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Abstract  

Carbohydrates represent a hitherto unexplored reservoir of novel pharmaceutical 

compounds, thereby presenting promising prospects for therapeutic applications. From this 

perspective, the present study aimed to explore the synthesis and evaluation of 

antimicrobial activity, antibiofilm assessment and physicochemical features investigations. 

This work describes biologically active methyl -D-glucopyranoside (1) derivatives 

(MGP, 2-6) bearing aliphatic/aromatic acyl moieties, which were synthesized and analyzed 

via FTIR, 1H/13C-NMR and elemental analysis. In vitro antimicrobial tests against five 

bacteria and two fungi and the prediction of activity spectra for substances (PASS) 

indicated promising antibacterial functionality for these glucopyranoside derivatives (2-6) 

compared with antifungal activity. The formation of biofilms by Escherichia coli was 

inhibited by a methyl 6-O-heptanoyl-2,3,4-tri-O-myristoyl-α-D-glucopyranoside 

derivative (6). The antibiofilm activities of the compounds were determined to be 8.63, 

7.19, and 6.47% at concentrations of 1000, 500, and 250 µg/mL, respectively. A structure‒

activity relationship (SAR) investigation revealed that the myristoyl chain 

[CH3(CH2)12CO-] and the haloaromatic chain [2-Cl.C6H4CO-] in combination with sugar 

had the most potent activity against bacterial and fungal pathogens.  

Keywords: Synthesis; SAR; Antibiofilm; Antimicrobial; Heptanoyl-α-D-glucopyranoside  

 

1. Introduction 

Carbohydrates are essential chemicals 

that play important roles in almost every 

element of life, including the formation of 

genetic and energy materials, the support 

of organismal structure, the formation of 

invasion and host defense systems, and 

the formation of secondary antibiotic 

metabolites. Naturally occurring 

carbohydrates and their derivatives have 

been intensively investigated as 

medicinal treatments for a variety of 

disorders. Carbohydrates and 

carbohydrate-containing compounds play 

significant roles in practically every 

aspect of life.1 Carbohydrate-based 

compounds,2,3 including streptomycin, 

neomycin, and gentamicin, were 

identified as anti-infectives in the 1940s; 

adriamycin was found and established as 

a prevalent anticancer drug; ganglioside 

GM1 was isolated and formulated as a 

treatment for severe stroke; and the 

polysaccharide hyaluronic acid was 

examined for its potential in arthritis 

therapy.4 Indeed, the numerous biological 

roles of carbohydrates establish a 

framework for the development of 

carbohydrate-based medications.5 

Glycans, a distinct type of carbohydrate, 

have been associated with several 

maladies, including cancer, 

inflammation, and microbial 

infections.6,7 Vaccines, antiviral 

medicines, and immunotherapies have 

been developed by utilizing particular 

interactions between glycans and 

lectins.8,9 

 Several carbohydrate-based medicines 

are presently available for a variety of 

medical uses. Carbohydrates, particularly 

monosaccharides, have prompted 

researchers to investigate the relative 

reactivity of various hydroxyl groups at 

different locations. The idea of relative 

reactivity and a reaction sequence that 

reflects the dexterity of modern 

carbohydrate chemistry helps one to 

synthesize a range of physiologically and 

visually active natural compounds. 
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Modern and advanced techniques have 

recently been applied for the isolation of 

several natural chemicals from plants10 

and other sources in which carbohydrates 

are crucial.11 One can also selectively 

acylate carbohydrates to develop new, 

physiologically active molecules.  

 Monosaccharide derivatives have a 

wide range of biological activities against 

both gram-negative and gram-positive 

species, including Escherichia 

coli, Bacillus subtilis, Salmonella typhi, 

and Staphylococcus aureus.12,13 It has 

been shown that altering the hydroxyl 

group quantity in nucleoside and 

monosaccharide structures is a great way 

to make efficient antiviral14-16 and 

antimicrobial17,18 drugs. We introduced 

different aliphatic and aromatic acyl 

groups to the hydroxyl (-OH) group of 

methyl α-D-glucopyranoside (1) in our 

laboratory and carbohydrate moities 

containing FDA-approved drugs are 

marketed (Figure 1). We performed 

antimicrobial screening to determine the 

minimum inhibitory concentrations 

(MICs), minimum bactericidal 

concentrations (MBCs), and antibiofilm 

effects of all drugs that might have been 

used to determine their antibiofilm 

properties. This study aimed to identify 

possible innovations and accelerate the 

synthesis of new antimicrobial agents.   

 

 

 

Figure 1. Carbohydrate scaffolds-containing FDA-approved drugs. 

 

2. Experimental 

2.1. Materials 

Unless otherwise stated, all of the 

reagents used in this work were from 

Aldrich and were used. An engine 

electrothermal melting point instrument 

was used to determine the melting points. 

The values that are acquired are 

unchangeable. Using a Buchi rotary 

evaporator manufactured in West 

Germany, the evaporation process was 

conducted under decreased pressure. The 

bath temperature was maintained at 40 

°C. For solutions in CDCl3 and MeOH-d4, 
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NMR spectra (400 MHz) were acquired 

at the BCSIR Laboratory in Dhaka. 

