

more efficient quaternization with linker 3b, the chloride was exchanged to an iodide. 

Complete conversion of the chloro group was indicated by the disappearance of 13C-Cl 

(42.5 ppm) and emergence of new 13C-I (1.6 ppm) signal in the 13C NMR spectrum. 

Lastly, deacetylation of imidazolium compound 59 successfully produced the C-1 

functionalized glycolipid 60 in an overall yield of 28 % based on 56. The same synthetic 

procedure was carried out in attempt to produce a branched chain functionalized 

glycolipid as well. However, the isolation of intermediate 61 was unsuccessful, owing to 

its very similar Rf with the unreacted material 56 and other side-product, particularly the 

triphenyl phosphine oxide. 

The use of triphenylphosphine in Staudinger coupling complicated the 

purification process of the resulting amide, owing to the side-product, triarylphosphine 

oxide, which shares a very similar Rf with the amide product. Therefore, another synthetic 

strategy was proposed, which involved glucosamine as an alternative starting material 

that enables the introduction of the hydrocarbon chain by acylation of the amino group at 

C-2, without the use of a phosphine reagent. As depicted in Scheme 4.12 (red), the 

glucosamide 67 was firstly prepared by treating the commercially available glucosamine 

hydrochloride with a strong base to restore its basicity, followed by direct acylation with 

2-hexyldecanoyl chloride (Boullanger et al., 1987). The target compound 67 was obtained 

as a white solid by crystallization from diethyl ether, yet the yield was extremely low. 

Moreover, the purification procedure based on chromatography could not be carried out 

since the crude product was a complex mixture of many compounds, resulting from 

acylation of the hydroxyl groups as well. Accordingly, initial protection of the hydroxyl 

groups was performed as shown in Scheme 4.12 (blue). Although additional synthetic 

steps were required, this approach appeared to be more efficient in comparison with the 

previous procedure. It gave a better overall yield of amide 67 and isolation of the 
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intermediates required simple crystallization. Detailed structural studies were avoided as 

the synthesis of 66 had been reported in the literature (Biswas et al., 2017).  

 

Scheme 4.11: Synthesis of C-1 functionalized glycolipid. 
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Scheme 4.12: Different synthetic pathways for sugar amide 67. 

 

 To introduce the aglycone moiety, ester glycosylation was attempted as shown in 

Scheme 4.13. However, it resulted in a complex mixture of compounds, which rendered 

the identification of the target compound on TLC impossible. Instead the glycosyl acetate 

was converted into a more reactive bromide and reaction with 2-chloroethanol in the 

presence of tertra-n-butylammonium bromide catalyst was attempted (Jia et al., 2006). 

However, the resulting compound was a stable oxazoline 71, instead of the targeted amide 
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69. Opening of the oxazoline under acidic condition was attempted (Szabo, 1989), but a 

complex mixture of highly polar products was obtained which rendered the identification 

of the target compound impossible. 

 

Scheme 4.13: Attempts to introduce the aglycone. 

 

 Univ
ers

ity
 of

 M
ala

ya



72 

4.4 Physical Properties Studies 

4.4.1 Studies of Bis-(alkylimidazolium)-glycosides 

 

Scheme 4.14: Synthesis of bis-(alkylimidazolium)-glycosides. 

 

Univ
ers

ity
 of

 M
ala

ya



73 

The physical properties of two series of bi-antennary di-cationic glycosides, as 

shown in Scheme 4.14 were studied to examine the effect of imidazolium component on 

the surfactant properties. The structures share the imidazolium linkage with the targeted 

functionalized glycolipids and were investigated as model compounds. The surfactants 

exhibited interesting assembly behaviour, particularly in the presence of anionic co-

surfactants owing to strong ionic interactions.  

4.4.1.1 Lyotropic Behaviour of Bis-(alkylimidazolium)-glycosides 

The lyotropic assembly behaviour of the glycosides was studied using the solvent 

penetration method. The observations are summarized in Table 4.1. All glucosides 

exhibited low affinity for hydrophobic medium, while the lactosides displayed inverted 

hexagonal (HII) phase when in contact with oil.  

The penetration experiments with water revealed that both series were well 

soluble in water. As shown in Figure 4.3 a non-birefringent dark band was observed in 

most of the glycosides within the water penetration zone indicated the formation of 

discontinuous cubic phase, reflecting a micellar assembly. Only lactoside 5Lc displayed 

a less curved hexagonal phase (HI), owing its larger hydrophobic volume resulting from 

the longer hydrophobic chain length. Since catanionic surfactants, i.e. mixtures 

containing both cationic and anionic surfactants at a desired molar ratio, have shown 

novel synergistic and enhanced surface properties (Khan & Marques, 1997), both 5Gb 

and 5Lb were subjected for a mixed surfactant study using commercially available 

anionic surfactants to provide insights into the effect on the assembly behaviour based on 

their electrostatic interaction. Their lyotropic assembly behaviour was evaluated based on 

observed textures, as shown in Figure 4.4 and summarized in Table 4.2. 

Figure 4.5 depicts the assembly of catanionic surfactants, reflecting their 

interaction with each other in the mixture. The incorporation of straight chain-based 
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anionic surfactant (SDS or sodium laurate) into the bis-imidazolium based surfactant by 

means of electrostatic interaction increased the hydrophobic volume to an extent where a 

balance between hydrophilic and hydrophobic domains was achieved, thus leading to a 

planar assembly. It explains the observation of lamellar phases, which was indicated by 

formation of Myelin (Al-Mohammed, Duali Hussen, Alias, et al., 2015; Mak et al., 2015), 

Maltese cross (Caboi & Monduzzi, 1996; Bibi et al., 2011) and fan-shaped textures 

(Hashim et al., 2006; Ali et al., 2015) as shown in Figure 4.4. However, branched chain 

surfactant sodium 2-hexyl decanoate overcompensated the hydrophilic surface area, thus 

resulting in the formation of an inverted phase, due to the hydrophobic dominance. 

Myelin textures were also observed when the glycolipids 5Gb and 5Lb were in 

contact with a phosphate-buffered solution. This indicated the ability of the phosphate 

anion to reduce the relative hydrophilic surface area due to ionic interaction with the 

imidazolium ion. The existence of such strong ionic interaction was also substantiated by 

presence of unusual peaks in the ESI-mass spectra, reflecting ionic aggregates of the 

doubly charged glycolipid with a bromide ion (Salman et al., 2016). 

Table 4.1: Lyotropic behaviour of 5G and 5L. 

Glycosides 1-Nonanol Water 
5Ga Insoluble Cubic, HI 

5Gb Insoluble Cubic 

5Gc Insoluble Cubic 

5La HII Cubic 

5Lb HII Cubic 

5Lc HII HI 

HI - hexagonal phase; HII - inverted hexagonal phase; Cubic – discontinuous or bi-
continuous cubic phase. 
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5Gb with H2O 5Lc with H2O 5La with 1-nonanol 
Figure 4.3: Penetration experiments of bis-(alkylimidazolium)-gycosides. 

 

Table 4.2: Lyotropic behaviour of surfactant mixture. 

Cationic 
surfactant 

Anionic 
surfactant 

Ratio Water PO4
3- 

buffer 
solution of 
pH 11 

5Gb -  C Lα 
 C11CO2Na 1:1 C Lα 

5Lb -  C LI 
 C11CO2Na 1:1 Lα Lα 
 C11CO2Na 1:2 Lα HI, Lα 
 C9C6CO2Na 1:1 C, Lα, HII C, Lα, HII 
 C9C6CO2Na 1:2 III III 
 SDS 1:1 II, HI, Lα Lα 
 SDS 1:2 Lα Lα 
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(a) 5Lb in PO4

3- buffer (b) 5Lb: C11CO2Na= 1:1 in H2O 

  
(c) 5Lb: C9C6CO2Na= 1:1 in H2O (d) 5Lb: C9C6CO2Na=1:1 in PO4

3- 
buffer 

 

 
(e) 5Lb: SDS= 1:1 in H2O (f) 5Lb: SDS= 1:1 in H2O after 10 

min 
Figure 4.4: Lytropic LC textures: (a) Maltese cross; (b) Myelin; (c) focal conic fan; (d) 
HII; (e) HI and C; (f) lamellar phase. 
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Figure 4.5: The effect of anionic surfactants on the overall surfactant’s hydrophobic 
volume. 

 

4.4.1.2 Surface Properties of Bis-(alkylimidazolium)-glycosides 

The critical aggregation concentrations (CACs) of surfactants were determined 

based on surface tension measurements using Du Nouy ring method to evaluate their 

assembly stability. Both glycosides 5Ga and 5La were exempted for this material-

consuming study, owing to their limited amounts.  

The CACs of the glycosides,  presented in Table 4.3, are all in good agreement 

with the glycolipids of similar chain lengths (Coppola et al., 2002; Hussen, 2012; Sani et 

al., 2012; Salman et al., 2014; Al-Mohammed, Duali Hussen, Ali, et al., 2015; Al-

Mohammed, Duali Hussen, Alias, et al., 2015). The hydrocarbon chain length appeared 

to be the major factor governing the CAC, as compared to the hydrophilic carbohydrate 

domain (Nilsson et al., 1998; Hussen, 2010). The minima at the region of high surfactant 
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concentration as shown in Figure 4.6, indicated the presence of surface active impurities 

(Frese et al, 2003), which might be the unreacted alkyl imidazole 3lb. 

 

Figure 4.6: CACs determination for 5Gb and 5Lb. 

 

Table 4.3: Surface properties. 

Surfactant CAC, mM γCAC, mN m-1 Ainterface, Å2 A/chain, Å2 

5Gb 0.18 29 114* 57 

5Gc 0.03 41 120* 60 

5Lb 0.21 26 126* 63 

5Lc 0.02 40 120* 60 

5Lb : SDS (1:1) 0.19 23 156# 52 

Equation (3.1): * n = 3; # n = 2 

 

In view of the interesting observation obtained from the catanionic surfactants 

during lyotropic phase studies, their mixing behaviour in water was then evaluated based 

on their interaction parameter, β which was determined from surface tension 

measurements (Hoffmann & Poessnecker, 1994). A surfactant mixture containing 5Lb 

and SDS was chosen for this study, in view of the available amount of 5Lb. 
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 Figure 4.7 indicates synergistic effect, reflecting the lowered CAC of catanionic 

surfactants compared to that of the pure component 5Lb (Sarmoria et al., 1992). This 

suggested the formation of more stable aggregate in water according to the 

thermodynamics of aggregation, as demonstrated in equation 4.1 (Butt et al., 2003; 

Nagarajan, 2003). The reduction in free energy of aggregation, ΔGagg was caused by the 

cutback of electrostatic repulsion between the imidazolium cations, due to the presence 

of oppositely charged SDS as counterions (Tondre & Caillet, 2001; Sohrabi et al., 2008). 

 ΔGagg = 𝑅𝑇 𝑙𝑛 𝐶𝐴𝐶         (4.1) 

Where, 

 R = gas constant and 

 T = temperature. 

Besides, enhanced surface activity of the catanionic mixture was indicated by its 

lowered minimum surface tension, 𝛾𝐶𝐴𝐶 . Oppositely charged surfactants were packed 

more closely, due to their strong electrostatic attraction, and it allowed more surfactant 

molecules to be adsorbed at water/ air interface, thus reducing the surface tension more 

effectively (Wong et al., 2011).  
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Figure 4.7: Surface properties of 5Lb and the surfactant mixture. 

  

 The interaction parameter, β, of the catanionic mixture was determined based on 

the following equations (Zhang et al, 2004; Negm & Sabagh, 2011).  

𝑋1
2𝑙𝑛(

∝1𝐶12

𝑋1𝐶1
0 )

(1−𝑋1)2𝑙𝑛
(1−∝1)𝐶12

(1−𝑋1)𝐶2
0

=1        (4.2) 

 
ln(

∝1𝐶12

𝑋1𝐶1
0 )

(1−𝑋1)2 = 𝛽          (4.3) 

Where,  

X1  = mole fraction of surfactant 1 (5Lb) in mixed micelles; 

∝1 = mole fraction of surfactant 1 in total concentration; 

𝐶1
0 = CAC of surfactant 1; 

𝐶2
0 = CAC of surfactant 2 (SDS) and  

𝐶12
0  =  CAC of the catanionic mixture. 
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Table 4.4: Surface tension data analysis for 5Lb and SDS. 

 

 As shown in Table 4.4, the negative value of β implies strong ionic attraction 

between the oppositely charged surfactants, which in line with the observation of their 

lyotropic behaviour. 

Both surface excess concentration, Γmax and surface area per molecule, Amin were 

determined based on equations 3.1 and 3.2. There was no significant difference found 

among the glycolipids’ Amin, therefore implying neither carbohydrate head group nor 

hydrocarbon chain lengths gave notable influence on Amin. However, Amin of the surfactant 

mixture was found to increase significantly, which is reflected in its reduced slope at the 

concentration depending region, as presented in Figure 4.7. This result contradicted the 

previous observation of the phase behaviour that suggested hydrophobic dominance in 

the surfactant mixture. In order to rationalize it, the value of factor n in equation 3.1 was 

taken into consideration and assigned according to the types of the surfactant system. For 

surfactant solutions containing only the pure glycolipid is assumed to have n= 3, owing 

to the presence of a divalent ionic gemini glycolipid and a monovalent counter ion. 

Considering the strong electrostatic interaction between 5Lb and SDS, the surfactants 

were assumed to appear as a cluster instead of individual species, in which one of the 

imidazolium ions was neutralized by an anionic head group of SDS (Zana, 2005). This 

gave n= 2 instead of n= 3. Taking into account the number of hydrophobic chains, the 

surfactant mixture (5Lb and SDS) demonstrated a decrease in the Amin, as shown in Table 

4.3, which tallies with the results of their lyotropic phase behaviour. 

5Lb:SDS  1:0 1:1 0:1 
CAC (mM) 0.21 0.19 8.0* 

5Lb micellar mole fraction, X5Lb  0.72  
Interaction parameter, β  -6.0  
*Literature reported value (Zhang et al, 2004) 
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4.4.1.3  Vesicle Preparation and Size Determination 

The catanionic mixture of 5Lb and SDS was used for vesicle preparation based 

on the expected potential for micelles-to-vesicles transition upon mixing the two 

surfactants (Yaacob & Bose, 1996; Söderman et al., 1997; Marques et al., 1998). 

Surfactant solutions of 5Lb and SDS at concentrations above their respective CACs were 

physically mixed following a molar ratio of 1: 2 to furnish a clear vesicle dispersion. The 

vesicle size was determined based on dynamic light scattering. The result was a uniform 

average diameter of 65 nm, as shown in Figure 4.8. 

 

Figure 4.8: Vesicle size distribution of surfactant mixture (5Lb and SDS). 

 

The appearance of the freshly prepared vesicles dispersion was translucent, owing 

to the formation of small-sized vesicles. However, the dispersion was found cloudy and 

turned opaque after 2 weeks of storage, due to the aging process whereby the small 

vesicles aggregated to form larger vesicles over time as shown in Figure 4.9. The 

transition of micelles-to-vesicles was depending on the overall packing parameter after 

mixing 5Lb with SDS. Therefore it was assumed that the hydrolysis of SDS into dodecyl 

alcohol did not affect the stability of vesicles (Marques, 2000; Stuart & Boekema, 2007). 

The vesicle stability might be improved by inclusion of cholesterol, which could create 
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spacing effects that reduce the tendency of counter ion binding onto the vesicular surface 

(Kuo et al., 2018). 

  
Figure 4.9: Freshly prepared vesicle dispersion (left) and after 2 weeks (right). 

 

4.4.2 Studies of Functionalized Glycolipids 

4.4.2.1 Lyotropic Behaviour of Functionalized Glycolipids 

The lyotropic assembly behaviour of the functionalized glycolipids were 

evaluated based on the water penetration technique. The observations are summarized in 

Table 4.5.  

Table 4.5: Lyotropic behaviour of functionalized glycolipids. 

Surfactant Lyotropic phases 
18 LI # 

14a soluble 
14b soluble 
14c soluble 
16a soluble 
16b soluble 
37 C 
48a HI, VI, L∝ 
60 HI 

C- cubic (bicontinuous or discontinuous cubic phase); HI - hexagonal phase; HII – 
inverted hexagonal phase; VI – bicontinuous cubic phase; Lα - lamellar; LI – micellar 

solution. # (Boyd et al., 2000) 
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 All C-6 functionalized glycolipids exhibited excellent water solubility with no 

clear phase boundary between water and the surfactant, thus suggesting formation of a 

micellar solution (Ali et al., 2014). Their strong affinity for water was due to the charge 

effects of the imidazolium ion and hydrogen bonding interactions of the glucose head 

group. The functionalized glycolipids, mostly formed curved assemblies, which reflected 

the ionic repulsion between the imidazolium cations thereby leading to an increased 

hydrophilic surface. 

Similar to glucoside 18 (Boyd et al., 2000), hydrophilic dominance in glycolipid 

37 was indicated by the observation of a viscous isotropic cubic phase at high water 

concentration (Brooks et al., 2011). However, replacing the straight chain domain with a 

longer and branched chain compensated the hydrophilic dominance and led to a balance 

between hydrophilic and hydrophobic regions, as indicated by the expression of the 

lamellar phase (Maltese cross texture) in glycolipid 48a as shown in Figure 4.10. 

On the other hand, the expression of a hexagonal phase by glycolipid 60, 

suggested dominance of the hydrophilic cross sectional area. The observation is in line 

with previous observation for the corresponding methyl glucoside (Salman et al., 2014). 

The incorporation of the imidazolium and the EO based linker did not alter the CPP to an 

extent where a more curved cubic assembly was formed. 
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Figure 4.10: OPM images of 37 (left) and 48a (right). 

 

The functionalized glycolipids were aimed to be employed as co-surfactant, while 

an anomeric mixture of 2-hexyl-1-decyl-D-lactoside (LacC10C6) (∝: β= 3:1) formed the 

base surfactant for the vesicle formulation. The latter was chosen owing to its high 

potential to form vesicles (Hussen, 2010). Similar to the phase behaviour of LacC10C6, 

the surfactant mixtures expressed lamellar phases (Myelin textures) in contact with water 

as presented in Figure 4.11. The inclusion of functionalized glycolipids did not induce a 

significant change in the CPP, thus suggesting their applicability as co-surfactants for 

vesicle preparations. 

  

SA 

L∝ 
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LacC10C6 LacC10C6 and 14b (10 %) 

  
LacC10C6 and 60 (5 %) LacC10C6 and 48a (5 %) 

 
Figure 4.11: Myelin textures observed in LacC10C6 and other surfactant mixtures. 

 

4.4.2.2 Surface Properties of Functionalized Glycolipids 

In view of the material availability and the expected CAC, the surface properties 

study was limited only to the C16 –based glycolipids. The CACs of glycolipids 14b, 14c, 

48a and 60 were determined from the intersection of two regression lines for 

concentration dependent and independent regions in the respective graphs of the surface 

tension versus the logarithmic surfactant concentration. As summarized in Table 4.6, the 

CACs of the three branched chain glycolipids, 48a, 14b and 14c, are in good agreement 

with the previously reported glycolipids of similar chain length (Drummond & Wells, 

1998; Hussen, 2010; Salman et al., 2016; Tabandeh et al., 2018).  
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Table 4.6: Surface properties of functionalized glycolipids. 

Surfactant CAC, µM γCAC, mN m-1 Ainterface, Å2 

14b 18 31 49 

14c 24 31 47 

48a 16 30 46 

60 48 38 55 

 

The effect of additional hydrophilic groups, like an EO chain, on the CAC is found 

significant in common non-ionic surfactants (Chen et al., 1998; Attwood & Florence, 

2008; Sohrabi et al., 2010). The effect appeared notable for the C-6 functionalized 

glycolipids, reflecting the slight increase of the CAC of 14c with respect to 14b, which 

differs in one additional ethylene oxide unit. On the other hand, surfactant 60 exhibited a 

substantially higher CAC than the other glycolipids, which was attributed to its relatively 

better water solubility because of the amide linkage, as well as its shorter hydrophobic 

chain, considering that the carbonyl carbon is part of the hydrophilic domain.  

Despite the ionic character due to the imidazolium group, the functionalized 

glycolipids still exhibited good interfacial activity as indicated by the surface tensions at 

their respective CACs. They are not significantly different from the previously reported 

glycolipids of similar chain length (Hussen, 2012; Tabandeh et al., 2018). In comparison 

to the previously reported C12-analogue (Salman et al., 2014), glycolipid 60 exhibited 

significantly lower interfacial activity. This was attributed to its longer hydrophobic chain 

that gave rise to steric hindrance at the liquid/ air interface, thereby the surfactant 

molecules were less tightly packed at the interface (Rosen, 2004). 

The slightly bigger Amin of amide-based glycolipid 60 compared to the others was 

due to the formation of an 8-membered ring hydrogen bonding between the H-OC4 and 

the carbonyl oxygen, leading to a tilted hydrophobic chain (Salman et al., 2014). Besides, 
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the highly acidic hydrogen at imidazolium carbon-2 can also be involved in hydrogen 

bonding (Thar et al., 2009). Thus, a molecular modelling study was performed on the 

structures, involving 6-membered ring intramolecular hydrogen bonding (a), (b) and a 

reference structure exhibiting no hydrogen bonding, while the hydrogen bonding between 

the C=O and H-OC4 was still taken into account in all the aforementioned structures as 

illustrated in Figure 4.12. To avoid lengthy calculation time, the computational study was 

done based on a model structure, which had the long hydrocarbon chain replaced by a 

simple methyl group.  

 

Figure 4.12: Potential intramolecular H-bonding of 60. 

 

 As summarized in Table 4.7, the hydrogen bonding between the C=O and H-OC4 

remained intact in all the structures after structural optimization. Comparing their 

respective energies, the structure with hydrogen bonding (a) appears to be the most stable 

among all. The effect of the hydrogen bonding is a bending of the linker towards the sugar 

unit, which results in a bigger hydrophilic surface area. This explains the relatively higher 

molecular surface area of 60, as depicted in Figure 4.13. 
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Table 4.7: Relative stability of different conformations. 

H-bonding Structure Energy, E/ 
a. u. 

∆E/ kJ mol-1 

none 

 

 

 

-1673.9851 reference 

a  

 

-1674.0118 -70 

 
b 

 

 
 

-1673.9991 -37 
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Figure 4.13: Structures with H-bonding type (a) (right) and without H-bonding 

(left). 

 

4.4.2.3 Vesicle Formulation and Characterization 

 Functionalized glycolipids were employed as co-surfactant, together with the 

LacC10C6 as base surfactant, based on the ethanol injection method following the 

procedure as stated in section 3.2.3 to prepare the functionalized vesicles. Their respective 

vesicle sizes and zeta potentials were measured on the same day they were prepared. The 

results are tabulated in Table 4.8. 

Table 4.8: Vesicular sizes and zeta potentials. 

Sample Content (%) Diameter 
(nm) 

 (mV) 
LacC10C6 60 48a 14b 

1 100    71 -25 
2 95 5   18 +55 
3 99  1  38 +8 
4 95  5  13 +53 
5 95   5 27 +37 
5* 95   5 33 +41 
6a 95   5 89 +13 
7b 95   5 113 +16 
8 90   10 20 +55 

* After one week of storage; a: CLICK reaction with IMI and b: CLICK reaction with 
ACID. 
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 The successful incorporation of functionalized glycolipids into the vesicles was 

proven by their positive zeta-potentials (ZPs), which resulted from the imidazolium 

cations. Similar to other ionic co-surfactants, the functionalized glycolipids improved the 

distribution of non-ionic LacC10C6 in water (Mak et al., 2015), thus resulting in smaller 

sized vesicles (Bnyan et al., 2018), as observed in Table 4.8. This effect was more 

significant when a higher percentage of the cosurfactant was used. Besides, the vesicles 

were relatively stable as implied by their ZPs of higher than +30 mV (Sun et al., 2016), 

which created reasonably strong electrostatic repulsion between the vesicles, thus 

avoiding the aggregation processes (Singh et al., 2016). The effect was also supported by 

the insignificant change observed in vesicle size and ZP of sample 5 after one week of 

storage.  

 A comparison was made between two vesicle dispersions that applied LacC10C6 

with a commercial cationic cosurfactant (DTAB) and a functionalized glycolipid (14b) 

as co-surfactants, respectively. As shown in Figure 4.14, the dispersion containing the 

functionalized glycolipid appears relatively clearer, indicating the presence of smaller 

sized particles. This suggested better effectiveness of the functionalized glycolipids in 

forming smaller sized vesicles compared to the commercial DTAB. 

 

Figure 4.14: Vesicle dispersions containing 2 % DTAB (left) and 2 % 14b (right). 
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 PBS, or phosphate-buffered saline, is commonly preferred as a medium for vesicle 

preparation (Cheng & London, 2011; Sankhyan & Pawar, 2013), owing to its similar 

osmolarity and ion concentration to that of human body fluids, like blood (Obeid et al., 

2017). Therefore, an attempt to prepare vesicles through injection of ethanolic surfactant 

solution into PBS of pH 7.4 at 25 °C was made. However, the resulting dispersion 

appeared opaque and the measurement of its vesicle size and ZP were inconsistent. This 

could be due to the strong ionic interaction between the cationic glycolipid and 

multivalent phosphate ion, which affected the formulation of vesicles. Therefore, PBS is 

considered as an unsuitable medium for the vesicle preparation. 

4.4.2.4 Assessment of CLICK Functionality 

To assess the CLICK functionality in water, a CLICK reaction was performed on 

aggregates formed by functionalized glycolipid 14a, as illustrated in Scheme 4.15. A 

micellar dispersion of the surfactant above the CAC was used. As for the complementary 

part, a well water soluble alkyne-terminated tryptophan ester, TrypEster, was applied. 

The procedure is described in section 5.3. 
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Scheme 4.15: CLICK reaction with TrypEster in water. 

 

 Water was removed by freeze-drying to avoid high temperature condition that 

could lead to the hydrolysis of the TrypEster. A comparison between the IR-spectra of 

the reaction mixtures before and after the reaction (as shown in the Figure 4.15) 

suggested a successful CLICK reaction in water, as indicated by the disappearance of 

azido peak at 2100 cm-1 after the reaction. The highly polar triazole product rendered a 

chromatographic purification impossible, while the complicated 1H NMR spectrum made 

a structural elucidation impractical. Moreover, the indistinctive UV absorption of 

TrypEster limited its applicability for a quantitative study based on UV or fluorescence 

spectroscopy. 
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Figure 4.15: IR-spectra before and after CLICK reaction with TrypEster. 

