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Abstract
A novel series of 3-S-β-D-glucosides-4-arylideneamino-5-alkyl-1,2,4-triazoles were designed and synthesized by reac-
tion of 4-amino-5-alkyl-4H-1,2,4triazole-3-thiol Schiff bases and 2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl bromide. 
The structures of the target compounds have been characterized by 1H NMR, 13C NMR, FT-IR, and Microanalyses. All 
the newly synthesized compounds have been screened for their in vitro antibacterial and antifungal activities against two 
Gram-positive bacteria [Bacillus cereus (PTCC 1015) and Staphylococcus aureus (ATCC 25923)], two Gram-negative 
bacteria [Pseudomonas aeruginosa (ATCC 27853) and Escherichia coli (PTCC 1399) and two fungi [Aspergillus niger 
(PTCC 5012) and Candida albicans (PTCC 5027)].
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1. Introduction
Antibiotics are drugs used for treating infection 

caused by microorganism such as bacteria or fungi and 
antibiotic resistance is the ability of microorganism to 
stand the effect of antibiotic. The resistance of infective 
bacteria to present antibiotics remains a clinical obstacle 
in the chemotrapy of many cancers to overcome the rapid 
development of drug resistance, new agents should pref-
erably have chemical characteristics that clearly differ 
from those of existing agents. Thus led to the design and 
synthesize the new antimicrobial agents. 1,2,4-Triazole 
and its derivatives are an important class of compounds 
which possess diverse biological activities including an-
ti-microbial,1,2 antibacterial,3,4 antifungal,5,6 anti-inflam-
matory,7 insecticidal,8 anticonvulsant,9,10 antitumor activ-
ity,11 anti HIV activity,12,13 hypoglycemic14 and anti
convulsant.15,16 Triadimefon and fluconazole which 
exhibits excellent fungicidal activities possessing 1,2,4-tri-
azole nucleus.17,18 

Compounds containing an azomethine group 
known as Schiff bases and are formed by the condensation 
of a primary amine with a carbonyl compound. Schiff bas-
es attract much interest due to their synthetic availability 
along with antibacterial19–22 and antitumor23 properties. 

The synthesis and investigation of biological activity 
of 1,2,4-triazole glycosides have been stimulated by the find-
ing that Ribavirin, β-D-ribofuranosyl-1,2,4-triazole-3-car-
boxamide, as potent drug against DNA and RNA viruses.24

Moreover, sulfur-containing heterocycles represent 
an important group of sulfur compounds that are promis-
ing for use in practical applications. Therefore, it is inter-
esting to report the synthesis of a new series of compounds 
in which the glycosyl moieties have been used as carriers 
for the heterocycles having the oxadiazole or triazole ring. 
It has been reported that the attachment of carbohydrate 
moieties to the 1,2,4-triazole nucleus through a thioglyco-
sidic linkage enhances its antimicrobial activity.25

Some novel S-β-D-glucosides of 5-aryl-1,2,4-tri-
azole-3-thiones derivatives exhibited antibacterial and an-
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tifungal activities.26 In our previous work,27,28 we reported 
the synthesis and antibacterial properties of new series of 
thioglycoside derivatives of 1,2,4-triazole moieties.

The above facts and our interest on design of potent 
antibacterial agents with 1,3,4-oxadiazoles and 1,2,4-tri-
azole moieties, promoted us to synthesis novel substituted 
thioglycosides by reaction of α-D acetobromoglucose (6) 
with 4-amino-5-alkyl-4H-1,2,4-triazole-3-thiol Schiff bas-
es 5(a–g). The newly synthesized multicompounds 7(a–g) 
are useful in probing biological activity such as antibacte-
rial and antifungal effects.