Kieselgel GF254 was the stationary 

phase; silica gel G60 was used in the 

column chromatography technique. 

 

2.2. Synthesis of MGP derivatives 

After cooling to -5 °C, 1.1 molar 

equivalents of heptanoyl chloride (0.07 

mL) were added to a solution of methyl 

α-D-glucopyranoside (1, 100 mg, 0.515 

mmol) in dry pyridine (10.0 mL) and 

continuously stirred at 0 °C for 6 hours. 

The mixture was stirred at room 

temperature all night. Analysis via TLC 

(CH3OH-CHCl3, 1:6) revealed the 

development of a product with a faster 

rate of motion (Rf = 0.52). After a few ice 

cubes were added to the flask to eliminate 

any remaining reagent, 3×10 mL of 

CHCl3 was used to extract the contents. 

The mixture was allowed to settle into a 

saturated aq. NaHCO3 solution and 

distilled water after the combined CHCl3 

layer was repeatedly washed sequentially 

with dilute HCl (10%). The filtrate was 

concentrated under low pressure after the 

organic layer (MgSO4) was dried and 

filtered. To obtain the title compound (2, 

107 mg, 85%), the resulting combination 

was run via silica gel column 

chromatographic purification (with 

CH3OH-CHCl3, 1:6 as the eluent). The 

heptanoyl derivative (2) from ethyl 

acetate-n-hexane was obtained as a 

needle from which the next stage 

commenced. 

 

2.2.1. Methyl 6-O-heptanoyl-α-D-

glucopyranoside (2) 

Yield %85, m.p.: 78-79 °C, Rf  = 0.53, 

recrystallization (EtOAc-n-hexane), 

FTIR: νmax 1711 (-CO), 3401~3507 (br) 

(-OH) cm-1. 1H-NMR (400 MHz, CDCl3): 

δH 5.11 (1H, d, J = 3.5 Hz, H-1), 5.07 (1H, 

dd, J = 2.1 and 12.1 Hz, H-6a), 4.68 (1H, 

dd, J = 2.2 and 12.2 Hz, H-6b), 4.28 (1H, 

t, J = 9.6 Hz, H-4), 4.25 (1H, t, J = 9.4 Hz, 

H-3), 3.92 (1H, dd, J = 3.6 and 10.1 Hz, 

H-2), 3.52 (1H, ddd, J = 2.8, 9.8 and 12.6 

Hz, H-5), 3.50 (3H, s, 1-OCH3), 2.38 

{2H, m, CH3(CH2)4CH2CO-}, 1.61 {2H, 

m, CH3(CH2)3CH2CH2CO-}, 1.30 {6H, 

m, CH3(CH2)3CH2CH2CO-}, 0.89 {3H, 

m, CH3(CH2)5CO-}. 13C-NMR (100 

MHz, CDCl3): C 174.55, 172.71, 172.75  

{3×CH3(CH2)5CO-}, 97.11 (C-1), 74.97 

(C-2), 69.34 (C-4), 68.58 (C-3), 63.37 (C-

5), 63.08 (C-6), 55.19 (1-OCH3), 34.07, 

(2) 34.05, 33.85, 31.22, (2) 31.12, 

24.74, (3) 24.55, 22.25, (2) 22.16, 

21.86 {3×CH3(CH2)5CO-}, 13.84, 13.80, 

13.78 {3×CH3(CH2)5CO-}. LC-MS 

[M+1]+ 306.36. Calcd. for C14H26O7: 

C=54.88, H=8.55; found: C= 54.90, 

H=8.54%. 

 

2.2.2. General procedure for the 

preparation of 6-O-heptanoyl 

derivatives (3-6) 

A solution of heptanoyl derivative (2, 115 

mg, 0.29 mmol) in dry pyridine (3 mL) 

was cooled to -5 °C when benzoyl 

chloride (0.26 mL, 5 molar eq.) was 

added. The mixture was stirred at 0 °C for 

5 h and then allowed to stand at room 

temperature overnight. Work-up as 

described earlier and chromatographic 

purification with CH3OH-CHCl3 (1:6) as 

the eluent afforded benzoyl derivative 3 

(218 mg, 79%) as a colorless crystalline 

solid. 

 

2.2.3. Methyl 6-O-heptanoyl-2,3,4-tri-

O-benzoyl-α-D-glucopyranoside (3) 

A solution of heptanoyl derivative (2, 115 

mg, 0.29 mmol) in dry pyridine (3 mL) 

was cooled to -5 °C when benzoyl 

chloride (0.26 mL, 5 molar eq.) was 

added. The mixture was stirred at 0 °C for 

5 h and then allowed to stand at room 

temperature overnight. Work-up as 
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described earlier and chromatographic 

purification with CH3OH-CHCl3 (1:6) as 

the eluent afforded benzoyl derivative 3 

(218 mg, 79%) as a colorless crystalline 

solid. 