 

 In order to ease the identification of the triazole proton signal, which would further 

substantiate the success of the CLICK reaction in water, propargyl alcohol with a simple 

molecular structure was used, as depicted in Scheme 4.16. The reaction procedures are 

described in section 5.3. 

 

Scheme 4.16: (a) Glycolipid 16c-based and (b) analogue CLICK products. 
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Figure 4.16: IR-spectra before and after CLICK reaction with propargyl alcohol. 

 

 

Figure 4.17: 1H NMR of the crude material after CLICK reaction. 

 

 Both IR and NMR spectra of the resulting crude material were recorded.  

Figure 4.16 shows that the CLICK reaction proceeded as indicated based on the reduced 
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intensity of the azide peak (~2100 cm-1). Compared to the 1H NMR of functionalized 

glycolipid 16c, Figure 4.17 (red arrow) shows an additional 1H signal at the aromatic 

region reflecting the triazole from the CLICK coupling. An analogue model compound, 

as shown in Scheme 4.16, was synthesized and used as a reference for the triazole signal 

of the CLICK product as indicated by the red arrows in Figure 4.18. 

Figure 4.18: Aromatic 1H signals of both triazole compounds and 16c. 

 

 CLICK coupling of the functionalized vesicles with either a carboxylic acid or an 

imidazolium terminated compounds was expected to cause changes in the zeta potential. 

This approach was employed in the attempt to evaluate the accessibility of the CLICK 

functionality on the vesicular surface by using two simple alkyne terminated compounds 
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(IMI and ACID) as depicted in Figure 4.19, which were prepared following the 

procedures reported in the literature (Kuang et al., 2012; Morimoto et al., 2013). 

 

Figure 4.19: Alkyne-terminated compounds for CLICK coupling. 

 

 A vesicle dispersion containing both LacC10C6 and 14b (5 %) was prepared 

according to general procedure 3.2.3 and subjected to CLICK reactions with IMI and 

ACID, respectively, following general procedure 3.4.16. Unexpectedly, the resulting 

vesicles were found exhibiting bigger sizes and lower absolute ZP values as presented in 

Table 4.8. The increased vesicle sizes probably reflected high ionic strength, owing to 

the presence of other counter ions that originated from the catalysts used. These counter 

ions may have been adsorbed onto the vesicle surface, thus neutralizing the positively 

charged surface and rendering the aggregation of small vesicles more feasible (Claessens 

et al., 2004). The unexpected ZPs obtained after CLICK reaction raised doubts on the 

range of distance from the vesicle surface that the ZP measurement covered. As illustrated 

in Figure 4.20, the EO spacer provided a significant distance between the vesicle surface 

and the carboxylate anion or the imidazolium cation, to an extent where the ionic charges 

of these two components may be outside the measurement range, thus preventing the 

effect on the overall zeta potential. 
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Figure 4.20: Illustration of the measurement range for ZP. 

 

4.4.2.5 Rhodamine-based Fluorescent Probe 

 Fluorescent probing has been commonly used as a quantifying method for 

compounds of interest, like DNA. In view of the interest to quantify the CLICK 

functionality of the functionalized vesicles, an alkyne-bearing fluorescent probe was 

targeted for the study.  

 Rhodamine belongs to the xanthenes family and its excellent photophysical 

properties make it a good fluorescent probe, especially for labelling and characterization 

of nanoparticle surfaces (Farinha et al., 2001; Krasnici et al., 2003; Biswas et al., 2011). 

Rhodamine B and Rhodamine 6G are less expensive among the other rhodamine 
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derivatives (Magde et al., 2002), and Rhodamine B was employed for the study, seeing 

that its reasonably good water solubility results from its ionic character.  

 

Figure 4.21: Xanthene (right), Rhodamine B (middle) and Rhodamine 6G (left). 

 

 Functionalization or modification of rhodamine derivatives are usually performed 

on the amino groups of the xanthene moiety (Tang et al., 2007), the carboxyphenyl ring 

(Jackson et al., 2005) and the carboxylic acid group (Afonso et al., 2003). Modification 

of both amino groups may result in the formation of a lactone, which renders the 

conjugation system disrupted, thus causing the loss of fluorescence (Drexhage, 1976; 

Leytus et al., 1983). As indicated in Figure 4.21, both positions a and b of carboxyphenyl 

ring are more preferable for functionalization since the others are sterically hindered. 

Nevertheless, this kind of modification is usually carried out before the xanthene ring is 

formed and the reaction involved is weakly regioselective, thus always giving rise to non-

isomerically pure rhodamine derivatives (Menchen & Fung, 1988) that can affect the 

reproducibility of results during a fluorescence study (Corrie & Craik, 1994). Therefore, 

the carboxylic acid group was considered as the easiest functionalization site.   
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Scheme 4.17: Synthesis of alkyne-bearing R3. 

 

 As shown in Scheme 4.17, the carboxylic group of rhodamine B was first 

activated as an acid chloride, followed by esterification with propyn-1-ol to furnish a new 

fluorescent probe R3, whose photophysical properties are summarized in Table 4.9. The 

compound was found only sparingly water soluble despite its cationic character. This 

resulted in a calibration curve of poor linearity for the R3 fluorescent emission in water. 

Consequently, a fluorescence calibration curve of R3 was obtained in methanol, in which 

the probe exhibited better solubility.  

Table 4.9: Absorption and emission maxima of R3. 

Solvent 𝜆𝑎𝑏𝑠
𝑚𝑎𝑥 (nm) 

 
𝜆𝑒𝑚

𝑚𝑎𝑥 (nm) 
 

H2O 560 584 
CH3OH 555 578 
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Figure 4.22: Fluorescence studies of R3 in H2O (above) and CH3OH (below). 

 

 As described in section 3.2.3, a vesicle dispersion (2 mM) based on LactoC10C6 

containing 2 % cosurfactant 14b (1 equiv) was prepared. Subsequently, the resulting 

vesicle solution was subjected to CLICK reaction with probe R3 (5 equiv), in the presence 

of copper (II) acetate (0.15 equiv) and sodium ascorbate (0.45 equiv) as catalysts, as 

illustrated in Figure 4.23. The mixture was left with stirring at room temperature for 24 

hours.  
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Figure 4.23: Functionalized vesicles coupled with probe R3. 

 

 Separation of the probe-coupled vesicles by dialysis was attempted, while a 

control of the same composition except for absence of copper (II) acetate, and a blank 

containing only the catalysts and probes were treated the same way. The release of probe 

was assessed by monitoring the external bulk water over time by UV-vis absorption 

spectroscopy. The bulk medium was replaced daily to ensure optimum removal of the 

unreacted probe. After 10 days, the dialysis process was considered complete as indicated 

by the absence of an absorption peak (560 nm) corresponding to probe R3 in the external 

medium. The experiment is illustrated in Figure 4.24. 
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Figure 4.24: Schematic diagram of dialysis experiment. 

 

 However, pink precipitates (as shown in Figure 4.25) were observed in both, the 

probe-coupled vesicle dispersion and the control, which may be explained by attachment 

of R3 onto the vesicular surface by physical adsorption. Water was evaporated from the 

vesicle solutions and the residues were dissolved in 20 mL methanol for their fluorescence 

measurement. All three resulting methanolic solutions were found exhibiting fluorescent 

emission at 578 nm, indicating the presence of probe R3. Neither blank nor control were 
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expected to exhibit fluorescent emission, since this was considered as evidence for a 

successful CLICK coupling on the vesicles. The unexpected findings could be due to 

insufficient water solubility of R3, as indicated by its calibration curve in water, which 

caused a strong retention of R3 on the vesicular surface, as well as the dialysis tubing by 

adsorption and deterred an effective osmosis process.  

 

Figure 4.25: Pink precipitates observed. 

 

4.4.2.6 Attempted Synthesis of Pyrene-labelling Glycolipid 

 Pyrene has been widely used for fluorescence probing to characterize  

macromolecules or supramolecular structures, such as vesicles based on its excimer 

formation (L'Heureux & Fragata, 1989; Lianos & Duportail, 1992; Siu & Duhamel, 2004; 

Duhamel, 2012). As illustrated in Figure 4.26, an eximer, (Py-Py)* is formed when an 

excited pyrene, Py*, approaches a ground-state pyrene, Py, or a ground state pyrene 

dimer, (Py-Py) is excited upon absorption of a photon. Since the fluorescence of pyrene 

monomers and eximers differ in both spectrum and lifetime, fluorescence studies can 

differentiate between these two states (Birks, 1970; Duhamel, 2012).  
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Figure 4.26: Modified scheme of excimer formation. 

 

 In a vesicle aggregate, a close proximity of functionalized glycolipids to each 

other may result in steric hindrance that can preclude an efficient bio-functionalization of 

the vesicular surface, as well as the interaction between the vesicle and the target cell. 

Therefore, in order to evaluate the distribution of functionalized glycolipids in vesicles, a 

pyrene-labelled glycolipid (PLG) of the structure as shown in Figure 4.28 was targeted 

for vesicle formulation. Conceptually, a close distance between PLGs will give rise to the 

formation of excimers, while this does not occur for discretely distributed PLGs, as 

illustrated in Figure 4.27. And, the key feature for identifying the type of distribution will 

be based on the exceptionally distinctive fluorescence emissions for the excimer (~480 

nm) and monomer, Py* (370-430 nm) (Winnik, 1993).  

 

Figure 4.27: Targeted PLG structure. 
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Figure 4.28: Possible PLG distributions in a vesicular assembly. 

 

 Scheme 4.18 shows the attempted synthesis of PLG, which involved an aldol-

condensation between sugar ketone P6 and 1-pyrenecarboxaldehyde to furnish a trans-

product P7 as indicated by its vicinal protons coupling constant. In view of the instability 

of acetate groups towards base, which was necessary for a targeted substitution reaction 

with 1-bromohexadecane, a more stable benzyl protecting group was employed. 

Compound P6 was synthesized based on a six-step sequence from glucose, which 

involved the initial protection of the ketone as a ketal, instead of direct introduction of 

benzyl groups after formation of C-glycosylketone P1, which had been reported 

unsuccessful in the literature (Norsikian et al., 2007). Reduction of ketone P7 furnished 

a secondary hydroxyl group, which was then treated with sodium hydride to generate an 

alkoxide for subsequent substitution with 1-bromohexadecane. However, the 
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amphiphilicity of the glycolipid could not be restored, as the hydrogenolysis of the benzyl 

protecting groups was unsuccessful as indicated by TLC, thus restricting the applicability 

of the compound for the targeted study.  

 

Scheme 4.18: Attempted synthesis of PLG. 
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 EXPERIMENTAL DETAILS 

5.1 Chemicals and General Techniques 

 Reagents and solvents (AR grade) were used as purchased from various 

commercial sources without prior purification. Reactions were monitored by thin layer 

chromatography (TLC), which was performed using pre-coated silica gel 60 F254 

aluminium sheets. Sugar compounds were detected by treating the developed TLCs with 

15 % ethanolic sulphuric acid followed by heating, while TLCs with alkyl imidazoles 

were developed with basic KMnO4 solution and subsequent heating instead. Flash column 

chromatograph applied silica gel 60 (35-60 mesh). 

5.2 Instrumentation 

 NMR spectra were recorded on 400 MHz spectrometers, a BrukerAvance III and 

a JEOL JNM, while IR spectra were recorded on a Perkin Elmer ATR FTIR using 4 scans 

at a resolution of 4 cm-1, covering range from 4000 cm-1 to 450 cm-1. An Agilent 6550 Q-

TOF and a JEOL Accu TOFDART mass spectrometers were used to record high 

resolution mass spectra. Surface tensions of glycolipid solutions were measured on a SKV 

Sigma 702 tensiometer at 25 o C based on the Du Nouy ring method (Macy, 1935). Particle 

sizes and zeta potentials were measured on a Malvern Zetasizer Nano ZS, which uses a 

633 nm 4 mW HeNe laser and records the backscattering at an angle of 173°. Specific 

optical rotations were determined at room temperature on a JASCO P-1020 automatic 

digital polarimeter using the sodium D-line.UV-vis spectra were obtained on a Shimadzu 

UV-3101PC spectrophotometer, while fluorescence spectra were recorded on an Agilent 

Cary Eclipse spectrometer in 1 cm quartz cuvettes at room temperature. 
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5.3 Experimental Data 

1-(2-(2-Chloroethoxy)ethyl)-1H-imidazole (2a) (Yan et al., 1998) 

 

A solution of imidazole (0.30 g, 4.4 mmol) and NaH (60% suspension in paraffin 

oil)  (0.31 g, 7.8 mmol) in THF (40 mL) was treated with bis(chloroethyl) ether 1a  

(2.1 mL, 18 mmol) according to general procedure 3.6.1 and furnished 2a as a yellow 

liquid (0.48 g, 62 %). 1H NMR (400 MHz, CDCl3): δ 7.49 (1H, s, N=CH-N), 6.99-6.96 

(2H, m, N-CH=CH), 4.09-4.06 (2H, m, -NCH2-), 3.72-3.69 (2H, m, -NCH2CH2O-),  

3.65-3.61 (2H, m, -CH2Cl), 3.56-3.52 (2H, m, -OCH2CH2Cl); 13C NMR (100 MHz, 

CDCl3): δ 137.3 (N=CH-N), 129.0 (N-CH=CH), 119.3 (N-CH=CH), 71.1  

(-CH2OCH2CH2Cl), 70.3 (-CH2OCH2CH2Cl), 46.8 (-NCH2-), 42.5 (-CH2Cl). 

1-(2-(2-(2-Chloroethoxy)ethoxy)ethyl)-1H-imidazole (2b) (Akiyama et al., 2010) 

 

A solution of imidazole (0.30 g, 4.4 mmol) and NaH (60% suspension in paraffin 

oil) (0.32 g, 8.0 mmol) in THF (40 mL) was treated with 1, 2-bis-(2-chloroethoxy) ethane 

1b (2.8 mL, 18 mmol) according to general procedure 3.6.1 furnishing 2b as a yellow 

liquid (0.58 g, 60 %). 1H NMR (400 MHz, CDCl3): δ 7.49 (1H, s, N=CH-N), 6.99 (1H, 

m, N-CH=CH), 6.95 (1H, m, N-CH=CH), 4.08-4.05 (2H, m, -NCH2-), 3.72-3.55 (10H, 

m, -CH2OCH2CH2 OCH2CH2Cl ); 13C NMR (100 MHz, CDCl3): δ 137.4 (N=CH-N), 

129.0 (N-CH=CH), 119.3 (N-CH=CH), 71.2 (-NCH2CH2O-), 70.5, 70.4  

(-OCH2CH2 OCH2CH2Cl), 46.9 (-NCH2-), 42.7 (-CH2Cl). 
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1-(2-(2-(2-(2-Chloroethoxy)ethoxy)ethoxy)ethyl)-1H-imidazole (2c) (Ishida et al., 

2004) 

 

 In a two necked round bottom flask, a solution of tetraethylene glycol (10 mL) 

and pyridine (10 mL) in toluene (50 mL) was heated to reflux. SOCl2 (9 mL) was added 

dropwise within 3 hours. The mixture was left refluxed overnight and cooled to room 

temperature before 2 N HCl (aq) was added slowly. The organic layer was dried over 

MgSO4 and concentrated to furnish crude 1c (11 g, 68 %) as a yellow liquid 

(Yakuphanoglu et al., 2005). The material was used for the subsequent reaction without 

prior purification. 

 A solution of imidazole (1.6 g, 24 mmol) and NaH (60% suspension in paraffin 

oil) (1.1 g, 28 mmol) in THF (50 mL) was treated with crude 1c (11 g, 48 mmol) according 

to general procedure 3.6.1 to furnish 2c as a yellow liquid (2.6 g, 42 %). 1H NMR (400 

MHz, CDCl3): δ 7.44 (1H, s, N=CH-N), 6.91 (2H, m, N-CH=CH), 4.01-3.99 (2H, m,  

-NCH2-), 3.64-3.52 (14H, m, -CH2OCH2CH2 OCH2CH2 OCH2CH2Cl); 13C NMR (100 

MHz, CDCl3): δ 137.2 (N=CH-N), 128.6 (N-CH=CH), 119.1 (N-CH=CH), 70.9  

(-NCH2CH2O-), 70.3, 70.23, 70.18, 70.1 (OCH2CH2OCH2CH2OCH2CH2Cl), 46.7  

(-NCH2), 42.5 (-CH2Cl). 
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1-(2-(2-Azidoethoxy)ethyl)-1H-imidazole (3a) 

 

 A solution of 2a (0.42 g, 2.4 mmol) in DMF (10 mL) was treated with NaN3  

(0.31 g, 4.8 mmol) and subsequently heated up according to general procedure 3.6.2 to 

provide 3a as a yellow liquid (0.40 g, 92 %). IR [neat] ν/cm-1 2931, 2873 (CH), 2102 

(N3). 1H NMR (400 MHz, CDCl3): δ 7.53 (1H, s, N=CH-N), 7.04-6.98 (2H, 2 s,  

N-CH=CH), 4.14-4.12 (2H, m, -NCH2-), 3.74-3.72 (2H, m, -NCH2CH2O-), 3.60-3.58 

(2H, m, -OCH2CH2N3), 3.35 (2H, m, -CH2N3); 13C NMR (100 MHz, CDCl3): δ 137.4  

(N=CH-N), 129.2 (CH=N-CH), 119.4 (CH=CH-N), 70.5 (-CH2OCH2CH2N3), 70.1 (-

CH2OCH2CH2N3), 50.6 (-CH2N3), 47.1 (-NCH2-). HRESIMS: Calcd. for [M+H]+ 

[C7H11N5O+H ]+ 182.1042; found 182.1032. 

1-(2-(2-(2-Azidoethoxy)ethoxy)ethyl)-1H-imidazole (3b) 

 

 A solution of 2b (0.54 g, 2.5 mmol) in DMF (10 mL) was treated with NaN3 (0.40 

g, 6.2 mmol) and heated according to general procedure 3.6.2 to provide 3b as a yellow 

liquid (0.51 g, 92%). IR [neat] ν/cm-1 2872 (CH), 2102 (N3). 1H NMR (400 MHz, CDCl3): 

δ 7.46 (1H, s, N=CH-N), 6.95-6.92 (2H, m, N-CH=CH), 4.06-4.02 (2H, m, -NCH2-), 

3.70-3.66 (2H, m, –NCH2CH2-), 3.56-3.53 (6H, m, -OCH2CH2OCH2CH2N3), 3.30-3.28 

(2H, m, -CH2N3); 13C NMR (100 MHz, CDCl3): δ 137.4 (N=CH-N), 129.0  

(CH=N-CH), 119.3 (CH=CH-N), 70.6, 70.54, 70.50, 70.0  

(-CH2OCH2CH2OCH2CH2N3), 50.6 (-CH2N3), 47.0 (-NCH2). HRESIMS: Calcd. for 

[M+H]+ [C9H15N5O2+H ]+ 226.1304; found 226.1304. 
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1-(2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)-1H-imidazole (3c) 

 

 A solution of 2c (0.30 g, 1.1 mmol) in DMF (20 mL) was treated with NaN3  

(0.15 g, 2.3 mmol) and heated up according to general procedure 3.6.2 to provide 3c as a 

yellow liquid (0.27 g, 91%). IR [neat] ν/cm-1 2873 (CH), 2102 (N3). 1H NMR (400 MHz, 

CDCl3): δ 7.52 (1H, s, N=CH-N), 7.01 (1H, s, CH=N-CH), 6.97 (1H, S, CH=CH-N), 

4.10-4.07 (2H, t, -NCH2-), 3.73-3.71 (2H, t, –NCH2CH2-), 3.66-3.56 (12H, m, 

CH2(OCH2CH2)2CH2), 3.37-3.35 (2H, t, -CH2N3); 13C NMR (100 MHz, CDCl3): δ 137.4 

(N=CH-N), 129.0 (CH=N-CH), 119.3 (CH=CH-N), 70.6, 70.51, 70.50, 70.4, 69.9 

(CH2(OCH2CH2)2CH2), 50.6 (-CH2N3), 47.0 (-NCH2). HRESIMS: Calcd. for [M+H]+ 

[C11H19N5O3+H ]+ 270.1566; found 270.1563. 

2-(2-(prop-2-yn-1-yloxy)ethoxy)ethan-1-ol (4) (Diot et al., 2009; Salman & Heidelberg, 

2014) 

 

 Diethylene glycol (15 mL) was dissolved in THF (60 mL) and treated with NaH 

(60% suspension in paraffin oil) (1.6 g, 40 mmol). The mixture was stirred at room 

temperature for an hour. Propargyl bromide (3.3 mL, 37 mmol) was added slowly at 0 °C 

and the reaction was subsequently stirred at room temperature overnight. The reaction 

was quenched by addition of CH3OH (10 mL). The solvent was evaporated and the 

residue was dissolved in CH2Cl2 and washed twice with water. The organic layer was 

dried over MgSO4 and concentrated. A light yellow liquid 4 (3.8 g, 70 %) was obtained 

by column chromatography (EtOAc: hexane = 1:3). 1H NMR (400 MHz, CDCl3): δ 4.17-
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4.15 (2H, d, -OCH2CCH), 3.68-3.53 (8H, m, HO(CH2CH2O)2), 2.96 (1H, bs, -OH), 2.44-

2.43 (1H, t, C≡CH); 4Jpropargyl= 2.5 Hz; 13C NMR (100 MHz, CDCl3): δ 79.2 (C≡CH), 

74.7 (C≡CH), 72.4, 69.9, 68.9 (HO(CH2CH2O)2), 61.4 (CH2OH), 58.2 (OCH2CCH). 

2-(2-(Prop-2-yn-1-yloxy)ethoxy)ethyl-4-methylbenzensulfonate (5) (Diot et al., 2009) 

 

 A solution of 4 (1.9 g, 13 mmol) in THF (30 mL) was cooled in an ice bath before 

NaOH pellets (0.68 g, 17 mmol) was added. TsCl (2.7 g, 14 mmol) was added at 0 °C. 

The mixture was left with stirring at room temperature overnight. THF was evaporated 

and the residue was dissolved in CH2Cl2 and washed twice with water. The organic layer 

was dried over MgSO4 and the solvent was evaporated. Compound 5 (3.4 g, 87 %) was 

obtained as a yellow liquid by chromatography over silica gel (EtOAc: hexane= 1:7). 1H 

NMR (400 MHz, CDCl3): δ 7.76-7.74 (2H, d, aromatic –CH), 7.32 (2H, bs,  

aromatic -CH), 4.11 (4H, bs, -SOCH2, CH2CCH), 3.64-3.56 (7H, m, CH2OCH2CH2O, 

C≡CH), 2.4 (3H, bs, CH3); 13C NMR (100 MHz, CDCl3): δ 144.8, 132.8 (aromatic C), 

129.8, 127.9 (aromatic -CH), 79.4 (C≡CH), 74.6 (C≡CH), 70.4, 69.1, 68.9, 68.6 

((CH2CH2O)2), 58.3 (CH2CCH), 21.5 (CH3). 

3-(2-(2-Iodoethoxy)ethoxy)prop-1-yne (6) (Piron et al., 2010) 

 

 A solution of 5 (3.0 g, 10 mmol) in acetone (40 mL) was treated with NaI  

(3.0 g, 20 mmol). The reaction was stirred at room temperature overnight. The reaction 

was concentrated and the residue was distributed between CH2Cl2 and water. The organic 

layer was washed successively with 10 % Na2S2O3 (aq) and water. The organic layer was 

dried over MgSO4 and concentrated. A colourless liquid 6 (2.2 g, 88 %) was obtained and 
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used for the subsequent reaction without further purification. 1H NMR (400 MHz, 

CDCl3): δ 4.23 (2H, s, OCH2C≡CH), 3.79-3.75 (2H, t, OCH2CH2I), 3.71 (4H, bs, 

OCH2CH2O), 3.29-3.26 (2H, t, CH2I), 2.45-2.44 (1H, bs, C≡CH); 13C NMR (100 MHz, 

CDCl3): δ 79.5 (C≡CH), 74.6 (C≡CH), 72.0, 70.0, 69.1 (-CH2OCH2CH2O-), 58.5 

(CH2C≡CH), 2.7 (CH2I). 

2-Hexyl-decyl 2,3,4,6-tetra-O-acetyl-β-D-glucopyranoside (7) (Hashim et al., 2006) 

 

 β-D-glucose pentaacetate  (13 g, 33 mmol) and 2-hexyl-1-decanol (12 mL, 40 

mmol) were dissolved in CH2Cl2 (70 mL), followed by addition of  BF3·OEt2 (5.8 mL, 

46 mmol) according to general procedure 3.6.4. Compound 7 was obtained as a yellow 

syrup (7.5 g, 40 %) by chromatography over silica gel (EtOAc: hexane= 1:7).  

[∝]D
25 = -14 (c 0.89, CHCl3). 1H NMR (400 MHz, CDCl3): δ 5.21-5.16 (1H, dd~t, H-3), 

5.10-5.05 (1H, dd~t, H-4), 5.00-4.96 (1H, dd, H-2), 4.45-4.43 (1H, d, H-1), 4.28-4.24 

(1H, dd, H-6a), 4.14-4.10 (1H, dd, H-6b), 3.81-3.78 (1H, dd, -OCH2a), 3.69-3.65 (1H, 

ddd, H-5), 3.30-3.26 (1H-, dd, -OCH2b), 2.07, 2.01(2), 1.99 (12H, 4 s, Ac), 1.53  

(1H, bs, -OCH2CH), 1.30-1.23 (24H, m, bulk –CH2), 0.88-0.85 (6H, t,  -CH3); 3J1,2= 8.0, 

3J2,3=10.0, 3J3,4= 10.0, 3J4,5= 10.0, 3J5,6a= 5.0,  3J5,6b= 2.5, 2J6a,6b= 12.0 Hz;  

13C NMR (100 MHz, CDCl3): δ 170.7, 170.3, 169.4, 169.1 (C=O), 101.1 (C-1), 73.0 (-

OCH2), 72.8 (C-3), 71.6 (C-2), 71.3 (C-5), 68.5 (C-4), 61.9 (C-6), 37.9  

(-OCH2CH), 31.82/ 31.80, 31.0, 30.8, 30.00/ 29.96, 29.65/ 29.62, 29.5, 29.3, 26.73/ 

26.68, 26.53/ 26.48 (bulk –CH2), 22.6 (ω-1), 20.7, 20.6, 20.5 (Ac), 14.0 (ω). 
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2-butyl-octyl 2,3,4,6-tetra-O-acetyl-β-D-glucopyranoside (8) (Hashim et al., 2006) 

 

 β-D-glucose pentaacetate (3.6 g, 9.2 mmol) and 2-butyl-1-octanol  

(2.5 mL, 11 mmol) were dissolved in CH2Cl2 (40 mL). BF3·OEt2 (1.5 mL, 12 mmol) was 

added according to general procedure 3.6.4. Compound 8 was obtained as a yellow syrup 

(1.9 g, 40 %) by chromatography over silica gel (EtOAc: hexane= 1:7).  

