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INTRODUCTION
Carbohydrates are highly functionalized compounds with 

well-defined stereochemistry due to the presence of chiral 
centers with hydroxyl (-OH) groups directed to specific posi-
tions. These hydroxyls exhibit various reactivities, which 
opens the path for the synthesis of a variety of derivatives 
[1]. Carbohydrates possess diverse biological roles in almost 
all living organisms [2]. 

The driving forces of their activities are attributed to their 
chiral centers [3], their conjugation with other biomolecules, 
and their specific positions within cells. Based on auxiliary 
mediation strategies [4], varying functionalized stereogenic 
centers are present in carbohydrate moieties, making them 
suitable compound templates for investigating important 
rigid architectures involving known stereochemistry [5,6]. 

Multi-step synthesis, designed by many organic chemists, 
often requires a series of protection steps to ensure one 
functional group remains inert to a particular reagent [7]. 
Protecting groups are essential for chemo- and regioselec-
tive manipulation in synthesis. Although a wide range of 
protecting groups is available to carbohydrate chemists, their 
stability and orthogonality make the selection difficult [8].

Carbohydrates not only play crucial roles as energy 
storage or as sources of biomaterials but also have significant 
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roles in diverse biological recognition and regulation pro-
cesses such as microbial infections and immune responses 
[9]. The pyranoside sugars are often utilized in structure-
activity relationship studies of drugs [10]. The differentia-
tion of hydroxyl groups in carbohydrates remains a long-
standing challenge [11]. Although enzymatic methodolo-
gies are typically effective for the efficient functionalization  
of hydroxyl groups in carbohydrates, it remains complicated 
to selectively discriminate between the hydroxyl groups  
of sugars using non-enzymatic approaches [12].

Bacteria live in various environments and are continu-
ally exposed to diverse stimuli, as surrounding chemical 
compounds and physical conditions change [13].

Escherichia coli is a type of bacteria found in the human 
intestines that plays an important role in digestion. These 
bacteria have diagnostic value when infection occurs, as 
urinary tests are performed in 80% of cases [14]. Staphylo-
coccus aureus is ubiquitous in nature. It is a major human 
pathogen that can grow in inappropriately stored food [15], 
causing a diversity of diseases in humans such as abscesses, 
pneumonia, meningitis, and mastitis [16].

MATERIALS AND INSTRUMENTS

Experimental section

All chemicals and solvents were purchased and 
used without further purification. α-methyl-D-glucose, 
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α,α-dimethoxytoluene, anhydrous sodium sulfate, sulfonic 
acid monohydrate, bis- (2-chloroethyl) ether, sodium bicar-
bonate, sodium hydroxide (NaOH), tetrabutylammonium 
bromide, sodium iodide (Na2I), sodium azide (NaN3), 
acetone, chloroform, ethanol, ethyl acetate, n-hexane, and 
toluene were obtained from Sigma Aldrich as analytical 
grades. 1H and 13C NMR spectra were recorded on a Bruker 
advance NEO at 400 MHz and 101 MHz, respectively, using 
CDC13, FT-IR spectra were recorded using an Alpha-Bruker 
(Germany).

Synthesis
Methyl-4,6-O-benzylidene-α-D-glucopyranoside 2

Methyl-α-D-glucopyranoside 1 (12 g, 61.85 mmol) and 
α,α-dimethoxytoluene (12 mL,78.24 mmol) were dissolved 
in DMF (100 mL) and a catalytic amount of sulfonic acid 
monohydrate was added. The mixture was heated at 75°C 
in a rotary evaporator under vacuum. The reaction progress 
was monitored by TLC (ethyl acetate: n-hexane, 1:1). Upon 
completion of the reaction, the solvent was evaporated, and 
the residue was dissolved in CHCl3 (30 mL), and washed 
with a saturated sodium bicarbonate solution (2×30 mL), 
followed by distilled water. The solvent was removed under 
vacuum, dried over Na2SO4, filtered, and the organic phase 
evaporated to furnish compound 2 (12.24 g, yield 88%) as 
a white fine powder [17].

Methyl-4,6-O-benzylidene-2,3-bis[ (2-chloroethoxy)
ethyl]-α-D-glucopyranoside 3

A mixture of compound 2 (15 g, 53.19 mmol) and tetra-
butylammonium bromide (12 g, 35.8 mmol) in bis- (2-chlo-
roethyl) ether (150 mL), which served as both reactant and 
solvent, was mechanically stirred with the phase transfer 
catalyst (PTC) and a 50% NaOH solution (90 mL) at room 
temperature for 72 hours. The mixture was washed exten-
sively with water. The excess bis (2-chloroethyl) ether was 
evaporated with the assistance of a co-solvent to prevent 
product decomposition, as a high temperature is required. 
Water was selected as the co-solvent, and the product was 
extracted into ethyl acetate. The combined organic phases 
were washed with water, dried over Na2​SO4​, filtered, and the 
solvent evaporated to furnish the product as a yellow syrup 
in almost quantitative yield (22.1 g, 78.36%) [18].