Yield %79, m.p.: 88-89 °C, Rf = 0.52, 

recrystallization (EtOAc-n-hexane), 

FTIR: νmax 1708 (-CO) cm-1. 1H-NMR 

(400 MHz, CDCl3): δH 8.11 (6H, m, 

3×Ar-H), 7.60  (3H, m, 3×Ar-H), 7.45 

(6H, m, 3×Ar-H), 5.31 (1H, d, J = 3.5 Hz, 

H-1), 5.02 (1H, d, J = 3.5 Hz, H-2), 4.92 

(1H, dd, J = 3.4 and 9.2 Hz, H-3), 4.90 

(1H, t, J = 9.3 Hz, H-4), 4.10 (1H, dd, J = 

5.0 and 12.0 Hz, H-6a), 3.86 (1H, m, H-

6b), 3.64 (1H, m, H-5), 3.41 (3H, s, 1-

OCH3), 3.04 {2H, m, CH3(CH2)4CH2CO-

}, 1.66 {2H, m, CH3(CH2)3CH2CH2CO-

}, 1.36 {6H, m, CH3(CH2)3CH2CH2CO-

}, 0.89 {3H, m, CH3(CH2)5CO-}. 13C-

NMR (100 MHz, CDCl3): C 175.55, 

174.71, 173.75  {3×CH3(CH2)5CO-}, 

164.60, 164.58, 164.53 (3C6H5CO-), 

133.11, 133.08, (2) 133.01, 129.95, 

(3) 129.88, 129.85, (2) 129.77, (3) 

128.79, (2) 127.86, (2) 127.38 

(3C6H5CO-), 97.11 (C-1), 72.97 (C-2), 

71.34 (C-4), 70.58 (C-3), 69.37 (C-5), 

63.08 (C-6), 55.19 (1-OCH3), 34.07, 

(2) 34.05, 33.85, 31.22, (2) 31.12, 

24.74, (3) 24.55, 22.25, (2) 22.16, 

21.86 {3×CH3(CH2)5CO-}, 13.84, 13.80, 

13.78 {3×CH3(CH2)5CO-}. LC-MS 

[M+1]+ 618.72. Calcd. for C35H38O10: 

C=67.79, H=6.18; found: C= 67.81, 

H=6.19%. 

  

Similar reaction and purification methods 

were employed to synthesize 2-

chlorobenzoyl (4) (190.15 mg) as a 

crystalline solid), 2-bromobenzoyl (5) 

(192.20 mg) as a solid), and myristoyl (6) 

(190 mg as a crystalline solid) 

derivatives. 

 

2.2.4. Methyl 2,3,4-tri-O-(2-

chlorobenzoyl)-6-O-heptanoyl-α-D-

glucopyranoside (4) 

Yield %77.31, m.p.: 105-106 °C, Rf = 

0.55, recrystallization (EtOAc-n-

hexane), FTIR: νmax 1707 (-CO) cm-1. 1H-

NMR (400 MHz, CDCl3): δH 8.06 (3H, 

m, 3×Ar-H), 7.66 (6H, m, 3×Ar-H), 7.39 

(3H, m, 3×Ar-H), 4.92 (1H, d, J = 3.5 Hz, 

H-1), 4.82 (1H, dd, J = 3.5 and 10.1 Hz, 

H-2), 4.71 (1H, t, J = 9.6 Hz, H-3), 4.67 

(1H, m, H-4), 4.31 (1H, m, H-6a), 3.77 

(1H, dd, J = 2.0 and 12.2 Hz, H-6b), 3.53 

(1H, m, H-5), 3.37 (3H, s, 1-OCH3), 2.36 

{2H, m, CH3(CH2)4CH2CO-}, 1.67 {2H, 

m, CH3(CH2)3CH2CH2CO-}, 1.30 {6H, 

m, CH3(CH2)3CH2CH2CO-}, 0.92 {3H, 

m, CH3(CH2)5CO-}. 13C-NMR (100 

MHz, CDCl3): C 175.58, 174.80, 173.77 

{3×CH3(CH2)5CO-}, 164.63, 164.25, 

163.78 (3×2-Cl.C6H4CO-), 132.44, 

132.38 (×3), 131.29, 130.84 (×2), 129.81 

(×3), 128.93 (×2), 126.52, 126.01 (×3), 

125.50, 125.11 (3×2-Cl.C6H4CO-), 97.14 

(C-1), 72.93 (C-2), 71.37 (C-4), 70.53 (C-

3), 69.36 (C-5), 63.01 (C-6), 55.13 (1-

OCH3), 34.03, (2) 34.11, 33.87, 31.26, 

(2) 31.13, 24.76, (3) 24.56, 22.20, 

(2) 22.12, 21.84 {3×CH3(CH2)5CO-}, 

13.87, 13.85, 13.72 {3×CH3(CH2)5CO-}. 

LC-MS [M+1]+ 722.04. Calcd. for 

C35H35Cl3O10: C=58.21, H=4.80; found: 

C= 58.22, H=4.81. 