[∝]D
25 = -14 (c 1.00, CHCl3). 1H NMR (400 MHz, CDCl3): δ 5.18-5.13 (1H, dd~t, H-3), 

5.06-5.01 (1H, dd~t, H-4), 4.96-4.92 (1H, dd, H-2), 4.42-4.40 (1H, d, H-1), 4.24-4.20 

(1H, dd, H-6a), 4.10-4.06 (1H, dd, H-6b), 3.78-3.74 (1H, dd, -OCH2a), 3.66-3.62 (1H, 

ddd, H-5), 3.27-3.23 (1H, dd, -OCH2b), 2.03, 1.97 (2), 1.95 (12H, 4 s, Ac), 1.50 (1H, bs, 

OCH2CH), 1.19 (16H, bs, bulk -CH2), 0.84-0.81 (6H, t~m, -CH3); 3J1,2=8.0, 3J2,3=10.0, 

3J3,4=10.0, 3J4,5=10.0, 3J5,6a=5.0,  3J5,6b=3.0, 2J6a,6b=12.0 Hz; 13C NMR (100 MHz, CDCl3): 

δ 170.5, 170.2, 169.3, 169.0 (C=O), 101.0 (C-1), 72.9 (OCH2), 72.7 (C-3), 71.5 (C-5), 

71.2 (C-2), 68.4 (C-4), 61.9 (C-6), 37.8 (OCH2CH), 31.7, 30.9, 30.7, 30.6, 30.4, 29.53/ 

29.51, 28.8, 28.6, 26.6, 26.4, 22.89/ 22.86 (bulk -CH2), 22.5 (ω-1), 20.5, 20.43, 20.41 

(Ac), 13.9 (ω). 

2-Hexyl-decyl β-D-glucopyranoside (9) (Hashim et al., 2006) 

 

 A solution of 7 (5.0 g, 8.7 mmol) in CH3OH (70 mL) was treated with a catalytic 

amount of NaOCH3 according to general procedure 3.6.5 to provide 9 (3.3 g, 98%) as a 
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light yellow syrup. The material was used for subsequent reaction without further 

purification. 

2-Butyl-octyl β-D-glucopyranoside (10) (Hashim et al., 2006) 

 

 A solution of 8 (3.1 g, 6.0 mmol) in CH3OH (70 mL) was treated with a catalytic 

amount of NaOCH3 according to general procedure 3.6.5 to provide 10 (2.0 g, 95%) as a 

light yellow syrup. The material was used for subsequent reaction without prior 

purification. 

2-Hexyl-decyl 6-bromo-6-deoxy-2,3,4-tri-O-acetyl-β-D-glucopyranoside (11) 

 

 Following general procedure 3.6.6, a solution of 9 (1.7 g, 4.2 mmol) in DMF  

(12 mL) was treated with PPh3 (2.2 g, 8.4 mmol) and NBS (1.5 g, 8.4 mmol). The crude 

obtained was then treated with Ac2O (4.0 mL, 42 mmol) in pyridine (12 mL), according 

to general procedure 3.6.7. A yellow syrup 11 (1.3 g, 52%) was obtained by 

chromatography over silica gel (EtOAc: hexane=1:9). [∝]D
25 = -4 (c 0.20, CHCl3).  

1H NMR (400 MHz, CDCl3): δ 5.23-5.18 (1H, dd~t, H-3), 5.01-4.94 (2H, m, H-4, H-2), 

4.49-4.48 (1H, d, H-1), 3.86-3.82 (1H, dd, -OCH2a), 3.71-3.66 (1H, m, H-5), 3.47-3.44 

(1H, dd, H-6a), 3.41-3.33 (2H, m, H-6b, -OCH2b), 2.06, 2.03, 2.01 (9H, 3 s, Ac), 1.56 

(1H, bs, -OCH2CH), 1.26 (24H, bs, bulk -CH2), 0.90-0.87 (6H, t, -CH3); 3J1,2=8.0, 

3J2,3=10.0, 3J3,4=10.0, 3J4,5=10.0, 3J5,6a=3.0,  3J5,6b=6.0, 2J6a,6b=11.0 Hz; 13C NMR (100 
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MHz, CDCl3): δ 170.3, 169.5, 169.1 (C=O), 100.8 (C-1), 73.3 (C-5), 72.9  

(-OCH2CH), 72.7 (C-3), 71.4 (C-4), 71.2 (C-2), 37.9 (-OCH2CH), 31.87/ 31.84, 31.1 

(bulk -CH2), 30.9 (C-6), 30.7, 30.04/ 30.02, 29.69/ 29.67, 29.6, 29.3, 26.76/ 26.71, 26.61/ 

26.56 (bulk –CH2), 22.7 (ω-1), 20.7, 20.60, 20.57 (Ac), 14.1 (ω). 

2-Butyl-octyl 6-bromo-6-deoxy-2,3,4-tri-O-acetyl-β-D-glucopyranoside (12) 

 

 Following general procedure 3.6.6, a solution of 10 (2.0 g, 5.7 mmol) in DMF  

(20 mL) was treated with PPh3 (3.0 g, 11 mmol) and NBS (2.0 g, 11 mmol). The crude 

obtained was treated with Ac2O (4.0 mL, 42 mmol) in pyridine (20 mL), according to 

general procedure 3.6.7. Compound 12 (1.6 g, 52%) was obtained as a yellow syrup by 

chromatography over silica gel (EtOAc: hexane= 1:7). [∝]D
25 = -5 (c 0.30, CHCl3). 

 1H NMR (400 MHz, CDCl3): δ 5.22-5.17 (1H, dd~t, H-3), 5.00-4.93 (2H, m, H-4, H-2), 

4.48-4.46 (1H, d, H-1), 3.85-3.81 (1H, dd, -OCH2a), 3.70-3.65 (1H, m, H-5), 3.46-3.43 

(1H, dd, H-6a), 3.40-3.32 (2H, m, H-6b, -OCH2b), 2.04, 2.01, 1.99 (Ac), 1.55 (1H, bs,  

-OCH2CH), 1.29-1.24 (16H, bs, bulk -CH2), 0.88-0.85 (6H, t~m, -CH3); 3J1,2=8.0, 

3J2,3=10.0, 3J3,4=10.0, 3J4,5=10.0, 3J5,6a=5.0,  3J5,6b=3.0, 2J6a,6b=11.0 Hz; 13C NMR (100 

MHz, CDCl3): δ 170.2, 169.5, 169.1 (C=O), 100.8 (C-1), 73.3 (C-5), 72.89/ 72.84 

(OCH2), 72.6 (C-3), 71.4 (C-4), 71.2 (C-2), 37.9 (-OCH2CH), 31.8, 31.1, 30.9, 30.8, 30.7 

(bulk –CH2), 30.6 (C-6), 29.64/ 29.63, 28.9, 28.8, 26.7, 26.5, 23.00/ 22.98 (bulk –CH2), 

22.6 (ω-1), 20.61, 20.55, 20.5 (Ac), 14.0 (ω). 
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2-Hexyl-decyl 6-deoxy-6-[3-(5-azido-3-oxa-pentyl)-imidazolium]-2,3,4-tri-O-acetyl-

β-D-glucopyranoside bromide (13a) 

 

 A solution containing 3a (37 mg, 0.20 mmol) and 11 (0.12 g, 0.20 mmol) in xylene 

(2 mL) was heated to 130 °C according to general procedure 3.6.15 to provide 13a  

(0.14 g, 89 %) as a yellow syrup. [∝]D
25 = -20 (c 0.1, CHCl3).  

1H NMR (400 MHz, CDCl3): δ 10.46 (1 H, s, N=CH-N), 7.38 (2H, s, N-CH=CH), 5.25-

5.21 (1H, dd~t, H-3), 4.92-4.88 (1H, dd, H-2), 4.73-4.68 (3H, m, H-6a, H-4), 4.60-4.50 

(4H, m, H-6b, -NCH2CH2, H-1), 4.08-4.03 (1H, ddd~dt, H-5), 3.97-3.94 (2H, m,  

-CH2OCH2CH2N3), 3.75-3.71 (3H, -OCH2a-CH, -OCH2CH2N3), 3.42-3.39 (2H, m,  

-CH2N3), 3.34-3.30 (1H, dd, -OCH2b-CH), 2.27, 2.01, 1.97 (9H, 3 s, Ac), 1.52 (1H, bs,  

-OCH2CH ), 1.24 (24H, bs, bulk -CH2), 0.89-0.85 (6H, t, -CH3); 3J1,2=8.0, 3J2,3=9.5, 

3J3,4=9.5, 3J4,5=10.0, 3J5,6a=4.0, 3J5,6b=4.5, 2J6a,6b=14.0 Hz; 13C NMR (100 MHz, CDCl3): 

δ 170.5, 169.7, 169.1 (C=O), 138.4 (N=CH-N), 122.8 (CH=N-CH), 122.5 (CH=CH-N), 

101.0 (C-1), 73.4 (-OCH2CH), 72.1 (C-3), 71.3 (C-5), 70.9 (C-2), 70.1 (-OCH2CH2N3), 

68.8 (-CH2OCH2CH2N3), 68.3 (C-4), 50.5 (-CH2N3), 50.1 (-NCH2CH2), 49.5 (C-6),  37.9 

(-OCH2CH-), 31.8, 30.9, 30.7, 29.93/ 29.90, 29.57/ 29.50, 29.2, 26.74, 26.68, 26.6 (bulk 

-CH2), 22.5 (ω-1), 21.3, 20.42, 20.38 (Ac), 14.0 (ω). 
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2-Hexyl-decyl 6-deoxy-6-[3-(8-azido-3,6-dioxa-octyl)-imidazolium]-2,3,4-tri-O-

acetyl-β-D-glucopyranoside bromide (13b) 

 

 A mixture of 3b (83 mg, 0.37 mmol) and 11 (0.22 g, 0.37 mmol) in xylene (1 mL) 

was heated to 130 °C according to the procedure 3.6.15 and provided 13b (0.27 g, 89 %) 

as a yellow syrup. [∝]D
25 = -16 (c 0.56, CHCl3). 1H NMR (400 MHz, CDCl3): δ 10.15  

1 H, s, N=CH-N), 7.47 (1 H, s, CH=N-CH), 7.36 (1H, s, CH=CH-N), 5.21-5.16 (1 H, 

dd~t, H-3), 4.87-4.83 (1H, dd, H-2), 4.75- 4.62 (3H, m, H-6, H-4), 4.54-4.39 (3H, m,  

H-1, -NCH2CH2), 4.08-4.03 (1H, m, H-5), 3.89-3.86 (2H, m, -NCH2CH2), 3.66-3.58 (7H, 

m, -OCH2a-CH, -OCH2CH2OCH2CH2N3), 3.36-3.33 ( 2H, t, -CH2N3), 3.29-3.25 (1H,dd,  

-OCH2b-CH), 2.21, 1.96, 1.92 (9H, 3 s, Ac), 1.46 (1H, bs, -OCH2CH), 1.26-1.18 (24H, 

m, bulk -CH2), 0.84-0.80 (6H, t, -CH3); 3J1,2=8.0, 3J2,3=9.5, 3J3,4=9.5, 3J4,5=9.5, 3J5,6a=2.5, 

3J5,6b=6.0, 2J6a,6b=14.5, 3Jimidazole=1.5 Hz. 13C NMR (100 MHz, CDCl3):  

δ 170.5, 169.6, 169.1 (C=O), 138.3 (N=CH-N), 122.7 (CH=N-CH), 122.6 (CH=CH-N), 

101.0 (C-1), 73.28/ 73.25 (-OCH2CH), 72.0 (C-3), 71.2 (C-5), 70.9 (C-2), 70.2, 70.1 69.8 

(-OCH2CH2OCH2CH2N3), 68.7 (-NCH2CH2), 68.2 (C-4), 50.5 (-CH2N3), 49.9 (-

NCH2CH2), 49.4 (C-6), 37.9 (-OCH2CH), 31.68/ 31.66, 30.9, 30.62/ 30.61, 29.87/ 29.84 

29.50/ 29.48, 29.4 29.2, 26.7, 26.6, 26.5 (bulk CH2), 26.5 (γ), 22.5 (ω-1), 21.3, 20.4, 20.3 

(Ac), 13.9 (ω). 
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2-Hexyl-decyl 6-deoxy-6-[3-(11-azido-3,6,9-trioxa-undecyl)-imidazolium]-2,3,4-tri-

O-acetyl-β-D-glucopyranoside bromide (13c) 

 

 A solution containing 11 (0.14 g, 0.24 mmol) and 3c (64 mg, 0.24 mmol) were in 

xylene (2 mL) was heated to 130 °C, following general procedure 3.6.15. A yellow syrup 

13c (0.18 g, 88 %) was obtained. [∝]D
25 = -17 (c 0.20, CHCl3).   1H NMR (400 MHz, 

CDCl3): δ 10.44 (1 H, N=CH-N), 7.51-7.50 (1H, t, CH=N-CH), 7.39-7.38 (1H, t, 

CH=CH-N), 5.25-5.20 (1H, dd~t, H-3), 4.92-4.87 (1H, dd, H-2), 4.82-4.77 (1H, dd,  

H-6a), 4.72-4.65 (2H, m, H-6b,  H-4), 4.57-4.40 (3H, m, H-1, -NCH2CH2), 4.08-4.04 (1H, 

ddd, H-5), 3.92-3.89 (2H, m, -NCH2CH2), 3.76-3.72 (1H, m, -OCH2a-CH ), 3.68-3.63 

(10H, m, -OCH2CH2OCH2CH2OCH2CH2N3), 3.40-3.37 (2H, t, -CH2N3), 3.34-3.30 (1H, 

dd, -OCH2b-CH), 2.27, 2.01, 1.96 (9H, 3 s, Ac), 1.51 (1H, bs, -OCH2CH), 1.29-1.24 

(24H, m, bulk -CH2), 0.89-0.85 (6H, t, CH3); 3J1,2=8.0, 3J2,3=9.5, 3J3,4=9.5, 3J4,5=10.0, 

3J5,6a=5.5, 3J5,6b=2.5, 2J6a,6b=15.0, 3Jimidazole=1.5 Hz; 13C NMR (100 MHz, CDCl3):  

δ 170.6, 169.7, 169.2 (C=O), 138.8 (N=CH-N), 122.8 (CH=N-CH), 122.7 (CH=CH-N), 

101.2 (C-1), 73.49/ 73.46 (-OCH2CH), 72.1 (C-3) 71.4 (C-5), 71.0  

(C-2), 70.6, 70.40, 70.39, 70.3, 70.0 (-OCH2CH2OCH2CH2OCH2CH2N3), 68.9  

(-NCH2CH2), 68.1 (C-4), 50.6 (-CH2N3), 49.9 (-NCH2CH2), 49.4 (C-6), 38.0  

(-OCH2CH), 31.82/ 31.79, 31.0, 30.8, 30.00, 29.98, 29.64/ 29.61, 29.57/ 29.56, 29.3, 26.8, 

26.7, 26.63 (bulk-CH2), 26.59 (γ), 22.6 (ω-1), 21.4, 20.5, 20.4 (Ac), 14.0 (ω). 
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2-Hexyl-decyl 6-deoxy-6-[3-(5-azido-3-oxa-pentyl)-imidazolium]-β-D-

glucopyranoside bromide (14a) 

 

 Compound 13a (0.12 g, 0.15 mmol) was subjected to a deacetylation reaction in 

CH3OH (5 mL) based on procedure 3.6.5 to yield 14a (90 mg, 92 %) as a yellow syrup. 

IR [neat] ν/cm-1 3365 (OH), 2955, 2924, 2855 (CH), 2108 (N3).  

[∝]D
25 = -13(c 0.12, CH3OH).  1H NMR (400 MHz, CD3OD): δ 8.55 (<1H, bs, N=CH-N)  

7.70-7.69 (1H, d, CH=N-CH), 7.60-7.59 (1H, d, CH=CH-N), 4.66-4.62 (1H, dd, H-6a), 

4.47-4.45 (2H, t, -NCH2CH2), 4.44-4.38 (1H, dd, H-6b), 4.25-4.23 (1H, d, H-1), 3.90-

3.88 (2H, t, -NCH2CH2), 3.71-3.65 (3H, m, -OCH2CH2N3, -OCH2a-CH), 3.63-3.58 (1H, 

m, H-5), 3.40-3.33 (2H, m,  H-3, -OCH2b-CH), 3.17-3.13 (1H, dd, H-2), 3.08-3.03 (1H, 

dd~t, H-4), 1.59 (1H, bs, -OCH2CH), 1.34-1.27 (24H, bulk –CH2), 0.92-0.89 (6H, t, -

CH3); 3Jimidazole=2.0, 3J1,2=8.0, 3J2,3=9.0, 3J3,4=9.0 3J4,5=9.5, 3J5,6a=2.5, 3J5,6b=7.0, 

2J6a,6b=14.5 Hz; 13C NMR (100 MHz, CD3OD): δ 138.8 (N=CH-N), 124.9 (CH=N-CH), 

123.9 (CH=CH-N), 105.0 (C-1), 77.5 (C-3), 75.1 (C-2), 74.9 (C-5), 74.3  

(-OCH2CH), 72.5 (C-4), 71.4 (-OCH2CH2N3), 69.8 (-NCH2CH2),  51.9 (C-6), 51.8 (-

CH2N3), 51.1 (-NCH2CH2), 39.7 (-OCH2CH), 33.9, 33.2, 32.4, 32.3, 31.3, 31.0, 30.9, 

30.6, 28.0, 28.0, 28.0 (bulk –CH2), 23.9 (ω-1) 14.6 (ω). HRDARTMS: Calcd. for M+ 

[C29H54N5O6]+ 568.4074; found 568.4056. 
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2-Hexyl-decyl 6-deoxy-6-[3-(8-azido-3,6-dioxa-octyl)-imidazolium]-β-D-

glucopyranoside bromide (14b) 

 

 Compound 13b (0.27 g, 0.33 mmol) underwent a deacetylation reaction in 

CH3OH (3 mL) according to the procedure 3.6.5 to furnish 14b (0.22 g, 97 %) as a yellow 

syrup. IR [neat] ν/cm-1 3354 (OH), 2824, 2856 (CH), 2104 (N3). [∝]D
25 = -13  

(c 0.14, CH3OH). 1H NMR (400 MHz, CD3OD): δ 8.52 (<1H, bs, N=CH-N), 7.70 (1H, 

s, CH=N-CH), 7.59 (1H, s, CH=CH-N), 4.67-4.63 (1H, dd~d, H-6a), 4.46-4.41 (3H, m, -

NCH2CH2, H-6b), 4.26-4.24 (1H, d, H-1), 3.89-3.87 (2H, t, -NCH2CH2), 3.67-3.61 (8H, 

m, -OCH2CH2OCH2CH2N3, -OCH2a-CH, H-5), 3.41-3.35 (4H, m, -CH2N3, -OCH2b-CH, 

H-3), 3.17-3.12 (1H, dd~t, H-2), 3.08-3.03 (1H, dd~t, H-4), 1.59 (1H, bs, -OCH2CH), 

1.42-1.30 (24H, m, bulk -CH2), 0.92-0.89 (6H, t, -CH3); 3J1,2=8.0, 3J2,3=9.0, 3J3,4=9.0, 

2J6a,6b=14.5  Hz; 13C NMR (100 MHz, CD3OD): δ 138.7 (N=CH-N), 124.7 (CH=N-CH), 

124.1 (CH=CH-N), 105.0 (C-1), 77.7 (C-3), 75.1 (C-2), 74.9 (C-5), 74.3  

(-OCH2CH), 72.5 (C-4), 71.59, 71.58, 71.2 (-OCH2CH2OCH2CH2N3), 70.0  

(-NCH2CH2), 51.9 (CH2N3), 51.9 (-C6), 51.1 (-NCH2CH2), 39.6 (-OCH2CH), 33.2, 32.34/ 

32.33, 32.28/ 32.26, 31.30/ 31.29, 31.0, 30.88/ 30.86, 30.6, 28.02, 28.01, 27.96, 27.95 

(bulk -CH2), 23.9 (ω-1), 14.6 (ω). HRDARTMS: Calcd. for M+ [C31H58N5O7]+ 612.4337 

(100 %), 613.4370 (34 %), 614.4404 (5 %); found 612.4337 (100 %), 613.4354 (40 %), 

614.4410 (12 %). 
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2-Hexyl-decyl 6-deoxy-6-[3-(11-azido-3,6,9-trioxa-undecyl)-imidazolium]-β-D-

glucopyranoside bromide (14c) 

 

 Compound 13c (0.18 g, 0.21 mmol) was deacetylated in CH3OH (3 mL), 

following general procedure 3.6.5 to provide 14c (0.14 g, 90 %) as a yellow syrup. IR 

[neat] ν/cm-1 3355 (OH), 2923, 2855 (CH), 2104 (N3). [∝]D
25 = -12 (c 0.49, CH3OH).  

1H NMR (400 MHz, CD3OD): δ 9.02 (<1H, bs, N=CH-N), 7.72 (1H, d, CH=N-CH), 7.59 

(1 H, d, CH=CH-N), 4.68-4.64 (1H, dd, H-6a), 4.47-4.43 (3H, m, -NCH2CH2, H-6b), 

4.27-4.25 (1H, d, H-1), 3.89-3.87 (2H, t, -NCH2CH2), 3.69-3.61 (12H, mc, -(OCH2CH2)2 

CH2CH2N3, -OCH2a-CH, H-5), 3.40-3.35 (4H, m, -CH2N3, -OCH2b-CH, H-3), 3.17-3.13 

(1H, dd, H-2), 3.09-3.04 (1H, dd~t, H-4), 1.59 (1H, bs, -OCH2CH), 1.34-1.27 (24H, m, 

bulk -CH2), 0.92-0.89 (6H, t, -CH3); 3J1,2=8.0, 3J2,3=9.0, 3J3,4=9.5, 3J5,6a=2.5, 3J5,6a=7.5,  

2J6a, 6b= 14.5 Hz,  3Jimidazole=2.0 Hz; 13C NMR (100 MHz, CD3OD): 139.0 (N=CH-N), 

124.6 (CH=N-CH), 124.1 (CH=CH-N), 105.0 (C-1), 77.7 (C-3), 75.1 (C-2), 74.9 (C-5), 

74.3 (-OCH2CH), 72.4 (C-4), 71.7, 71.64, 71.58, 71.5, 71.1  

(-(OCH2CH2)2OCH2CH2N3), 69.9 (-NCH2CH), 51.92 (-CH2N3), 51.86 (C-6), 51.1  

(-NCH2CH2), 39.60 (-OCH2CH), 33.18, 33.17, 32.30, 32.24, 31.28, 30.96, 30.86/ 30.84, 

30.6, 28.00/ 27.98, 27.93/ 27.92, (bulk -CH2), 23.9 (ω-1) 14.6 (ω). HRDARTMS: Calcd. 

for M+ [C33H62N5O8]+ 656.4599 (100 %), 657.4632 (36 %), 658.4666 (6 %); found 

656.4587 (100 %), 657.4616 (41 %), 658.4697 (11 %). 
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2-Butyl-octyl 6-deoxy-6-[3-(5-azido-3-oxa-pentyl)-imidazolium]-2,3,4-tri-O-acetyl-

β-D-glucopyranoside bromide (15a) 

 

 A solution containing 12 (0.18 g, 0.33 mmol) and 3a (60 mg, 0.33 mmol) in xylene 

(4 mL) was heated to 130 °C, following to general procedure 3.6.15 to furnish a yellow 

syrup 15a (0.23 g, 97 %). [∝]D
25 = -18 (c 0.28, CHCl3). 1H NMR (400 MHz, CDCl3): δ 

10.04 (1H, s, N=CH-N), 7.42 (1H, s, CH=N-CH), 7.36 (1H, s, CH=CH-N), 5.20-5.16 

(1H, dd~t, H-3), 4.87-4.83 (1H, dd~t, H-2), 4.75-4.65 (2H, m, H-6a, H-4),  4.58-4.51 (4H, 

m, H-6b, -NCH2CH2, H-1), 4.06-4.02 (1H, m, H-5), 3.91 (2H, bs, -NCH2CH2), 3.72-3.67 

(3H, m, -OCH2CH2N3, -OCH2a-CH), 3.35-3.25 (3H, m, -CH2N3, -OCH2b-CH), 2.19, 

1.96, 1.92 (9H, 3 s, Ac), 1.46 (1H, bs, -OCH2CH), 1.18 (16H, bs, bulk -CH2), 0.83-0.82 

(6H, bs, -CH3); 3J1,2=8.0, 3J2,3=9.0, 3J3,4=9.0, 3J4,5=9.0, 2J6a,6b=11.5 Hz; 13C NMR (100 

MHz, CDCl3): δ 170.5, 169.7, 169.8 (C=O), 138.1 (N-CH=N), 122.8  

(CH=N-CH), 122.4 (CH=CH-N), 100.8 (C-1), 73.20/ 73.18 (-OCH2CH), 72.0 (C-3), 71.2 

(C-5), 70.9 (C-2), 70.0 (-CH2CH2N3), 68.7 (-NCH2CH2), 68.3 (C-4), 50.4  

(-CH2N3), 50.0 (-NCH2CH2), 49.4 (C-6), 37.8 (-OCH2CH), 31.7, 30.88/ 30.63, 30.54/ 

30.28, 29.49/ 29.46, 28.81/ 28.66, 26.61/ 26.45, 22.83/ 22.82 (bulk -CH2),  22.5 (ω-1), 