FT-IR data (cm-1): 3459.5, 3351.5 (OH groups). 
3061.8,3034.9 (H-aromatic), 2911.5, 2867.0 (H-aliphatic), 
2000.0-1600,0 (overtone bands),1454.2, 1371.6 (C=C 
aromatic), 1298.2 (CH2-Cl).

1H-NMR (400 MHz, CDCl3) δ 3.14-3.26 (m, 1H),  
3.26-3.37 (m, 1H), 3.33-3.41 (m, 1H), 3.37-3.47 (m, 1H), 
3.43-3.57 (m, 4H), 3.53-3.67 (m, 8H), 3.63-3.75 (m, 4H), 
3.81-4.00 (m, 5H), 4.26 (dd, J = 10.5, 5.0 Hz, 1H), 4.41  
 (d, J = 7.7 Hz, 1H), 5.46 (s, 1H), 7.30 (tdd, J = 4.7, 3.5, 1.5 
Hz, 3H), 7.36-7.44 (m, 2H). 

13C-NMR (101 MHz, CDCl3) δ 42.63, 42.78, 42.81, 
50.95, 66.11, 68.67, 70.80, 70.82,71.09, 71.15, 71.35, 
72.39, 72.45, 80.76, 81.62, 82.68, 101.30, 103.79, 126.07, 
128.26,129.05, 137.24.

Methyl-4,6-O-benzylidene-2,3-bis[ (2-iodo ethoxy)ethyl]-
α-D-glucopyranoside 4

Compound 3 (30 g, 58.59 mmol) was dissolved in dry 
acetone (170 mL). NaI (36 g, 256.85 mmol) was added, and 
the solution was stirred under reflux for 24 h (monitored 
by TLC (ethyl acetate: n-hexane, 1:1)). When the starting 
material was consumed, the solvent was evaporated. The 
residue was dissolved in ethyl acetate (40 mL) and then 
washed with water (3×40 mL). The organic phase was dried 
over sodium sulfate, filtered, and then evaporated in vacuo to 
give compound 4 as a pale brown syrup (31 g, 76.73%) [19]. 

FT-IR data (cm-1): 3063, 3036 (H-aromatic), 2911.6, 
2865.1 (H-aliphatic), 1453 (C=C aromatic), 1185.4 (CH2-I).

1H-NMR (400 MHz, CDCl3) δ 7.28-7.42 (m, 5H, Ph), 
5.45 (d, J = 0.9Hz, 1H, PhCH benzylidene), 4.41 (m, 1H, 
H-1), 4.39 (dd, J = 11.4, 1.6 Hz, 1H, H-6), 4.27 (m, 1H, 
H-3), 4.26 (m, 1H, H-4), 4.23 (dd, J= 11.5, 4.4 Hz, 1H, H-6), 
3.85-3.96 (m, 17H, H-2, 6 OCH2, 2 CH2I), 3.62-3.66 (m, 1H 
,H-5), 3.42-3.55 (d, J = 1.5 Hz, 3H, OCH3). 

13C-NMR (125 MHz, CDCl3) δ 137.23, 126.03, 128.26, 
129.06 (Ph), 103.78 (Ph-CH benzylidene), 101.30 (C-1), 
82.68-80.75 (C-4, C-3, C-2), 72.45-66.11 (6 CH2O ,C-5, 
C-6), 50.95 (CH3), 4.85, 4.82 (2CH2-I).

Methyl-4,6-O-benzylidene-2,3-bis[ (2-azidoethoxy)
ethyl]-α-D-glucopyranoside 5

Compound 4 (6.78 g, 10 mmol) was mixed with sodium 
azide (1.0 g, 15 mmol) and dissolved in DMF (20 mL), then 
heated to 110°C for 48 hours. TLC showed the completion 
of the reaction. The DMF was evaporated in vacuo, and the 
product was extracted using an ethyl acetate/water mixture. 
The organic layer was separated, dried with sodium sulfate, 
filtered, and the solvent was evaporated to give compound 5,  
which was further purified by column chromatography to 
yield (6.3 g, 85%) [20].

FT-IR data (cm-1): 3063, 3036 (H-aromatic), 2911.6, 
2865.1 (H-aliphatic), 1453 (C=C aromatic), 2097.08 
(CH2-N3).