 

2.2.5. Methyl 2,3,4-tri-O-(2-

bromobenzoyl)-6-O-heptanoyl-α-D-

glucopyranoside (5) 

Yield %76.45, m.p.: 75-76 °C, Rf  = 0.53, 

recrystallization (EtOAc-n-hexane), 

FTIR: νmax 1705 (-CO) cm-1. 1H-NMR 

(400 MHz, CDCl3): δH 8.0 (3H, m, 3×Ar-

H), 7.68 (6H, m, 3×Ar-H), 7.42 (3H, m, 

3×Ar-H), 4.87 (1H, d, J = 3.7 Hz, H-1), 

4.79 (1H, dd, J = 3.6 and 10.1 Hz, H-2), 

4.68 (1H, t, J = 9.5 Hz, H-3), 4.64 (1H, m, 

H-4), 4.13 (1H, m, H-6a), 3.48 (1H, dd, J 
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= 2.1 and 12.1 Hz, H-6b), 3.44 (1H, m, H-

5), 3.27 (3H, s, 1-OCH3), 2.39 {2H, m, 

CH3(CH2)4CH2CO-}, 1.65 {2H, m, 

CH3(CH2)3CH2CH2CO-}, 1.31 {6H, m, 

CH3(CH2)3CH2CH2CO-}, 0.89 {3H, m, 

CH3(CH2)5CO-}. 13C-NMR (100 MHz, 

CDCl3): C 175.52, 174.65, 173.77 

{3×CH3(CH2)5CO-}, 164.67, 164.61, 

163.80 (3×3-Br.C6H4CO-), 132.43 (3), 

132.40 (2), 132.37 (3), 130.97 (3), 

129.88 (3), 126.50 (2), 125.64 (2) 

(3×3-Br.C6H4CO-), 97.09 (C-1), 72.95 

(C-2), 71.36 (C-4), 70.53 (C-3), 69.32 (C-

5), 63.03 (C-6), 55.17 (1-OCH3), 34.02, 

(2) 34.09, 33.88, 31.24, (2) 31.11, 

24.70, (3) 24.53, 22.24, (2) 22.11, 

21.88 {3×CH3(CH2)5CO-}, 13.86, 13.84, 

13.75 {3×CH3(CH2)5CO-}. LC-MS 

[M+1]+ 855.39. Calcd. for C35H35Br3O10: 

C=49.31, H=4.12; found: C= 49.30, 

H=4.13%. 

 

2.2.6. Methyl 6-O-heptanoyl-2,3,4-tri-

O-myristoyl-α-D-glucopyranoside (6) 

Yield %82.60, m.p.: 55-56 °C, Rf  = 0.51, 

recrystallization (EtOAc-n-hexane), 

FTIR: νmax 1707 (-CO) cm-1. 1H-NMR 

(400 MHz, CDCl3): δH 5.30 (1H, d, J = 

3.7 Hz, H-1), 4.79 (1H, dd, J = 3.5 and 

10.2 Hz, H-2), 4.72 (1H, t, J = 9.8 Hz, H-

3), 4.70 (1H, t, J = 9.5 Hz, H-4), 4.09 (1H, 

dd, J = 2.1 and 12.2 Hz, H-6b), 3.97 (1H, 

dd, J = 4.5 and 10.2 Hz, H-6a), 3.95 (1H, 

m, H-5), 3.42 (3H, s, 1-OCH3), 2.37 {6H, 

m, 3×CH3(CH2)11CH2CO-}, 2.37 {2H, 

m, CH3(CH2)4CH2CO-}, 1.66 {6H, m, 

3×CH3(CH2)10CH2CH2CO-}, 1.65 {2H, 

m, CH3(CH2)3CH2CH2CO-}, 1.27 {60H, 

m, 3×CH3(CH2)10CH2CH2CO-}, 1.27 

{6H, m, CH3(CH2)3CH2CH2CO-}, 0.90 

{9H, m, 3×CH3(CH2)12CO-}, 0.89 {3H, 

m, CH3(CH2)5CO-}. 13C-NMR (100 

MHz, CDCl3): C 175.49, 174.68, 173.59 

{3×CH3(CH2)5CO-}, 172.50, 172.45, 

172.38 {3×CH3(CH2)12CO-}, 97.08 (C-

1), 72.90 (C-2), 71.31 (C-4), 70.49 (C-3), 

69.38 (C-5), 63.05 (C-6), 55.13 (1-

OCH3), 34.31, 34.35, 34.11 (2), 31.90, 

31.84 (2), 29.53 (2), 29.40, 29.33, 

29.28 (2), 29.27 (3), 29.18, 25.04 

(2), 24.97, 24.95, 22.68 (3), 22.68, 

22.57 (3), 22.52 (3), 21.70, 21.62, 

20.07 (2), 20.01 {3×CH3(CH2)12CO-}, 

34.02, (2) 34.01, 33.82, 31.27, (2) 

31.16, 24.78, (3) 24.54, 22.27, (2) 

22.14, 21.88 {3×CH3(CH2)5CO-}, 14.09, 

14.04, 14.02 {3×CH3(CH2)12CO-}, 

13.85, 13.81, 13.77 {3×CH3(CH2)5CO-}. 