21.3, 20.4, 20.3 (Ac), 13.9 (ω). 
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2-Butyl-octyl 6-deoxy-6-[3-(8-azido-3,6-dioxa-octyl)-imidazolium]-2,3,4-tri-O-

acetyl-β-D-glucopyranoside bromide (15b) 

 

 A solution containing 12 (0.21 g, 0.39 mmol) and 3b (88 mg, 0.39 mmol) in 

xylene (3 mL) was heated to 130 °C based on general procedure 3.6.15 to provide 15b 

(0.27 g, 91 %) as a yellow syrup. [∝]D
25 = -20 (c 0.38, CHCl3). 1H NMR (400 MHz, 

CDCl3): δ 10.07 (1H, s, N=CH-N), 7.48 (1H, s, CH=N-CH), 7.35 (1H, s, CH=CH-N), 

5.20-5.15 (1H, dd~t, H-3), 4.86-4.82 (1H, dd, H-2), 4.75-4.60 (3H, m, H-6, H-4), 4.53-

4.39 (3H, m, -NCH2CH2, H-1), 4.07-4.03 (1H, m, H-5), 3.88-3.85 (2H, m, -NCH2CH2), 

3.69-3.55 (7H, m, -OCH2CH2OCH2CH2N3, -OCH2a-CH), 3.35-3.32 (2H, m, -CH2N3), 

3.28-3.24 (1H, dd, -OCH2b-CH), 2.19, 1.95, 1.90 (9H, 3 s, Ac), 1.45 (1H, bs, -OCH2CH), 

1.17 (16H, bs, bulk -CH2), 0.82-0.79 (6H, m, -CH3); 3J1,2= 8.0, 3J2,3= 9.5, 3J3,4= 9.5,  

3J4,5= 9.5, 3J5,6a= 3.0, 3J5,6b= 6.0, 2J6a,6b= 14.5 Hz; 13C NMR (100 MHz, CDCl3): δ 170.4, 

169.6, 169.1 (C=O), 138.2 (N=CH-N), 122.7 (CH=N-CH), 122.5 (CH=CH-N), 100.8 (C-

1), 73.19/ 73.15 (-OCH2CH), 72.0 (C-3), 71.2 (C-5), 70.9 (C-2), 70.14, 70.09, 69.8 (-

OCH2CH2OCH2CH2N3), 68.7 (-NCH2CH2), 68.2 (C-4), 50.5 (-CH2N3), 49.8 (-

NCH2CH2), 49.1 (C-6), 37.77/ 37.75 (-OCH2CH), 31.6, 30.85/ 30.60, 30.50/ 30.25, 29.46/ 

29.44, 28.79/ 28.63, 26.59/ 26.42, 22.81/ 22.79 (bulk -CH2), 22.4 (ω-1), 21.3, 20.33, 20.29 

(Ac), 13.9 (ω). 
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2-Butyl-octyl 6-deoxy-6-[3-(11-azido-3,6,9-trioxa-undecyl)-imidazolium]-2,3,4-tri-

O-acetyl-β-D-glucopyranoside bromide (15c) 

 

 Following general procedure 3.6.15, a solution containing 12 (0.19 g, 0.35 mmol) 

and 3c (96 mg, 0.35 mmol) in xylene (3 mL) was heated to 130 °C to furnish 15c (0.25 

g, 85 %) as a yellow syrup. [∝]D
25 = -24 (c 0.30, CHCl3). 1H NMR (400 MHz, CDCl3):  

δ 10.15 (1H, bs, N=CH-N), 7.52 (1H, s, CH=N-CH), 7.37 (1H, s, CH=CH-N), 5.19-5.14 

(1H, dd~t, H-3), 4.85-4.81 (1H, dd~t, H-2), 4.73-4.56 (3H, m, H-6, H-4), 4.52-4.39 (3H, 

m, H-1, -NCH2CH2), 4.07-4.03 (1H, m, H-5), 3.87-3.81 (2H, m, -NCH2CH2), 3.67-3.59 

(11H, m, -(OCH2CH2)2OCH2CH2N3, -OCH2a-CH), 3.33 (2H, m, -CH2N3), 3.26-3.23 

(1H, dd~t, -OCH2b-CH), 2.17, 1.94, 1.90 (9H, 3 s, Ac), 1.44 (1H, bs, -OCH2CH), 1.16 

(16H, bs, bulk -CH2), 0.80 (6H, bs, -CH3); 3J1,2= 8.0, 3J2,3= 9.5, 3J3,4= 9.5, 3J4,5= 10.0, 

3J5,6b= 3.5, 3J5,6b= 5.0, 2J6a,6b=14.0 Hz; 13C NMR (100 MHz, CDCl3): δ 170.4, 169.6, 169.1 

(C=O), 138.1 (N=CH-N), 128.6 (CH=N-CH), 122.7 (CH=CH-N), 100.8  

(C-1), 73.19/ 73.15 (-OCH2CH), 72.0 (C-3), 71.1 (C-5), 70.8 (C-2), 70.3, 70.1 (2), 69.7 

(-(OCH2CH2)2OCH2CH2N3), 68.7 (-NCH2CH2), 68.2 (C-4), 50.4 (-CH2N3), 49.7 (-

NCH2CH2), 49.3 (C-6), 37.7 (-OCH2CH), 31.6, 30.82/ 30.57, 30.47/ 30.22, 29.44/ 29.42, 

28.76/ 28.60, 26.56/ 26.38, 22.79 (bulk CH2), 22.4 (ω-1), 21.2, 20.30, 20.27 (Ac), 13.9 

(ω). 
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2-Butyl-octyl 6-deoxy-6-[3-(5-azido-3-oxa-pentyl)-imidazolium]-β-D-
glucopyranoside bromide (16a) 

 

A deacetylation reaction based on general procedure 3.6.5 was applied on 

compound 15a (0.11 g, 0.15 mmol) in CH3OH (5 mL) to produce compound 16a  

(85 mg, 93 %) as a yellow syrup. IR [neat] ν/cm-1 3376 (OH), 2955, 2925, 2858 (CH), 

2107 (N3).  [∝]D
25 = -14(c 0.23, CH3OH). 1H NMR (400 MHz, CD3OD): δ 8.55 (<1H, bs, 

N=CH-N), 7.72 (1H, s, CH=N-CH), 7.62 (1H, s, CH=CH-N), 4.68-4.64 (1H, d, H-6a), 

4.48-4.41 (3H, m, -NCH2CH2, H-6b), 4.27-4.25 (1H, d, H-1), 3.92-3.90 (2H, t, -

NCH2CH2), 3.73-3.61 (4H, m, -OCH2CH2N3, -OCH2a-CH, H-5), 3.42-3.36 (4H, m, -

CH2N3, H-3, -OCH2b-CH), 3.19-3.14 (1H, dd~t, H-2), 3.10-3.05 (1H, dd~t, H-4), 1.62-

1.60 (1H, m, -OCH2CH), 1.40-1.32 (16H, m, bulk -CH2), 0.95-0.91 (6H, m, -CH3); 3J1,2= 

8.0, 3J2,3= 9.5, 3J3,4= 9.5 3J4,5= 9.5, 3J5,6a<2.0, 3J5,6b= 7.0, 2J6a,6b= 14.0 Hz; 13C NMR (100 

MHz, CD3OD): δ 138.7 (N=CH-N), 125.0 (CH=N-CH), 123.9 (CH=CH-N), 105.0 (C-1), 

77.8 (C-3), 75.1 (C-2), 74.9 (C-5), 74.32/ 74.30 (-OCH2CH), 72.5 (C-4), 71.4 (-

OCH2CH2N3), 69.8 (-NCH2CH2), 51.9 (C-6), 51.8 (-CH2N3), 51.1 (-NCH2CH2), 39.7 (-

OCH2CH), 33.2, 32.41/ 32.35, 32.08/ 32.02, 31.0, 30.33/ 30.28, 28.04/ 27.98, 24.3 (bulk 

–CH2), 23.9 (ω-1), 14.6 (ω). HRDARTMS: Calcd. for [M]+ [C25H46N5O6]+ 512.3448 (100 

%), 513.3482 (27 %); found 512.3437 (100 %), 513.3470 (32 %). 
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2-Butyl-octyl 6-deoxy-6-[3-(8-azido-3,6-dioxa-octyl)-imidazolium]-β-D-

glucopyranoside bromide (16b) 

 

 In CH3OH (5 mL), 15b (72 mg, 0.09 mmol) was deacetylated according to general 

procedure 3.6.5 to furnish 16b (54 mg, 89 %) as a yellow syrup. IR [neat] ν/cm-1 3370 

(OH), 2925, 2858 (CH), 2106 (N3). [∝]D
25 = -12 (c 0.24, CH3OH). 1H NMR (400 MHz, 

CD3OD): δ 9.00 (1H, bs, N=CH-N), 7.73 (1H, s, CH=N-CH), 7.61 (1H, s, CH=CH-N), 

4.70-4.65 (1H, dd, H-6a), 4.48-4.43 (3H, m, H-6b, -NCH2CH2), 4.29-4.27 (1H, d, H-1), 

3.91-3.89 (2H, m, -NCH2CH2), 3.71-3.64 (8H, m, -OCH2CH2OCH2CH2N3, -OCH2a-CH, 

H-5), 3.43-3.36 (4H, m, -CH2N3, -OCH2b-CH, H-3), 3.19-3.14 (1H, dd~t, H-2), 3.10-3.06 

(1H, dd~t, H-4), 1.60 (1H, bs, -OCH2CH), 1.32 (16H, bs, bulk -CH2), 0.95-0.91 (6H, m, 

-CH3); 3J1,2= 8.0, 3J2,3= 9.5, 3J3,4= 9.5, 3J4,5= 9.5, 3J5,6a= 2.0, 3J6a,6b= 14.5 Hz; 13C NMR 

(100 MHz, CD3OD): δ 138.7 (N=CH-N), 124.7 (CH=N-CH), 124.1 (CH=CH-N), 105.00 

(C-1), 77.7 (C-3), 75.1 (C-2), 74.9 (C-5), 74.29/ 74.26 (-OCH2CH), 72.5  

(C-4), 71.6 (2), 71.2 (-OCH2CH2OCH2CH2N3), 70.0 (-NCH2CH2), 51.93 (C-6), 51.90 (-

CH2N3), 51.1 (-NCH2CH2), 39.6 (-OCH2CH), 33.2, 32.39/ 32.33, 32.05/ 31.99, 31.0, 

30.31/ 30.25, 28.03/ 27.96, 24.3 (bulk CH2), 23.9 (ω-1), 14.6 (ω). HRDARTMS: Calcd. 

for [M]+ [C27H50N5O7]+ 556.3710 (100 %), 557.3744 (29 %); found 556.3727 (100 

%),557.3757 (33 %). 
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2-Butyl-octyl 6-deoxy-6-[3-(11-azido-3,6,9-trioxa-undecyl)-imidazolium]-β-D-

glucopyranoside bromide (16c) 

 

 15c (92 mg, 0.11 mmol) in CH3OH (5 mL) was deactylated according to general 

procedure 3.6.5 and produced compound 16c (70 mg, 90 %) as a yellow syrup. IR [neat] 

ν/cm-1 3372 (OH), 2925, 2859 (CH), 2105 (N3). [∝]D
25 = -9 (c 0.10, CH3OH). 1H NMR 

(400 MHz, CD3OD): δ 9.02 (<1H, s, N=CH-N), 7.73 (1H, s, CH=N-CH), 7.61 (1H, s, 

CH=CH-N), 4.69-4.65 (1H, dd, H-6a), 4.49-4.44 (3H, m, -NCH2CH2, H-6b), 4.28-4.26 

(1H, d, H-1), 3.90 -3.88 (2H, t, -NCH2CH2), 3.71-3.68 (12H, m,  

-(OCH2CH2)2OCH2CH2N3, -OCH2a-CH, H-5), 3.43-3.35 (4H, m, -CH2N3, H-3,  

-OCH2b-CH), 3.18-3.14 (1H, dd~t, H-2), 3.10-3.05 (1H, dd~t, H-4), 1.60 (1H, bs,  

-OCH2CH), 1.32 (16H, bs, bulk -CH2), 0.95-0.91 (6H, m, -CH3); 3J1,2= 8.0, 3J2,3= 10.0, 

3J3,4= 10.0, 3J4,5= 10.0,  3J5,6a= 2.5; 2J6a,6b= 14.5 Hz; 13C NMR (100 MHz, CD3OD):  

δ 138.8 (N=CH-N), 124.7 (CH=N-CH), 124.1 (CH=CH-N), 105.0 (C-1), 77.8   

(C-3), 75.1 (C-2), 74.9 (C-5), 74.30/ 74.28 (-OCH2CH), 72.5 (C-4), 71.68, 71.65, 71.50, 

71.51, 71.2 (-(OCH2CH2)2 OCH2CH2N3), 69.9 (-NCH2CH2), 51.9 (C-6), 51.1 (-CH2N3), 

51.0 (-NCH2CH2), 39.6 (-OCH2CH), 33.2, 32.38/ 32.32, 32.05/ 31.99, 31.0, 30.31/ 30.25, 

28.02/ 27.95, 24.3 (bulk -CH2), 23.9 (ω-1), 14.6 (ω). HRDARTMAS: Calcd. for [M]+ 

[C29H54N5O8]+ 600.3973 (100 %), 601.4006 (31 %); found 600.3958 (100 %), 601.3986 

(38 %). 
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Dodecyl 2,3,4,6-tetra-O-acetyl-β-D-glucopyranoside (17) (Sabah et al., 2011) 

 

 A solution containing β-D-glucose pentaacetate (14 g, 36 mmol) and 1-dodecanol 

(8.9 mL, 40 mmol) in CH2Cl2 (70 mL) was treated with BF3·OEt2 (5.8 mL, 47 mmol) 

following general procedure 3.6.4. A yellow syrup 17 was obtained (7.7 g, 41 %) by 

chromatography over silica gel (EtOAc: hexane= 1:7). 1H NMR (400 MHz, CDCl3):  

δ 5.22-5.18 (1H, dd~t, H-3), 5.10-5.06 (1H, dd~t, H-4), 5.00-4.96 (1H, dd, H-2), 4.50-

4.48 (1H, d, H-1),4.28-4.24 (1H, dd, H-6a), 4.15-4.11 (1H, dd, H-6b), 3.89-3.83 (1H, m, 

∝CH2a ), 3.70-3.66 (1H, ddd, H-5), 3.49-3.43 (1H, m, ∝CH2b ), 2.08, 2.03, 2.02, 2.00 

(9H, 4s, OAc), 1.59-1.50 (2H, m, βCH2), 1.25 (18H, bs, bulk –CH2), 0.89-0.86 (3H, t, -

CH3); 3J1,2=8.0, 3J2,3=10.0, 3J3,4=10.0, 3J4,5=10.0, 3J5,6a=5.0, 3J5,6b=2.5, 2J6a,6b=12.0 Hz;  

13C NMR (100 MHz, CDCl3): δ 170.7, 170.3, 169.4, 169.2 (C=O), 100.8 (C-1), 72.9 (C-

3), 71.7 (C-5), 71.4 (C-2), 70.2 (∝CH2), 68.5 (C-4), 62.0 (C-6), 31.9, 29.61, 29.58 29.56, 

29.4, 29.3, 25.8 (βCH2, bulk –CH2), 22.6 (ω-1), 20.7, 20.59, 20.58, 20.56 (Ac), 14.1 (ω). 

Dodecyl β-D-glucopyranoside (18) (Sabah et al., 2011) 

 

A solution of 17 (7.2 g, 14 mmol) in CH3OH (50 mL) was treated with NaOCH3 

according to general procedure 3.6.5 to furnish glucoside 18 (4.4 g, 90 %) as a yellow 

syrup which was used for subsequent reaction without further purification. 
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Dodecyl 4,6-O-benzylidene-β-D-glucopyranoside (19) (Sabah et al., 2011) 

 

A solution of 18 (4.2 g, 12 mmol) in CH2Cl2 (70 mL) was treated with 

PhCH(OCH3)2 (4.3 mL, 29 mmol) and p-TsOH·H2O (0.10 g) according to general 

procedure 3.6.8. Precipitate was formed after 30 minutes stirring the residue in hexane 

(30 mL). The precipitate was collected and washed with hexane to obtain β-anomer 19 

(4.8 g, 92 %) as a white solid. [∝]D
25 = -39 (c 0.20, CHCl3). 

Dodecyl 2,3-di-O-benzyl-4,6-O-benzylidene-β-D-glucopyranoside (20) (Sabah et al., 

2011) 

 

A solution 19 (4.8 g, 11 mmol) in DMF (60 mL) was treated with NaH (60 % 

suspension in paraffin oil) (1.8 g, 45 mmol), followed by addition of BnBr (3.9 mL,  

33 mmol) at 0 °C according to general procedure 3.6.9. The reaction was quenched by 

addition of CH3OH (20 mL) and H2O (20 mL). The white precipitate was collected and 

washed with CH3OH to provide 20 (5.5 g, 81 %) as a white solid. 1H NMR (400 MHz, 

CDCl3): δ 7.51-7.48, 7.39-7.27 (15H, m, aromatic -CH), 5.58 (1H, s, Ph-CH), 4.93-4.76 

(4H, m,  –CH2Ph), 4.52-4.50 (1H, d, H-1), 4.38-4.34 (1H, dd, H-6eq), 3.96-3.90 (1H, dt, 

∝CH2a), 3.83-3.67 (3H, m, H-6ax, H-2, H-3), 3.60-3.54 (1H, dt, ∝CH2b), 3.50-3.38 (2H, 

m, H-4, H-5), 1.69-1.64 (2H, m, βCH2), 1.33-1.26 (18H, m, bulk –CH2), 0.91-0.87 (3H, 

t, CH3); 3J1,2= 8.0, 3J2,3= 10.0, 3J3,4= 10.0, 3J5,6eq= 5.5, 3J5,6ax= 10.0,  2J6=11.0 Hz;  

13C NMR  (100 MHz, CDCl3): δ  139.8, 138.4, 137.4 (aromatic -C), 128.9, 128.32, 128.28, 

128.2, 128.1, 128.0, 127.7, 127.6, 126.0 (aromatic -CH), 104.2 (C-1), 101.1 (Ph-CH), 
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82.2 (C-2), 81.5 (C-4), 80.9 (C-3), 75.3, 75.1 (-CH2Ph), 70.7 (∝CH2), 68.8 (C-6), 66.0 

(C-5), 31.9, 29.8, 29.7, 29.63, 29.58, 29.5, 29.4, 26.1 (bulk –CH2, βCH2), 22.7 (ω-1), 14.1 

(ω). 

Dodecyl 2,3,6-tri-O-benzyl -β-D-glucopyranoside (21) 

 

Procedure I (Rao et al., 2010): Into a solution of 20 (1.1 g, 1.8 mmol) in CH3CN  

(20 mL) with activated 4 Å molecular sieves (0.5 g), NaCNBH3 (0.55 g, 8.8 mmol) was 

added and the mixture was stirred for 5 minutes. I2 (1.6 g, 6.3 mmol) was added portion-

wise over 15 minutes. The mixture was diluted with CH2Cl2 and filtered through a Celite 

pad. The filtrate was washed successively with saturated NaHCO3 (aq) and water. The 

organic layer was dried over MgSO4 and concentrated under reduced pressure. 

Compound 21 (0.15 g, 13 %) was obtained as a colourless syrup. 

Procedure II (Yoneda et al., 2005; Kasuya et al., 2007): A solution containing 20  

(5.5 g, 8.9 mmol) in CH2Cl2 (70 mL) was treated with activated 4 Å molecular sieves, 

followed by addition of Et3SiH (8.7 mL, 54 mmol) and TFA (4.2 ml, 55 mmol) at 0 °C 

according to general procedure 3.6.10. The residue was subjected to column 

chromatography (EtOAc: hexane= 1:9) to provide 21 (3.0 g, 55 %) as a colourless syrup. 

[∝]D
25 = -17 (c  0.11, CHCl3); 1H NMR (400 MHz, CDCl3): δ 7.34-7.29 (15H, m, aromatic 

-CH), 4.96-4.91, 4.73-4.69, 4.61-4.55, (6H, 3 dd, -CH2Ph), 4.41-4.39 (1H, d, H-1), 3.96-

3.91 (1H, dt, αCH2a), 3.78-3.75 (1H, dd, H-6a), 3.71-3.67 (1H, dd, H-6b), 3.59-3.49 (2H, 

m, H-3, αCH2b), 3.47-3.38 (3H, m, H-4, H-5, H-2), 2.54 (1H, m, -OH), 1.66-1.62 (2H, 

m, βCH2), 1.35-1.24 (18H, m, bulk -CH2), 0.89-0.85 (3H, t, -CH3);3J1,2=7.5, 3J3,4=9.0, 

3J4,5=9.0 3J5,6a=4.0,  3J5,6b=5.5, 2J6a,6b=10.5 Hz; 13C NMR  (100 MHz, CDCl3): δ  138.6, 
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138.4, 137.9 (aromatic -C), 128.5, 128.39, 128.35, 128.1, 128.0, 127.8, 127.7 (aromatic -

CH), 103.7 (C-1), 84.0 (C-4), 81.7 (C-2), 75.3, 74.7 (CH2Ph), 74.0  

(C-5), 73.6 (CH2Ph), 71.6 (C-3), 70.3 (C-6), 70.2 (αCH2), 31.9, 29.9, 29.8, 29.7, 29.61, 

29.58, 29.4, 29.3, 26.2 (βCH2, bulk- CH2), 22.7 (ω-1), 14.2 (ω).  

Oxybis(ethane-2,1-diyl) bis(4-methylbenzenesulfonate) (22) (Ouchi et al., 1990) 

 

 A solution of diethylene glycol (1.0 mL, 11 mmol) in THF (20 mL) was stirred 

with NaOH pellets (1.0 g, 25 mmol) at 0 °C for about 5 minutes, followed by addition of 

TsCl (4.4 g, 23 mmol) portionwise. Stirring was continued overnight at room temperature. 

THF was evaporated, the resulting residue was diluted with CH2Cl2 and washed twice 

with H2O. The organic layer was dried over MgSO4 and concentrated under reduced 

pressure. A white solid 22 (2.1 g, 46 %) was obtained by crystallization from EtOH.  

1H NMR (400 MHz, CDCl3): δ 7.80-7.78, 7.37-7.35 (8H, 2 d, aromatic -CH), 4.11-4.09 

(4H, t, TsOCH2), 3.63-3.60 (4H, t, -OCH2), 2.46 (6H, s, Ph-CH3); 13C NMR  

(100 MHz, CDCl3): δ 144.9 (aromatic C-S), 132.8 (aromatic C-CH3), 129.9, 127.9 

(aromatic -CH), 69.0 (-OCH2), 68.7 (-COTs), 21.6 (CH3).  

1-Bromo-2-(2-bromoethoxy)ethane (23) (Guo et al., 2015) 

 

 Diethylene glycol (10 mL, 0.11 mol) was cooled in an ice bath and PBr3 (8.0 ml, 

84 mmol) was then added slowly. The mixture was heated to 80 °C for another 4 hours 

with stirring. The mixture was poured into a saturated solution of NaHCO3 after being 

cooled to room temperature. The organic layer was washed thrice with H2O, dried over 

MgSO4 and concentrated to provide 23 (11 g, 56 %) as a brown liquid. 1H NMR  
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(400 MHz, CDCl3): δ 3.80-3.75 (4H, m, -CH2Br), 3.44-3.41 (4H, m, -OCH2); 13C NMR 

(100 MHz, CDCl3): δ 75.7 (CH2O), 35.2 (CH2Br). 

Dodecyl 2,3,6-O-tri-acetyl-4-O-(2-bromoethoxy)ethyl-β-D-glucopyranoside (26) 

 

 A solution of 21 (0.48 g, 0.78 mmol) in DMF (10 mL) was treated with NaH  

(60 % suspension in paraffin oil) (0.10 g, 2.5 mmol) and stirred at room temperature for 

an hour. Compound 23 (0.93 g, 4.0 mmol) was added at 0 °C and the mixture was stirred 

overnight at room temperature. CH3OH (3 mL) was added and the solvents were 

evaporated. The residue was diluted with CH2Cl2 and washed twice with water. The 

organic layer was dried over MgSO4 and concentrated to provide crude 24, which 

underwent a hydrogenation according to general procedure 3.6.11, except glacial AcOH 

(1 ml) was added instead of conc. HCl to furnish crude glucoside 25. The resulting 

compound was dissolved in pyridine (3 mL), followed by addition of Ac2O (0.05 mL) 

according to general procedure 3.6.7. Compound 26 (40 mg, 8.0 % over 3 steps) was 

obtained as a yellow syrup by column chromatography (EtOAc: hexane= 1:10). [∝]D
25 = 

-87 (c 0.04, CHCl3);  1H NMR (400 MHz, CDCl3): δ 5.21-5.16 (1H, dd~t, H-3), 4.89-

4.84 (1H, dd, H-2), 4.46-4.42 (2H, m, H-1, H-6a), 4.27-4.23 (1H, dd, H-6b),  3.87-3.81 

(1H, dt, αCH2a), 3.76-3.74, 3.70-3.67 (2H, m, -OCH2CH2O), 3.57-3.51 (4H, m,  

-CH2CH2Br, H-5, H-4), 3.48-3.43 (3H, mc, αCH2b, CH2Br), 2.10, 2.07, 2.03 (9H, 3 s,  

OAc), 1.59-1.52 (2H, m, βCH2), 1.30-1.25 (18H, mc, bulk CH2), 0.90-0.86 (3H, t, CH3); 

3J1,2= 8.0, 3J2,3= 10.0, 3J3,4= 10.0, 3J5,6a= 2.0, 3J5,6b= 5.0, 2J6a,6b= 11.0 Hz; 13C NMR  (100 

MHz, CDCl3): δ 170.7, 170.1, 169.7 (C=O), 100.7 (C-1), 76.8 (C-4), 75.0 (C-3), 72.8 (C-

5), 72.1 (-OCH2CH2O), 71.9 (C-2), 71.2 (-OCH2CH2O), 70.3 (CH2CH2Br), 70.2 (αCH2), 
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62.9 (C-6), 31.9 (bulk -CH2), 30.2 (CH2Br), 29.7, 29.64, 29.61, 29.59, 29.4, 29.3, 25.8 

(β-CH2, bulk CH2), 22.7 (ω-1), 20.95, 20.86, 20.7 (Ac), 14.1 (ω). 