1H-NMR (400 MHz, CDCl3) δ 7.41-7.28 (m, 5H, Ph), 
5.46 (s, 1H, PhCH benzylidene), .4.80 (d, 3J1,2 = 3.7 Hz, 
1H, H-1) 4.38-4.36 (m, 1H, H-2), 4.09-3.61 (m, 22H, H-3, 
H-4, H-5, H-6ax, H-6eq, 6 CH2O, OCH3), 2.81 (m, 4H, 2 
CH2-N3).

13C-NMR (100 MHz, CDCl3) δ 137.42, 126.03, 128.26, 
129.06 (Ph), 101.27 (PhCH benzylidene), 99.50 (C-1), 
82.68, 82.28, 80.67 (C-4, C-3, C-2), 72.69, 71.10, 70.31, 
69.69, 69.35, 69.30, 69.12, 69.06, (6 CH2O) 62.39, 62.19 
(C-5, C-6), 55.23 (OCH3), 48.38, 48.18 (2CH2-N3).

Antibacterial activity

The agar well diffusion method [21] was used against 
two types of bacteria (E. coli and S. aureus). The two sugar 
derivatives 3 and 4 were studied [22]. Five clear isolated 
colonies of fresh culture were cultured in five milliliters and 
incubated at 37°C for 4-8 h. The resulting turbidity was cali-
brated. A sterile cotton swab was dipped into the suspension. 

The swab was used to streak the entire surface of a Muel-
ler-Hinton agar plate. Then, using a sterile cork borer, wells 
(7 mm diameter) were produced and filled with the two 
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derivative compounds, A1 and A2, at concentrations of 125, 
250, 500, and 1000 μg/mL. The fifth well was filled with 
Penicillin G (1 μg/mL) as a control for both Gram-negative 
and Gram-positive bacteria. The Petri dishes were then incu-
bated at 37°C for 24 h. The diameter of the growth inhibition 
zones, measured in millimeters, was used to determine the 
antibacterial activity [23,24].

RESULTS AND DISCUSSION

Synthesis of carbohydrate derivatives
The synthesis of bioactive compounds derived from 

methyl-α-D-glucose began with the treatment of α-methyl 
glucose 1 with α,α-dimethoxytoluene, catalyzed by 
TsOH⋅H2​O in DMF, to yield 4,6-O-benzylidene-α-methyl-
D-glucose 2 in good yield (Scheme 1).

Scheme 1. Synthesis carbohydrate derivatives (2-5) 

The second step involved a Williamson etherification 
reaction between the free hydroxyl groups at the carbons 
2- and 3- positions of compound 2 with bis- (2-chloroethyl) 
ether in a basic medium, dissolved in DMF in the presence 
of phase transfer catalysts.

The FT-IR spectrum of compound 3 (Fig. 1) showed the 
disappearance of stretching vibrations in the 3450-3350 cm-1 
range, corresponding to the absorption of OH-groups at C-2 
and C-3. Furthermore, the signal appearing at 747 cm-1 can 
be attributed to the stretching vibrations of the CH2-Cl bond.

Figure 1. FT-IR spectrum of compound 3

The 1H-NMR data of compound 3 (Fig. 2) showed several 
multiplets in the 3-4 ppm range, which originate from the 
protons of the Cl-CH2​CH2​-CH2​CH2​ groups at the 3- and 
4- carbon atoms of the glucopyranoside ring. Similarly, the 
13C-NMR spectrum of compound 3 (Fig. 3) showed carbon 
peaks in the 75-69 ppm region, which reflect the carbon 

numbers in the compound and are attributed to the carbons 
of both Cl-CH2​CH2​-CH2​CH2 groups.
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Figure 2. 1H- NMR spectrum of compound 3
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Figure 3. 13C-NMR spectrum of compound 3

In the third step, the carbon atoms in compound 3 are 
directly attached to the iodide. The reaction replaces the 
chlorine atoms with more reactive iodide atoms under easy 
reaction conditions using acetone and NaI. The sodium 
iodide dissolves when heated, and sodium chloride is 
created during the ripening of the reaction. The reaction 
was monitored by TLC, which indicated that the product was 
produced. No further purification was done, and compound 
4 was used in the next step because the reaction did not 
produce anything. 

The FT-IR spectrum of compound 4 (Fig. 4) showed the 
characteristic absorption bands of the product, the band at 
617 cm-1 can be attributed to the stretching vibrations of 
the C-I bond.

Figure 4. FT-IR spectrum of compound 4

The 1H-NMR data of compound 4 showed signals in the 
3.80-3.63 ppm range for (OCH2,CH2I), 5.45 ppm (s, 1H) for 
the benzylidene proton, and signals in the 7.42-7.32 ppm 
range for the H-aromatic of the benzylidene group (Fig. 5).
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Figure 5. 1H-NMR spectrum of compound 4

The 13C-NMR spectrum of compound 4 showed new 
carbon signals in the 72.44−66.11 ppm range for (CH2​O), 
4.84 & 4.81 ppm for (2 CH2-I), 103.7 ppm for the ben-
zylidene carbon, and 137.2,129.02,128.2,126 ppm for the 
C-aromatic of the benzylidene group (Fig. 6).