LC-MS [M+1]+ 937.44. Calcd. for 

C56H104O10: C=71.74, H=11.18; found: 

C= 71.75, H=11.17%. 

 

2.3. In vitro antimicrobial activity 

To evaluate the efficacy of antimicrobial 

activity, two plant pathogenic fungi and 

five human pathogenic bacteria were 

utilized. In accordance with the CLSI 

methodology,19 the antibacterial 

susceptibility of the compounds was 

assessed through conventional disc 

diffusion experiments. The test 

microorganisms were selected from 

plates using a sterile inoculation loop and 

subsequently suspended in sterile normal 

saline (0.85%) to prepare the inoculums. 

The density of the suspension was 

determined by comparison with the 

McFarland 0.5 standard. The inhibition 

zones around the discs were measured in 

millimeters (mm) after the plates were 

incubated for an additional 18 hours at 37 

°C. The trials were re-conducted. 

  

2.4. Measurement of the MIC and 

MBC 

Microdilution methods are preferred for 

measuring MIC and MBC values because 

they assess the concentration of the 

antimicrobial agent in the broth medium 

and quantify its antibacterial activity in 

vitro. A twofold dilution of the test 

chemical (0.125, 0.25, 0.5, 1, 2, 4, or 8 
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mg/mL) was created by dispensing 100 

μL of each 2x compound mixture in 

column 1 of a 96-well microtiter plate 

containing 100 μL of MHB broth. The 

chemical solutions were serially diluted 

from columns 2-10. All the wells 

received 5 μL of a test strain inoculum at 

104-105 CFU/mL, which was diluted 

from a standardized solution calibrated to 

the 0.5 McFarland scale, except for the 

sterile control well (blank). The 

inoculated 96-well microtiter plates were 

incubated at 37 °C for 24 hours. Each 

well received 10 mL (0.5 w/v) 2,3- and 5-

triphenyl tetrazolium chloride solutions. 

The cultures were then incubated at 37 °C 

for 24 hours. The emergence of the red 

color signified bacterial development, 

and the MIC and MBC were determined 

visually. 

  

2.5. Screening of mycelial growth 

The poisoned food technique20 was 

utilized to screen the antifungal efficacy 

of potato dextrose agar (PDA). After the 

test compounds were dissolved in 1% 

(w/v) dimethyl sulfoxide, 0.1 mL of the 

solution containing 1 mg of each was 

pipetted into a sterile Petri dish. After 

that, 20 mL of the medium was placed in 

a Petri plate for solidification. To 

inoculate each Petri dish, a 5 mm 

mycelium block of each fungus was 

placed in the center. The blocks were 

reversed in the center of each Petri plate 

to optimize mycelium‒culture media 

contact. During the triplicate 

experiments, the inoculation plates were 

incubated at 27±2 °C. The same 

conditions were applied to the PDA 

without the test chemicals or a control 

sample. After five days of incubation, the 

diameter of fungal radial mycelial growth 

was measured. Three measurements were 

averaged to calculate the fungal radial 

mycelial growth in millimeters. 

  

2.6. Antibiofilm activity 

Escherichia was cultured in liquid 

nutrient medium at 37 °C until the optical 

density of the bacterial mixture at 640 nm 

reached 1.0. Compound 6 was serially 

diluted after being placed into the wells 

of a microtiter plate. Following the 

addition of the bacterial suspension to 

each well to a total volume of 100 µL, the 

plate was incubated for 48 hours at 37 °C. 

The bacterial cells in each well were 

stained with a 0.1% (w/v) solution of 

crystal violet (20 µL) and incubated for 

15 minutes at 25 °C to identify the 

presence of biofilms. A micropipette was 

used to extract the bacterial mixture, and 

100 µL of isopropanol was added to each 

well to eliminate the unattached crystal 

violet.21 After that, the absorbance values 

were obtained via an automated 

microtiter plate reader at 640 nm. The 

ability of compound 6 to suppress biofilm 

formation was evaluated with the 

following formula:  

 

% of biofilm inhibition = [absorbance of 

(control- test) / absorbance of control] × 

100. 

 

2.7. Structure-activity relationship 

(SAR) 

The molecular structure of the 

pharmacological target was used to 

predict antibacterial activity using the 

structure–activity relationship (SAR) 

analysis method. This well-known 

technology is frequently employed to 

direct the synthesis or acquisition of 

novel compounds with desired features 

during the drug design process. The SAR 

was examined in the current work using 

Hunt's membrane permeation theory22 

and Kim.23 
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3. Results and Discussion 

