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Abstract 

This study  included synthesis of new galactose based 1,2,3-triazoles containing 

fluorobenzyl moiety and monitor the toxicity profile against the MSC. At the 

beginning, 2-fluor-, 3-fluoro and 4-fluorobenzyl azides 68a−c were prepared by the 

reaction of corresponding benzyl bromides 68a−c with sodium azide in DMSO at fifty 

degrees for 24h to obtain the mentioned azido compounds in very good to excellent 

yield 81−92%.  In a parallel step, zinc chloride and sulfuric acid were used to catalyze 

the reaction of D-galactose (69) with access of acetone at ambient temperature for 6h 

to obtain  the α-D-galactose diacetonide (70) in very good yield 81%. This derivative 

was reacted with propargyl bromide in DMF at 0 °C−r.t. to produce Alkynyl-α-D-

galactosyl derivative 71 in 88% yield. Moreover, the conformation of derivative 71 

was determined using computational study and 2D NMR technique. In addition , 1,2,3-

triazole derivatives 72a−c were synthesized through the copper(I)-catalyzed alkyne-

azide cycloaddition (CuAAC). Alkyne 71 was reacted with azides 68a−c in the aid of 

Na ascorbate and CuSO4.5H2O in DMSO at 50 °C for 36h to get the targeted 1,2,3-

triazole derivatives 72a−c in 83−90% yield. The synthesized compounds have 

been characterized through  NMR(nuclear magnetic resonance), FTIR(Fourier-

transform infrared), HSQC(heteronuclear single quantum coherence), 

COSY(correlated spectroscopy), HMBC(heteronuclear multiple bond correlation), 

and HRMS(high-resolution mass spectrometry). Compounds 72a−c had 

been studied towards human being mesenchymal stem cells and it discovered that 

these derivatives hold fair cytotoxicity. 
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1. Introduction 

Carbocyclic compounds are molecules, in which their rings are made up only of 

carbon atoms.1 Whereas, in heterocycles compounds, at least there is one carbon on 

the ring that has been replaced by a heteroatom such as N, O or S.  A heterocyclic 

system need not be restricted to a single ring. An aromatic heterocycle is called a 

heteroaromatic.2 Over half of all-natural products are heterocycles.3‒5 Moreover, 

heterocyclic rings are contained in an extremely large number of pharmacologically 

active molecules. e.g, coenzymes, nucleic acid bases, amino acids (histidine, proline, 

tryptophan), porphyrins, flavones and the ring-formed sugar.6,7 The nomenclature of 

heterocycles is not that simple, according to IUPAC three nomenclature rules are 

allowed: the Hantzsch-Widman Nomenclature, the replacement nomenclature and the 

common names.  The type of heteroatom is often indicated by a prefix; Aza- for N, 

oxa- for O, thia- for S.8 In general, heterocycles can be classified according to the type 

and number of heteroatoms; ring size and nature of the ring, whether it is saturated or 

unsaturated (i.e, electronic structure).9,10 They are usefully divided into three main 

groups according to their degree of saturation: 

 Saturated heterocycles (like the acyclic derivatives) 

 partially unsaturated heterocycles (alkenes) 

 Heteroaromatics (containing aromatic rings). 

The heterocyclic compounds can contain three, four, five, six or seven membered 

rings. (Figure 1): 

 

Figure (1-1) Five-memberd rings heterocyclic compounds 
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1.1.Heterocyclic compounds as five-membered ring 

The mother compounds of this family are; furan (1), pyrrole (2) and thiophene (3), 

which possess the constructions shown in (Figure 1).11 The saturated derivatives of 

these structures are called tetrahydrofuran (7), pyrrolidine (8) and tetrahydrothiophene 

(9), respectively. The bicyclic compounds made of furan, pyrrole or thiophene ring 

fused to a benzene ring are referred to as indole (10), benzofuran (11) and 

benzothiophene (12), respectively (Figure 2). 

 

Figure (1-2) Derivatives of Furan, Pyrrole and Thiophene 

Nitrogen heterocycle pyrrole occurs in bone oil (also called animal oil), in which it is 

formed by the decomposition of proteins when heated. Pyrrolidine ring is found in the 

amino acids such as proline (13) and hydroxyproline (14), which are components of 

many proteins, and are found in particularly high concentrations in collagen, the 

structural protein of bones, tendons, ligaments and skin.12,13 Pyrrole derivatives are 

widespread in alkaloids, a large class of alkaline organic nitrogen compounds that are 

primarily produced by plants,14 such as nicotine (15) (Figure 3). The heme group of 

the oxygen-carrying protein haemoglobin and related compounds such as myoglobin; 

the chlorophylls, which are the light harvesting pigments of green plants and other 

photosynthetic organisms; and vitamin B12 are all formed from four pyrrole units 

linked in a larger ring system known as porphyrin, like that of Chlorophyll b.15 
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Figure (1-3)  Pyrrolidine-containing natural products 

1.2.Triazoles derivatives  

In heterocyclic compounds, the presence of three nitrogen atoms represents an 

interesting subclass of materials. Triazole is a five-membered, unsaturated, planar, π-

excessive heteroaromatic containing three nitrogen atoms in the cyclic ring system.16 

Triazoles are crystals soluble in water / alcohol with a melting point of 120 °C and 

white to yellow in color.17 The name triazole was first given to the carbon- nitrogen 

ring system C2N3H3 by Bladin,18 who described these derivatives in the nineteen 

century.  The most important types of triazole are 1,2,3-triazole (16) and the 1,2,4- 

triazole (17) (Figure 4): 

 

Figure (1-4). Structures of 1,2,3-triazole and 1,2,4-triazole 

Numerous natural products are possessing triazole ring have broad pharmacological 

activities. The biological applications contain, and not limited to, biological 

anticonvulsant antioxidant, anti-urease19, anti-inflammatory20,21, antimicrobial22,23, 

and antimalarial activities24.  
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1,2,4-Triazole is usually solid, easily soluble in polar solvents. During the last few 

years, 1,2,4-Triazole has been intensively studied due to its importance to various 

applications, especially anticancer, antifungal and antitubercular applications (Figure 

5).  

 

Figure (1-5) . The different pharmacological activities explored by different sites of 

1,2,4-triazole 

This paves the way to develop several methods for the synthesis of the 1,2,4-triazole 

using different conditions. 1,2,4-Triazoles can be synthesized via Cu-mediated 

reaction of amidines and trialkylamines using O2.
25 

 

Scheme (1-1). Synthesis of 1,2,4-triazoles from amidines and trialkylamines in the 

presence of air 

1.3. Compound of 1,2,3-Triazoles  

1.3.1. Synthesis of 1,2,3-Triazoles  

1,2,3-Triazole structure does not occur naturally, but its many synthetic derivatives 

were obtained. The most copacetic method of preparation of the trisubstituted triazoles 
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is from a diacylamine and a substituted hydrazine, this has been called the Einhorn-

Brunner reaction.26 

Monocyclic 1,2,3-triazole synthetic was successful introduce in 1888.27 Osotriazole is 

the name that has been used to describe certain 2-substituted 1,2,3-triazole 

derivatives.28 1H-1,2,3-Triazole (16) was successfully obtained from 2-phenyl-4-

methyl-1,2,3-triazole (18) (Scheme 2)29: 

 

Scheme (1-2). Synthesis of 1H-1,2,3-triazole (16) from 1,2,3-triazole derivative 18 

The basic structure can be presented in benzotriazoles, by removing the fused benzene 

ring from methylbenzotriazole (23) oxidation, and thus also obtained the 1H-1,2,3-

triazole (16) (Scheme 3)30: 

 

Scheme (1-3). Synthesis of 1H-1,2,3-triazole (16) from methylbenzotriazole (23) 

1.3.1.1.Alkyne-azide cycloaddition reaction 
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In the [3 + 2] cycloaddition, a dipolarophile reacts with a 1,3-dipolar compound in a 

concerted, pericyclic reaction to form a 5-membered heterocycle.31 which includes a 

number of reactions that known as Huisgen cycloaddition.32 As dipolarophiles, 

alkynes, alkenes, but also multivalent groups, containing heteroatoms, such as nitriles 

or carbonyls, are also used. 1,3-dipolar compounds are substances that contain at least 

one heteroatom, and which can be described with at least one mesomeric boundary 

structure that contains two charges, that is called a dipole; such as: diazoalkanes, nitrile 

oxides, azides (Figure 6): 

 

Figure (1-6). 1,3-dipolar compounds with mesomeric boundary structures 

An important pathway to synthesize 1H-1,2,3-triazole (16) was made by the reaction 

of acetylene (25) with hydrazoic acid or organic azides (Scheme 4): 

 

Scheme (1-4). Synthesis of compound 16 from acetylene 

The remarkable thing about this reaction is that, unlike the other syntheses to 1,2,3-

triazole derivatives, the heterocycle is rebuilt.33 A rising problem start when the 

synthesis of 1,2,3-triazoles become more popular, it solved by the metal-catalyzed 

variants of this reaction. Usually, in the classic uncatalyzed [3 + 2] cycloaddition, 
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50:50 mixture of 1,4- and 1,5-substituted triazole is obtained, only the 1,4-substituted 

one is produced when using copper (I) as a catalyst, and only the 1,5-substituted one 

when using ruthenium as a catalyst derivative is obtained (Scheme 5): 

 

Scheme (1-5). Comparison of the Huisgen cycloaddition (A) with the metal-

catalyzed azide-alkyne cycloaddition (B and C) 

The reaction of organoazides with alkynes lead to the investigation of synthesis of 1-

phenyl-1,2,3-triazoles from phenyl azide (26) and acetylene derivatives. The reaction 

did not get much attention due to problem with final products (a mixture of 

regioisomers). Another problem is that, sometimes quite high reaction temperatures is 

required to overcome the activation energy. (Scheme 6)34: 

 

Scheme (1-6). The cycloaddition reaction of phenyl azide and acetylene derivatives 
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That is why the metal-catalyzed variant of the reaction, the Cu (I)-mediated alkyne-

azide cycloaddition (CuAAC), in which only the 1,4-disubstituted 1,2,3-triazole is 

formed, paid more attention. 

1.3.1.2.Copper-mediated cycloaddition reaction (Click reaction) 

In the early 2002, two independently and simultaneously works were reported,35,36 

demonstrated that the azide-alkyne cycloaddition can be catalyzed by copper (I) and 

thus proceeds faster and region selectively to the 1,4-substituted triazole. 

Click chemistry can happen through small molecular building blocks, reliably on a 

small or large scale, can be connected to each other to synthesis larger molecules. This 

can be applied, among other things, to develop and synthesis of molecules with 

biological activity.37,38 

In order to be able to call a reaction a click reaction, it has certain rules such as the 

modular, extensively and applicable should run at the same time with very high yield. 

Moreover, the incidental by-products should be easily separable by non-

chromatographic methods. Ideally, these reactions should not be sensitive to water or 

oxygen etc. Reactions that meet these requirements are, for example, cycloadditions 

of unsaturated compounds, in particular, 1,3-dipolar cycloadditions or also Diels-

Alder-like reactions,39,40 since then it has been extensively investigated.41 

These include the cycloaddition of azide and alkyne which proceeds to form a triazole 

ring. 