1. 1. Antimicrobial Activity
1. 1. 1. Bacterial and Fungal Strains

Two Gram-positive bacteria Bacillus cereus (PTCC 
1015) and Staphylococcus aureus (ATCC 25923)], two 
Gram-negative bacteria [Pseudomonas aeruginosa (ATCC 
27853) and Escherichia coli (PTCC 1399) and two fungi 
Aspergillus niger (PTCC 5012) and Candida albicans 
(PTCC 5027)] were used in antimicrobial assays. Micro-
bial strains were obtained from the Pasteur Institute of 
Iran.

1. 2. Determination of Inhibition Zone
The agar disc diffusion method was used for antimi-

crobial activity determination of the compounds using a 
previously described standard method.29 100 µl of the test-
ed microorganisms suspensions, adjusted to 106–108 
CFU/mL were spread on the solid media plates. The com-
pounds were dissolved in dimethyl sulphoxide and filtered 
by 0.45 µm Millipore filters for sterilization. The paper 
discs (6 mm in diameter) werm saturated with 10 µl of 
sample solution and placed on the inoculated agar. DMSO 
was used as the untreated control. These plates were incu-
bated for 24 h at 37 °C for bacterial strains and 48 h at 30 °C 

for the yeasts. The diameter of inhibition zone (IZ) was 
measured in mm (including 6 mm diameter of paper disc). 
Gentamicin (10 µg/disc) and nystatin (50 IU) were used as 
positive control in antibacterial and antifungal assays, re-
spectively. Analyses were performed in triplicate and ex-
pressed as average values ± SEM.

1. 3. �Determination of Minimum Inhibitory 
Concentrations (MICs)
The MIC values of the compounds were determined 

using the method of micro-well dilution assay.30–31 Briefly, 
the inoculants of the microbial strains were prepared from 
freshly cultured microorganisms that were adjusted to 0.5 
McFarland standard turbidity. Serial dilutions of the com-
pounds and standard samples were made in a concentra-
tion range from 5 to 1000 µg/mL in 96-well plates, con-
taining Mueller-Hinton broth for bacterial strains and 
Sabouraud dextrose broth for yeast. Gentamicin and ny-
statin were used as standard drugs in identical conditions 
to test materials. The plates were covered with sterile plate 
sealers and then incubated at 37 °C under normal atmo-
spheric condition for 24 h for bacterial strains and at 30 °C 
for 48 h for yeasts. The MIC values were considered as the 
minimum concentration of the sample which could inhib-
it the growth of microorganisms.

2. Result and Discussion
4-amino-5-alkyl-4H-1,2,4-triazole-3-thioles 3(a-c) 

were prepared by the condensation of aliphatic carboxylic 
acids 2(a–c) with thiocarbohydrazide. The reaction is im-
proved by using carboxylic acids at thiocarbohydrazide 
melting point. This reaction is the selective method for the 
preparation of 4-amino-5-aryl/alkyl-4H-1,2,4-triazole-3-
thioles32 (Scheme 1).

Scheme1. Synthesis of 3-S-β-D-glucosides-4-arylideneamino-5-alkyl-1,2,4-triazoles.
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Schiff bases 5(a–g) have been synthesized by a reac-
tion of 3-alkyl-4-amino-1,2,4-triazole-5-thione 3(a–c) 
with pyridine aldehydes 4(d–f) in absolute ethanol as sol-
vent in presence of glacial acetic acid as a catalyst. The IR 
spectra of the compounds 3(a–c) showed the absorptions 
at 3100, 1330 cm–1 which were attributed to N-H and C=S 
stretching vibration and a strong absorption at 1580 cm–1 
which was assigned to the C=N stretching vibration. The 
1H NMR spectra showed a singlet signal at about 10 ppm 
due to (CH=N) and the absence of the chemical shift of 
4-NH2 in the spectra of 3(a–c) proving that the title Schiff 
bases 5(a–g) were formed.

In our attempt to obtain α-acetobromoglucose (6) at 
the first step D-glucose were treated with acetic anhydride 
in pyridine at room temperature gave 1,2,3,4,6-penta-O-
acetyl-β-glucose and the anomeric bromination of this 
compound with hydrogen bromide in acetic acid gave 
2,3,4,6-tetra-O-acetyl-α-glucopyranosyl bromide (6).