3.1. Chemistry  

This work's primary goal was to apply the 

direct acylation24,25 approach to methyl α-

D-glucopyranoside (1) by selective 

heptanoylation (Scheme 1). To obtain 

newer derivatives of synthetic and 

biological significance and to gather 

supportive evidence for structural 

elucidation, these derivatives of the 

resulting heptanoylation products were 

also synthesized by employing a wide 

variety of acylating agents. Furthermore, 

the hydroxyl groups in carbohydrates 

must be selectively acylated to synthesize 

both the acylation products and 

biologically active natural products. As a 

result, the products that are produced can 

be used as flexible intermediates in the 

synthesis of numerous significant 

chemical compounds. 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Synthetic pathway of MGP derivatives with reagents and condition. 
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3.2 Characterization 

In Scheme 1, methyl α-D-

glucopyranoside (1) is treated with 

heptanoyl chloride in dry pyridine at -5 

°C. Following the standard work-up, 

compound 2 was produced in excellent 

yield, and Figure 2 shows the anticipated 

mechanism which is supported by Giri et 

al.26 The following bands were observed 

in the FTIR spectrum (Figure 3) 1731 

cm-1 for -CO stretching and 3401-3507 

cm-1 (br, -OH) for -OH stretching. The 
1H-NMR spectrum (Figure 4) clearly 

revealed that a monosubstitution product 

had formed, which displayed peaks of 

two proton multiplets at δ 2.38 

{CH3(CH2)4CH2CO-}, δ 1.61 

{CH3(CH2)3CH2CH2CO-}, six proton 

multiplets at δ 1.30 

{CH3(CH2)3CH2CH2CO-} and three 

proton multiplets at δ 0.89 

{CH3(CH2)5CO-}, corresponding to the 

presence of three heptanoyl groups in the 

molecule. The downfield shift of C-6 

protons to δ 5.17 and δ 5.09 from 

precursor (1) values (⁓4.00 ppm)27 and 

the resonances of additional protons in 

expected places indicate heptanoyl group 

attachment at position 6. The increased 

reactivity of the sterically less hindered 

primary -OH group, 1-OH>2-OH>3-OH, 

may yield compound (2). All the 

heptanoyl group peaks were observed in 

the 13C-NMR spectra. Compound (2) was 

C14H26O7 and had a molecular ion peak at 

m/z [M+1]+ 306.36. We proposed the 

structure of the substance as methyl 6-O-

heptanoyl-α-D-glucopyranoside (2) after 

analyzing the FTIR and 1H-/13C-NMR 

spectra. 

 

 The benzoyl derivative (3) of the 

identical heptanoyl derivative 2 showed 

an absorption peak at 1711 cm-1 for 

carbonyl (-CO) stretching but no 

hydroxyl stretching in its FTIR spectrum 

(Figure 4). The 1H-NMR spectra show 

three benzoyl groups in the molecule, 

with aromatic proton peaks at δ 8.11, δ 

7.60, and δ 7.45. Additionally, C-2, C-3, 

and C-4 resonated at δ 5.02, δ 4.92, and δ 

4.90, respectively, downfield to triol (3) 

values, indicating the introduction of 

three lauroyl groups at positions 2, 3, and 

4. FTIR 1H-/13C-NMR spectroscopy 

revealed that the benzoate structure was 

methyl 2,3,4-tri-O-benzoyl-6-O-

(heptanoyl)-α-D-glucopyranoside (3). 
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Figure 2. Expected mechanism of the acylation reaction. Here, R = alkyl- group. 

 

 

Figure 3. The FTIR spectrum of the compound 2. 
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Figure 4. The 1H-NMR spectrum of the compound 2. 

 

 

The tri-O-benzoyl derivative (4) was 

produced by reacting the heptanoyl 

derivative (2) with an equimolecular 

amount of 2-chlorobenzoyl chloride at 

freezing temperatures. This compound's 

FTIR spectrum (Figure 5) showed a 

carbonyl (-CO) stretching absorption 

peak at 1711 cm-1 but no hydroxyl 

stretching. The presence of three 2-

chlorobenzoyl groups in the molecule 

was confirmed by the appearance of two 

three-proton multiplets at δ 7.80 and 

δ7.39 and a six-proton multiplet at δ 7.66 

in its 1H-NMR spectrum. For compound 

(5), bromobenzoylation of 2 with an 

excess of 2-bromobenzoyl chloride in 

anhydrous pyridine was performed, and 

the resulting product was subsequently 

purified. The 1H-NMR spectrum revealed 

the formation of a tri-O-bromobenzoate 

product with three triplets at  7.88, one 

six-proton triplet at  7.68, and one triplet 

at  7.42, corresponding to the aromatic 

ring protons of three 2-bromobenzoyl 

groups in the molecule. By analyzing all 

the spectra, we determined the structure 

of the derivative to be methyl 2,3,4-tri-O-

(2-bromobenzoyl)-6-O-heptanoyl-α-D-
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glucopyranoside (5). Thus, compound 2 

yielded a myristoyl derivative (6) after 

myristoyl chloride treatment. The FTIR 

spectra (Figure 5) revealed a C=O 

stretching absorption band at 1707 cm-1. 