The copper-catalyzed azide-alkyne cycloaddition (CuAAC) was a real breakthrough. 

The thermodynamically controlled CuAAC is characterized by its excellent 

compatibility with various functional groups and different solvents including water, 

simplicity, mild reaction conditions, as well as high pH tolerance.42 This makes the 
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CuAAC one of the most valuable tools for the synthesis and modification of complex 

organic frameworks and biologically relevant molecules.43 The alkyne and azide 

functionalities can simply be introduced into one molecule and hardly go into side 

reactions with other functional groups or common reagents. Therefore, these 

functional groups can be unscathed by many synthesis stages. This further increases 

the significance of the CuAAC and has a large one share in success and broad 

applicability.44 

In CuAAC, a copper (I) specie is catalytically active.  The proposed mechanism for 

this reaction suggests two copper atoms are involved in a catalytic cycle (Scheme 7)45: 

 

Scheme (1-7). Proposed mechanism of Cu-mediated click reaction 

One of the simplest and most reliable sources of copper in CuAAC is copper(II) salts. 

For example, copper(II) sulfate can be reduced by sodium ascorbate, which is added 

in excess.  The reaction can be carried out in aqueous solutions or in mixtures of water 

with different alcohols or with dimethyl sulfoxide (DMSO). The great advantage of 

the reduction of copper(II) salts is that this method tolerates oxygen in addition to 
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water. At the same time, however, this also represents a limiting factor for this method, 

as water- and oxygen-sensitive substrates cannot be implemented with this protocol.46 

In addition to the reduction of a copper (II) salt to copper (I), there is also the option 

of a direct use of copper (I) salt. This method requires anhydrous solvents because 

copper (I) in the Aqueous disproportionate to copper (0) and copper (II), as well as an 

inert atmosphere to the prevention of oxidation of the catalyst to copper (II). There is 

also the addition of a nitrogen base such as pyridine, N,N-diisopropylethylamine 

(DIPEA) or triethylamine (TEA), which also act as a ligand for the copper (I) species. 

The addition of an amine base to deprotonate the alkyne is only necessary in aprotic 

solvents, as the corresponding copper (I) acetylide is in aqueous forms media even 

under acidic conditions. DIPEA seems to be an excellent base, since this amine also 

has the CuAAC on surfaces such as that of microtiter plates or resins. Good results 

could also be achieved in toluene Copper (I) iodide, chloride or bromide as a catalyst, 

phosphorus ligands such as, for example Triphenylphosphine, and a base such as 

potassium acetate.  Copper (I) salts are also suitable as a catalyst for CuAAC 

polymerization in organic media for the formation of polytriazoles, which would 

agglomerate in aqueous media. Good results were achieved in this application with 

(triethyl phosphite) copper (I) iodide.Catalysts such as tris (triphenylphosphine) 

copper (I) bromide are less suitable because the Staudinger reaction between 

triphenylphosphine and azide groups has a negative influence on the obtained 

molecular weight.47‒49 

1.3.1.3. Novel strategies for synthesis of 1,2,3-triazoles 
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Although that the copper-catalyzed azide-alkyne cycloaddition (CuAAC) is fast 

reaction and has high regioselectivity, there are several pathways to accelerate the 

reaction, reduce the consumed energy or make it greener. 

Mohammed et al.,50 employed microwave to reduce the click reaction time from 48 h 

to 2 h by reacting of glucosyl azide (27) with alkynyl triazole 28 in the presence of 

CuSO4.5H2O and sodium ascorbate in DMSO to produce 4-(((1-n-Octyl-1H-1,2,3-

triazol-4-yl)methoxy)methyl)-1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)1H-

1,2,3-triazole (29) in 77% yield (Scheme 8): 

 

Scheme (1-8). Microwave-assisted synthesis of sugar-based bis-1,2,3-triazole 29 

Vergara-Arenas et al.,51 synthesized aryl 1,2,3-triazoles from the multi-component 

reaction of aryl aldehydes, nitromethane and sodium azide in the presence of 

heterogenous catalyst in DMF. The reaction is accelerated by microwaves irradiation 

at 80 °C for 30 minutes to give the desired products in 88% yield (Scheme 9): 

 

Scheme (1-9). Multi-Component Preparation of Aryl Triazoles in the Presence of 

Heterogenous Catalyst and Microwaves 
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Gregorić and co-workers 52 utilized microwaves energy to prepare 1,4-disubstituted 

1,2,3-triazole-linked pyrimidine-2,4-dione derivatives in fair yield from the reaction 

of alkynyl pyrimidines with organic azide derivatives in the presence of Cu(I) in tert-

butanol / H2O at 80 °C for 45 minutes. The prepared compounds found to possess 

potential anti-cancer activity (Scheme 10): 

 

Scheme (1-10). Synthesis of pyrimidine-based 1,4-disubstituted 1,2,3-triazole 

Znati et al.,53 synthesized flavonoid-tethered 1,2,3 triazoles through the propargylation 

of the flavonoid core followed by microwave-assisted click reaction with aromatic 

azides (Scheme 11). The structures of the synthesized molecules were experimentally 

and theoretically determined, and compounds found to possess anticancer activity. 

 

Scheme (1-11). Microwave-assisted synthesis of flavonoid-linked 1,2,3 triazoles 

On the other hand, ultrasonic irradiation is recently employed in the synthesis of 1,4-

disubstituted 1,2,3-triazoles as an environment friendly energy.54 A multicomponent 

ultrasound-aided synthesis of 3-formylindole-containing 1,2,3-triazoles is recently 
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reported (Scheme 12). 55 The prepared compounds were examined against different 

kinds of pathogenic bacteria, and they exhibited potent antimicrobial activity. 

 

Scheme (1-12). Ultrasound-aided synthesis of 3-formylindole-containing 1,2,3-

triazoles 

Similarly, Castillo and co-workers56 utilized ultrasonic radiation and 

bis(pyrazolyl)methan-bearing Cu(I) complex (33) to assist the formation of 1,4-

disubstituted-1,2,3-triazoles in acetonitrile at 40 °C in excellent yields starting from 

three reactants (Scheme 13): 

 

Scheme (1-13). Ultrasound-mediated synthesis 1,2,3-triazoles from three-

components 

Ultrasonic radiations have been used to synthesize 1,4-disubstituted-1,2,3-triazoles in 

87% yield from the reaction of organic azides with amine-containing α,β-unsaturated 

carbonyl compounds in water at room temperature and in the absence of catalyst 

(Scheme 14)57: 
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Scheme (1-14). Catalyst-free synthesis of 1,4-disubstituted-1,2,3-triazoles 

1.4.Applications of 1,2,3-triazole derivatives 

Because of their simple preparation and high product outcome, 1,2,3-triazoles have 

attracted the attention of the researchers globally. They are involved in many fields 

form pharmaceutical to the material applications.58‒60 

 

1.4.1. Medicinal and biological purposes 

Owing  to their exceptional skeleton features and extraordinary constancy towards 

numerous surroundings, 1,2,3-triazole derivatives were included in wide range of 

applications such as the design of drug and other utilities.61 Single important property 

of triazole derivatives is their performance as a hydrogen-bond (HB)contributor due 

to the hydrogen-5 which is bounded to an sp2 C-5 atom and as a HB acceptor because 

of the existence of pyridine (sp2)- and pyrrole(sp3)-similar N atoms in their 

construction (Figure 7). What enhances their performance in the therapeutic 

applications.62,63 
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Figure (1-7) . Donor location and acceptor location in 1,2,3-triazoles 

In the medicinal applications, 1,2,3-triazoles are included in many drugs that have 

been consumed as antiepileptic (Rufinamide (34))64, antibiotic (Tazobactam (35))65, 

anticancer (carboxyamiotriazole 36)66 (Figure 8), and even some pesticides used to 

control insects and weeds.67 

 

Figure (1-8). 1,2,3-Triazole-containing drugs 

1,2,3-Triazole core can be considered as an amide bioisostere (Figure 9). Therefore, 

this heterocycle is extensively employed in the construction of linear and cyclic 

peptides.68 
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Figure 9. 1,2,3-Triazole as an amide bioisostere 

The replacement of amide linkage by 1,2,3-triazole heterocycle play great role in the 

adjustment of the 3D shape of peptides.69 Gabba et al.,70 replaced the amide bond of 

the natural product migrastatin 37, which is produced by Streptomyces platensis 

bacteria to inhibit fascin, by 1,2,3-triazole moiety to give compound 38 that have 

promising activity against breast cancer cells line MDA-MB-361 (Figure 10). 

 

Figure (1-10) . Structure of migrastatin 37 and its triazole-containing analogous 38 

Schröder et al.71, synthesized the dipeptide 41 in 94% yield by the dimerization of α-

azidoacid 39 with the alkyne 40 in the presence of copper sulfate and sodium ascorbate 

in a mixture of DMF / water at room temperature for 15 hours (Scheme 15). The 

conformation of the synthesized peptide has been studied in DMSO and water 

employing NMR and molecular dynamics. It was shown that the conformation of 

peptide is DMSO is different from that in water. 



Chapter One: Introduction 
 

17 
 

 

Scheme (1-15). Synthesis of dipeptide 41 

1,2,3-Triazoles are widely utilized in the field of carbohydrate chemistry through the 

tethering of these heterocycle to mono-, di or oligosaccharides. They are a powerful 

linkage as they are very stable and have hydrogen donor and acceptor events that can 

enhance the properties of sugar molecule.72  

Sugar-based bis-1,2,3-triazoles derivatives 45a‒d have been synthesized by 

Mohammed and co-workers73 starting from 1,2,3,4,6-penta-O-acetyl-β-D-

glucopyranose (42) that was initially converted to glycosyl bromide 43 then to 

glycosyl azide 44 (Scheme 16). The synthesized bistriazole derivatives were 

characterized by advanced spectroscopic techniques and their biological activity was 

studied against bacteria. They found to have promising antibacterial activity. 
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Scheme (1-16) . Preparation of bis-triazoles 45a‒d starting from compound 42 

The same research group utilized D-mannitol diactonide (46) to synthesized tetrakis-

1,2,3-triazole derivatives 49a‒d. In the first step, the hydroxyl groups of compound 

46 was converted to an excellent leaving counterparts through the reaction with 

methaesulfonyl chloride MsCl and triethylamine TEA in DCM to afford the 

dimesylate derivative 47. The latter was reacted with sodium azide to give the diazido 

derivative 48. This was then clicked with the previously prepared alkynyl triazoles to 

produce compounds 49a‒d in good yield (Scheme 17).74 These compounds also 

exhibited moderate in-vitro antibacterial activity against E. coli and S. aureus.  
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Scheme (1-17) . Preparation of mannitol-based triazole derivatives 49a‒d 

El-Malah et al.,75 synthesized a library of monosaccharide-base 1,2,3-triazoles 50‒52 

via copper-catalyzed 1,3-cycloaddition reaction between propargyl glycosides and 

aromatic azides (Figure 11). The prepared compound showed excellent antimicrobial 

activity against S. aureus, P. aeruginosa, C. albicans, and A. niger. 
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Figure (1-11). Antimicrobial monosaccharide-base 1,2,3-triazoles 