Dodecyl 2,3,6-tri-O-benzyl-4-O-(2-hydroxyethyl)-β-D-glucopyranoside (28) 

 

 Compound 21 (2.6 g, 4.2 mmol) was dissolved in toluene (30 mL) and 50 % 

NaOH (aq) (15 mL) was added, followed by TBAB (1.3 g, 4.0 mmol). BrCH2COOtBu 

(0.92 ml, 6.3 mmol) was then added following general procedure 3.6.12 to provide crude 

compound 27. The resulting compound was dissolved in THF (50 mL) and cooled to 0 

°C, followed by the addition of LiAlH4 (1.0 g, 27 mmol) according to ester reduction 

procedure 3.6.13. Compound 28 (1.9 g, 68 % over 2 steps) was obtained as a yellow syrup 

by column chromatography over silica gel (EtOAc: hexane= 1:5). [∝]D
25 = +6  

(c 0.29, CHCl3); 1H NMR (400 MHz, CDCl3): δ 7.39-7.29 (15H, m, aromatic -CH), 5.01-

4.96, 4.80-4.71, 4.71-4.59 (6H, 3 dd, -CH2Ph), 4.42-4.40 (1H, d, H-1), 4.00-3.95 (1H, dt, 

∝CH2a), 3.83-3.76 (3H, m, H-6a, -CH2OH), 3.70-3.65 (1H, m, H-6b), 3.61- 3.52 (5H, m, 

H-4, H-2, -OCH2CH2OH, ∝CH2b), 3.48-3.44 (1H, dd~t, H-3), 3.42-3.38 (1H, m, H-5), 

1.72-1.65 (2H, m, βCH2), 1.45-1.29 (18H, m, bulk –CH2), 0.93-0.90 (3H, t, -CH3);  

3J1,2= 8.0, 3J2,3= 9.0, 3J4,5= 9.0, 3J5,6a= 5.0,  3J5,6b= 3.0, 2J6a,6b= 11.0 Hz; 13C NMR   

(100 MHz, CDCl3): δ  138.4, 138.2, 138.0 (aromatic-C), 128.42, 128.38, 128.37, 128.2, 

128.1, 127.9, 127.8, 127.7 (aromatic -CH), 103.7 (C-1), 84.2 (C-4), 82.4 (C-3), 78.4 (C-

2), 75.7 (-CH2Ph), 74.9 (C-5), 74.7 (-CH2Ph), 74.1 (C-6), 73.6  

(-CH2Ph), 70.2 (∝CH2), 69.0 (-CH2OH), 62.6 (-OCH2CH2OH), 31.9, 29.8, 29.70, 29.65, 

29.6, 29.5, 29.4, 26.2 (βCH2, bulk –CH2), 22.7 (ω-1), 14.1 (ω). 
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Dodecyl 2,3,6-tri-O-benzyl-4-O-(2-tosyloxyethyl)-β-D-glucopyranoside (29) 

 

 To a solution of compound 28 (0.40 g, 0.60 mmol) in THF (30 mL) NaH  

(60 % suspension in paraffin oil) (50 mg, 1.3 mmol) was added. After 15 minutes of 

stirring, TsCl (0.20 g, 1.0 mmol) was added at 0 °C and the mixture was left for overnight 

stirring at room temperature.  THF was evaporated after quenching the reaction with 

CH3OH (3 mL), followed by extraction with CH2Cl2 versus H2O. The organic layer was 

dried over MgSO4 and the solvent was evaporated. Compound 29 (0.20 g, 41 %) was 

obtained as a light yellow syrup by column chromatography (EtOAc: hexane= 1:9). 

[∝]D
25 = +11 (c 0.07, CHCl3);  1H NMR (400 MHz, CDCl3): δ 7.75-7.73 (2H, d, tosyl-), 

7.35-7.26 (17H, m, tosyl-, aromatic –CH), 4.97-4.53 (6H, 3 dd, -CH2Ph), 4.36-4.34 (1H, 

d, H-1), 4.01-3.89 (4H, mc, -CH2OTs, ∝CH2a, H-6a ), 3.73-3.63 (3H, m, -CH2CH2OTs,  

H-6b), 3.56-3.48 (2H, m, ∝CH2b, H-4), 3.41-3.36 (2H, m, H-3, H-2), 3.33-3.29 (1H, m, 

H-5), 2.44 (3H, s, CH3 of tosyl), 1.67-1.64 (2H, m, βCH2), 1.41-1.27 (18H, m, bulk-CH2), 

0.92-0.89 (3H, t, -CH3); 3J1,2= 8.0, 3J3,4= 9.0, 3J4,5= 9.0 Hz; 13C NMR (100 MHz, CDCl3): 

δ 144.7, 138.54, 138.46, 138.3, 133.1 (aromatic -C), 129.8, 128.34, 128.31, 128.1, 127.95, 

127.85, 127.8, 127.7, 127.59, 127.55 (aromatic -CH), 103.7 (C-1), 84.3  

(C-4), 82.2 (C-3), 78.2 (C-2), 75.5, 74.7 (-CH2Ph), 74.6 (C-5), 73.4 (-CH2Ph), 70.2 (C-

6), 70.1 (∝CH2), 69.3 (-CH2OTs), 68.8 (-CH2CH2OTs), 31.9, 29.8, 29.7, 29.64, 29.61, 

29.5, 29.4, 26.2  (bulk-CH2, βCH2), 22.7 (ω-1), 21.6 (-CH3 of tosyl group), 14.1 (ω). 
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Dodecyl 2,3,6-tri-O-benzyl-4-O-(2-iodoethyl)-β-D-glucopyranoside (32) 

 

 To a solution of compound 28 (1.9 g, 2.9 mmol) in toluene (60 mL), I2  

(1.1 g, 4.3 mmol), PPh3 (1.1 g, 4.2 mmol) and imidazole (0.60 g, 8.8 mmol) were added 

in, following general procedure 3.6.14. Compound 32 (1.7 g, 77 %) was obtained as a 

yellow syrup by column chromatography over silica gel (EtOAc: hexane= 1:16).  

[∝]D
25 = +9 (c 0.27, CHCl3); 1H NMR (400 MHz, CDCl3): δ 7.27-7.18 (15H, m, aromatic-

CH), 4.89-4.48 (6H, m, -CH2Ph), 4.30-4.28 (1H, d, H-1), 3.94-3.85 (2H, m,  H-6a, 

αCH2a), 3.69-3.61 (3H, m, -OCH2CH2I, ∝CH2b), 3.51-3.41 (2H, m, H-4, H-6b), 3.39-

3.30 (3H, m, H-3, H-2, H-5), 3.02-2.92 (2H, m, -CH2I), 1.60-1.55 (2H, m, βCH2), 1.26-

1.18 (18H, m, bulk -CH2), 0.82-0.79 (3H, t, -CH3). 3J1,2=8.0, 3J3,4=9.0, 3J4,5=9.0, 

3J5,6a=6.0, 3J5,6b=4.0, 2J6a,6b=12.0 Hz; 13C NMR  (100 MHz, CDCl3): δ 138.52, 138.47, 

138.2 (aromatic -C), 128.42, 128.38, 128.2, 128.0, 127.9, 127.69, 127.65 (aromatic -CH), 

103.7 (C-1), 84.5 (C-4), 82.2 (C-3), 77.8 (C-2), 75.6, 74.8 (-CH2Ph), 74.6 (C-5), 73.5 (-

CH2Ph), 73.0 (αCH2), 70.2 (C-6), 68.7 (-OCH2CH2I),  32.0 (bulk CH2), 29.8, 29.71, 

29.67, 29.6, 29.5, 29.4, 22.6 (β-CH2, bulk CH2), 22.7 (ω-1), 14.2 (ω), 3.6 (-CH2I). 
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Dodecyl 2,3,6-tri-O-benzyl-4-O-(2-(1H-imidazol-1-yl)ethyl)-β-D-glucopyranoside 
(33) 

 

 A solution of imidazole (0.30 g, 4.4 mmol) in THF (30 mL) was treated with NaH 

(60 % suspension in paraffin oil) (0.18 g, 4.5 mmol) for an hour stirring at room 

temperature. Compound 32 (1.7 g, 2.2 mmol) was then added into the reaction mixture, 

following general procedure 3.6.1. Compound 33 (1.1 g, 69 %) was obtained as a yellow 

syrup by column chromatography (EtOAc: hexane= 1:1). [∝]D
25 = -15 (c 0.06, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 7.48 (1H, s, CH=N-CH), 7.25-7.14 (15H, m,  

aromatic -CH), 6.96 (1H, s, CH=N-CH), 6.72 (1H, s, CH=CH-N), 4.90-4.32 (6H, 3 dd,  

-CH2Ph), 4.30-4.28 (1H, d, H-1), 3.91-3.84 (2H, m, -OCH2aCH2, αCH2a, ), 3.79-3.76 

(2H, t, -CH2N), 3.57-3.52 (1H, m, -OCH2bCH2), 3.47-3.42 (3H, m, αCH2b, H-6a, H-4),  

3.38-3.32 (3H, m, H-6b, H-3, H-2), 3.24-3.20 (1H, m, H-5), 1.60-1.55 (2H, m, βCH2), 

1.21-1.17 (18H, m, bulk -CH2), 0.84-0.80 (3H, t, CH3); 3J1,2=8.0 Hz; 13C NMR (100 MHz, 

CDCl3): δ 138.6, 138.4, 138.2 (aromatic -C), 137.2 (CH=N-CH), 128.6, 128.5, 128.39, 

128.35, 128.1, 127.8, 127.73, 127.66, 127.6 (aromatic-CH, CH=N-CH), 119.4 (CH=CH-

N), 103.7 (C-1), 84.4 (C-4), 82.2 (C-3), 77.8 (C-2), 75.4, 74.7  

(-CH2Ph), 74.4 (C-5), 73.4 (-CH2Ph), 71.4 (∝CH2), 70.2 (-OCH2CH2N), 68.4  

(C-6), 47.6 (-CH2N), 31.9,  29.8, 29.70, 29.69, 29.64, 29.61, 29.5, 29.4, 26.2 (bulk-CH2, 

βCH2), 22.7 (ω-1), 14.1 (ω). 
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Dodecyl 2,3,6-tri-O-acetyl-4-O-(2-(1H-imidazol-1-yl)ethyl)-β-D-glucopyranoside (35) 

 

 Benzylated compound 33 (1.0 g, 1.4 mmol) was dissolved in CH3OH (100 mL). 

Conc. HCl (0.5 mL) and catalyst Pd/C (10 %, 30 mg) and the reaction was under H2 

atmosphere according to general procedure 3.6.11 to yield the crude compound 34. 

 Following general procedure 3.6.7, crude compound 34 was dissolved in pyridine 

(20 mL) in the presence of Ac2O (0.80 mL, 8.5 mmol). By column chromatography 

(EtOAc: acetone= 1:8) over silica gel, acetylated compound 35 (0.40 g, 50 %) was 

obtained as a yellow syrup. [∝]D
25 = -25 (c 0.49, CHCl3);  1H NMR (400 MHz, CDCl3): 

δ 8.04 (1H, s, CH=N-CH), 7.08 (1H, s, CH=N-CH), 6.97 (1H, s, CH=CH-N), 5.14-5.09 

( 1H, dd~t, H-3), 4.80-4.76 (1H, dd, H-2), 4.42-4.40 (1H, d, H-1), 4.24-4.20 (1H, dd,  

H-6a), 4.17-4.14 (2H, t, -CH2N), 4.01-3.97 (1H, dd, H-6b), 3.85-3.75 (3H, m, -OCH2CH2, 

αCH2a), 3.50-3.37 (3H, m, H-4,H-5, αCH2b), 2.05, 1.98, 1.92 (9H, 3s, Ac), 1.55-1.44 

(2H, m, βCH2), 1.21 (18H, m, bulk -CH2), 0.85-0.82 (3H, t, -CH3); 3J1,2=8.0, 3J2,3=9.5, 

3J3,4=9.5, 3J4,5=10.0, 3J5,6a=1.5,  3J5,6b=4.0, 2J6a,6b=12.0 Hz; 13C NMR (100 MHz, CDCl3): 

δ 170.4, 169.9, 169.5 (C=O), 136.9 (CH=N-CH), 126.5 (CH=N-CH), 119.8 (CH=CH-N), 

100.4 (C-1), 76.3 (C-4), 74.4 (C-3), 72.4 (C-5), 71.7 (C-2), 71.3  

(-OCH2CH2), 70.1 (αCH2), 62.2 (C-6), 47.7 (-CH2N), 31.8, 29.51, 29.47, 29.45, 29.24, 

29.19, 29.17, 25.7 (bulk -CH2, βCH2), 22.5 (ω-1), 20.73, 20.66, 20.5 (Ac), 14.0 (ω). 
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Dodecyl 4-O-[[1-(1-propyn-4,7-dioxa-nonyl)-3-ethyl]-imidazolium]-2,3,6-tri-O-

acetyl-β-D-glucopyranoside iodide (36) 

 

 Compound 35 (0.20 g, 0.35 mmol) and linker 6 (89 mg, 0.35 mmol) were both 

dissolved in toluene (4 mL) and heated to 90 °C with TLC monitoring according to 

general procedure 3.6.15 to yield compound 36 (0.26 g, 91 %) as a brown syrup.  

[∝]D
25 = -19 (c 0.60, CHCl3); 1H NMR (400 MHz, CDCl3): δ 9.96 (1H, s, CH=N-CH), 

7.51 (1H, s, CH=N-CH), 7.34 (1H, s, N-CH=CH-N), 5.20-5.15 (1H, dd~t, H-3), 4.87-

4.83 (1H, dd~t, H-2), 4.57-4.54 (2H, m, -CH2N+), 4.49-4.47 (1H, d, H-1), 4.28-4.19 (3H, 

m, H-6a, -CH2N), 4.12-4.08 (1H, dd, H-6b), 4.02-3.89 (4H, m, N+CH2CH2, NCH2CH2O), 

3.87-3.81 (1H, m, ∝CH2a), 3.79-3.62 (7H, mc, OCH2CH2OCH2C≣C, H-5),3.56-3.51 

(1H, dd~t, H-4), 3.48-3.42 (1H, m, ∝CH2b), 2.52 (1H, s, C≣CH), 2.13, 2.04, 2.02 (9H, 

3s, Ac), 1.55 (2H, bs, βCH2), 1.26 (18H, bs, bulk -CH2), 0.90-0.87 (3H, t, CH3); 3J1,2=8.5, 

3J2,3=9.0, 3J3,4=9.0, 3J4,5=9.0, 3J5,6a=2.0,  3J5,6b=5.0, 2J6a,6b=11.0 Hz; 13C NMR (100 MHz, 

CDCl3): δ 170.7, 170.1, 169.3 (C=O), 136.7 (CH=N-CH), 122.9 (CH=N-CH), 122.4 

(CH=CH-N), 100.3 (C-1), 79.3 (C≣CH), 76.0 (C-4), 75.0 (C≣CH), 74.5 (C-3), 72.2 (C-

5), 71.6 (C-2), 70.1, 70.03, 69.95, 68.8, 68.4 (-CH2CH2N+,  

-CH2CH2O, ∝CH2, -OCH2CH2OCH2C≣C), 62.2 (C-6), 58.3 (-CH2N), 49.8  

(-CH2N+), 31.78/ 31.74, 31.0, 30.7, 29.97/ 29.93, 29.61/ 29.58, 29.5, 29.24/ 29.22, 26.7, 

26.6, 26.5, 26.4 (bulk -CH2), 22.6 (ω-1), 21.0, 20.9, 20.5 (Ac), 13.9 (ω). 
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Dodecyl 4-O-[[1-(1-propyn-4,7-dioxa-nonyl)-3-ethyl]-imidazolium]β-D-

glucopyranoside iodide (37) 

 

 Following general procedure 3.6.5, compound 36 (0.20 g, 0.24 mmol) was 

deacetylated in CH3OH (5 mL) to provide compound 37 (0.16 g, 96 %) as a brown syrup. 

IR [neat] ν/cm-1 3391 (OH), 2923, 2854 (CH), 2107 (C≡C). [∝]D
25 = -8 (c 0.15, CH3OH);   

1H NMR (400 MHz, CD3OD): δ 9.13 (1H, s, CH=N-CH), 7.75 (2H, s, CH=CH-N), 4.53-

4.51 (4H, m, -CH2N+, -CH2N), 4.31-4.29 (1H, d, H-1), 4.26 (3H, bs, CH2C≡C,                         

-CH2CH2N+), 4.12-4.08 (1H, m, -CH2CH2N+), 3.96-3.90 (3H, m, -CH2CH2N, ∝CH2a), 

3.76-3.73 (5H, H-6a, -OCH2CH2O), 3.62-3.52 (3H, m, H-6b, ∝CH2b, H-3) 3.40-3.33 (2H, 

m, H-4, H-5), 3.25-3.21 (1H, dd~t, H-2), 2.98 (1H, bs, C≡CH), 1.69-1.64 (2H, m, βCH2), 

1.36 (18H, bs, bulk -CH2), 0.98-0.95 (3H, t, -CH3); 3J1,2=8.0, 3J2,3=9.0 Hz; 13C NMR (100 

MHz, CD3OD): δ 138.4 (CH=N-CH), 124.1 (CH=N-CH), 124.0 (CH=CH-N), 104.3 (C-

1), 80.8 (C≡CH), 79.7 (C-4), 77.9 (C-3), 76.7 (C-5), 76.4 (C≡CH), 75.5 (C-2), 71.2 (2) 

(∝CH2, -CH2CH2N+), 71.1, 70.2 (-OCH2CH2O), 69.9 (-CH2CH2N), 62.1 (C-6), 59.2 (-

CH2C≡CH), 51.5 (-CH2N), 51.0 (-CH2N+), 33.2, 30.9, 30.8, 30.7, 30.6, 27.2, 27.0 (bulk 

CH2, βCH2), 23.8 (ω-1), 14.6 (ω). HRDARTMS: Calcd. for [M]+  [C30H53N2O8]+ 

569.3802; found 569.3807. 
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2-Hexyl-decyl 4,6-O-benzylidene-β-D-glucopyranoside (38a) 

 

 A solution of glucoside 9 (3.8 g, 9.4 mmol), PhCH(OCH3)2 (3.4 mL, 23 mmol) 

and p-TsOH·H2O (0.10 g) in CH2Cl2 (70 mL) was stirred at room temperature following 

the general procedure 3.6.8. Compound 38a (4.0 g, 87 %) was obtained as a light yellow 

syrup by column chromatography (EtOAc: hexane = 1:4) with a trace amount of 

benzaldehyde impurity. [∝]D
25 = -34 (c 0.57, CHCl3);  1H NMR (400 MHz, CDCl3): δ  

7.52-7.37 (5H, m, aromatic -CH), 5.55 (1H, s, -CHPh), 4.38-4.34 (2H, m, H-1, H-6eq), 

3.86-3.78 (3H, m, H-6ax, H-3, -OCH2a-CH ), 3.60-3.39 (4H, m, H-5, H-4, H-2,  

-OCH2b-CH), 1.63 (1H, bs, -OCH2CH), 1.28 (24H, m, bulk -CH2), 0.91-0.88 (6H, t,  

-CH3); 3J1,2=8.0, 3J2,3=10.0, 3J3,4=10.0, 3J4,5=5.0, 3J5,6ax=10.0, 3J5,6eq=5.0, 2J6=11.0 Hz;  

13C NMR (100 MHz, CDCl3): δ 134.0 (aromatic -C), 129.3, 128.3, 126.3 (aromatic  

-CH), 103.5 (C-1), 101.9 (-CHPh), 80.6 (C-4), 74.7 (C-2), 73.7 (-OCH2CH), 73.1 (C-3), 

68.7 (C-6), 66.4 (C-5), 38.2 (-OCH2CH), 31.90, 31.85/ 31.84, 31.23, 31.15, 30.0, 29.7, 

29.60/ 29.58, 29.3, 26.74/ 26.70 (bulk -CH2), 22.7 (ω-1), 14.1 (ω). 

  

Univ
ers

ity
 of

 M
ala

ya



143 

2-Butyl-octyl 4,6-O-benzylidene-β-D-glucopyranoside (38b) 

 

 Glucoside 10 (2.7 g, 7.7 mmol) was dissolved in CH2Cl2 (50 mL), followed by 

addition of PhCH(OCH3)2 (2.8 mL, 19 mmol) and p-TsOH·H2O (0.10 g) according to 

general procedure 3.6.8. Compound 38b (2.4 g, 71 %) was obtained as a light yellow 

syrup by column chromatography (EtOAc: hexane = 1:4) with a trace amount of 

benzaldehyde impurity. [∝]D
25 = -37 (c 0.22, CHCl3);  1H NMR (400 MHz, CDCl3): δ 

10.04 (1H, s, CHO impurity), 7.91-7.37 (> 5H, m, aromatic -CH), 5.55 (1H, s, -CHPh), 

4.38-4.34 (2H, m, H-1, H-6eq), 3.87-3.78 (3H, m, H-3, -OCH2a-CH, H-6ax),3.60-3.39 

(4H, m, H-4, H-2, -OCH2b-CH, H-5), 1.63 (1H, bs, -OCH2CH), 1.28-1.27 (16H, m, bulk  

-CH2), 0.91-0.88 (6H, t, -CH3); 3J1,2=8.0, 3J2,3=9.5, 3J3,4=9.5, 3J4,5=9.5, 3J5,6ax= 10.0, 

3J5,6eq= 3.5, 2J6=11.0 Hz; 13C NMR (100 MHz, CDCl3): δ 136.9 (aromatic -C), 129.8, 

129.3, 129.0, 128.3, 126.3 (aromatic -CH), 103.5 (C-1), 101.9 (-CHPh), 80.6 (C-4), 74.7 

(C-2), 73.7 (-OCH2CH), 73.1 (C-3), 68.7 (C-6), 66.4 (C-5), 38.2 (-OCH2CH), 31.8, 31.2, 

31.1, 30.9, 30.8, 29.7, 28.9, 26.69, 26.67, 23.0 (bulk -CH2), 22.7 (ω-1), 14.1 (CH3). 
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2-Hexyl-decyl 2,3,6-tri-O-benzyl-β-D-glucopyranoside (40a) 

 

 Compound 38a (3.8 g, 7.7 mmol) was treated with NaH (60 % suspension in 

paraffin oil) (1.2 g, 30 mmol) in DMF (60 mL), followed by addition of BnBr (2.7 mL, 

23 mmol) according to general procedure 3.6.9. The crude material 39a was directly 

subjected to a selective opening of the benzylidene acetal using Et3SiH (7.5 mL, 46 mmol) 

and TFA (3.6 mL, 47 mmol) in CH2Cl2 (70 mL). Compound 40a (3.0 g, 58 % over 2 

steps) was obtained as a colourless syrup by following the general procedure 3.6.10 and 

a column chromatography (EtOAc: hexane= 1:7). [∝]D
25 = -22 (c 0.25, CHCl3);  1H NMR 

(400 MHz, CDCl3): δ 7.37-7.29 (15H, m, aromatic -CH), 4.99-4.92, 4.74-4.70, 4.64-4.57 

(6H, 3 dd, -CH2Ph ), 4.40-4.39 (1H, d, H-1), 3.90-3.86 (1H, dd, -OCH2a-CH), 3.80-3.77 

(1H, dd, H-6a), 3.73-3.69 (1H, dd, H-6b), 3.62-3.58 (1H, dd~t, H-3), 3.49-3.42 (3H, m,  

-OCH2b-CH, H-4, H-5), 3.40-3.36 (1H, dd, H-2), 1.63 (1H, bs, -OCH2CH), 1.25 (24H, 

bs, bulk -CH2), 0.90-0.87 (6H, t, -CH3); 3J1,2= 8.0, 3J3,4= 9.0, 3J4,5= 9.0, 3J5,6a= 4.0, 3J5,6b= 

6.0, 2J6a,6b= 11.0 Hz; 13C NMR (100 MHz, CDCl3): δ 138.8, 138.7, 138.4,  138.0 (aromatic 

-C), 128.5, 128.4, 128.3, 128.04, 127.95, 127.8, 127.69, 127.67, 127.6 (aromatic -CH), 

103.9 (C-1), 84.1 (C-4), 81.7 (C-2), 75.3, 74.7 (-CH2Ph), 74.0  (C-5), 73.7 (-CH2Ph), 73.0 

(-OCH2CH), 71.4 (C-3), 70.4 (C-6), 38.4 (-OCH2CH), 31.9, 31.4, 31.3, 30.1, 29.7, 29.66/ 

29.64, 29.4, 27.0, 26.9, 26.8, 26.7 (bulk   -CH2), 22.7 (ω-1), 14.1 (ω). 
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2-Butyl-octyl 2,3,6-tri-O-benzyl--β-D-glucopyranoside (40b) 

 

 Compound 38b (2.3 g, 5.3 mmol) was treated with NaH (60 % suspension in 

paraffin oil) (0.90 g, 23 mmol) in DMF (50 mL) and BnBr (1.9 mL, 16 mmol) afterwards 

following the general procedure 3.6.9. The crude 39b was used for the subsequent 

selective opening of the benzylidene acetal by treating it with Et3SiH (5.2 mL, 32 mmol) 

and TFA (2.5 mL, 32 mmol) in CH2Cl2 (50 mL) according to the general procedure 

3.6.10. Compound 40b (1.4 g, 42 %) was obtained as a colourless solid by column 

chromatography (EtOAc: hexane= 1:7). [∝]D
25 = -18 (c 0.20, CHCl3);  1H NMR  

(400 MHz, CDCl3): δ 7.37-7.29 (15H, m, aromatic -CH), 4.99-4.92, 4.74-4.71, 4.64-4.57 

(6H, 3 dd, -CH2Ph), 4.40-4.39 (1H, d, H-1), 3.90-3.87 (1H, dd, -OCH2a-CH), 3.80-3.77 

(1H, dd, H-6a), 3.73-3.69 (1H, dd, H-6b), 3.62-3.57 (1H, dd, H-3), 3.49-3.36 (4H, m,  

H-4, H-5, H-2, -OCH2b-CH), 1.64-1.61 (1H, m, -OCH2CH), 1.29-1.25 (16H, m, bulk -

CH2), 0.88-0.87 (6H, t, -CH3); 3J1,2= 8.0, 3J3,4= 9.0, 3J4,5= 9.0, 3J5,6a= 4.0, 3J5,6b= 5.5,  

2J6a,6b= 11.0 Hz; 13C NMR (100 MHz, CDCl3): δ 138.8, 138.7, 138.4, 138.0 (aromatic -

C), 128.5, 128.4, 128.3, 128.1, 127.9, 127.8, 127.68, 127.66, 127.6 (aromatic -CH), 103.9 

(C-1), 84.1 (C-4), 81.7 (C-2), 75.2, 74.7 (-CH2Ph), 74.0 (C-5), 73.7 (-CH2Ph), 73.0 (-

OCH2CH), 71.7 (C-3), 70.4 (C-6), 38.3 (-OCH2CH), 31.9, 31.37/ 31.31, 31.06/ 30.98, 

29.7, 29.16/ 28.96, 26.94/ 26.71, 23.0 (bulk -CH2), 22.7 (ω-1) 14.1 (ω). 
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2-Hexyl-decyl 2,3,6-tri-O-benzyl-4-O-(2-iodoethyl)-β-D-glucopyranoside (43a) 

 

 A mixture containing compound 40a (2.9 g, 4.3 mmol), 50 % NaOH (aq) (40 mL), 

toluene (60 mL), TBAB (1.4 g, 4.3 mmol) and BrCH2COOtBu (1.3 mL, 8.7 mmol) was 

treated according to general procedure 3.6.12. Crude material 41a was obtained a yellow 

syrup and it was subjected to a reduction using LiAlH4 (0.40 g, 11 mmol) in THF  

(70 mL), according to general procedure 3.6.13 to provide crude 42a as a yellow syrup. 