Three myristoyl groups in the molecule 

caused typical six-proton multiplets at δ 

2.37 and δ 1.66, a sixty-proton multiplet 

at δ 1.27, and a nine-proton multiplet at δ 

0.90 in its 1H-NMR spectrum. The 

myristoyl derivative was identified as a 

methyl 6-O-heptanoyl-2,3,4-tri-O-

myristoyl-α-D-glucopyranoside (6) after 

the remaining spectra and other structural 

features were analyzed.  

 

 

Figure 5. FTIR spectra of compounds 3-7. 

3.3 Antibacterial potential 

 Since carbohydrate derivatives are 

predicted to act at the genomic level and 

inhibit transcription or replication 

mechanisms that are essential for 

microbial survival, their usage can be 

viewed as a unique option. Since bacteria 

lack substitute pathways for these 

fundamental metabolic functions, 

carbohydrate derivatives that obstruct 

these pathways function as potent 

antimicrobial agents.28 Figure 6 displays 

the preliminary antibacterial activity 

results. The in vitro antibacterial efficacy 

of the synthesized MGP derivatives (2–6) 

was evaluated against a range of gram-
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positive (Figure 6) and gram-negative 

(Figure 7) bacterial strains. In 

accordance with earlier research, the disc 

diffusion method and broth microdilution 

method were employed to determine the 

MIC and MBC.29 Compound 4 exhibited 

a significant zone of inhibition against 

Bacillus subtilis (12.75 mm) and Bacillus 

cereus (10.75 mm), whereas compound 5 

exhibited the largest zone of inhibition 

against both of these microbes (12.45 

mm). Furthermore, compound 6 

exhibited a promising zone of inhibition 

against the species B. cereus (8.00 mm) 

and B. subtilis (10.00 mm). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Compounds (1-6) are inhibited by the gram-positive bacteria. 

 

Figure 7. Compounds 1-6 are inhibited by the gram-negative bacteria. 
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Compounds 4 and 6 exhibited zones of 

inhibition for all the gram-positive and 

gram-negative microorganisms that were 

tested. In contrast, Acinetobacter 

baumannii exhibited a compound 4 

(14.50 mm) zone, whereas Pseudomonas 

aeruginosa exhibited a (20.75 mm) zone 

of inhibition. Compound 6 demonstrated 

a moderate zone of inhibition against the 

gram-negative bacteria A. baumannii 

(13.00 mm) and P. aeruginosa (12.00 

mm). The compounds can be arranged as 

4˃6˃5˃3˃2 on the basis of this activity. 

 

3.4 MIC and MBC evaluation 

 The MICs and MBCs of the most 

potent glucopyranoside derivatives were 

determined to assess their antibacterial 

properties against pathogenic 

microorganisms.30 The results are listed 

in Figures 8 and 9. The best antibacterial 

effects against the tested strains were 

found for MGP derivatives 4 and 6, 

which presented MIC values in the range 

of 0.125–128 mg/mL. Compounds 4 and 

6 demonstrated activities against each 

tested bacterium, with compound 4 

demonstrating the highest activity against 

S. aureus (0.125 mg/mL). Compound 6 

exhibited notable efficacy against most of 

the test pathogens at remarkably low 

concentrations; B. cereus was the target 

of the highest activity, at 0.5 mg/mL. The 

lowest MBC values were observed for 

both compounds 4 and 6 against B. 

subtilis and B. cereus, at 8.00 mg/mL. In 

addition, these compounds had the 

highest MBC values (16.00 mg/mL) 

against S. aureus, A. baumannii, and P. 

aeruginosa. The MBC values of these 

compounds, which are capable of 

destroying the other tested organisms, 

were within the range of 8.00–16.00 

mg/mL. 

 

 

Figure 8. MIC values against the selected organisms. 
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Figure 9. MBC values against the selected organisms. 

 

3.5 Effectiveness of antifungals 

 Figure 10 shows that most of the 

MGP derivatives (2-6) essentially 

inhibited the mycelial growth of both A. 

niger and A. flavus. With respect to 

antifungal potential, compound 2 

inhibited (77.00±1.0%) A. flavus. In the 

mycelial growth test, remarkable 

mycelial growth prevention was also 

observed for compound 3 against A. niger 

(67.71±1.1%) and A. flavus 

(75.45±1.0%). Moreover, promising 

mycelial growth prevention also occurred 

for compounds 4 and 5 against A. flavus 

(75.48±1.0% and 77.26±1.0%, 

respectively) in the mycelial growth test. 

Furthermore, compound 6 strongly 

inhibited A. niger (76.22±1.1%) (Figure 

S1) and A. flavus (79.92±1.0%). 

Compounds 3 and 6 exhibited a greater 

zone of inhibition than did the 

conventional antibiotic nystatin when 

used against A. niger and A. flavus 

(Figure 10). The incorporation of 

different acylating groups into the parent 

compound increased the antifungal 

activity. The findings showed that the 

antifungal activity of MGP derivatives 2–

6 was markedly increased by the addition 

of various acyl moieties, such as benzoyl, 

2-chlorobenzoyl, 2-bromobenzoyl, and 

myristoyl groups.31  

 

3.6 Antibiofilm activity 

 Biofilm formation by Escherichia 

coli was prevented by methyl 2,3,4-tri-O-

myristoyl-6-O-heptanoyl--D-

glucopyranoside (6), and the antibiofilm 

activities of the compounds against E. 

coli were determined to be 8.63, 7.05 and 

6.25% at concentrations of 1000, 500 and 

250 µg/mL, respectively. Table 1 shows 

the optical density values and percentages 

of biofilm inhibition by various 

concentrations of compound (6).  
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Figure 10. Graph bar for the antifungal activity of the tested MGP derivatives (2-6). 