Glycosyl and galactosyl-based 1,2,3-triazole derivatives 54 and 55 (Figure 12) showed 

impressive in-vitro anticancer activity against breast cancer cells. These compounds 

have been prepared through the Ag(I)-catalyzed reaction of glycosyl or galactosyl 

azide with the 4-β-O-propargyl podophyllotoxin in ethanol at room temperature for 30 

minutes.76 

 

Figure (1-12) . Sugar-podophyllotoxin-based 1,2,3-triazole derivatives 54 and 55 

A recent study demonstrated that phthalimide-derived 1,2,3-triazole derivatives 57a‒

c possess COVID-19 antiviral activity. The derivatives were prepared by the click 

reaction of N-propargylphthalimide (56) and various aromatic azides in tert-BuOH / 

water mixture (Scheme 18)77: 

 

Scheme (1-18). Synthesis of anti-COVID 19 triazole derivatives 57a‒c 
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A library of glucofuranose-tethered triazole compounds s 60a‒d were prepared by 

one-pot reaction of 3-O-propargyl (1,2:5,6-di-O-isopropylidene-α-D-

glucofuranose) (58) with the substituted benzyl chloride derivatives 59a‒d in the 

presence of sodium azide, copper sulfate and sodium ascorbate in a mixture of ethanol 

/ water at 80 °C for 10 minutes. The reaction was accelerated by microwave irradiation 

and the produced compounds 60a‒d exhibited fair antimicrobial activity against B. 

subtilis, S. aureus, E. coli, P. aeruginosa, C. utilis and A. niger (Scheme 19)78:  

 

Scheme (1-19). Synthesis of glucofuranose-linked 1,2,3-triazole derivatives 60a‒d 

Karbasi et al.79, synthesized of novel 1,2,3-triazole-dithiocarbamate hybrids 63a‒d in 

moderate to good yield starting from dithiocarbamate propargyl derivative 61 and 

studied the structural properties using density functional theory (DFT) approach. It is 

found that the electron density is located around the triazole ring (Scheme 20): 
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Scheme (1-20). Synthesis of 1,2,3-triazole-dithiocarbamate hybrids 63a‒d 

1,2,3-Triazoles have been employed as anticorrosion agents.80 Zhang et al.,81 recently 

synthesized the triazole derivative 66 through the copper-catalyzed 1,3-cycloaddition 

reaction of dodecylbenzenesulfonyl azide (64) to 3-butyn-1-ol (65). The anticorrosive 

activity of derivative 66 was investigated on pure copper and it showed high protection 

96.9 % for copper films against alkaline solution (Scheme 21). 

 

Scheme (1-21). Synthesis of anticorrosion agent 66 
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1.5. The objectives of this thesis  

There are three main objectives for this thesis: as shown below  

1- Using Cu-mediated click reaction to prepare new triazole compounds 

beginning from D-galactose. 

2-  Besides the thin layer chromatography, all the synthesized derivatives are 

fully identified by FT-IR, proton NMR, carbon NMR, florine NMR, and 2D 

NMR. 

3- The cytotoxicity of the target triazole compounds are tested versus 

mesenchymal stem cells MSCs. 
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2. Experimental Part 

2.1.Typical methods 

The chemicals were supplied from various chemicals’ providers, and they were 

employed without further purifications. Oven-dried glassware were employed in all 

experiments. TLC plates used in the reactions monitoring are Al-supported silica 60 

F254 (0.2 mm) provided by Merck and KMnO4 staining solution was utilized to 

visualise the spots. In the column chromatography, the stationary phase was silica gel 

40‒63 mesh and eluting solvents (ethyl acetate and hexane) were applied as mobile 

phase. Shimadzu FTIR spectrometer was used to measure the FTIR spectra of the 

prepared molecules. Bruker Advance III NMR instruments (300 or 600 MHz) were 

used to collect to record NMR spectra at 298 K (± 1 K), The NMR spectra were 

measured at Nuclear Magnetic Resonance Facility, Mark Wainwright Analytical 

Centre, The University of New South Wales, Sydney, Australia. Residual solvents 

peaks were utilised in the calibration of proton NMR and carbon NMR spectra. 

Chemical shifts were reported in part per million ppm. High resolution mass spectra 

HRMS were recorded at the Bioanalytical Mass Spectrometry Facility, Mark 

Wainwright Analytical Centre, The University of New South Wales UNSW, Sydney, 

Australia using Orbitrap LTQ XL ion trap MS in positive ion mode using electrospray 

ionisation (ESI) source.  

2.2. Preparation methods and Identification 

2.2.1. Method 1: Preparation of azido fluorobenzyl derivatives 68a‒c 

(Improved method) 

To the stirred solution of the suitable fluorobenzyl bromide 67a‒c (10 mmol) in 

dimethyl sulfoxide (25 mL), sodium azide (1.95 g, 30 mmol) was added. The reaction 
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mixture was heated to 50 °C with stirring for one day. After which time, water (50 

mL) was added to the suspension and mixture was extracted with EtOAc (3 × 50 mL). 

The collective ethyl acetate layers were washed with brine (2 × 50 mL), water (50 

mL), dried with anhydrous sodium sulfate and evaporated to dryness under using 

rotary evaporator to give a yellowish liquid. The crude products were purified by 

column chromatography (silica gel, n-hexane / ethyl acetate; 10:0 → 9:1,) to give the 

proper azide derivative.82 

2-Fluorobenzene azide (68a) 

Pale liquid (1.36 g, 89%). Rf = 0.75 (EtOAc). FTIR (KBr) cm‒1: 3352, 3053, 

2936, 2880, 2101, 1615, 1586, 1491, 1453, 1347, 1235, 1181, 1102, 1032, 942, 

884, 838, 755, 668, 587, 550, 521, 423. 1H NMR (CDCl3, 600 MHz) δ ppm: 

7.35‒7.31 (m, 2H, Ar−H), 7.16 (td, J = 7.6, 1.0 Hz, 1H, Ar−H), 7.11 (t, J = 9.1 Hz, 

1H, Ar−H), 4.42 (s, 2H, Ar−CH2). 13C NMR (150 MHz, CDCl3) δ ppm: 161.1 (d, J = 

247.4 Hz, ArC), 130.6 (d, J = 4.1 Hz, ArC), 130.5 (d, J = 8.6 Hz, ArC), 124.4 (d, J = 

3.4 Hz, ArC), 122.7 (d, J = 15.3 Hz, ArC), 115.7 (d, J = 21.7 Hz, Ar−C), 48.5 (d, J = 

3.1 Hz, Ar−CH2). 19F NMR (CDCl3, 564 MHz) δ ppm:  −117.8 (m, 1F, Ar−F).  

3-Fluorobenzene azide (68c) 

Pale liquid (1.23 g, 81%). Rf = 0.75 (EtOAc). FTIR (KBr) cm‒1: 3063, 2934, 

2878, 2101, 1615, 1592, 1486, 1451, 1343, 1258, 1138, 1102, 1077, 942, 892, 

861, 784, 751, 691, 556, 523, 442. 1H NMR (CDCl3, 600 MHz) δ ppm: 7.35 

(m, 1H, Ar−H), 7.12 (m, 1H, Ar−H), 7.05‒702 (m, 2H, Ar−H), 4.33 (s, 2H, Ar−CH2). 

13C NMR (150 MHz, CDCl3) δ ppm: 163.1 (d, J = 246.5 Hz, ArC), 138.1 (d, J = 7.2 

Hz, ArC), 130.4 (d, J = 8.5 Hz, ArC), 123.6 (d, J = 3.1 Hz, ArC), 115.2 (d, J = 21.0 
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Hz, ArC), 115.2 (d, J = 22.1 Hz, Ar−C), 54.1 (Ar−CH2). 19F NMR (CDCl3, 564 MHz,) 

δ ppm: −112.4 (m, 1F, Ar−F).  

4-Fluorobenzene azide (68c) 

Pale liquid (1.41 g, 92%). Rf = 0.74 (EtOAc). FTIR (KBr) cm‒1: 3044, 2932, 

2878, 2101, 1601, 1511, 1451, 1343, 1225, 1156, 1096, 1015, 940, 880, 851, 

822, 766, 664, 541, 481, 421. 1H NMR (CDCl3, 600 MHz,) δ ppm: 7.31‒7.27 

(m, 2H, Ar−H), 7.05‒7.02 (m, 2H, Ar−H), 4.32 (s, 2H, Ar−CH2). 13C NMR (150 

MHz, CDCl3) δ ppm: 162.6 (d, J = 248.2 Hz, ArC), 131.2 (d, J = 3.1 Hz, ArC), 130.0 

(d, J = 8.2 Hz, ArC), 115.7 (d, J = 21.8 Hz, Ar−C), 54.2 (Ar−CH2). 19F NMR (CDCl3, 

564 MHz) δ ppm:  −113.7 (m, 1F, Ar−F). 

2.2.2. Synthesis of α-D-galactose diacetonide (70) (improved procedure)83 

D-Galactose (69) (34.5 g, 0.19 mol) was added at r.t. in one batch to 

the mixture of zinc chloride (40 g, 0.29 mol), acetone (450 mL) and 

conc. H2SO4 (1.0 mL) to form a clear solution. The resulting white 

suspension was stirred for 6 h at r.t. The reaction mixture was 

quenched at 0 °C by the suspension of sodium carbonates (66.4 g, 0.61 mol) in distilled 

water (100 mL). The mixture was stirred for half an hour then filtered and the solid 

removed. Volatile solvent was reduced using rotary evaporator to give a yellow oil 

and aqueous layer were separated, and aqueous layer further extracted with diethyl 

ether (3 × 125 mL). The combined organic layers were dried over anhydrous sodium 

sulfate, and the solvent removed in rotary evaporator to give α-D-galactopyranose 

diacetonide (70) as a pale-yellow oil (38.0 g, 81%) Rf = 0.45 (50:50 hexane/ether). 

FTIR (KBr) cm‒1: 3483, 2987, 2935, 1382, 1255, 1212, 1167, 1069, 1001, 899. 1H 

NMR (300 MHz, CDCl3) δ ppm: 5.56 (d, J = 5.0 HZ,1H, H1), 4.60 (dd, J = 8.0, 2.4 
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HZ, 1H, H3), 4.32 (dd, J = 5.0, 2.4 HZ, 1H, H2), 4.26 (dd, J = 7.9, 1.6 HZ, 1H, H4), 

3.86 (ddd, J = 7.3, 4.7, 2.0 Hz, H5), 3.83 (dd, J = 10.7, 4.7 Hz, 1H, H6a), 3.74 (dd, J 

= 10.7, 7.3 Hz, 1H, H6b), 2.37 (br s, 1H, OH), 1.52 (s, 3H, CH3), 1.44 (s, 3H, CH3), 

1.32 (s, 6H, C(CH3)2). 13C {1H} NMR (75 MHz, CDCl3) δ ppm: 109.4 and 108.6 (2 × 

C(CH3)2), 96.3 (C1), 71.5 (C4), 70.7 (C3), 70.5 (C2), 68.6 (C5), 62.3 (C6), 24.3 (CH3), 

24.9 (CH3), 25.9 (CH3), 26.0 (CH3). 