Figure 6. 13C-NMR spectrum of compound 4

Compound 4 was reacted with sodium azide in the next 
step to replace the iodine with azide groups, yielding the 
diazide 5. The reaction of sodium azide with compound 4 
was achieved in DMF solvent at a slightly elevated tem-
perature. Compound 5 was characterized by FT-IR (Fig. 7),  
which indicated a strong azide band appearing in the 
2100 cm-1 range. Additionally, the absence of the carbon-
iodine band at 660 cm-1 confirmed the substitution. The 
reaction followed an SN​2 mechanism due to the good leaving 
group capability of iodine and the strong nucleophilicity of 
the azide group.

Figure 7. FT-IR spectrum of compound 5

The 1H-NMR spectrum (Fig. 8) showed characteristic 
peaks that changed due to the attachment of azide groups. 
Other peaks in the 4-3 ppm range showed some differences 
in shape, but there was no significant change in the proton 

spectrum due to the similar chemical shift observed for 
protons adjacent to either iodide or azide.

Figure 8. 1H-NMR spectrum of compound 5

The 13C-NMR spectrum of compound 5 (Fig. 9) repre-
sented the characteristic carbon peaks. The carbons attached 
to iodine normally appear near 1-10 ppm on the spectrum, 
but these are absent in the azide derivative 5. The new 
carbons in the 48.10 and 48.33 ppm region are attributed to 
the carbons directly attached to the azide. The other peaks 
for all carbons in the structure were found.

The assignment of all carbons and protons was confirmed 
by the 2-D NMR HSQC spectrum (Fig. 10), which indicates 
which carbon is directly attached to which proton in the 
molecules.

Figure 9. 13C-NMR spectrum of compound 

Figure 10. HSQCeditedGP spectrum of compound 5

ANTIBACTERIAL ACTIVITY

Attributed to the chemical structure of both the bacteria 
and the sugar derivatives, interactions may occur either 
through the protein units of the cell membranes or by Van 
der Waals forces and H-bonding. S. aureus and E. coli were 
chosen due to their significance in the field of medicine, 
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as they are associated with numerous diseases, making 
the synthesis of compounds that can inhibit or kill these 
bacteria important. Table 1 shows that derivatives A1 3 and 
A2 4 exhibit a broad-spectrum efficiency in inhibiting the 
growth of both Gram-positive and Gram-negative bacteria 
when combined with standard antibiotics. The inhibition 
zone diameter increased with the concentration of these 
compounds. E. coli and S. aureus were selected for the anti-
bacterial study due to their widespread presence in all envi-
ronments. They are major causes of many diseases harmful 
to humans. To overcome bacterial resistance to antibiotics, 
sugar derivatives are compatible with bacterial components 
such as carbohydrates or glycolipids in the cell membrane, 
which increases the potential for interactions leading to bio-
logically active sugar derivatives. Table 1 shows that deriva-
tives A1 and A2 have a high ability to inhibit the growth of 
both E. coli and S. aureus. The inhibition zones increase as 
the concentration of these derivatives increases.
Table 1. Inhibition of bacterial growth (inhibition diameter)  
by A1 3 and A2 4 (mm)

Material Concentration 
(μg/ml) S. aureus E. coli

3 125 0 0

3 250 0 0

3 500 11 12

3 1000 17 18

Penicillin G 1000 16 14

4 125 0 0

4 250 0 0

4 500 13 11

4 1000 20 17

Penicillin G 1000 15 13

 
Figure 11. Inhibition zones of (A1 3 and A2 4) to bacteria (S. aureus)

 
Figure 12. Inhibition zones of (A1 3 and A2 4) to bacteria (E. coli)
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Figure 13. Effect of A1 compound against Staphylococcus aureus 
growth
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Figure 14. Effect of A2 compound against Staphylococcus aureus 
growth
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Figure 15. Effect of A1 compound against Escherichia coli growth
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Figure 16. Effect of A2 compound against Escherichia coli growth
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CONCLUSION

In conclusion, the synthesis of glucose derivatives with 
two halogen atoms was successfully achieved with high 
yields. The straightforward use of protecting groups allowed 
for the synthesis at specific positions, namely 2 and 3 on the 
pyranoside ring. The chloro-derivative 3 exhibited reason-
able activity against bacteria. Overall, derivatives 3 and 4  
demonstrated a high ability to inhibit bacterial growth 
compared to Penicillin G at equivalent concentrations. As 
a result, these products hold promise as biologically active 
materials due to the presence of the glucose molecule 
within their structure, potentially eliminating toxicity and 
incompatibility.
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