The mixture of crude 42a, I2 (1.7 g, 6.7 mmol), PPh3 (1.6 g, 6.1 mmol) and imidazole 

(0.90 g, 13 mmol) in toluene (50 mL) was heated to 50 o C, following general procedure 

3.6.14. Compound 43a (2.1 g, 59 % over 3 steps) was obtained as a light yellow syrup 

after chromatography over silica gel (EtOAc: hexane= 1:12). [∝]D
25 = +6 (c 0.42, CHCl3);   

1H NMR (400 MHz, CDCl3): δ 7.33-7.27 (15H, m, aromatic -CH), 4.96-4.55 (6H, 3 dd,            

–CH2Ph), 4.34-4.32 (1H, d, H-1), 3.97-3.96 (1H, m, -OCH2a-CH), 3.88-3.86 (1H, dd,H-

6a), 3.75-3.69 (3H, m, -OCH2CH2I, -OCH2b-CH), 3.57-3.53 (1H, dd~t, H-4), 3.45-3.36 

(4H, m, H-6b, H-3, H-2, H-5), 3.05-3.02 (2H, m, -CH2I), 1.79 (1H, bs, -OCH2CH), 1.41-

1.23 (24H, m, bulk -CH2), 0.86 (6H, bs, -CH3); 3J1,2= 7.5, 3J2,3= 9.0, 3J3,4= 9.0  Hz; 

 13C NMR (100 MHz, CDCl3): δ 138.6, 138.5, 138.2 (aromatic -C), 128.34, 128.29, 128.0, 

127.9, 127.8, 127.6 (aromatic -CH), 103.9 (C-1), 84.4 (C-4), 82.2 (C-5), 77.9 (C-2), 75.5 

(-CH2Ph), 74.69 (C-3), 74.67 (-CH2Ph), 73.5 (-CH2Ph), 73.0 (-OCH2CH), 72.9 (C-6), 

68.7 (OCH2CH2I), 38.4 (-OCH2CH), 31.9, 31.4, 31.3, 30.1, 29.7, 29.66/ 29.63, 29.3, 

26.98, 26.94, 26.8, 26.7 (bulk -CH2), 22.7 (ω-1), 14.1 (ω), 3.5 (CH2I). 

  

Univ
ers

ity
 of

 M
ala

ya



147 

2-Butyl-octyl 2,3,6-tri-O-benzyl-4-O-(2-iodoethyl)-β-D-glucopyranoside (43b) 

 

 A solution of 40b (1.3 g, 2.1 mmol) in toluene (30 mL) was treated with 50 % 

NaOH (aq) (20 mL), TBAB (0.70 g, 2.2 mmol) and BrCH2COOtBu (0.60 mL, 4.1 mmol) 

were added slowly following the general procedure 3.6.12, to furnish a yellow syrup 41b, 

which was subjected to a reduction using LiAlH4 (0.16 g, 4.2 mmol) in THF (40 mL), 

according to general procedure 3.6.13 to provide crude 42b as a yellow syrup. The 

mixture of compound 42b, I2 (0.80 g, 3.2 mmol), PPh3 (0.80 g, 3.1 mmol) and imidazole 

(0.40 g, 5.9 mmol) in toluene (30 mL) was heated to 50 o C following general procedure 

3.6.14. Compound 43b (0.90 g, 55 % over 3 steps) was obtained as a light yellow syrup 

after chromatography over silica gel (EtOAc: hexane= 1:16). [∝]D
25 = +9 (c 0.49, CHCl3);  

1H NMR (400 MHz, CDCl3): δ 7.33-7.23 (15H, m, aromatic -CH), 4.95-4.54 (6H, m,        

–CH2Ph), 4.34-4.32 (1H, d, H-1), 3.99-3.93 (1H, m, -OCH2a-CH), 3.89-3.85 (1H, dd,                         

H-6a), 3.75-3.68 (3H, m-, -OCH2CH2I, -OCH2b-CH), 3.57-3.53 (1H, dd~t, H-4), 3.45-

3.34 (4H, m, H-6b,  H-3, H-2, H-5), 3.08-2.99 (2H, m, CH2I), 1.60-1.59 (1H, m,  

-OCH2CH), 1.27-1.23 (16H, m, bulk -CH2), 0.86-0.85 (6H, t~bs, -CH3); 3J1,2=8.0, 

3J2,3=9.0, 3J3,4=9.0, 3J5,6a=5.0, 2J6a,6b=9.5 Hz; 13C NMR (100 MHz, CDCl3): δ 138.5, 

138.4, 138.2 (aromatic-C), 128.33, 128.29, 128.0, 127.9, 127.8, 127.6  

(aromatic -CH), 103.9 (C-1), 84.4 (C-4), 82.2 (C-5), 77.8 (C-2), 75.5 (-CH2Ph), 74.68 (-

CH2Ph), 74.65 (C-3), 73.5 (-CH2Ph), 73.0 (-OCH2CH), 72.8 (C-6), 68.7 

(-OCH2CH2I), 38.3 (-CH2I), 31.9, 31.3, 31.05/ 31.00, 29.7, 29.2, 29.0, 26.9, 26.7, 23.0 

(bulk -CH2),  22.7 (ω-1),14.1 (ω), 3.5 (CH2I). 
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2-Hexyl-decyl 2,3,6-tri-O-benzyl-4-O-(2-(1H-imidazol-1-yl)ethyl)-β-D 

glucopyranoside (44a) 

 

 To a mixture of imidazole (0.30 g, 4.4 mmol) and NaH (60 % suspension in 

paraffin oil) (0.20 g, 5.0 mmol) in THF (25 mL), iodo-compound 43a (1.9 g, 2.3 mmol) 

was added according to general procedure 3.6.1. Compound 44a (1.2 g, 68 %) was 

obtained as a light yellow syrup by column chromatography (EtOAc: hexane= 2:3).  

1H NMR (400 MHz, CDCl3): δ 7.58 (1H, s, CH=N-CH), 7.36-7.20 (15H, m, aromatic  

-CH), 7.03 (1H, s, CH=N-CH), 6.80-6.79 (1H, t, CH=CH-N), 4.97-4.40 (6H,3 dd,  

-CH2Ph), 4.34-4.32 (1H, d, H-1), 3.98-3.93 (1H, m, -OCH2aCH2), 3.89-3.84 (3H, m,  

-OCH2a-CH, -CH2N), 3.65-3.60 (1H, m, -OCH2bCH2), 3.55-3.50 (2H, m, H-6a, H-4), 

3.45-3.34 (4H, m, H-2, H-3, H-6b, -OCH2b-CH), 3.31-3.28 (1H, m, H-5), 1.63-1.60 (1H, 

m, -OCH2CH), 1.43-1.24 (24H, m, bulk -CH2), 0.89-0.85 (6H, m, CH3); 3J1,2=8.0, 

3J2,3=9.0, 3J3,4=9.0, 3J4,5=9.0, 3J5,6a=2.0, 3J5,6b=6.0 2J6a,6b=12.0 Hz; 13C NMR (100 MHz, 

CDCl3): δ 138.5, 138.3, 138.1 (aromatic -C), 137.2 (N=CH-N), 128.22, 128.20, 127.9, 

127.63, 127.58, 127.5 (aromatic -CH, CH=N-CH), 119.2 (CH=CH-N), 103.8 (C-1), 84.3 

(C-4), 82.0 (C-3), 77.7 (C-2), 75.2, 74.9 (-CH2Ph), 74.4 (C-5), 73.2  

(-CH2Ph), 72.7 (-OCH2CH), 71.3 (-OCH2CH2), 68.3 (C-6), 47.3 (-CH2N), 38.2 

(OCH2CH), 31.8, 31.2, 30.0, 29.6, 29.5, 29.2, 26.9, 26.8, 26.7, 26.6  

(bulk -CH2), 22.6 (ω-1), 14.0 (ω). 

 

  

Univ
ers

ity
 of

 M
ala

ya



149 

2-Butyl-octyl 2,3,6-tri-O-benzyl-4-O-(2-(1H-imidazol-1-yl)ethyl)-β-D-

glucopyranoside (44b) 

 

 In a mixture containing imidazole (0.13 g, 1.9 mmol) and NaH (60 % suspension 

in paraffin oil) (0.10 g, 2.5 mmol) in THF (25 mL), iodo-compound 43b (0.71 g,  

0.92 mmol) was added according to general procedure 3.6.1. Compound 44b (0.50 g, 76 

%) was obtained as a light yellow syrup after column chromatography  

(EtOAc: hexane= 2:3). 1H NMR (400 MHz, CDCl3): δ 7.56 (1H, s, CH=N-CH), 7.37-

7.21 (15H, m, aromatic-CH), 7.04-7.03 (1H, t, CH=N-CH), 6.80 (1H, t, CH=CH-N), 4.98-

4.88 (2H, dd, CH2Ph), 4.70-4.57 (2H, dd, CH2Ph), 4.52-4.41 (2H, dd, CH2Ph), 4.35-4.33 

(1H, d, H-1), 3.98-3.94 (1H, m, -OCH2aCH2), 3.89-3.85 (3H, m, -OCH2aCH, -CH2N), 

3.66-3.61 (1H, m, -OCH2bCH2), 3.55-3.51 (2H, m, H-6a, H-4), 3.4-3.35 (4H, m, H-2,  

H-3, H-6b, -OCH2CH), 3.32-3.28 (1H, m, H-5), 1.62-1.61 (1H, m, -OCH2CH), 1.44-1.25 

(16H, m, bulk -CH2), 0.89-0.85 (6H, m, -CH3); 3J1,2=8.0, 3J2,3=9.0, 3J3,4=9.0, 3J4,5=9.0, 

3J5,6a=2.5, 3J5,6b=5.0 2J6a,6b=12.0 Hz; 13C NMR (100 MHz, CDCl3): δ 138.4, 138.2, 138.0 

(aromatic -C), 137.2 (CH=N-CH), 128.3, 128.2, 128.1, 127.8, 127.6, 127.5, 127.4 

(aromatic-CH, CH=N-CH), 119.1 (CH=CH-N), 103.7 (C-1), 84.2 (C-4), 81.9 (C-3), 77.7 

(C-2), 75.2, 74.4 (-CH2Ph), 74.3 (C-5), 73.2 (-CH2Ph), 72.6 (-OCH2CH), 71.3 (-

OCH2CH2), 68.2 (C-6), 47.2 (-CH2N), 38.1 (OCH2CH), 31.7, 31.2, 30.88/ 30.84, 29.5, 

28.97/ 28.80, 26.76/ 26.54, 22.9 (bulk -CH2), 22.5 (ω-1), 13.9 (ω). 
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2-Hexyl-decyl 2,3,6-tri-O-acetyl-4-O-(2-(1H-imidazol-1-yl)ethyl)-β-D-

glucopyranoside (46a) 

 

 Benzylated compound 44a (1.0 g, 1.3 mmol) was dissolved in CH3OH (100 mL). 

Conc. HCl (1.0 mL) and catalyst Pd/C (10 %, 30 mg) were added and the reaction was 

under H2 atmosphere according to general procedure 3.6.11 to furnish crude compound 

45a, which was then dissolved in pyridine (30 mL) and treated with Ac2O (1.5 mL, 16 

mmol) according to general procedure 3.6.7. Acetylated compound 46a (0.55 g, 68 % 

over 2 steps) was obtained as a yellow syrup by column chromatography (EtOAc: acetone 

1:8) over silica gel. [∝]D
25 = -24 (c 0.24, CHCl3); 1H NMR (400 MHz, CDCl3): δ 8.27  

(< 1H, s, CH=N-CH), 7.16 (1H, s, CH=N-CH), 7.02 (1H, s, CH=CH-N), 5.18-5.13 (1H, 

dd~t,, H-3), 4.87-4.82 (1H, dd~t, H-2), 4.42-4.40 (1H, d, H-1), 4.29-4.21 (3H, m, H-6a,  

-CH2N), 4.10-4.04 (1H, m, H-6b), 3.90-3.75 (3H, m, -OCH2CH2, -OCH2a-CH), 3.51-3.49 

(2H, m, H-4, H-5), 3.29-3.25 (1H, dd, -OCH2b-CH), 2.10, 2.01, 1.97 (9H, 3 s, Ac), 1.53 

(1H, bs, -OCH2CH), 1.25-1.23 (24H, m, bulk -CH2), 0.90-0.86 (6H, t, -CH3); 3J1,2=8.0, 

3J2,3=9.0, 3J3,4=9.0, 2J6a,6b=12.5 Hz; 13C NMR (100 MHz, CDCl3): δ 170.5, 170.0, 169.5 

(C=O), 137.0 (CH=N-CH), 127.1 (CH=N-CH), 119.7 (CH=CH-N), 100.8 (C-1), 76.4 (C-

4), 74.5 (C-3), 73.1 (-OCH2CH), 72.4 (C-5), 71.8 (C-2), 71.3 (-OCH2CH2), 62.3 (C-6), 

47.7 (-CH2N), 37.9 (-OCH2CH), 31.82, 31.78, 31.0, 30.8, 30.01, 29.97, 29.65/ 29.6, 29.5, 

29.28/ 29.26, 26.73/ 26.67, 26.54/ 26.49 (bulk -CH2), 22.6 (ω-1), 20.8, 20.7, 20.5 (3 Ac), 

14.0 (ω). 
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2-Butyl-octyl 2,3,6-tri-O-acetyl-4-O-(2-(1H-imidazol-1-yl)ethyl)-β-D-

glucopyranoside (46b) 

 

 Benzylated compound 44b (0.30 g, 0.42 mmol) was dissolved in CH3OH (100 

mL). Conc. HCl (1.0 mL) and catalyst Pd/C (10 %, 30 mg) were added. The reaction was 

under H2 atmosphere according to general procedure 3.6.11 to furnish a yellow syrup 45b, 

which was then dissolved in pyridine (20 mL) and treated with Ac2O (0.50 mL, 5.3 mmol) 

according to general procedure 3.6.7. Acetylated compound 46b (0.17 g, 71 % over 2 

steps) was obtained as a yellow syrup by column chromatography (EtOAc: acetone 1:8) 

over silica gel. [∝]D
25 = -17 (c 0.05, CHCl3); 1H NMR (400 MHz, CDCl3): δ 7.54 (1H, s, 

N=CH-N), 7.03 (1H, s, CH=CH-N), 6.89 (1H, s, CH=CH-N), 5.16-5.11 (1H, dd~t,, H-3), 

4.84-4.79 (1H, dd~t, H-2), 4.40-4.38 (1H, d, H-1), 4.25-4.22 (1H, dd~d, H-6a), 4.06-4.04 

(2H, t, -CH2N), 4.02-3.98 (1H, dd, H-6b), 3.82-3.73 (3H, m, CH2O, -OCH2a-CH), 3.48-

3.43 (2H, m, H-4, H-5), 3.27-3.23 (1H, dd, -OCH2b-CH), 2.07, 1.99, 1.93 (9H, 3 s, Ac), 

1.50 (1H, bs, -OCH2CH), 1.27-1.21 (16H, m, bulk -CH2), 0.87-0.84 (6H, t, CH3); 

3J1,2=8.0, 3J2,3=9.0, 3J3,4=9.0, 2J6a,6b=12.5 Hz; 13C NMR (100 MHz, CDCl3): δ 170.5, 

170.0, 169.5 (C=O), 137.0 (N=CH-N), 127.1 (CH=CH-N), 119.7 (CH=CH-N), 100.8 (C-

1), 76.4 (C-5), 74.5 (C-3), 73.1 (-OCH2CH), 72.4 (C-4), 71.8 (C-2), 71.3 (CH2O), 62.3 

(C-6), 47.7 (CH2N), 37.9 (OCH2CH), 31.82, 31.78, 31.0, 30.8, 30.01, 29.97, 29.7, 29.6, 

29.5, 29.28, 29.26, 26.73, 26.67, 26.54 (bulk CH2), 26.49 (γ), 22.6 (ω-1), 20.8, 20.7, 20.5 

(3 Ac), 14.0 (ω). 
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2-Hexyl-Decyl 4-O-[[1-(1-propyn-4,7-dioxa-nonyl)-3-ethyl]-imidazolium]-2,3,6-tri-

O-acetyl-β-D-glucopyranoside iodide (47a) 

 

 Compounds 46a (0.50 g, 0.80 mmol) and 6 (0.20 g, 0.80 mmol) were dissolved in 

toluene (3 mL) and treated according to general procedure 3.6.15, furnishing compound 

47a (0.60 g, 85 %) as a brown syrup. [∝]D
25 = -15 (c 1.21, CHCl3); 1H NMR  

(400 MHz, CDCl3): δ 9.39 (1H, s, CH=N-CH), 7.63 (1H, s, CH=N-CH), 7.55 (1H, s, 

CH=CH-N), 5.06-5.02 (1H, dd~t, H-3), 4.75-4.70 (1H, dd~t, H-2), 4.49-4.48 (2H, m,  

-CH2N+), 4.35-4.33 (1H, d, H-1), 4.17-4.11 (3H, m, H-6a, -CH2N), 4.04-4.00 (1H, dd,  

H-6b), 3.92-3.85 (4H, mc, N+CH2CH2, NCH2CH2O), 3.69-3.56 (8H, m, -OCH2a-CH, 

OCH2CH2OCH2C≡C, H-5), 3.46-3.41 (1H, dd~t, H-4), 3.18-3.14 (1H, dd, -OCH2b-CH), 

2.54 (1H, s, C≡CH), 2.02, 1.92, 1.90 (9H, 3 s, Ac), 1.42 (1H, bs, -OCH2CH), 1.15-1.13 

(24H, m, bulk -CH2), 0.79-0.76 (6H, t, -CH3); 3J1,2=9.0, 3J2,3=9.5, 3J3,4=9.5, 3J4,5=9.5, 

3J5,6b=4.0, 2J6a,6b=12.0 Hz; 13C NMR (100 MHz, CDCl3): δ 170.5, 169.9, 169.0 (C=O), 

136.8 (CH=N-CH), 122.8 (CH=N-CH), 122.3 (CH=CH-N), 100.5 (C-1), 79.2 (C≡CH), 

75.8 (C-4), 74.9 (C≡CH), 74.3 (C-3), 72.8 (-OCH2CH), 72.0 (C-5), 71.4 (C-2), 69.9, 69.8, 

68.7, 68.6, 68.3 (N+CH2CH2, NCH2CH2O, OCH2CH2OCH2C≡C), 62.1 (C-6), 58.1 

(NCH2), 49.6 (CH2N+), 37.6 (OCH2CH), 31.52, 31.48, 30.7, 30.5, 29.71, 29.66, 29.4, 

29.3, 29.2, 28.97/ 28.96, 26.42/ 26.36, 26.23 (bulk CH2), 26.18 (γ), 22.3 (ω-1), 20.9, 20.8, 

20.3 (3 Ac), 13.8 (ω). 
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2-Butyl-octyl 4-O-[[1-(1-propyn-4,7-dioxa-nonyl)-3-ethyl]-imidazolium]-2,3,6-tri-

O-acetyl-β-D-glucopyranoside iodide (47b) 

 

 Compounds 46b (0.13 g, 0.23 mmol) and 6 (58 mg, 0.23 mmol) were dissolved 

in toluene (5 mL) and treated according to general procedure 3.6.15, furnishing compound 

47b (0.18 g, 95 %) as a brown syrup. [∝]D
25 = -18 (c 0.16, CHCl3); 1H NMR  

(400 MHz, CDCl3): δ 9.91 (1H, s, CH=N-CH), 7.52 (1H, s, CH=N-CH), 7.43 (1H, s, 

CH=CH-N), 5.18-5.13 (1H, dd~t, H-3), 4.87-4.82 (1H, dd~t, H-2), 4.56-4.54 (2H, m, 

CH2N+), 4.45-4.43 (1H, d, H-1), 4.27-4.20 (3H, m, H-6a, -CH2N), 4.11-4.07 (1H, dd,  

H-6b), 4.02-3.91 (4H, m, N+CH2CH2, NCH2CH2O), 3.79-3.69 (7H, m, -OCH2a-CH, 

OCH2CH2OCH2C≡C), 3.66-3.60 (1H, m, H-5) 3.55-3.50 (1H, dd~t, H-4), 3.29-3.25 (1H, 

m, -OCH2b-CH), 2.53-2.51 (1H, t, C≡CH), 2.13, 2.03, 2.00 (9H, 3 s, Ac), 1.52 (1H, bs,  

-OCH2CH), 1.23 (16H, m, bulk -CH2), 0.89-0.86 (6H, t, CH3); 3J1,2=8.0, 3J2,3=9.5, 

3J3,4=9.5, 3J4,5=9.5, 3J5,6b=2.0, 3J5,6b=4.0, 2J6a,6b=12.0 Hz; 13C NMR (100 MHz, CDCl3):  

δ 170.9, 170.3, 169.3 (C=O), 137.2 (CH=N-CH), 122.9 (CH=N-CH), 122.4 (CH=CH-N), 

100.8 (C-1), 76.3 (C-4), 75.0 (C≡CH), 74.6 (C-3), 73.1 (-OCH2CH), 72.4 (C-5), 71.7 (C-

2), 70.2, 70.0, 69.1, 68.9, 68.6 (N+CH2CH2, NCH2CH2O, OCH2CH2OCH2C≡C), 62.3 (C-

6), 58.4 (-CH2N), 50.0 (CH2N+), 37.9 (-OCH2CH), 31.8, 31.1, 30.9, 30.7, 30.5, 29.69, 

29.66, 28.9, 28.8, 26.7, 26.6, 23.0 (bulk -CH2), 22.6 (ω-1), 21.2, 21.0, 20.6 (Ac), 14.1 (ω). 
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2-Hexyl-decyl 4-O-[[1-(1-propyn-4,7-dioxa-nonyl)-3-ethyl]-imidazolium]-β-D-

glucopyranoside iodide (48a) 

 

 Compound 47a (0.50 g, 0.57 mmol) was deacetylated according to procedure 

3.6.5 in CH3OH (5 mL) to furnish compound 48a (0.40 g, 93 %) as a brown syrup. IR 

[neat] ν/cm-1 3407 (OH), 2924, 2855 (CH), 2114 (C≡C). [∝]D
25 = -10 (c 0.41, CH3OH); 

1H NMR (400 MHz, CD3OD): δ 8.60 (1H, s, CH=N-CH), 7.73 (2H, s, CH=CH-N), 4.55-

4.45 (4H, m, -CH2N+, -CH2N), 4.28-4.25 (4H, m, H-1, -CH2CH2N+, -CH2C≡C), 4.11-

4.07 (1H, m, -CH2CH2N+), 3.94 (2H, m, -CH2CH2N), 3.86-3.82 (1H, t, -OCH2a-CH), 

3.75-3.73 (5H, m, H-6a, -OCH2CH2O), 3.59-3.51 (2H, m, H-6b, H-3), 3.46-3.42 (1H, t,  

-OCH2b-CH),, 3.40-3.32 (2H, m, H-4, H-5), 3.26-3.22 (1H, dd~t, H-2), 2.96 (1H, s, 

C≡CH), 1.65 (1H, m, -OCH2CH), 1.46-1.35 (24H, m, bulk -CH2), 0.97-0.94 (6H, t,  

-CH3); 3J1,2=9.0, 3J2,3=9.0, 2J6a,6b=13.0 Hz; 13C NMR (100 MHz, CD3OD): δ 138.3 

(CH=N-CH), 124.1 (CH=N-CH), 124.0 (N-CH=CH), 104.7 (C-1), 80.7 (C≡CH), 79.7 (C-

4), 77.9 (C-3), 76.7 (C-5), 76.4 (C≡CH), 75.5 (C-2), 74.2 (-OCH2CH), 71.22 (-

CH2CH2N+), 71.16, 70.2 (-OCH2CH2O), 69.9 (-CH2CH2N), 62.1 (C-6), 59.2 (-

CH2C≡CH), 51.5, 50.9 (-CH2N, -CH2N+), 39.6 (-OCH2CH), 33.1, 32.3, 31.2, 30.9, 30.8, 

30.5, 27.9 (bulk -CH2), 23.8 (ω-1), 14.6 (ω). HRESIMS: Calcd. for M+ [C34H61N2O8]+ 

625.4428 (100 %), 626.4462 (37 %), 627.4496 (7 %); found 625.4429 (100 %), 626.4459 

(40 %), 627.4490 (5 %). 
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2-Butyl-octyl 4-O-[[1-(1-propyn-4,7-dioxa-nonyl)-3-ethyl]-imidazolium]-β-D-

glucopyranoside iodide (48b) 

 

 Compound 47b (0.17 g, 0.21 mmol) was deacetylated according to procedure 

3.6.5 in CH3OH (5 mL) to furnish compound 48b (0.13 g, 90 %) as a brown syrup. IR 

[neat] ν/cm-1 3391 (OH), 2955, 2924, 2858 (CH), 2111 (C≡C). [∝]D
25 = -9 (c 0.17, 

CH3OH); 1H NMR (400 MHz, CD3OD): δ 8.58 (1H, s, CH=N-CH), 7.71 (2H, d,  

CH=CH-N), 4.55-4.42 (4H, m, -CH2N, -CH2N+), 4.26-4.23 (4H, m, H-1, -CH2CH2N+,  

-CH2C≡C), 4.10-4.04 (1H, m, -CH2CH2N+), 3.93-3.91 (2H, t, -CH2CH2N), 3.84-33.76 

(1H, m, -OCH2a-CH), 3.72-3.71 (5H, m, H-6a, -OCH2CH2O), 3.58-3.49 (2H, m, H-6b,  

H-3), 3.44-3.32 (3H, m, -OCH2b-CH, H-4, H-5), 3.24-3.20 (2H, dd~t, H-2), 2.95-2.94 

(1H, t, C≡CH), 1.63 (1H, m, -OCH2CH), 1.44-1.32 (16H, m, bulk -CH2), 0.94-0.92 (6H, 

t, -CH3); 3J1,2=8.0, 3J2,3=9.5, 3J5,6b= 4.0 2J6a,6b=12.0 Hz; 13C NMR (100 MHz, CD3OD):  

δ 138.1 (CH=N-CH), 124.1 (CH=N-CH), 124.0 (CH=CH-N), 104.7 (C-1), 80.3 (C≡CH) 

79.7 (C-4), 77.9 (C-3), 76.7 (C-5), 76.4 (C≡CH), 75.5 (C-2), 74.1 (-OCH2CH), 71.22 (-

CH2CH2N+), 71.17, 70.2 (-OCH2CH2O), 69.9 (-CH2CH2N), 62.1 (C-6), 59.2 (-

CH2C≡CH) 51.5, 50.9 (-CH2N, -CH2N+), 39.6 (-OCH2CH), 33.1, 32.34, 32.31, 32.01/ 

31.99, 30.9, 30.2, 27.9, 24.2 (bulk -CH2), 23.8 (ω-1), 14.6 (ω). HRESIMS: Calcd. for M+ 

[C30H53N2O8]+ 569.3802 (100 %), 570.3836 (32 %), 571.3870 (5 %); found 569.3791 

(100 %), 570.3831 (46 %), 571.3862 (8%). 
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Methyl 6-deoxy-6-chloro-2,3,4-tri-O-acetyl-∝-D-glucopyranoside (51) (Jiang et al., 

2000) 

 

 NCS (7.9 g, 59 mmol) was added into a mixture of methyl-∝-D-glucopyranoside 

(5.7 g, 29 mmol) and PPh3 (15 g, 57 mmol) in DMF (70 mL) at 0 °C, following the 

procedure 3.6.6. Because the crude material is highly water soluble, extraction with 

NaHCO3 (aq) was avoided and the crude product was directly subjected to an acetylation 

reaction in pyridine (30 mL) and Ac2O (28 mL) according to the procedure 3.6.7. 