2.2.3. Synthesis of 6-O-propargyl-α-D-galactose diacetonide (71)84 

Propargyl bromide (2.1 mmol) was added dropwise to the 

mixture of  α-D-galactose diacetonide (70) (0.51 g, 2 mmol) 

and sodium hydroxide (0.32 g, 8 mmol) in N,N-

dimethylformamide (7 mL) at ‒15 °C. The reaction mixture 

was then allowed warm to r.t. and was stirred for 24 h. After which time, the reaction 

quenched with cold water (25 mL) and extracted with ether (3 × 50 mL). The 

combined extracts were dried over anhydrous sodium sulfate and evaporated to 

dryness by rotary evaporator. The residue was purified by column chromatography 

(silica gel, ether /n-Hexane 1:9) to give propargyl-α-D-galactosyl ether (71) as a white 

wax (1.11 g, 88%), Rf = 0.42 (50:50 Hexane/ ether). FTIR (KBr) cm‒1: 3253, 2922, 

2853, 2109, 1459, 1377, 1258, 1213, 1101, 1066, 1004, 890. 1H NMR (CDCl3, 300 

MHz) δ ppm: 5.54 (d, J = 5.0 Hz, 1H, H1'), 4.60 (dd, J 7.9, 2.4 Hz, 1H, H3'), 4.31 (dd, 

J = 5.0, 2.4 Hz, 1H, H2'), 4.26 (dd, J = 7.9, 2.0 Hz, 1H, H4'), 4.24 (dd, J = 15.9, 2.4 

Hz, 1H, H3a), 4.19 (dd, J = 15.9, 2.4 Hz, 1H, H3b), 3.99 (ddd, J  = 7.1, 6.2, 2.0 Hz, 

1H, H5'), 3.77 (dd, J = 10.1, 6.2 Hz, 1H, H6'a), 3.66 (dd, J = 10.1, 7.1 Hz , H, H6'b), 

2.42 (t, J = 2.4 Hz, 1H, H1), 1.32 (s, 3H, CH3), 1.34 (s, 3H, CH3), 1.45 (s, 3H, CH3), 

1.54 (s, 3H, CH3). 13C {1H} NMR (CDCl3, 75 MHz) δ ppm: 109.3 and 108.6 (2 × 
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C(CH3)2), 96.3(C1'), 79.6 (C2), 74.6 (C1), 71.2 (C4'), 70.6 (C3'), 70.4 (C2'), 68.7 

(C6'), 66.7 (C5'), 58.4 (C3), 24.4 (CH3), 24.9 (CH3), 25.9 (CH3), 26.0 (CH3).  

2.2.4. General procedure 2: Preparation of 1,2,3-triazoles85 

A suitable fluorobenzyl azide (1.1 mmol, 0.17 g) was added to the mixture of 

propargyl ether 71 (1.1 mmol, 0.31 g) Na ascorbate (0.020 g, 0.1 mmol), and copper 

sulphate pentahydrate (0.013 g, 0.005 mmol) in dimethyl sulfoxide (3 mL). The 

mixture was heated to 50 °C with stirring for 36 h. Then, the mixture was quenched 

with distilled water (30 mL), extracted with ethyl acetate (3 × 30 mL), the merged 

ethyl acetate layers washed with brine (2 × 25 mL), dried over anhydrous sodium 

sulfate and evaporated by rotary evaporator. The residue was purified by column 

chromatography (silica gel, n-hexane / ethyl acetate; 2:1 → 1:2,) to give the 

corresponding triazole derivative.  

Compound 72a 

 Pale-yellow syrup (0.38 g, 87%); Rf = 0.58 (ethyl 

acetate). FTIR (KBr) cm‒1: 3140, 3057, 2987, 2933, 

1620, 1589, 1494, 1460, 1379, 1305, 1255, 1213, 

1170, 1101, 1070, 1004, 920, 893, 860, 800, 763, 

734, 700, 650, 513, 435. 1H NMR (CDCl3, 600 MHz) δ ppm: 7.58 (s, 1H, H5), 7.33 

(dddd, J = 13.6, 7.3, 5.4, 1.7 Hz, 1H, Ar−H), 7.24 (td, J = 7.5, 1.7 Hz, 1H, Ar−H), 

7.13 (td, J = 7.5,  1.0 Hz, 1H, Ar−H), 7.09 (m, 1H, Ar−H), 5.55 (s, 2H, 

Ar−CH2−triazole), 5.50 (d, J = 5.0 Hz, 1H, H1'), 4.69 (d, J = 12.5 Hz, 1H, 

triazole−CH2−CHO), 4.66 (d, J = 12.5 Hz, 1H, triazole−CH2−CHO), 4.57 (dd, J = 

8.0, 2.4 Hz, 1H, H3'), 4.28 (dd, J = 5.0, 2.4 Hz, 1H, H2'), 4.21 (dd, J = 7.9, 1.9 Hz, 

1H, H4'), 3.97 (ddd, J = 7.1, 5.4, 1.8 Hz, 1H, H5'), 3.70 (dd, J = 10.3, 5.5 Hz, 1H, 
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H6'a), 3.64 (dd, J = 10.2, 7.0 Hz , H, H6'b), 1.49 (s, 3H, CH3), 1.40 (s, 3H, CH3), 1.30 

(s, 6H, C(CH3)2). 13C NMR (150 MHz, CDCl3) δ ppm: 160.6 (d, J = 247.8 Hz, ArC), 

145.8 (C4), 131.0 (d, J = 7.8 Hz, ArC), 130.7 (d, J = 3.0 Hz, ArC), 124.9 (d, J = 4.0 

Hz, ArC), 122.8 (C5), 122.0 (d, J = 14.3 Hz, ArC), 115.9 (d, J = 21.2 Hz, Ar−C), 

109.3 (C(CH3)2), 108.6 (C(CH3)2), 96.4 (C1'), 71.2 (C4'), 70.7 (C3'), 70.6 (C2'), 69.4 

(C6'), 66.8 (C5'), 65.0 (triazole −CH2− CHO), 47.7 (d, J = 4.3 Hz, Ar−CH2−triazole), 

26.1 (CH3), 26.0 (CH3),  25.0 (CH3), 24.0 (CH3). 19F NMR (564 MHz, CDCl3) δ ppm:  

−118.2 (m, 1F, Ar−F). HRMS-ESI [M + Na]+ calculated for C22 H28FN3O6Na+: 

472.1854; found: 472.1851. 

Compound 72b 

 Pale-yellow syrup (0.36 g, 83%); Rf = 0.58 

(ethyl acetate). FTIR (KBr) cm‒1: 3138, 3063, 

2987, 2931, 1618, 1593, 1489, 1454, 1379, 

1307, 1255, 1213, 1170, 1101, 1070, 1004, 920, 

893, 862, 781, 754, 684, 650, 515, 439. 1H NMR (600 MHz, CDCl3) δ ppm: 7.52 (s, 

1H, H5), 7.34 (ddd, J = 13.7, 7.9, 5.8 Hz, 1H, Ar−H), 7.05‒702 (m, 2H, Ar−H), 6.95 

(dt, J = 9.2, 1.8 Hz, 1H, Ar−H), 5.51 (d, J = 5.0 Hz, 1H, H1'), 5.50 (s, 2H, 

Ar−CH2−triazole), 4.71 (dd, J = 12.5, 0.5 Hz, 1H, triazole−CH2−CHO), 4.68 (dd, J = 

12.6, 0.5 Hz, 1H, triazole−CH2−CHO), 4.58 (dd, J = 7.9, 2.4 Hz, 1H, H3'), 4.29 (dd, 

J = 5.0, 2.4 Hz, 1H, H2'), 4.22 (dd, J = 7.9, 1.9 Hz, 1H, H4'), 3.98 (ddd, J = 7.0, 5.6, 

1.8 Hz, 1H, H5'), 3.71 (dd, J = 10.3, 5.4 Hz, 1H, H6'a), 3.66 (dd, J = 10.3, 7.1 Hz , H, 

H6'b), 1.50 (s, 3H, CH3), 1.40 (s, 3H, CH3), 1.31 (s, 6H, C(CH3)2). 13C NMR (150 

MHz, CDCl3) δ ppm: 163.1 (d, J = 247.9 Hz, ArC), 146.1 (C4), 137.1 (d, J = 7.1 Hz, 

ArC), 130.9 (ArC), 123.7 (C5), 122.7 (d, J = 26.1 Hz, ArC), 115.9 (d, J = 20.9 Hz, 

Ar−C), 115.2 (d, J = 22.1 Hz, Ar−C), 109.4 (C(CH3)2), 108.7 (C(CH3)2), 96.5 (m, 1C, 
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C1'), 71.3 (C4'), 70.8 (d, J = 17.5 Hz, C3'), 70.6 (m, 1C, C2'), 69.5 (C6'), 66.8 (m, 1C, 

C5'), 65.0 (triazole −CH2− CHO), 53.6 (Ar−CH2−triazole), 26.1 (CH3), 26.0 (CH3),  

25.0 (m, CH3), 24.6 (m, CH3). 19F NMR (564 MHz, CDCl3) δ ppm:  −111.6 (dddd, J 

= 15.1, 9.3, 5.9, 0.7 Hz, 1F, Ar−F). HRMS-ESI [M + Na]+ calculated for C22 

H28FN3O6Na+: 472.1854; found: 472.1851. 

Compound 72c 

 Pale-yellow syrup (0.40 g, 90%); Rf = 0.58 (ethyl 

acetate). FTIR (KBr) cm‒1: 3138, 3068, 2987, 

2929, 1651, 1606, 1512, 1458, 1379, 1303, 1253, 

1217, 1168, 1105, 1072, 1004, 893, 854, 785, 736, 

700, 694, 644, 503, 418. 1H NMR (600 MHz, CDCl3) δ ppm: 7.48 (s, 1H, H5), 7.25 

(app t, J =  7.5, 2H, Ar−H), 7.05 (app t, J = 8.6 Hz, 2H, Ar−H), 5.51 (d, J = 5.1 Hz, 

1H, H1'), 5.48 (s, 2H, Ar−CH2−triazole), 4.70 (d, J = 12.5 Hz, 1H, 

triazole−CH2−CHO), 4.67 (d, J = 12.6 Hz, 1H, triazole−CH2−CHO), 4.58 (dd, J = 

7.9, 2.4 Hz, 1H, H3'), 4.29 (dd, J = 5.0, 2.4 Hz, 1H, H2'), 4.22 (dd, J = 7.9, 1.9 Hz, 

1H, H4'), 3.97 (ddd, J = 7.0, 5.4, 1.7 Hz, 1H, H5'), 3.70 (dd, J = 10.3, 5.5 Hz, 1H, 

H6'a), 3.65 (dd, J = 10.3, 7.0 Hz , H, H6'b), 1.50 (s, 3H, CH3), 1.41 (s, 3H, CH3), 1.312 

(s, 3H, CH3), 1.31 (s, 3H, CH3). 13C NMR (150 MHz, CDCl3) δ ppm: 163.0 (d, J = 

247.8 Hz, ArC), 146.0 (C4), 130.6 (d, J = 3.3 Hz, ArC), 130.1 (d, J = 8.7 Hz, ArC), 

122.4 (C5), 116.2 (d, J = 21.9 Hz, Ar−C), 109.4 (C(CH3)2), 108.7 (C(CH3)2), 96.5 

(C1'), 71.3 (C4'), 70.8 (C3'), 70.6 (C2'), 69.5 (C6'), 66.8 (C5'), 65.0 (triazole −CH2− 

CHO), 53.5 (Ar−CH2−triazole), 26.18 (CH3), 26.1 (CH3),  25.0 (CH3), 24.6 (CH3). 