 

Table 1. Antibiofilm activity of compound 6. 

Concentration 

(µg/mL) 

Optical density of 

control 

Optical density of 

compound 6  

Percentage of biofilm  

inhibition (%) 

1000 1.39 1.27 8.63 

500 1.39 1.29 7.19 

250 1.39 1.30 6.47 

 

The related graphs of the optical density 

of compound 6, the optical density of the 

control and the percentages of inhibition 

of compound (6) against various 

concentrations of E. coli are given below 

(Figure 11). 

 Several factors are involved in the 

antibiofilm effect of natural products, 

including the inhibition of polymer 

matrix formation, decreased cell adhesion 

and attachment, interrupted generation of 

the extracellular matrix (ECM) and 

reduced production of virulence factors. 

All these processes result in the blockage 

of the oxidative stress (OS) network and 

the development of biofilms.32 The low 

efficiency of various antibacterial agents 

and the in vivo toxicity of available 

antibiotics have driven the discovery of 

many effective natural antibiofilm agents. 

Compared with their chemically 

synthesized counterparts, natural extracts 

and natural product-based antibiofilm 

agents are more efficient and have fewer 

side effects.33 Like compound 6, flavonid 

and saponin glucopyranoside derivatives 

from Atriplex tatarica have been reported 

to possess antibacterial and antibiofilm 

activities, whereas apigenin-7-O-

glucoside also shows similar activity 

against Staphylococcus aureus and 

Escherichia coli.34
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Figure 11. Inhibition of biofilm production by E. coli when different concentrations of 

compound 6 were applied. Biofilm production by the ‘control’ (in the absence of 

compound 6) is shown for comparison. The data are presented as the means ± SDs. 

 

3.7 Structure-activity relationship 

(SAR) 

 Antimicrobial development is 

crucial due to multidrug resistance in 

common pathogens and emerging 

diseases. The numerous five- and six-

membered heterocyclic compounds that 

comprise most antimicrobials affect the 

metabolism of all living cells.35 The 

various physiological functions and 

efficacy of condensed ring structures as 

favorable therapeutic frameworks have 

garnered increasing interest. Since 

glucopyranosides are required for most 

cellular metabolic functions, they can 

target enzymes involved in bacterial 

peptidoglycan, fungal chitin, and protein 

production. SAR analysis is essential for 

understanding the antibacterial processes 

of MGP derivatives. Figure 12 presents 

the antimicrobial activities of MGP 

derivatives, which are readily used to 

determine the structure-activity 

relationship (SAR). Since 

glucopyranoside has a minimal 

antibacterial effect against pathogenic 

microbes, structural modifications 

significantly influence its antibacterial 

activity. The influence of the following 

factors clearly decreases in the following 

order: fused myristoyl>2-chlorobenzoyl 

for both types of bacteria.  

 Both compounds 4 and 6 exhibited 

comparable extents of effectiveness 

against the tested organisms. Inevitably, 

it has drawn our attention that- 

√ Potential interactions with aliphatic 

long-chain hydrocarbons 

√ The presence of an aromatic ring is 

crucial for binding 

√ Affiliation of the heptanoyl-substituted 

acyl moiety at position 6 promotes 

binding interactions 

√ The connection of the 2,3,4-substituted 

acyl component to the myristoyl and 2-

Cl. C6H4 groups enhance the binding 

affinity 

√ The existence of -Br, -Cl and -CH3CO- 

groups in the pyranose ring is also 

important for the efficacy of the 

interaction. 
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Figure 12. Structure-activity relationship study of the synthesized MGP derivatives. 

4. Conclusions  

In this work, we designed and 

synthesized glucopyranoside derivatives 

that were well characterized by analytical 

and spectroscopic tools. The 

incorporation of different aliphatic and 

aromatic acyl groups into the structure of 

glucopyranose could greatly enhance its 

antibacterial activity under testing 

conditions. The study revealed that the 

heptanoyl-substituted benzoyl, 2-

bromobenzoyl, and myristoyl derivatives 

3, 4 and 6 exhibited greater efficacies 

against bacterial and fungal strains, along 

with improved pharmacokinetic and 

biological profiles. Compound 6 

presented significant antibiofilm 

eradication ability against E. coli, which 

may allow it to be developed as a safe and 

biocompatible therapeutic agent. 

Therefore, MGP derivatives are 

considered to be a significant category of 

antimicrobial agents that have the 

potential to be further investigated for 

their biological and pharmacological 

features. 
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Figure S1.  A zone of inhibition was observed against Aspergillus niger for compounds 4 

and 6.  