Compound 51 (6.4 g, 66 % over 2 steps) was isolated as a white solid by column 

chromatography (EtOAc: hexane= 1:4). 1H NMR (400 MHz, CDCl3): δ5.51-5.46 (1H, 

dd~t, H-3), 5.04-4.98 (2H, m, H-4, H-1), 4.91-4.88 (1H, dd, H-2), 4.05-4.00 (1H, m, H-

5), 3.65-3.61 (1H, dd, H-6a), 3.58-3.54 (1H, dd, H-6b), 3.45 (3H, s, CH3), 2.08, 2.06, 2.01 

(9H, 3s, Ac); 3J1,2=4.0, 3J2,3=10.0, 3J3,4=10.0, 3J5,6a=3.0, 3J5,6b=7.0, 2J6a,6b=12.0 Hz; 13C 

NMR (100 MHz, CDCl3): δ 170.09, 170.06, 169.6 (C=O), 96.6 (C-1), 70.7 (C-2), 70.1 

(C-4), 70.0 (C-3), 68.8 (C-5), 55.5 (CH3), 43.4 (C-6), 20.69, 20.65(2) (Ac). 
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6-Deoxyl-6-azido-1,2,3,4-tetra-O-acetyl-∝-D-glucopyranose (53) (Elchert et al., 2004; 

Combemale et al., 2014) 

 

 A mixture of compound 51 (6.2 g, 18 mmol) and NaN3 (1.6 g, 25 mmol) in DMF 

(60 mL) was treated according to general procedure 3.6.2 to furnish crude compound 52 

as a light yellow solid. Crude compound 52 in Ac2O (60 mL) was added dropwise into 

an acidic mixture (75 mL) containing Ac2O, AcOH and H2SO4 in ratio of 5:4:1 at 0 °C. 

The reaction mixture was then warmed to room temperature and continued with stirring 

for another 4 hours before diluted with EtOAc (30 mL). The mixture was slowly poured 

into iced water (100 mL), followed by washing the organic layer with saturated NaHCO3 

(aq) and H2O successively. The organic layer was isolated, dried over MgSO4 and 

concentrated. Compound 53 (3.2 g, 48 % over 2 steps) was successfully crystallized as a 

white solid from EtOH. [∝]D
25 = +144 (c 0.10, CHCl3); 1H NMR (400 MHz, CDCl3): δ 

6.37-6.36 (1H, d, H-1), 5.50-5.45 (1H, dd~t, H-3), 5.13-5.08 (2H, m, H-4, H-2), 4.11-

4.06 (1H, m, H-5), 3.43-3.39 (1H, dd, H-6a), 3.33-3.29 (1H, dd, H-6b), 2.20, 2.06, 2.04, 

2.03 (12H, 4 s, 4 Ac); 3J1,2=4.0, 3J2,,3=10.0, 3J3,4=10.0, 3J4,5=10.0, 3J5,6a=3.0, 3J5,6b=6.0, 

2J6a,6b=14.0 Hz; 13C NMR (100 MHz, CDCl3): δ 170.2, 169.6, 169.4, 168.8 (C=O), 88.9 

(C-1), 70.9 (C-5), 69.7 (C-3), 69.2, 69.1 (C-2, C-4), 50.8 (C-6), 20.8, 20.63, 20.57, 20.4 

(Ac). 
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2-Chloro-ethyl 6-deoxy-6-azido-2,3,4-tri-O-acetyl-∝,β-D-glucopyranoside (56) 

 

 Compound 53 (1.74 g, 4.66 mmol) was subjected to a deacetylation reaction in 

CH3OH (30 mL) according to general procedure 3.6.5 to furnish compound 54  

(940 mg, 98 %) as a light yellow syrup, which was then used for subsequent reaction 

without prior purification. A mixture of compound 54 (940 mg, 4.58 mmol), 2-

chloroethanol (10 mL) and Amberlite IR120-H+ form (1.0 g) was heated to 80 °C for 5 

hours. The solid was filtered off and the solvent was evaporated. The resulting residue 

was dried over P2O5 overnight to provide crude compound 55 as a brown syrup. The 

compound was dissolved in pyridine (20 mL) and treated with Ac2O (7 mL) according to 

general procedure 3.6.7. Anomeric mixture of compound 56 (∝: β= 3: 2, 1.10 g, 61 % 

over 2 steps) was obtained as a light yellow syrup by column chromatography (EtOAc: 

hexane= 1:4). IR [neat] ν/cm-1 2933 (CH), 2102 (N3), 1746 (C=O). [∝]D
25 = +85 (c 0.06, 

CHCl3).  1H NMR (400 MHz, CDCl3): δ 5.51-5.46 (1H, dd~t, H-3∝), 5.24-5.20 (<1H, 

dd~t, H-3β), 5.18-5.17 (1H, d, H-1∝), 5.04-4.95 (<2H, m, H-4∝, H-4β), 4.86-4.82 (1H, dd, 

H-2∝), 4.62-4.60 (<1H, d, H-1β), 4.12-4.08 (<2H, m, -OCH2aβ, H-5∝), 4.01-3.95 (1H, m, 

OCH2a∝), 3.82-3.76 (<2H, m, -OCH2b∝, -OCH2bβ), 3.70-3.67 (<3H, m, -CH2Cl∝, H-5β), 

3.64-3.61 (<2H, m, -CH2Clβ), 3.43-3.38 (<1H, dd, H-6aβ), 3.33-3.31 (2H, m, H-6∝), 3.23-

3.19 (<1H, dd, H-6bβ), 2.07, 2.04, 2.02 (9H, 3 s, Ac∝), 2.06, 2.03, 2.01 (<9H, 3 s, Acβ); 

∝-anomer:3J1,2= 4.0, 3J2,3= 10.0, 3J3,4= 10.0 Hz; β-anomer: 3J1,2= 8.0, 3J2,,3= 10.0,  

3J3,4= 10.0, 3J5,6a= 7.0, 3J5,6b= 3.0,  2J6a,6b= 14.0 Hz; 13C NMR (100 MHz, CDCl3): δ 170.2, 

170.1, 170.0, 169.6, 169.4, 169.3 (C=O), 100.8 (C-1β),  95.7 (C-1∝), 73.6 (C-5β), 72.2 (C-

3β), 70.9 (C-4 β), 70.6 (C-2∝), 69.8 (OCH2β), 69.7 (C-3∝), 69.6 (C-3β), 68.9 (C-5∝), 68.8 

(OCH2β), 51.0 (C-6β), 50.9 (C-6∝), 42.5 (CH2Cl∝), 42.5 (CH2Clβ), 20.6, 20.53, 20.47 (Ac). 
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2-Chloro-ethyl 6-deoxy-6-hexadecanamido-∝-D-glucopyranoside (57) 

 

 A solution of palmitoyl chloride (1.2 mL, 4.0 mmol) in CH2Cl2 (10 mL) was added 

dropwise into a mixture containing compound 56 (0.80 g, 2.0 mmol) and PPh3  

(0.80 g, 3.1 mmol) in CH2Cl2 (10 mL) at 0 °C. The reaction mixture was warmed to room 

temperature with stirring for overnight. The organic layer was washed with saturated 

NaHCO3 (aq) and water successively, followed by drying the organic layer over MgSO4. 

After evaporation of the solvent, the crude was subjected to column chromatography 

(EtOAc: hexane= 1:1) to obtain compound 57 (0.50 g, 41 % based on an anomeric mixture 

starting material) as a yellow syrup. [∝]D
25 = +87 (c 0.02, CHCl3).  1H NMR (400 MHz, 

CDCl3): δ 5.82 (1H, bs, NH), 5.50-5.45 (1H, dd~t, H-3), 5.11 (1H, d, H-1), 4.88-4.83 (1H, 

dd~t, H-4), 4.80-4.77 (1H, dd, H-2), 4.02-3.98 (1H, m, H-5), 3.92-3.87 (1H, m, -OCH2a), 

3.77-3.71 (1H, m, -OCH2b), 3.66-3.63 (2H, t, -CH2Cl), 3.60-3.55 (1H, m, H-6a), 3.37-

3.30 (1H, m, H-6b), 2.21-2.13 (2H, m, ∝CH2), 2.06, 2.05, 2.00 (9H, 3 s, Ac), 1.62-1.59 

(2H, m, βCH2), 1.29-1.24 (26H, m, bulk -CH2), 0.88-0.85 (3H, t, -CH3); 3J1,2=3.5, 

3J2,3=10.0, 3J3,4=10.0, 3J4,5=10.0, 3J5,6a=2.5, 3J5,6b=6.0, 2J6a,6b=12.0, 3J6a,NH=6.0, 

3J6a,NH=6.0, 3JOCH2,CH2Cl=6.0, 2JOCH2=11.0 Hz; 13C NMR (100 MHz, CDCl3): δ 173.3 

(CONH), 170.4, 170.04, 170.00 (C=O), 96.0 (C-1), 70.9 (C-2), 69.8 (C-3), 69.3 (C-4), 

68.9 (OCH2), 68.3 (C-5), 42.5 (CH2Cl), 38.8 (C-6), 36.7 (∝CH2), 31.9, 29.7, 29.64/ 29.62, 

29.5, 29.34/ 29.31(bulk-CH2), 25.6 (βCH2), 22.7 (ω-1), 20.7 (3) (Ac), 14.1 (ω). 
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2-Iodo-ethyl 6-deoxy-6-hexadecanamido-∝-D-glucopyranoside (58) 

 

 An iodide exchange reaction was done on compound 57 (0.38 g, 0.63 mmol) in 

acetone (30 mL) using NaI (0.20 g, 1.3 mmol), under reflux condition for 30 hours. The 

solid was filtered off and excess of acetone was removed under reduced pressure. The 

residue was taken up in CH2Cl2 and water, the organic layer was dried over MgSO4, and 

concentrated to furnish compound 58 (0.37 g, 84 %) as a yellow syrup. [∝]D
25 = +72  

(c 0.09, CHCl3);  1H NMR (400 MHz, CDCl3): δ 5.84-5.81 (1H, dd~t, NH), 5.50-5.45 

(1H, dd~t, H-3), 5.11-5.10 (1H, d, H-1), 4.88-4.83 (1H, dd~t, H-4), 4.81-4.77 (1H, dd,  

H-2), 4.03-3.99 (1H, ddd, H-5), 3.94-3.88 (1H, dt, -OCH2a), 3.78-3.70 (1H, dt, -OCH2b), 

3.62-3.56 (1H, m, H-6a), 3.36-3.31 (1H, m, H-6b), 3.28-3.25 (2H, t, CH2I), 2.21-2.17 

(2H, m, ∝CH2), 2.08, 2.06, 2.01 (9H, 3 s, 3 Ac), 1.63-1.60 (2H, m, βCH2), 1.29-1.25 

(26H, m, bulk –CH2), 0.89-0.86 (3H, t, CH3); 3J1,2=4.0, 3J2,3 =10.0, 3J3,4=10.0, 3J4,5=10.0, 

3J5,6a=2.5, 3J5,6b=6.0, 3J6a,NH=6.0, 3J6b,NH=6.0, 2J6a,6b=12.0, 3JOCH2,CH2Cl=7.0, 2JOCH2=11.5 

Hz; 13C NMR (100 MHz, CDCl3): δ 173.3 (CONH), 170.3, 170.01, 169.95 (C=O), 95.6 

(C-1), 70.9 (C-2), 69.7 (C-3), 69.3 (C-4), 69.2 (OCH2), 68.4 (C-5), 38.8  

(C-6), 36.7 (∝CH2), 31.9, 29.64/ 29.61, 29.5, 29.31, 29.29, (bulk -CH2), 25.6 (βCH2), 

22.6 (ω-1), 20.7, 20.6 (Ac), 14.1 (ω), 1.6 (CH2I). 
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1-[2-(6-Deoxy-6-hexadecanamido-2,3,4-tri-O-acetyl-∝-D-glucopyranosyloxy)-

ethyl]-3-(8-azido-3,6-dioxa octyl)-imidazolium iodide (59) 

 

 A solution containing compound 58 (80 mg, 0.11 mmol) and 3b (26 mg, 0.11 

mmol) in toluene (3 mL) was treated according to procedure 3.6.15 and it furnished 

compound 59 (0.10 g, 91 %) appeared as a yellow syrup. [∝]D
25 = +36 (c 0.12, CHCl3).  

1H NMR (400 MHz, CDCl3): δ 9.76 (1H, s, CH=N-CH), 7.58 (1H, s, CH=N-CH), 7.55 

(1H, s, CH=CH-N), 6.47-6.44 (1H, dd~t, NH), 5.38-5.33 (1H, dd~t, H-3), 5.08-5.07 (1H, 

d, H-1), 4.88-4.85 (1H, dd, H-2), 4.84-4.79 (1H, dd~t, H-4), 4.72-4.64 (2H, m, CH2N+),  

4.54-4.52 (2H, t, CH2N), 4.22-4.17 (1H, m, -OCH2a-CH2N+), 3.95-3.93 (3H, m, 

NCH2CH2, -OCH2b-CH2N+), 3.79-3.74 (1H, m, H-5), 3.71-3.64 (6H, m, 

OCH2CH2OCH2CH2N3), 3.52-3.46 (1H, m, H-6a), 3.42-3.38 (2H, m, CH2N3), 3.35-3.29 

(1H, m, H-6b), 2.25-2.22 (2H, t, ∝CH2), 2.05, 2.04, 1.99 (9H, 3s, Ac), 1.60-1.55 (26H, 

m, βCH2), 1.28-1.23 (24H, m, bulk -CH2), 0.88-0.84 (3H, t, -CH3); 3J1,2=4.0, 3J2,3=10.0, 

3J3,4=10.0, 3J4,5=10.0, 3J5,6a=3.0, 3J5,6b=7.0, 2J6a,6b=14.0, 3JNH,6a=6.5, 3JNH,6b=6.5 Hz; 1C 

NMR (100 MHz, CDCl3): δ 173.9 (NHCO), 170.3, 169.8, 169.7 (C=O), 137.1 (CH=N-

CH), 122.8 (CH=N-CH), 99.9 (CH=CH-N), 95.7 (C-1), 70.9 (C-2), 70.44 (C-3), 70.40, 

70.3, 70.0 (OCH2CH2OCH2CH2N3), 69.6 (C-4), 68.7 (OCH2CH2N+), 68.6 (C-5), 50.7 

(CH2N3), 50.2 (NCH2CH2O), 49.7 (CH2N+), 39.2 (C-6), 36.7 (∝CH2), 31.9, 29.7, 29.6, 

29.5, 29.4, 29.3 (bulk -CH2), 25.8 (βCH2), 22.7 (ω-1), 20.9, 20.69, 20.66 (Ac), 14.1 (ω). 
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1-[2-(6-Deoxy-6-hexadecanamido-∝-D-glucopyranosyloxy)-ethyl]-3-(8-azido-3,6-

dioxa octyl)-imidazolium iodide (60) 

 

 A deactylation was performed on compound 59 (0.25 g, 0.27 mmol) in CH3OH  

(10 mL) according to procedure 3.6.5 and successfully produced compound 60 (0.19 g,  

89 %) as a yellow syrup. IR [neat] ν/cm-1 3376 (OH), 2923, 2853 (CH), 2106 (N3), 1639 

(C=O). [∝]D
25 = +14 (c 0.03, CH3OH); 1H NMR (400 MHz, CD3OD): δ 9.11 (1H, s, 

CH=N-CH), 8.44 (1H, bs, NH), 7.75 (1H, s, CH=N-CH), 7.70 (1H, s, CH=CH-N), 4.84 

(1H, H-1), 4.53-4.45 (4H, m, CH2N, CH2N+), 4.09-4.04 (1H, m, -OCH2a-CH2N+), 3.94-

3.91 (2H, t, -CH2CH2N), 3.84-3.81 (1H, m, -OCH2b-CH2N+), 3.73-3.66 (6H, m, 

OCH2CH2OCH2CH2N3), 3.63-3.56 (1H, m, H-3), 3.54-3.50 (1H, dd, H-6a), 3.48-3.38 

(4H, m, H-6b, CH2N3, H-2), 3.30 (1H, H-5), 3.16-3.11 (1H, dd~t, H4), 2.28-2.24 (2H, t, 

∝CH2), 1.65-1.62 (2H, t, βCH2), 1.32 (26H, m, bulk CH2), 0.94-0.91 (3H, t, CH3); 

3J3,4= 9.5, 3J4,5= 9.5, 3J5,6a= 3.0, 3J5,6b= 4.0, 2J6a,6b= 14.0 Hz; 13C NMR (100 MHz, 

CD3OD): δ 177.1 (C=O), 138.6 (N=CH-N), 124.4 (N-CH=CH), 124.1 (N-CH=CH), 

100.4 (C-1), 74.6 (C-3), 73.4 (C-2), 73.0 (C-4), 72.4 (C-5), 71.6, 71.2 

(OCH2CH2OCH2CH2N3), 70.0 (CH2CH2N), 66.9 (OCH2CH2N+), 52.0 (CH2N3), 51.1 

(CH2N), 50.7 (CH2N+), 41.5 (C-6), 37.2 (∝CH2), 33.2, 30.9, 30.8, 30.61/ 30.55 (bulk 

CH2), 27.3 (βCH2), 23.9 (ω-1), 14.6 (ω). HRESIMS: Calcd. for M+ [C33H61N6O8]+ 

669.4551(100 %), 670.4585 (36 %), 671.4618 (6 %); found 669.4554  

(100 %), 670.4579 (41 %), 671.4605 (7 %). 
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2-Deoxy-2-[[(4-methoxyphenyl)methylene]amino]-1,3,4,6-tetra-O-acetyl-β-D-

glucopyranose (64) (Biswas et al., 2017) 

 

 D(+)-glucosamine hydrochloride (3.2 g, 15 mmol) was dissolved in 1 M NaOH 

(15 mL), followed by dropwise addition of p-anisaldehyde (2.0 mL, 17 mmol) at 0 °C. 

The mixture was stirred at 0 °C for another 1 hour and warmed to room temperature with 

continued stirring overnight. White precipitate was collected by suction filtration and 

washed successively with cold H2O, cold EtOH and Et2O. Crude compound 63  

(3.7 g, 80 %) was obtained as a white solid after being dried under vacuum overnight and 

used for subsequent reaction without prior purification. A suspension of compound 63 

(3.6 g, 12 mmol) in pyridine (20 mL) was stirred at 0 °C for 5 minutes, followed by 

addition of Ac2O (6.0 mL, 63 mmol). The mixture was stirred overnight at room 

temperature. White precipitate was formed after addition of cold H2O (80 mL). The solid 

was collected by suction filtration and washed with cold H2O, furnishing crude compound 

64 (4.5 g, 81 %) as a white solid after being dried under vacuum. 
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2-Deoxy-2-amino-1,3,4,6-tetra-O-acetyl-β-D-glucopyranose (66) (Biswas et al., 2017) 

 

 Crude imine 64 (4.5 g, 9.7 mmol) was dissolved in acetone (40 mL), followed by 

addition of 5 M HCl (2.5 mL). The mixture was stirred for 10 minutes and another one 

hour after addition of Et2O (25 mL). The precipitate was collected and washed with cold 

Et2O. Crude compound 65 (3.6 g, 97 %) was obtained as a white solid after being dried 

under vacuum overnight. In a suspension of acetylated glucosamine hydrochloride 65  

(3.6 g, 9.4 mmol) in CH2Cl2 (60 mL), 1M Na2CO3 (aq) (30 mL) was added and the 

reaction was stirred at room temperature for 30 minutes. The organic layer was separated 

and the aqueous layer was extracted with CH2Cl2 (3 x 20 mL). The combined organic 

layer was dried over MgSO4 and concentrated to furnish compound 66 (3.0 g, 91 %) as a 

white solid. 

2-Deoxy-2-hexadecanamido-1,3,4,6-tetra-O-acetyl-β-D-glucopyranose (67) 

 

Procedure I (Boullanger et al., 1987): A mixture containing D-(+)-glucosamine 

hydrochloride (2.0 g, 9.3 mmol), NaOCH3 (0.50 g, 9.3 mmol) in CH3OH (10 mL) was 

stirred for 10 minutes at room temperature. The mixture was filtered and the filtrate was 

treated with Et3N (1.3 mL, 9.4 mmol) and ClCOOC15H31 (3.1 mL, 10 mmol) at 0 °C. The 

reaction was warmed to room temperature and stirred overnight. The solvent was 

evaporated under reduced pressure to produce a white solid product. The solid was then 
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dissolved in pyridine (20 mL), followed by slow addition of Ac2O (10 mL) according to 

general procedure 3.6.7 to furnish amide 67 (0.30 g, 5.5 % over 3 steps) was obtained as 

a white solid by crystallization from Et2O. 

Procedure II: Crude material 66 (3.0 g, 8.6 mmol) was dissolved in CH2Cl2 (30 mL) and 

Et3N (1.3 mL, 9.4 mmol) was added, followed by addition of ClCOOC15H31  

(3.1 mL, 10 mmol) dropwise. The mixture was stirred overnight at room temperature. 