19F NMR (564 MHz, CDCl3) δ ppm:  −112.8 (m, 1F, Ar−F). HRMS-ESI [M + Na]+ 

calculated for C22 H28FN3O6Na+: 472.1854; found: 472.1853. 
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2.3.Computational method 

The computational study was performed using the ORCA 4.2.1 software.86,87 The 

initial structures of compound 71 were drawn using the Avogadro program and were 

energy minimized at the B3LYP/def2-TZVP level of theory. The optimized 

geometries were verified by performing frequency calculation at B3LYP/def2-TZVP 

level (zero imaginary frequencies). Subsequently, single point energy calculations at 

the MO6-2X/def2-TZVP level were perfumed with solvation method using the 

conductor-like polarizable continuum model (CPCM) in chloroform (CHCl3). 

2.4. Triazoles’ cytotoxicity (improved Procedure)88 

2.4.1. Samples’ Preparation  

A mixture of (water / DMSO; 9:1) (20 µL) was briefly added to the prepare triazole 

derivatives 72a−c until they were totally solubilized. The volume was the completed 

with MiliQ water to (200 µL) to make up 1mM stock solution. The later was 

consequently diluted to prepare the diluted solution (0.5 mM).     

2.4.2. Cells’ Maintenance 

Mesenchymal stem cells MSCs have been collected in section three when they 

achieved 80% confluency by adding pre-heated 0.25% Trypsin-ethylene diamine 

tetraacetate. Next, it was kept in the incubator at 37 °C provided with 5% carbon 

dioxide for five minutes. The trypsinization have being neutralized by the addition of 

media of cells’ growth that consists of 10% FBS, 1% penicillin/streptomycin in 

Dulbecco's Modified Eagle Medium when cells have been entirely removed form the 

flask. The mixture in the cell has been transferred in 15 mL tube and centrifuged at 

600 rpm for six minutes. The supernatant was removed, and cell pellet was then re-

suspended in 1 mL cell growth media.  
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2.4.3. Cells’ Culture   

A Polystyrene 96 well plate was employed to triplicate deposit the solutions of 

compounds 72a−c (1.0 mM) and (0.5 mM) and 5000 cells/well added atop of samples. 

The untreated cells in the same cell density were used as control. Then, the plate was 

left overnight at 37 °C incubator supplied with 5% carbon dioxide. AlamarBlue test 

(catalog # DAL1025, Thermo Fisher scientific) was employed to screen the viability 

rate. Temporarily, 10% alamarBlue in Dulbecco’s Modified Eagle Medium solution 

was added on every well. Samples have been kept in the incubator for 4 h and the 

fluorescence with 560 Excitation /590 Emission was collected using CLARIOstar 

plate reader.88 
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3. Results and Discussion 

Heterocyclic compounds are one of the essential components of pharmaceuticals and 

medications. They can be oxygen, nitrogen or sulfur-containing heterocycles or 

comprising of two different heteroatoms.89 The most common rings available in the 

biologically active compounds are furans, pyrroles, thiophens, piperidines, oxazoles, 

imidizoles and triazoles. The latter one is found in two possible isomers; 1,2,3-triazole 

and 1,2,4-triazoles, and both have significant potency in the drug design. 1,2,3-

Triazole products were progressively prepared since the invention of Cu-mediated 

alkyne-azide 1,3-dipolar cycloaddition reaction in the commencing of the last 2000s. 

Initially, they were synthesized through the thermal 1,3-cycloaddition reaction of 

alkynes with organic azides to give one isomer when symmetrical alkyne is utilized 

and two isomers in the case of using asymmetrical alkyne (Scheme 22)90:  

 

Scheme (3-22). Thermal 1,3-dipolarcycloaddition reaction of alkynes and azides 

In this work, three new D-galactose-based-triazole compounds 72a‒c have been 

synthesized starting from the commercially available D-galactose (69) using 

convenient synthetic route (Scheme 23): 
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Scheme (3-23). Preparation of D-galactose-based-triazole compounds 72a−c 

3.2. Preparation of fluorine-containing azido benzyl compounds 68a‒c 

1-(Bromomethyl)-fluorobenzene derivatives 67a‒c were treated with sodium azide 

through SN2 mechanism91,92 in dimethyl sulfoxide at fifty degree for one day to 

produce the corresponding 1-(azidoomethyl)-fluorobenzene derivatives 68a‒c in 81‒

92% yields (Scheme 24). 

 

Scheme (3-24). Synthesis of 1-(azidoomethyl)-fluorobenzene derivatives 68a‒c 
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As expected, the yield of the ortho and para fluorine-substituted isomers compounds 

68a (89%) and 68c (92%) was higher than that of the isomer 68b (81%). This is due 

to the electron-withdrawing effect of fluorine at ortho and para positions is higher 

than that of meta and the substituted reaction followed SN2 mechanism (Scheme 25)93: 

 

Scheme (3-25). Proposed mechanism of the synthesis of compounds 68a‒c 

FT-IR spectra of compounds 68a‒c (Figures 13‒15) demonstrated the presence of 

Carbon‒Hydrogen Ar ν bands around 3050 cm‒1 besides the typical azide ν band 

localized at 2100 cm‒1. The carbon-carbon Ar double bond ν bands appeared at 1600 

cm‒1 and 1580 cm‒1. Moreover, the Carbon‒Fluorine Ar ν bands appeared higher than 

1220 cm‒1. 

 

Figure (3-13). Fourier-transform infrared spectrum of the azide 68a 
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Figure (3-14). Fourier-transform infrared spectrum of the azide 68b 

 

Figure (3-15). Fourier-transform infrared spectrum of the azide 68c 

The structures of azido benzyl compounds 68a‒c have also been confirmed by NMR 

technical . 1H NMR charts (Figures 16‒18) of those derivatives revealed four protons-
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integrated multiplet from δ 7.51 ppm to 7.00 ppm belong to the aromatic protons and 

singlets around δ 4.35 ppm assigned to the methylene protons. 

 

Figure (3-16). Proton NMR chart (CDCl3, 600 MHz) of azide 68a 

 

Figure (3-17). Proton NMR chart (CDCl3, 600 MHz) of azide 68b 
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Figure (3-18). Proton NMR chart (CDCl3, 600 MHz) of azide 68c 

The fluorine effect results in splitting of the aromatic carbon signals.94 This effect can 

be clearly shown in the 13C NMR spectra of compounds 68a‒c (Figures 19‒21). For 

example, the aromatic carbon that directly bound to the fluorine atom appears near 

162 ppm with a very large J ~245 Hz. Furthermore, the signal of benzylic carbon of 

the ortho isomer appears at 48.7 ppm whereas other isomers meta and para have the 

same signal at 54.2 ppm and 54.1 ppm respectively. Moreover, all azido compounds 

demonstrated one fluorine signal as a multiplet at δ −117.9 ppm, −112.3 ppm and 

−113.6 ppm for ortho-, meta- and para-isomers respectively in their 19F NMR spectra 

(Figures 22‒24). 



Chapter Three: Results and Discussion 
 

38 
 

 

Figure (3-19). Carbon-13 NMR chart (CDCl3, 150 MHz) of azide 68a 

 

Figure (3-20). Carbon-13 NMR chart (CDCl3, 150 MHz) of azide 68b 
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Figure (3-21). Carbon-13 NMR chart (CDCl3, 150 MHz) of azide 68c 

 

Figure (3-22). Fluorine-19 NMR chart (CDCl3, 564 MHz) of azide 68a 
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Figure (3-23). Fluorine-19 NMR chart (CDCl3, 564 MHz) of azide 68b 

 

Figure (3-24). Fluorine-19 NMR chart (CDCl3, 564 MHz) of azide 68c 

−117.93 

-111.0 -111.5 -112.0 -112.5 -113.0 ppm

-
1
1
2
.
2
9

-
1
1
2
.
2
7

-
1
1
2
.
2
7

-
1
1
2
.
2
6

-
1
1
2
.
2
5

-
1
1
2
.
2
4

1
.0

0

Current Data Parameters
NAME     210531-iconnmr
EXPNO                11
PROCNO                1

F2 - Acquisition Parameters
Date_          20210531
Time              11.24 h
INSTRUM           spect
PROBHD   Z114608_0002 (
PULPROG          zgflqn

TD               131072
SOLVENT           CDCl3
NS                   16
DS                    4
SWH          113636.367 Hz

FIDRES         1.733953 Hz
AQ            0.5767168 sec
RG                 90.5
DW                4.400 usec
DE                 7.15 usec
TE                298.0 K

D1           5.00000000 sec
TD0                   1
SFO1        564.6016855 MHz
NUC1                19F
P1                15.94 usec

PLW1        50.11899948 W

F2 - Processing parameters
SI                65536
SF          564.6863880 MHz
WDW                  EM

SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

-111.5 -112.0 -112.5 -113.0 -113.5 -114.0 -114.5 -115.0 ppm

-
1
1
3
.
6
0

-
1
1
3
.
5
9

-
1
1
3
.
5
8

-
1
1
3
.
5
7

-
1
1
3
.
5
6

-
1
1
3
.
5
6

-
1
1
3
.
5
5

1
.0

0

Current Data Parameters
NAME     210531-iconnmr
EXPNO                13
PROCNO                1

F2 - Acquisition Parameters
Date_          20210531
Time              11.42 h
INSTRUM           spect
PROBHD   Z114608_0002 (

PULPROG          zgflqn
TD               131072
SOLVENT           CDCl3
NS                   16
DS                    4
SWH          113636.367 Hz

FIDRES         1.733953 Hz
AQ            0.5767168 sec
RG                 90.5
DW                4.400 usec
DE                 7.15 usec

TE                298.0 K
D1           5.00000000 sec
TD0                   1
SFO1        564.6016855 MHz
NUC1                19F
P1                15.94 usec

PLW1        50.11899948 W

F2 - Processing parameters

SI                65536
SF          564.6863880 MHz

WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00



Chapter Three: Results and Discussion 
 

41 
 

3.3.Synthesis of 6-O-prop-2-ynyl-1,2:3,4-diacetonide-α-D-galactose (72) 

The target alkyne 5 has been synthesized from D-galactose (69) in two subsequent 

steps (Scheme 26): 

 

Scheme (3-26). Synthesis of alkyne 71 from D-galactose (69) 