The organic layer was washed successively with 2 N HCl (aq) and saturated NaCl (aq), 

dried over MgSO4 then concentrated. Amide 67 (3.3 g, 65 %) was obtained as a white 

solid by crystallization from EtOH. [∝]D
25 = +63 (c 0.02, CHCl3);  1H NMR (400 MHz, 

CDCl3): δ 5.70-5.68 (1H, d, H-1), 5.53-5.50 (1H, d, NH), 5.17-5.11 (2H, m, H-3, H-4), 

4.36-4.41 (1H, m, H-2), 4.30-4.25 (1H, dd, H-6a), 4.15-4.12 (1H, dd, H-6b), 3.82-3.79 

(1H, m, H-5), 2.12-2.09 (8H, m, ∝CH2, Ac), 2.05-2.04 (6H, 2 s, Ac), 1.58-1.53 (1H, m, 

βCH2), 1.25 (26H, m, bulk -CH2), 0.90-0.87 (3H, t, -CH3); 3J1,2= 9.0, 3J2,3=9.5, 3J3,4=9.5, 

3J4,5=9.5, 3J5,6a=5.0, 3J5,6b=2.0, 3J2,NH=9.5 2J6a,6b=12.5 Hz; 13C NMR (100 MHz, CDCl3): 

δ 173.1, 171.1, 170.7, 169.5, 169.2 (C=O), 92.7 (C-1), 73.0 (C-5), 72.5 (C-4/ C-3), 67.7 

(C-4/ C-3), 61.6 (C-6), 52.8 (C-2), 36.8 (∝CH2), 31.9, 29.7, 29.63, 29.60, 29.5, 29.33/ 

29.29, 29.1 (bulk -CH2), 25.6 (βCH2), 22.7 (ω-1), 20.9, 20.7, 20.62, 20.56 (Ac), 14.1 (ω). 
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2-Hexadecyl-(3,4,6-tri-O-acetyl-1,2-dideoxy-∝-D-glucopyranoso)-[1,2-d]-2-

oxazoline (71) 

 

 HBr/ AcOH (33 %, 5 mL) was added to a solution containing compound 67  

(1.0 g, 1.7 mmol) in AcOH (26 mL) at room temperature. After stirring for 3 hours at 

room temperature, the mixture was diluted with iced water (200 mL) and extracted with 

CH2Cl2. The combined organic layers were washed successively with saturated NaHCO3 

(aq) and saturated NaCl (aq). The organic layer was dried over MgSO4 and concentrated 

to about 15 mL under vacuum below 30 °C. The reaction mixture was reacted with  

2-chloroethanol (0.30 mL, 4.5 mmol), in the presence of 10 % Na2CO3 (aq) (13 mL) and 

TBAB (0.50 g, 1.5 mmol). The reaction was stirred at room temperature and was 

complete after 2 hours as indicated by TLC. The organic layer was separated and the 

aqueous phase was extracted with CH2Cl2. The combined organic layers were washed 

with saturated NaCl (aq) and dried over MgSO4 and the solvent was evaporated. The 

resulting residue was subjected to column chromatography (EtOAc: hexane= 1:3) to 

furnish compound 71 (0.40 g, 45 % over 2 steps) as a yellow syrup. [∝]D
25 = +22  

(c 0.09, CHCl3);  1H NMR (400 MHz, CDCl3): δ 5.34-5.28 (2H, m, H-4, H-1), 5.17-5.12 

(1H, dd~t, H-2), 4.35-4.29 (1H, m, H-5), 4.24-4.19 (2H, m, H-3, H-6a), 4.16-4.12 (1H, 

m, H-6b), 2.19-2.14 (2H, m, ∝CH2), 2.11, 2.05, 2.02 (9H, 3 s, Ac), 1.57 (2H, m, βCH2), 

1.25 (26H, m, bulk CH2), 0.90-0.87 (3H, t, -CH3); 3J2,3=10.0 3J3,4=10.0, 3J4,5=10.0, 

3J5,6a=7.0, 3J5,6a=3.5, 2J6a,6b=13.0 Hz; 13C NMR (100 MHz, CDCl3): 173.4, 171.4, 170.9 

(C=O), 169.4 (OCN), 91.7 (C-1), 70.8 (C-4), 68.2 (C-2), 67.7 (C-3), 62.1 (C-6), 52.1 (C-

5), 36.7 (∝CH2), 31.9, 29.7, 29.63/ 29.60, 29.33, 29.30, 29.2 (bulk -CH2), 25.6 (βCH2), 

22.7 (ω-1), 20.8, 20.7, 20.6 (Ac), 14.1 (ω).   
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1, 2-Bis(2-azidoethoxyl)ethane (Gansow et al., 1981) 

 

 1, 2-Bis(2-chloroethoxy)ethane (3.0 mL, 19 mmol) was dissolved in DMF (50 

mL), followed by addition of NaN3 (3.7 g, 57 mmol). The mixture was heated to 80 ̊C 

overnight according to general procedure 3.6.2 to furnish 1,2-bis(2-azidoethoxy)ethane 

as a colourless liquid (3.7 g, 95 %). 1H NMR (400 MHz, CDCl3): δ 3.68-3.65 (8H, m, 4 -

OCH2), 3.38-3.36 (4H, t, 2x CH2N3). 13C NMR (100MHz, CDCl3): δ 70.8 (-OCH2), 70.22 

(-CH2CH2N3), 50.8 (CH2N3). 

[Ethane-1,2-diylbis(oxyethane-2,1-diyl-1H-1,2,3-triazole-1,4-diyl)]dimethanol 

 

 Both 1,2-bis(2-azidoethoxy)ethane (0.50 g, 2.5 mmol) and propargyl alcohol 

(0.36 mL, 6.2 mmol) was dissolved in CH3OH (20 mL). Sodium ascorbate  

(0.22 g, 1.1 mmol) and Cu(OAc)2 (0.07 g, 0.4 mmol) were added under ice bath. The 

mixture was stirred under an ice bath for 30 minutes and warmed to room temperature 

with continuous stirring overnight. Methanol was removed under reduced pressure and 

the residue was distributed between butanol and water. The organic layer was dried over 

MgSO4 and concentrated under reduced pressure to furnish crude triazole compound as a 

yellow liquid (0.58 g, 74 %). 1H NMR (400 MHz, CD3OD): δ 7.93 (2H, s, triazole-CH), 

4.68 (4H, s, -CH2OH), 4.56-4.53 (4H, t, -CH2N), 3.84-3.82 (4H, t, -CH2CH2N), 3.56 (4H, 

m, -OCH2CH2O-); 13C NMR (100 MHz, CD3OD): δ 149.1 (triazole –C), 124.9 (triazole 

–CH), 71.4 (-OCH2CH2O-), 70.5 (-CH2CH2N), 56.6 (-CH2OH), 51.5 –CH2N). 
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HRESIMS: Calcd. for [M+Na]+ [C12H20N6O4Na ]+ 335.1444 (100 %), 336.1478 (13 %); 

found 335.1431 (100 %), 336.1457 (14 %). 

(1-(2-Butyl-octyl 6-deoxy-6-(3-(11-azido-3,6,9-trioxa-undecyl)-imidazolium)-β-D-

glucopyranosyl)-1,2,3-triazol-4-yl)methanol 

 

 Into a micellar dispersion of glycolipid 16c (14 mg, 0.02 mmol) in H2O (1 mL), 

propargyl alcohol (10 μL, 0.17 mmol), sodium ascorbate (2 mg, 0.01 mmol) and 

CuSO4·5H2O (1 mg, 4 μmol) were added. The mixture was stirred at room temperature 

overnight. Another 5 mL of H2O was added and the aqueous layer was extracted with 1-

butanol (3 x 5 mL). The combined alcohol layer was dried over MgSO4 and concentrated 

under reduced pressure to give the crude triazole compound (33 mg) as a yellow syrup 

and its crude 1H NMR spectrum was measured and analyzed. 1H NMR (400 MHz, 

CD3OD): δ 8.95 (1H, s, N=CH-N), 7.97 (1H, s, triazole-CH), 7.68 (1H, s, CH=N-CH), 

7.56 (1H, s, CH=CH-N), 4.67 (3H, m, CH2OH, H-6a), 4.60-4.57 (2H, t, CH2Ntriazole), 4.40 

(3H, m, -NCH2CH2, H-6b), 4.26-4.24 (1H, d, H-1), 3.93-3.90 (3H, m, H-6a, -NCH2CH2), 

3.66-3.53 (>12H, m, -(OCH2CH2)2OCH2CH2Ntriazole, -OCH2aCH, H-5), 3.40-3.35 (2H, m, 

H-4, -OCH2bCH), 3.15-3.11 (1H, t, H-2), 3.06-3.02 (1H, t, H-3), 1.55-1.48 (>1H, m, -

OCH2CH), 1.29 (15H, bs, bulk –CH2), 0.95-0.91 (>6H, m, -CH3). HRESIMS: Calcd. for 

[M]+ [C32H58N5O9]+ 656.4235 (100 %), 657.4269 (35 %); found 656.4231 (100 %), 

657.4257 (32 %). 
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1-Methyl-3-(prop-2-ynyl)-imidazolium bromide (IMI) (Kuang et al., 2012) 

 

 Both 1-methylimidazole (1.8 mL, 23 mmol) and propargyl bromide (80 % in 

toluene) (2.5 mL, 23 mmol) were dissolved in CH2Cl2 (10 mL) and stirred for 4 hours at 

room temperature. The mixture was washed with CH2Cl2, followed by evaporation of the 

solvent under reduced pressure. The residue was washed thrice with Et2O and dried using 

rotary evaporator to furnish IMI (2.7 g, 58 %) as a brown liquid. 1H NMR (400 MHz, 

DMSO-d6): δ 9.33 (1H, s, N=CH-N), 7.82-7.79 (2H, m, NCHCHN), 5.26 (2H, s, CH2), 

3.89-3.83 (4H, m, CH3, CCH). 13C NMR (100 MHz, DMSO-d6): δ 136.6 (NCHN), 124.0 

(CH=CHN+), 122.1 (CH=CHN+), 79.0 (CCH), 76.1 (CCH), 38.6 (CH2), 36.1 (CH3). 

2-(Prop-2-ynyloxy)-acetic acid (ACID) (Morimoto et al., 2013) 

 

 NaH (60 % suspension in paraffin oil) (1.4 g, 35 mmol) was dissolved in THF (40 

mL) at 0 ̊C, followed by addition of propargyl alcohol (1.0 mL, 17 mmol). The mixture 

was stirred for an hour, before tert-butyl bromoacetate (2.3 mL, 16 mmol) was added at 

0 ̊C. The mixture was warmed to room temperature and stirred overnight. The reaction 

mixture was quenched with H2O (10 mL) and extracted with Et2O. The organic layer was 

washed with H2O, brine successively and dried over MgSO4. The residue obtained after 

removal of the solvent under reduced pressure, was dissolved in CH2Cl2 (20 mL) and TFA 

(3 mL) was added slowly, followed by stirring for 5 hours at room temperature. The 

solvents were removed under reduced pressure. The resulting residue was subjected to 

column chromatography (CH2Cl2, 5 % AcOH) to furnish ACID (0.50 g, 28 %) as a yellow 
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liquid. 1H NMR (400 MHz, CD3OD): δ 4.29-4.27 (2H, m, CH2COOH), 4.17-4.16 (2H, 

m, CH2C), 2.92-2.90 (1H, m, C≡CH). 13C NMR (100 MHz, CD3OD): δ 173.7 (C=O), 

76.88 (C≡CH), 76.87 (C≡CH), 66.9 (CH2COOH), 59.0 (CH2C). 

Rhodamine-b prop-2-yn-1-yl ester chloride (R3) 

 

 Rhodamine-b (1.0 g, 2.1 mmol) was dissolved in CHCl3 (30 mL) and oxalyl 

chloride (0.40 mL, 4.7 mmol) was added slowly. The reaction was refluxed for 4 hours 

before being cooled to room temperature. The solvents were evaporated under reduced 

pressure to furnish crude R2 as a red syrup. Into a solution of R2 in CH3CN (30 mL), the 

mixture of propargyl alcohol (0.40 mL, 6.8 mmol) and TEA (0.35 mL, 2.5 mmol) in 

CH3CN (20 mL) was added dropwise. The reaction was refluxed overnight. The mixture 

was cooled to room temperature and the solvent was evaporated. The resulting residue 

was subjected to column chromatography over silica gel (EtOAc: CH3OH= 2: 1) to 

furnish compound R3 (0.52 g, 48 % over 2 steps) as a metallic dark green syrup. 1H NMR 

(CD3OD, 400 MHz): δ 8.35-8.33 (1H, d, H-16), 7.94-7.90 (1H, dd~t, H-18), 7.87-7.83 

(1H, dd~t, H-17), 7.50-7.48 (1H, d, H-19), 7.15-7.13 (2H, d, H-3, H-7), 7.07-7.05 (2H, d, 

H-2, H-8), 7.01 (2H, s, H-10, H-13), 4.63 (2H, s, OCH2), 3.73-3.68 (8H, q, NCH2,  

N+CH2 ),  2.82 (1H, bs, C≡CH), 1.35-1.31 (12H, t, CH3). 3J2, 3= 3J7, 8= 9.5, 3J16, 17= 8.0,  

3J17, 18= 8.0, 3J18, 19= 8.0, 3JNCH2, CH3= 3J=NCH2, CH3= 7.0 Hz. 13C NMR (CD3OD, 100 MHz): 

δ 166.0 (C=O), 159.8 (C-10, C-13), 159.5 (C-5), 157.3 (C=N+, C-N), 135.2 (C-14), 134.6 

(C-18), 132.5 (C-16/ C-3, C-7), 132.4 (C-16/ C-3, C-7), 131.9 (C-19), 131.7 (C-17), 131.2 
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(C-15), 115.7 (C-2, C-8), 115.0 (C-4, C-6), 97.5 (C-10, C-13), 76.8 (C≡CH) 53.8 (OCH2), 

47.0 (C≡CH), 13.0 (CH3). 

1-C-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)-propan-2-one (P2) (Riemann et al., 

2002) 

 

 Anhydrous D-(+)-glucose (2.0 g, 11 mmol), NaHCO3 (1.2 g, 14 mmol) and 

acetylacetone (1.4 mL, 14 mmol) were dissolved in H2O (30 mL) and heated to 80 °C 

overnight. The mixture was concentrated under reduced pressure and the resulting crude 

was dissolved in pyridine (20 mL) and treated with Ac2O (12 mL) at 0 °C according to 

general procedure 3.6.7. The crude was subjected to column chromatography  

(EtOAc: hexane= 1:1) and furnished compound P2 as a light yellow solid (3.3 g, 77% 

over 2 steps).  1H NMR (400 MHz, CDCl3): δ 5.23-5.18 (1H, dd~t, H-3), 5.07-5.02 (1H, 

dd~t, H-4), 4.92-4.87 (1H, dd~t, H-2), 4.26-4.22 (1H, dd, H-6a), 4.07-3.96 (2H, m, H-6b, 

H-1), 3.70-3.67 (1H, m, H-5), 2.77-2.71 (1H, dd, CH2aCO), 2.50-2.46 (1H, d, CH2bCO), 

2.18 (Ac), 2.07 (Ac), 2.03 (6H, s, Ac, CH3), 2.00 (Ac); 3J1,2= 10.0, 3J2,3= 10.0, 3J3,4= 10.0, 

3J4,5= 10.0, 3J5,6a= 3.0, 2J6= 12.0 Hz; 13C NMR (100 MHz, CDCl3): δ 204.9 (CH3CO), 

170.6, 170.2, 169.9, 169.5 (C=O), 75.8 (C-5), 74.1 (C-3), 73.8 (C-1), 71.6  

(C-2), 86.5 (C-4), 62.0 (C-6), 45.3 (CH2CO), 31.0 (CH3), 20.70, 20.65, 20.6 (2) (Ac). 
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1-C-(2,3,4,6-tetra-O-benzyl-β-D-glucopyranosyl)-propan-2-one (P6)(Norsikian et al., 

2007) 

 

 A solution of P2 (3.1 g, 8.0 mmol) and ethylene glycol (0.90 mL, 16 mmol) in 

toluene (50 mL) was treated with catalytic amount of PPTS and refluxed with Dean Stark 

trap to collect H2O. After 8 hours, toluene was removed under reduced pressure and the 

residue was diluted with CH2Cl2. The organic layer was washed with saturated NaHCO3 

(aq) and dried over MgSO4 and concentrated to furnish crude P3 as a light brown syrup, 

which was then subjected to deacetylation following general procedure 3.6.5 to provide 

crude P4 as a brown syrup. A solution of crude P4 in DMF (30 mL) was treated with 

NaH (60 % suspension in paraffin oil) (1.9 g, 48 mmol), followed by addition of BnBr 

(7.6 mL,64 mmol) according to general procedure 3.6.9 to furnish crude P5 as a brown 

syrup. P5 was treated with TFA (12 mL) and H2O (1 mL). The reaction was stirred for 

30 minutes and poured slowly into iced-cold saturated NaHCO3 (aq) (50 mL). The 

aqueous layer was extracted with EtOAc (3 x 15 mL) and the combined organic layer was 

washed with brine, dried over MgSO4 and concentrated. The resulting residue was 

subjected to column chromatography (EtOAc: hexane= 1: 8) to yield P6  

(2.3 g, 50 % over 4 steps) as a yellow liquid. 
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(E)-1-2(2,3,4,6-tetra-O-benzyl-β-D-glucopyranosyl)-4-(1-pyrene)-but-3-ene-2-one 

(P7) (Nagarajan & Mohan Das, 2009) 

 

 A solution containing P6 (0.40 g, 0.69 mmol) and 1-pyrenecarboxaldehyde (0.20 

g, 0.87 mmol) in CH2Cl2 (10 mL) was treated with pyrrolidene (0.02 mL, 0.24 mmol). 

The reaction was stirred at room temperature overnight. The organic layer was washed 

with H2O, dried over MgSO4 and concentrated. The resulting residue was subjected to 

column chromatography (EtOAc: hexane= 1: 8) to furnish P7 (0.50 g, 91 %) as a yellow 

solid. 1H NMR (400 MHz, CDCl3): δ 8.68-8.64 (1H, d, OCCH=CH), 8.46-8.04 (9H, m, 

pyrene aromatic-H), 7.42-7.16 (20H, m, benzyl aromatic-H), 7.08-7.04 (1H, d, 

OCCH=CH), 5.00-4.46 (8H, m, 4 x CH2Ph), 4.03-3.98 (1H, m, H-5), 3.84-3.72 (4H, m, 

H-2, H-3, CH2CO), 3.56-3.47 (2H, m, H-4, H-1), 3.09-3.05 (1H, dd, H-6a), 3.00-2.95 

(1H, dd, H-6b); 3Jtrans: 16.0, 3J1,2=9.0, 3J2,3=9.0, 3J3,4=9.0, 3J4,5=9.0, 3J5,6a=3.5, 3J5,6b=8.0, 

2J6a,6b=15.0 Hz; 13C NMR (100 MHz, CDCl3): δ 197.6 (C=O), 139.3 (OCCH=CH), 138.5, 

138.2, 138.1, 138.0, 132.8, 131.3, 130.7, 130.1 (aromatic –C), 129.0, 128.64, 128.60, 

128.47, 128.45, 128.4 (aromatic –CH), 128.3 (aromatic –C), 128.24, 128.17, 127.87, 

127.85, 127.8, 127.72, 127.66, 127.5, 127.3, 126.3, 126.0, 125.9, 125.1 (aromatic –CH), 

124.9, 124.6 (aromatic –C), 124.2 (aromatic –CH), 122.5 (aromatic –CH), 87.3 (C-3), 

81.2 (C-4), 79.1 (C-1), 78.4 (C-2), 75.9 (C-5), 75.6, 75.0 (2), 73.5 (CH2Ph), 68.8 

(COCH2), 43.6 (C-6). 
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 (E)-1-2(2,3,4,6-tetra-O-benzyl-β-D-glucopyranosyl)-4-(1-pyrene)-but-3-ene-2-ol 

(P8)  

 

Procedure I: Sugar pyrene P7 (50 mg, 0.06 mmol) was dissolved in THF (3 mL). LiAlH4 

(11 mg, 0.29 mmol) was added according to general procedure 3.6.13. Compound P8  

(30 mg, 67 %) was obtained as a yellow solid by column chromatography (EtOAc: 

hexane= 1: 5). 

Procedure II: Sugar pyrene P7 (0.25 g, 0.32 mmol) was dissolved in a solvent mixture 

containing THF: CH3OH= 1: 1 (5 mL). NaBH4 (0.05 g, 1.3 mmol) was added slowly. 

After 4 hours, TLC indicated the reaction was complete. Acetone (3 mL) was added to 

quench the reaction. The solvents were evaporated and the resulting residue diluted with 

CH2Cl2 and washed with H2O. The organic layer was dried over MgSO4 and concentrated. 

Compound P8 (0.20 g, 78 %) was obtained as a yellow solid by column chromatography 

(EtOAc: hexane= 1: 5). 1H NMR (400 MHz, CDCl3): δ 8.41-7.99 (9H, m, pyrene 

aromatic-H), 7.73-7.68 (1H, dd, HOCHCH=CH), 7.39-7.17 (20H, m, benzyl  

aromatic-H), 6.47-6.40 (1H, m, HOCHCH=CH), 4.96-4.53 (9H, m, 4x CH2Ph, C*HOH), 

3.74-3.59 (6H, m, H-6a, H-3, H-6b, H-5 H-1, H-2), 3.41-3.36 (1H, dd~t, H-4), 2.28-2.18 

(1H, m, CH2a-CHOH), 1.87-1.79 (1H, m, CH2b-CHOH); 3Jtrans=15.5, 3J3,4=10.0, 

3J4,5=10.0 Hz; 13C NMR (100 MHz, CDCl3): δ 138.44, 138.41, 138.0, 137.93, 137.89, 

137.8 (aromatic-C), 135.58/135.19 (HOCHCH=CH), 131.8, 131.7, 131.5, 131.0, 130.7 

(aromatic-C), 128.53, 128.47, 128.46, 128.4, 128.1, 127.99, 127.96, 127.90, 127.87, 

127.8, 127.74, 127.73, 127.68, 127.44, 127.41, 127.14, 127.11, 126.8 (aromatic-CH), 

126.6 (HOCHCH=CH), 125.9, 125.1, 125.1, 125.0, 124.92, 124.89, 124.0, 123.30, 
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123.26 (aromatic-CH), 87.1 (C-3), 82.2 (C-4), 79.8 (C-5), 78.74/78.69 (C-1), 78.59/78.55 

(C-2), 75.67/75.62, 75.49/75.28, 75.09/75.00, 73.58/73.54 (4x CH2Ph), 72.69/70.31 

(CHOH), 69.22/69.19 (C-6). 

(E)-1-2(2,3,4,6-tetra-O-benzyl-β-D-glucopyranosyl)-4-(1-pyrene)-but-3-ene-2-

hexadodecane (P9) 

 

 A solution of P8 (0.12 g, 0.15 mmol) in DMF (10 mL) was treated with NaH (60 

% suspension in paraffin oil) (10 mg, 0.25 mmol). After 30 minutes of stirring,  

1-bromohexadecane (0.10 mL, 0.33 mmol) was added at 0 °C. The mixture was stirred at 

room temperature overnight. CH3OH (3 mL) was added and the solvent was evaporated 

under reduced pressure. The residue was distributed between CH2Cl2 and H2O, the 

organic layer was dried over MgSO4 and concentrated. A yellow syrup of compound P9 

(0.10 g, 67 %) was isolated by column chromatography (EtOAc: hexane= 1: 13). 1H NMR 

(CDCl3, 400 MHz): δ 8.40-7.99 (9H, m, pyrene aromatic-CH), 7.62-7.58 (1H, d, 

CHOCH=CH), 7.42-7.15 (20H, m, benzyl aromatic-CH), 6.40-6.28 (1H, m, 

CHOCH=CH), 4.93-4.53 (8H, m, 4x CH2Ph), 4.45-434 (1H, m, CHOH), 4.16-4.11 (<2H, 

q, impurity EtOAc), 3.82-3.60 (5H, m, ∝CH2a, H-6a, H-6b, H-4, H-1), 3.53-3.34 (4H, m, 

∝CH2b, H-5, H-3, H-2), 2.30-2.21 (1H, m, CH2aCHOH), 2.06 (<3H, s, impurity EtOAc), 

1.69-1.59 (3H, m, CH2aCHOH, βCH2), 1.29-1.25 (26H, m, bulk –CH2; 3Jtrans=15.5 Hz; 

13C NMR (100 MHz, CDCl3): δ 138.66/138.57, 138.32/138.23, 138.2 (aromatic-C), 

134.88/133.77 (CHOCH=CH) 131.6, 131.5, 131.3, 130.93, 130.88, 130.8, 130.7 

(aromatic-C), 129.7 (CHOCH=CH), 128.42, 128.40, 128.37, 128.34, 128.26 (aromatic-
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CH), 128.1 (aromatic-C), 128.0, 127.9, 127.84, 127.81, 127.77, 127.75, 127.7, 127.64, 

127.61, 127.59, 127.58, 127.55, 127.48, 127.45, 125.94, 125.91, 125.2, 125.0, 124.94, 

124.93, 124.04, 124.01, 123.1, 123.0 (aromatic C-H), 87.40/87.25 (C-2/C-4), 82.7 (C-

5/C-3/C-1), 78.97/78.86 (C-5/C-3/C-1), 78.74/78.66 (C-2/C-4), 78.4 (CH2CHO-), 

76.36/76.26 (C-5/C-3/C-1), 75.59/75.56, 75.31/75.17, 74.90/74.89, 73.43/73.41 (4x 

CH2Ph), 69.30/ 68.97 (∝CH2), 69.11/69.06 (C-6), 37.6 (CH2CHO-), 31.9, 30.1 (bulk –

CH2), 30. (β CH2), 29.69, 29.65, 29.6, 29.35, 26.36 (bulk –CH2), 22.7 (ω-1), 14.2 (ω). 

CLICK Reaction in Micellar Dispersion 

 Using alkyne terminated TrypEster: A micellar dispersion of glycolipid 14a (18 

mg, 0.03 mmol) in H2O (2 mL) above the CAC was subjected to CLICK coupling 

according to general procedure 3.6.16, with TrypEster (13 mg, 0.03 mmol), in the 

presence of Cu (OAc)2 (1 mg) and sodium ascorbate (1.7 mg). The mixture was treated 

with Amberlite 120 (H+) to remove the cations. The resin was filtered off and the mixture 

was subjected to freeze-drying to provide a crude brown syrup (30 mg). 

 Using propargyl alcohol: Into a micellar dispersion of glycolipid 16c (14 mg, 0.02 

mmol) in H2O (1 mL) above the CAC, propargyl alcohol (10 μL, 0.17 mmol), sodium 

ascorbate (2 mg, 0.01 mmol) and CuSO4·5H2O (1 mg, 4 μmol) were added. The mixture 

was stirred at room temperature overnight. Another 5 mL of H2O was added and the 

aqueous layer was extracted with 1-butanol (3 x 5 mL). The combined alcohol layer was 

dried over MgSO4 and concentrated under reduced pressure to give a yellow syrup (33 

mg). 
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 CONCLUSION AND FUTURE OUTLOOK 

6.1 Conclusion 

 A series of glycolipids was successfully synthesized. Owing to the 

polyfunctionality of the sugar head group, several types of hydroxyl protecting groups 

were employed throughout the synthesis to achieve regio-selective functionalization. 

Quaternization of the N-alkylated imidazole gave rise to the cationic character of the 

resulting imidazolium compound, which precluded classic purification methods. 

Therefore, the use of any reactants in excess was avoided. 

 The lyotropic behaviour of the functionalized glycolipids indicated dominance of 

the hydrophilic domain and their CACs were in good agreement with the base glycolipids 

of similar chain length. Despite the different linker position, no significant difference was 

found in terms of their assembly behaviour. Therefore, the use of the C-6 functionalized 

glycolipid for vesicle preparation is most economic, as it required the lowest number of 

synthetic step.   

 Surfactant mixture containing both base glycolipids and functionalized 

glycolipids showed high affinity for the lyotropic lamellar phase, thereby suggesting 

suitability for vesicle preparation. Accordingly, uniformly small-sized and stable vesicles, 

as indicated by their relatively high zeta potential, were produced.  

6.2 Future Outlook 

 In order to quantify the CLICK functionality on the vesicular surface, structural 

modification on a rhodamine-based probe can be done. This is required to improve the 

water solubility of the probe. Highly polar functional groups, such as carboxyl and 

hydroxyl groups, can be targeted. The synthesis of pyrene-bearing glycolipid can be 

continued, as it provides insight into the glycolipid distribution in vesicular assemblies 
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that later determines the distribution of the biological recognition sites after CLICK 

coupling with antigens or receptors. 
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