Acetone is widely utilized in carbohydrate chemistry as a protecting group particularly 

for the syn vicinal diols.95 The reaction of the hexose 69 with excess of acetone in the 

assistance of zinc chloride and sulfuric acid at room temperature for five hours 

afforded α-D-galactose diacetonide (70) in a very good yield 81%. FTIR spectrum 

(Figure 25) of compound 70 shows; a broad band at 3483 cm‒1 belongs to the 

(Oxygen‒Hydrogen) ν, medium bands at 2987 and 2935 cm‒1 attributed to the (C‒H) 

stretching, a sharp band at 1382 cm‒1 corresponding to the (Carbon‒Hydrogen) 

bending, and the sharp bands between 1225 cm‒1 and 1069 cm‒1 due to the (Carbon‒

Oxygen) and (Carbon‒Oxygen‒Carbon) ν. 
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Figure (3-25). Fourier-transform infrared spectrum of derivative 70 

The formation of compounds 70 has also been evidenced by 1H NMR (300 MHz, 

CDCl3) spectrum (Figure 26) that displays a doublet at 5.56 ppm with the coupling 

constant (J = 5.0 Hz) attributed to the anomeric proton; a doublet of doublet centred 

at 4.60 ppm (J = 8.0, 2.4 Hz) due to H-3 of the pyran ring, another doublet of doublet 

centred at 4.32 (J = 5.0, 2.4 Hz) belongs to the H-2, a doublet of doublet of H-4 

localized at 4.26 (J = 7.9, 1.6 Hz), a doublet of doublet of doublet localized at 3.86 (J 

= 7.3, 4.7 Hz) attributed to H-5, and two doublets of doublets at 3.83 ppm (J = 10.7, 

4.7 Hz) and 3.74 ppm (J = 10.7, 7.3 Hz) due to methylene protons H-6 in addition to 

the singlets at 2.37 ppm, 1.52 ppm, 1.44 ppm, and 1.32 ppm that attributed to the 

hydroxyl proton and the isopropylidene protons respectively.  
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Figure (3-26). Proton NMR chart (CDCl3, 300 MHz) of compound 70 

Moreover, the structure of alcohol 70 is assigned by 13C {1H} NMR (75 MHz, CDCl3) 

spectrum (Figure 27) that exhibits two signals at 109.4 ppm and 108.6 ppm attributed 

to the quaternary carbons of the isopropylidene protecting groups. The carbon signals 

at 96.3 ppm, 71.5 ppm, 70.7 ppm, 70.5 ppm, 68.6 ppm, and 62.3 ppm are confirmed 

to C1, C4, C3, C2, C5, and C6 respectively. Finally, the signals belong to methyl group 

appear at 24.3, 24.9, 25.9, and 26.0 ppm.  
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Figure (3-27). Carbon-13 NMR chart (CDCl3, 75 MHz) of compound 70 

Treatment of galactose diacetonide 70 with 3-bromoprop-1-yne in the presence of 

sodium hydroxide in N,N-dimethylformamide at ‒20 °C to room temperature for 24 h 

gave 6-O-prop-2-ynyl-α-D-galactose diacetonide (71) in 88% yield. First, the addition 

of 3-bromoprop-1-yne to the reaction mixture is crucial in the determination of the 

yield of reaction. The effect of temperature, in the addition of the propargyl bromide, 

on the reaction outcome is illustrated in Table 1. 

Table (3-1). Effect of the Initial Reaction Temperature on The Alkyne yield 

Entry  Temperature °C Yield 

1 r.t. 57% 

2 0 62% 

3 ‒5 70% 

4 ‒10 82% 

5 ‒20 88% 
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The lower the temperature at the addition of propargyl bromide to an alcohol, the 

higher the reaction yield. This could be attributed to the formation of allenes during 

the reaction96 It is suggested that the formation of compound 71 follows the SN2 

mechanism in its initial step. Then, proton is subtracted due the base effect (Scheme 

27): 

Scheme (3-27). Suggested mechanism of the formation of compound 71 

The disappearance of the (O‒H) stretching band at 3483 cm‒1 and the appearance of 

the bands at 3253 cm‒1 and 2109 cm‒1 due to the stretching of (≡C‒H) and (C≡C) 

respectively in the FTIR spectrum (Figure 5) are excellent evidence of the formation 

of alkyne 71. 

 

Figure (3-28). Fourier-transform infrared spectrum of derivative 71 



Chapter Three: Results and Discussion 
 

46 
 

Further proof of the formation of compound 71 is introduced by 1H NMR spectrum 

(Figure 29) that displays two doublets of doublets centred at 4.23 ppm and 4.20 ppm 

corresponding to the methylene H-3 having coupling constants 15.9 Hz and 2.4 Hz. 

Moreover, the appearance of triplet at 2.42 ppm (J = 2.4 Hz) belongs to the acetylenic 

proton H-1 is another evidence of formation of the alkyne 5.  

 

Figure (3-29). Proton NMR chart (CDCl3, 300 MHz) of compound 71 

A cross peak is shown in the COSY spectrum (Figure 30) between the two doublets 

of doublets centred at 4.23 ppm and 4.20 ppm and the triplet at 2.42 ppm which means 

the presence of the long-range coupling.97 
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Figure 3-30 . Magnified 1H‒1H COSY (CDCl3, 300 MHz) spectrum of derivative 71 

The 13C NMR spectrum of compound 71 (Figure 31) shows three new signals at 79.8, 

74.7 ppm and 58.7 ppm belonging to C2, C1 and C3 respectively.  

 

Figure (3-31). Carbon-13 NMR chart (CDCl3, 75 MHz) of compound 71 
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It is important to affirm the conformation of the derivative 71 before progressing to 

the synthesis of triazole derivatives. It is widely known that the preferred 3D shape of 

the pyranose six-membered ring in the saccharides is chair conformations 4C1 and 4C
1 

(Figure 32).98,99  

 

Figure (3-32). Chair conformations of pyranoses 

The computational study of compound 71 demonstrated that the lowest energy 

galactopyranose ring adopted chair 3CO conformation (Figure 33). According to 

Karplus equation, the magnitude of coupling constant decreases as the dihedral angle 

between the vicinal hydrogen atoms raises from 0° to 90° and then starts to increase 

with the raise of the angle.100 In the suggested 3D shape of the six-membered ring, the 

dihedral angle between H2' and H3' is approximately 90° and this is confirmed by 1H 

NMR as the coupling constant 3J H,H between H2' and H3' is 2.4 Hz.  

 

Figure (3-33). The suggested conformation of compound 71 based on computational 

study and NMR spectra 
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3.4.Synthesis of triazole derivatives 72a‒c  

After the synthesis and determination of the conformation of the alkyne precursor 71, 

the work moved to the final step in the preparation scheme which was the click 

reaction. The reaction of benzyl azides 68a‒c separately with the propargyl-sugar 

ether 71 in DMSO as a solvent and in the aid of the mixture of Na ascorbic acid salt 

and copper sulphate pentahydrate at fifty degrees for 36 h afforded triazole derivatives 

72a‒c in a very good to an excellent yield (Scheme 28): 

 

Scheme (3-28). Preparation of triazole compounds 72a‒c 

The proposed mechanism of Cu(I)-mediated alkyne-azide reaction (CuAAC) is shown 

in (Scheme 29).45 First, Cu(I) is generated in situ through the reduction of copper 

sulphate pentahydrate which is the Cu(II) source Na ascorbate. Then, alkyne 71 binds 

with copper (I) to form copper (I)-acetylide I followed by the formation of copper 

complex with the electron-dense nitrogen. Next, the N atom of the organic azide is 

confronted by the high electronegative sp-carbon to produce the six-membered ring 

intermediate III. Ring reduction of the latter gives the intermediate IV that finally 

releases the Cu-complex to the cycle and gives the regio-selective product 72a. The 

structure of the other triazole compounds 72b‒c follow similar mechanistic pathway.    
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Scheme (3-28). Proposed mechanism of the synthesis of compound 72a45 

The creation of compounds 72a‒c is assigned by FT-IR spectra (Figures 34‒36) that 

exhibited stretching bands referred to C‒H triazole at approximately 3140 cm‒1, the 

aromatic stretching bands C‒H located at 3064 cm‒1, the ν C=C bands appeared near 

1600 cm‒1 and 1500 cm‒1 and the distinguishing ν C‒F stretching band that appeared 

from 1240 to 1220 cm‒1.   
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Figure (3-34). Fourier-transform infrared spectrum of derivative 72a 

 

Figure (3-35). Fourier-transform infrared spectrum of derivative 72b 
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Figure (3-36). Fourier-transform infrared spectrum of derivative 72c 

Additionally, 1H NMR spectra of compounds 72a‒c (Figures 37‒39) approve the 

construction of 1,4-disubstited monotriazole derivatives through the appearance of a 

singlet at 7.58 ppm, 7.52 and 7.48 ppm for the derivatives 72a, 72b and 72c 

respectively, which signifies the existence of the 1,4- disubstituted monotriazole 

isomer. Moreover, the presence of the Ar protons’ signals from 7.36 ppm to 6.94 ppm 

(Figure 40−42) and the benzylic protons singlet between 5.55 ppm and 5.51 ppm is 

concrete evidence of the azide-alkyne cycloaddition. It is also important to mention 

that there is significant shift downfield of doublet of doublet of the ‒O‒CH2‒ protons 

(protons 3 in the alkyne structure) from 4.24 ppm and 4.19 ppm in compound 71 to be 

two doublets between 4.71 ppm and 4.65 ppm. Other pyranose protons signals; 5.51 

(d, J = 5.0 Hz, 1H, H1'), 4.58 (dd, J = 7.9, 2.4 Hz, 1H, H3'), 4.29 (dd, J = 5.0, 2.4 Hz, 

1H, H2'), 4.22 (dd, J = 7.9, 1.9 Hz, 1H, H4'), 3.98 (ddd, J = 7.0, 5.6, 1.8 Hz, 1H, H5'), 

3.71 (dd, J = 10.3, 5.4 Hz, 1H, H6'a), 3.66 (dd, J = 10.3, 7.1 Hz , H, H6'b), are also 

illustrated in the zoomed in spectra of triazoles 72a‒c (Figures 43−45). All 
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isopropylidene protons appear between 1.50 ppm and 1.30 ppm (Figures 37‒39). The 

1H NMR data of triazoles 72a‒c are summarized in Table 2. 

Table (3- 2). Comparison of 1H NMR data of triazoles 72a‒c 

Compound Structure Aromatic 

region 

(Figure 40−42) 

Aliphatic region (Figures 43‒45) 

72a 

 

7.58 (s, 1H, H5), 

7.33 (dddd, J = 

13.6, 7.3, 5.4, 1.7 

Hz, 1H, Ar−H), 

7.25 (td, J = 7.5, 

1.7 Hz, 1H, 

Ar−H), 7.12 (td, 

J = 7.5, 1.0 Hz, 

1H, Ar−H), 7.09 

(m, 1H, Ar−H) 

5.55 (s, 2H, Ar−CH2−triazole), 5.50 

(d, J = 5.0 Hz, 1H, H1'), 4.69 (d, J 

= 12.5 Hz, 1H, 

triazole−CH2−CHO), 4.66 (d, J = 

12.5 Hz, 1H, triazole−CH2−CHO), 

4.57 (dd, J = 8.0, 2.4 Hz, 1H, H3'), 

4.28 (dd, J = 5.0, 2.4 Hz, 1H, H2'), 

4.21 (dd, J = 7.9, 1.9 Hz, 1H, H4'), 

3.97 (ddd, J = 7.1, 5.4, 1.8 Hz, 1H, 

H5'), 3.70 (dd, J = 10.3, 5.5 Hz, 1H, 

H6'a), 3.64 (dd, J = 10.2, 7.0 Hz , H, 

H6'b), 1.49 (s, 3H, CH3), 1.40 (s, 

3H, CH3), 1.30 (s, 6H, C(CH3)2) 

72b 

 

7.52 (s, 1H, H5), 

7.34 (ddd, J = 

13.7, 7.9, 5.8 Hz, 

1H, Ar−H), 

7.05‒7.02 (m, 

2H, Ar−H), 6.95 

(dt, J = 9.2, 1.8 

Hz, 1H, Ar−H) 

5.51 (d, J = 5.0 Hz, 1H, H1'), 5.50 

(s, 2H, Ar−CH2−triazole), 4.71 (dd, 

J = 12.5, 0.5 Hz, 1H, 

triazole−CH2−CHO), 4.68 (dd, J = 

12.6, 0.5 Hz, 1H, 

triazole−CH2−CHO), 4.58 (dd, J = 

7.9, 2.4 Hz, 1H, H3'), 4.29 (dd, J = 

5.0, 2.4 Hz, 1H, H2'), 4.22 (dd, J = 

7.9, 1.9 Hz, 1H, H4'), 3.98 (ddd, J = 

7.0, 5.6, 1.8 Hz, 1H, H5'), 3.71 (dd, 

J = 10.3, 5.4 Hz, 1H, H6'a), 3.66 

(dd, J = 10.3, 7.1 Hz , H, H6'b), 1.50 

(s, 3H, CH3), 1.40 (s, 3H, CH3), 

1.31 (s, 6H, C(CH3)2) 

72c 

 

7.48 (s, 1H, H5), 

7.25 (app t, J = 

7.5, 2H, Ar−H), 

7.05 (app t, J = 

8.6 Hz, 2H, 

Ar−H) 

5.51 (d, J = 5.1 Hz, 1H, H1'), 5.48 

(s, 2H, Ar−CH2−triazole), 4.70 (d, J 

= 12.5 Hz, 1H, 

triazole−CH2−CHO), 4.67 (d, J = 

12.6 Hz, 1H, triazole−CH2−CHO), 

4.58 (dd, J = 7.9, 2.4 Hz, 1H, H3'), 

4.29 (dd, J = 5.0, 2.4 Hz, 1H, H2'), 

4.22 (dd, J = 7.9, 1.9 Hz, 1H, H4'), 

3.97 (ddd, J = 7.0, 5.4, 1.7 Hz, 1H, 

H5'), 3.70 (dd, J = 10.3, 5.5 Hz, 1H, 

H6'a), 3.65 (dd, J = 10.3, 7.0 Hz , H, 

H6'b), 1.50 (s, 3H, CH3), 1.41 (s, 

3H, CH3), 1.312 (s, 3H, CH3), 1.31 

(s, 3H, CH3) 
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Figure (3-37). Proton NMR chart (CDCl3, 600 MHz) of compound 72a 

 

Figure (3-38). Proton NMR chart (CDCl3, 600 MHz) of compound 72b 
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Figure (3-39). Proton NMR chart (CDCl3, 600 MHz) of compound 72c 

 

Figure (3-40). Magnified aromatic region proton nuclear magnetic resonance 

spectrum (CDCl3, 600 MHz) of triazole 72a 
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Figure (3-41). Magnified aromatic region proton nuclear magnetic resonance 

spectrum (CDCl3, 600 MHz) of triazole 72b 

 

Figure (3-42). Magnified aromatic region proton nuclear magnetic resonance 

spectrum (CDCl3, 600 MHz) of triazole 72c 
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Figure (3-43). Magnified aliphatic region proton nuclear magnetic resonance 

spectrum (CDCl3, 600 MHz) of triazole 72a 

 

Figure (3-44). Magnified aliphatic region proton nuclear magnetic resonance 

spectrum (CDCl3, 600 MHz) of triazole 72b 
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Figure (3-45). Magnified aliphatic region proton nuclear magnetic resonance 

spectrum (CDCl3, 600 MHz) of triazole 72c 

The 13C{1H} NMR spectra (Figures 46‒48) of compounds 72a‒c exhibited the 

constitution of extreme pure of compounds as they have the same number of carbon 

signals regarding to every compound. Initially, the Ar area contains all benzyl ring 

peaks between 163 ppm and 116 ppm. Moreover, the peaks of the two carbon atoms 

of triazole ring appear at ~ 145 ppm and 122 ppm (Figures 49‒51). The noteworthy 

click reaction does not influence the cyclic acetal protecting groups. This is because 

that the locations of the acetal carbon signals at 109.0 ppm, 108.0 ppm, 26.0−24.0 ppm 

did not alter after the click reaction. All other signals in 13C{1H} NMR spectra are 

assigned to either sugar pyran ring carbon signals or to the methylene carbon atoms. 

The comparison of carbon-13 NMR signals is illustrated in Table 3. 

 

 

3.83.94.04.14.24.34.44.54.64.74.84.95.05.15.25.35.45.5 ppm

3
.
6
6
6

3
.
6
9
1

3
.
7
0
0

3
.
7
0
8

3
.
7
1
7

3
.
9
6
3

3
.
9
6
6

3
.
9
7
4

3
.
9
8
3

3
.
9
8
6

4
.
2
1
0

4
.
2
1
3

4
.
2
2
3

4
.
2
2
6

4
.
2
9
0

4
.
2
9
4

4
.
2
9
9

4
.
3
0
3

4
.
5
6
9

4
.
5
7
3

4
.
5
8
3

4
.
5
8
7

4
.
6
6
2

4
.
6
8
3

4
.
6
8
9

4
.
7
1
0

5
.
4
7
7

5
.
5
0
9

5
.
5
1
7

1
.0

5

1
.0

4

1
.0

5

1
.0

4

1
.0

5

1
.0

5

2
.1

2

2
.0

5

1
.0

7



Chapter Three: Results and Discussion 
 

59 
 

Table (1-3). Comparison of 13C{1H} NMR data of the synthesized triazoles 72a‒c 

Compound Structure Aromatic region 

(Figure 49−51) 

Aliphatic region 

(Figures 46‒48) 

72a 

 

160.6 (d, J = 247.8 Hz, 

ArC), 145.8 (C4), 

131.0 (d, J = 7.8 Hz, 

ArC), 130.7 (d, J = 3.0 

Hz, ArC), 124.9 (d, J 

= 4.0 Hz, ArC), 122.8 

(C5), 122.0 (d, J = 

14.3 Hz, ArC), 115.9 

(d, J = 21.2 Hz, 

Ar−C). 

109.3 (C(CH3)2), 108.6 

(C(CH3)2), 96.4 (C1'), 71.2 

(C4'), 70.7 (C3'), 70.6 (C2'), 

69.4 (C6'), 66.8 (C5'), 65.0 

(triazole −CH2− CHO), 47.7 

(d, J = 4.3 Hz, 

Ar−CH2−triazole), 26.1 (CH3), 

26.0 (CH3), 25.0 (CH3), 24.0 

(CH3) 

72b 

 

163.1 (d, J = 247.9 Hz, 

ArC), 146.1 (C4), 

137.1 (d, J = 7.1 Hz, 

ArC), 130.9 (ArC), 

123.7 (C5), 122.7 (d, J 

= 26.1 Hz, ArC), 

115.9 (d, J = 20.9 Hz, 

Ar−C), 115.2 (d, J = 

22.1 Hz, Ar−C). 

109.4 (C(CH3)2), 108.7 

(C(CH3)2), 96.5 (m, 1C, C1'), 

71.3 (C4'), 70.8 (d, J = 17.5 Hz, 

C3'), 70.6 (m, 1C, C2'), 69.5 

(C6'), 66.8 (m, 1C, C5'), 65.0 

(triazole −CH2− CHO), 53.6 

(Ar−CH2−triazole), 26.1 

(CH3), 26.0 (CH3), 25.0 (m, 

CH3), 24.6 (m, CH3) 

72c 

 

163.0 (d, J = 247.8 Hz, 

ArC), 146.0 (C4), 

130.6 (d, J = 3.3 Hz, 

ArC), 130.1 (d, J = 8.7 

Hz, ArC), 122.4 (C5), 

116.2 (d, J = 21.9 Hz, 

Ar−C). 

109.4 (C(CH3)2), 108.7 

(C(CH3)2), 96.5 (C1'), 71.3 

(C4'), 70.8 (C3'), 70.6 (C2'), 

69.5 (C6'), 66.8 (C5'), 65.0 

(triazole −CH2− CHO), 53.5 

(Ar−CH2−triazole), 26.18 

(CH3), 26.1 (CH3),  25.0 

(CH3), 24.6 (CH3). 
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Figure (3-46). Carbon-13 NMR chart (CDCl3, 150 MHz) of triazole 72a 

 

Figure (3-47). Carbon-13 NMR chart (CDCl3, 150 MHz) of triazole 72b 
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Figure (3-48). Carbon-13 NMR chart (CDCl3, 150 MHz) of triazole 72c 

 

Figure (3-49). Magnified aromatic region carbon-13 nuclear magnetic resonance 

spectrum (CDCl3, 150 MHz) of triazole 72a 
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Figure (3—50). Magnified aromatic region carbon-13 nuclear magnetic resonance 

spectrum (CDCl3, 150 MHz) of triazole 72b 

 

Figure (3-51). Magnified aromatic region carbon-13 nuclear magnetic resonance 

spectrum (CDCl3, 150 MHz) of triazole 72c 
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The 19F NMR spectra (Figures 52‒54) demonstrated one fluorine signal due to fluorine 

atom attached to the aromatic ring at ‒118.2 ppm, ‒111.6 ppm, ‒112.8 ppm for 

compounds triazole derivatives 72a, 72b and 72c respectively. The splitting of the 

fluorine signal is caused by fluorine-hydrogen or fluorine-carbon splitting (Figures 

55‒57).101 

 

Figure (3-52). Fluorine-19 NMR chart (CDCl3, 564 MHz) of triazole 72a 
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Figure (3-53). Fluorine-19 NMR chart (CDCl3, 564 MHz) of triazole 72b 

 

Figure (3-54). Fluorine-19 NMR chart (CDCl3, 564 MHz) of triazole 72c 
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Figure (3-55). Magnified Fluorine-19-NMR chart (CDCl3, 564 MHz) of compound 

72a 
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Figure (3-56). Magnified Fluorine-19-NMR chart (CDCl3, 564 MHz) of compound 

72b 

 

Figure (3-57). Magnified Fluorine-19-NMR chart (CDCl3, 564 MHz) of compound 

72c 

The precise identification of triazole derivatives 72a‒c is also accomplished by two-

dimensional nuclear magnetic resonance method 1H‒1H COSY, 1H‒13C HSQC and 

1H‒13C HMBC. COSY spectra are efficient tools to characterize proton‒proton 

correlation by displaying cross signals between the protons on adjacent carbon atoms. 

The extended 1H‒1H COSY spectra (Figures 55‒57) of compound 72a‒c show the 

cross signals between pyranose protons, and they are nearly comparable. Nonetheless, 

the magnified spectra (Figures 58‒60) of the aromatic part of compounds 72a‒c 

display significant differences between the three compounds 72a‒c resulting from the 

location of fluorine on the aromatic ring that led to various splitting patterns. 

-112.60 -112.65 -112.70 -112.75 -112.80 -112.85 -112.90 -112.95 ppm

-
1
1
2
.
7
9

-
1
1
2
.
7
8

-
1
1
2
.
7
8

-
1
1
2
.
7
7

-
1
1
2
.
7
7

-
1
1
2
.
7
6

-
1
1
2
.
7
6

-
1
1
2
.
7
5

-
1
1
2
.
7
4

1
.0

0



Chapter Three: Results and Discussion 
 

67 
 

Obviously, this is also shown in the one-dimensional NMR charts of the derivatives 

72a‒c. 

 

Figure (3-58). Zoomed in 1H–1H COSY (600 MHz, CDCl3) of compound 72a 



Chapter Three: Results and Discussion 
 

68 
 

 

Figure (3-59). Zoomed in 1H–1H COSY (600 MHz, CDCl3) of compound 72b 

 

Figure (3-60). Zoomed in 1H–1H COSY (600 MHz, CDCl3) of compound 72c 
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Figure (3-61). Magnified 1H–1H COSY (CDCl3, 600 MHz) of triazole 72a 

 

Figure (3-62). Magnified 1H–1H COSY (CDCl3, 600 MHz) of triazole 72b 
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Figure (3-63). Magnified 1H–1H COSY (CDCl3, 600 MHz) of triazole 72c 

Compounds 72a‒c were also accurately characterized utilizing Heteronuclear Single 

Quantum Coherence HSQC (Figures 61‒65) and Heteronuclear Multiple Bond 

Correlation HMBC (Figures 66‒68). Once again, sugar core region of the compounds 

72a‒c displayed almost similar spectra. However, the Ar region displayed clear 

distinctions among the three derivatives due to the different location of the fluorine 

substitution of each derivative.  



Chapter Three: Results and Discussion 
 

71 
 

 

Figure (3-64). Magnified aromatic region 1H–13C HSQC (CDCl3, 600 MHz) of 

triazole 72a 

 

 

Figure (3-65). Magnified aromatic region 1H–13C HSQC (CDCl3, 600 MHz) of 

triazole 72b 
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Figure (3-66). Magnified aromatic region 1H–13C HSQC (CDCl3, 600 MHz) of 

triazole 72c 

 

 

Figure (3-67). Magnified aliphatic region 1H–13C HSQC (CDCl3, 600 MHz) of 

triazole 72a 
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Figure (3-68). Magnified aliphatic region 1H–13C HSQC (CDCl3, 600 MHz) of 

triazole 72b 

 

Figure (3-69). Magnified aliphatic region 1H–13C HSQC (CDCl3, 600 MHz) of 

triazole 72c 
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Figure (3-70). Magnified aliphatic region 1H–13C HMBC (CDCl3, 600 MHz) of 

triazole 72a 

 

 

Figure (3-71). Magnified aliphatic region 1H–13C HMBC (CDCl3, 600 MHz) of 

triazole 72b 
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Figure (3-72). Magnified aliphatic region 1H–13C HMBC (CDCl3, 600 MHz) of 

triazole 72c 

Ultimately, High Resolution Mass Spectra were employed to characterize the exact 

molecular weight of every compound. HRMS analyses (Figures 70‒72) major signals 

at m/z 472.1852, 472.1852 and 472.1853 were assigned for the derivatives 72a, 72b 

and 72c respectively which agrees with the formula C22H28FN3O6Na+. 
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Figure (3-73). High-resolution mass spectrum of triazole 72a 
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Figure (3-74). High-resolution mass spectrum of triazole 72b 
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Figure (3-75). High-resolution mass spectrum of triazole 72c 
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3.5. Cytotoxicity of triazole derivatives 72a‒72c 

The in vitro cytotoxicity of compounds 72a‒72c have been tested versus human 

mesenchymal stem cells MSCs utilizing alamarBlue as an indicator in two 

concentrations 1.0 mM and 0.5 mM. AlamarBlue is a calorimetrical technique based 

on the reducing of non-toxic synthetic dye 7-hydroxy-10-oxidophenoxazin-10-ium-3-

one (73), by the biological cells, particularly by dehydrogenase enzymes, to the 

resofurin (74) (Scheme 30).102,103  

 

Scheme (3-30). The reducing of compound 73 to the compound 74 by 

dehydrogenase of biological cells 

The concentration of the red dye resofurin (74) and the amount of the fluorescence 

produced increase as the amount of the living in the assay rises. Table 4 and Figure 73 

illustrate that compounds 72a‒72c possess fair cytotoxicity. Normally and at 1.0 mM 

concentration, compounds 72b and 72c have higher cytotoxic effect 70% and 75% 

respectively while the cytotoxicity of the derivative 72a is 90% at the same 

concentration. Derivative 72a has fluorine in ortho position and this can restrict the 

rotation about sigma bond, which in turn affect the hydrophobicity of the molecules 

and hence disturbs the diffusion of the molecule into cells through the lipid bilayer 

membrane.104−106 Nevertheless, reducing the concentration of compounds 72a−c to the 

half 0.5 mM maintains the cytotoxicity of derivatives 72a, 72b and 72c at 95%, 100% 

and 90% respectively.  

Table (3-4). Cytotoxicity of triazoles 72a‒72c versus human MSCs 
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Compound No. 

Cells Viability% 

1.0 mM 0.5 mM 

Control  100% 

72a 90% 95% 

72b 70% 100% 

72c 75% 90% 

 

 

Figure (3-76). MSCs Cytotoxicity analyses using almarBlue method that planted 

24h on top of triazoles 72a‒72c 
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1,2,3-Triazole are essential category of organic molecules that have extensive variety 

of applications. This thesis contained the preparation of new type of 1,2,3-triazole 

derivatives starting of commercially available monosaccharide (D-galactose). The 

prepared compounds have been entirely identified by TLC and spectroscopic 

techniques; FTIR, NMR and HRMS. Introduction of fluorine-substituted aromatic 

ring in the compounds increases the hydrophobicity as the fluorine is lipophilic 

element. This improved the features of derivatives for the medicinal applications. The 

cytotoxicity of the cyclic acetal-containing triazoles 72a‒72c versus human 

mesenchymal stem cells MSCs was acceptable at 0.5 mM. However, there was no or 

sight cytotoxicity at 1.0 mM. 

3.7.Future work 

It is highly advised to screen the synthesized compounds at higher concentrations; 2.0 

mM, 3.0 mM and 4.0 mM. It is also suggested to examine the toxicity of the 

deprotected set of the 1,2,3-triazole derivatives 72a‒72c against human mesenchymal 

stem cells due to their amphiphilic properties. This will accelerate the diffusion of the 

compounds in the biological cells through the lipid bilayer membrane and accordingly 

provides better results. Also, it is suggested that the prepared derivatives examined 

versus different types of pathogenic microbes due to the same cause. Furthermore, the 

prepared derivatives might be employed as chelates in the production of various 

organometallic complexes that possess various functions in the pharmaceutical, 

catalysis or material science fields.   
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ِخلاصهال

لاكاوز المحاوي كعلى المسمما دة  ةازول جديدايتر-3،2،1مشمماتا  تخليق  رسممالةتضممم ه ه ا ال

فلورو -3،  -فلور-2تم تحضير  السمية. في البداية ، هاعلى جزء فلوروب زيل ودراسة خصائص

لة من خلال  (a−c68) فلوروب زيل أزيد-4و  فاعل بروميدا  الب زيل المتاب مع  )  (67a−cت

سمماعة  24درجة مئوية لمدة  50ع د  DMSOم يب ث ائي مثيل سمملفوكسممايد أزيد الصمموديوف في 

في خطوة و . %92−81إلى ممامماز  جممدا   جيممد م اوجللحصممممممول على ا زيممدا  الممم كورة في 

فاع ي  لاحفيز ت مع ( 69) لاكاوزج-Dل موازية ، تم اسمممممماخداف كلوريد الزض  وكمر الكبريا

-di-O-1,2:3,4 سمماعا  للحصممول على  6وصممول ا سممياو  في درجة الحرارة المحيطة لمدة 

isopropylidene-α-D-galactose (70) تم تفاعل ه ا المشمممممماق مع  %81 جيد جدا   م اوجب

درجة كرارة  إلىدرجة مئوية  صمممفرع د  DMF ثاائي مثيل فورمأمايد البروبارجيل فيبروميد 

 O-prop-2-ynyl-1,2:3,4-di-O-isopropylidene-α-D-galactose-6الغرفممة. تضامماج 

سممماخداف الدراسمممة إبالفراغي  71تم تحديد شمممكل المشممماق  علاوة على ذل  88% يم اوج  (71)

ا  تم تص يع مشاتا  2D NMR الرضين ال ووي المغ اطيسي ث ائي ا بعاد الحسابية وتت ية . أخير 

 لكاينللأ( CuAACأزيد ال حاسي )-تحفيز ألكينتفاعل من خلال )  (72a−cيازول اتر-3،2،1

 وجود أسممممكوربا  الصمممموديوف وكبرياا  ال حا  فيب)  (68a−c ا روماتية زيدا ا مع   71

سمممماعة للحصممممول على  36درجة مئوية لمدة  50ع د  DMSO م يب ث ائي مثيل سمممملفوكسممممايد

المركبا   تشمممممخي تم  %90−83 بم اوج)  (72a−cيازول المسممممماهدفة اتر-3،2،1مشممممماتا  

 FT-IR مطيافية ا شممممعة تحه الحمراء و TLC بات يا  كروماضوغرافيا الطبتة الرقيتة المحفزة

. HRMSو  HMBCو  HSQCو  COZYو  NMR مطيافية الرضين ال ووي المغ اطيسممي و

تجاا الخلايا الج عية اللحمية البشمممرية ووجد أ  ه ا المشممماتا  )  (72a−c  تم فح  المركبا  

 .معادلةلها سمية خلوية 



 

 

 هداءات
ميأُ  ،م  اع  ودَ  ب  ح   كبر مُ   

يب ِأِة،امَ سَ ا  ب  ل اتام  يبة وكَ وح الطَ اكب الرُ لصَ   

ي  ل م  لِْسُِورُِِيت ِوَِخِْأ ِ، مُل ه   

ميو ي  ت  وَ ر قُ دَ ص  لمَ  عليِيوج  ، زَ كُب يو دعَ   

ايَِمِ ب اي إ  ي    عيَ  ة  ر  لتُ   

 صدقائيأِلكُ ل  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

يمِ ب ِ ح  ِالره حْمَن  الره  ِ ِاللَّه سْم   

 

{ُِ لْمَِدَرَجَاتٍِوَاللَّه ينَِأوُتوُاِالْع  نكُمِْوَالهذ  ينَِآمَنوُاِم  ُِالهذ  يرَْفعَ ِاللَّه

{ب مَاِتعَْمَلوُنَِخَب يرِ   
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