The existence of thiol-thione tautomerism is known 
for the compounds 3(a–c) and generally one forms is pre-
dominant.34–37 

3-S-β-D-glucosides-4-arylideneamino-5-alkyl-1,2,4 
-triazoles 7(a–g) were synthesized by the reaction of 3-al-
kyl-4-amino-1,2,4-triazole-5-thione Schiff bases 5(a–g) 
and the peracetylated β-pyranosyl bromide (6) in the pres-
ence of potassium carbonate as a weak base in dry acetone. 
(Scheme 1).

Anomeric β-configurations of the S-linked glyco-
sides 7(a–g) were supported by their 1H NMR data. The 
chemical shifts of the anomeric proton signals of thiogly-
cosides revealed around δ (6.20) with a large coupling con-
stant J1,2 values of (9.3) Hz which consistent with the re-
ported data for S-β-D glycosides.

The result of the antibacterial and antifungal activity 
shows that all the compounds have lesser activity than cor-
responding standard compounds and the target com-

pounds exhibited better antifungal activity than anti-bac-
terial activity. However the anti-bacterial results showed 
that against Staphylococcus aureus compounds (7b) and 
(7d); against Bacillus cereus compounds (7b), (7a) and 
(7d); have comparable activity with Gentamicin as Stan-
dard. The antifungal study results revealed that against As-
pergillus niger compounds (7a)

(7b) and (7e); against Candida albicans (7a), (7b) 
and (7d) have comparable activity with Nystatin as stan-
dard. Though compound (7b) was found to have the high-
est activity against Bacillus cereus and compound (7a) was 
found to have the highest activity against Candida albicans 
among all the tested compounds.

3. Experimental
3. 1. General

The melting points of all compounds were recorded 
on a Philip Harris C4954718 apparatus without calibra-
tion.IR and 1H- and 13C-NMR spectra were recorded on 
Thermo Nicolet Nexus 670 FT-IR and Bruker Avance 300 
MHz spectrometers, respectively. Thin layer chromatogra-
phy (TLC) analyses were carried out on silica gel plates. All 
chemicals were purchased from Merck (Tehran, Iran) and 
used as received by standard procedures. All of the instru-
ments, chemicals and solvents were dried according to 
standard methods. Freshly distilled solvents were used 
throughout, and anhydrous solvents were dried according 
to the method reported by Perrin and Armarego.38 Micro-
analyses were performed on a Leco Analyzer 932.

3. 2. �General Procedure of Synthesis of 
4-amino-5-alkyl-4H-1,2,4-triazole-3-
thiol 3(a–c):

Table1. Diameter of inhibition zone (IZ) values of the compounds against 2 gram (+) bacteria, 2 gram (–) bacteria and 2 fungi (µg/mL)

	 5a	 7a	 5b	 7b	 5c	 7c	 5d	 7d	 5e	 7e	 5f	 7f	 5g	 7g	 Gentamicin	 Nystatin

Escherichia coli
gram(–)	

–	 6.7	 –	 6.3	 –	 6.7	 –	 –	 –	 6.1	 –	 –	 –	 7.2	 23.4	 –

Pseudomonas 
aeruginosa	 –	 6.6	 –	 –	 –	 6.5	 –	 6.5	 –	 –	 –	 –	 –	 6.7	 27.3	 –
gram(–)	
Staphylococcus 
aureus	 6.7	 12.4	 6.3	 14.3	 6.4	 11.4	 –	 13.1	 6.5	 9.1	 –	 8.4	 –	 9.3	 28.5	 –
gram(+)	
Bacillus cereus
gram(+)	

6.4	 14.7	 7.1	 15.6	 6.5	 9.8	 6.2	 13.9	 6.6	 8.2	 –	 10.7	 –	 9.5	 31.6	 –

Aspergillus 
niger	 7.1	 15.7	 8.7	 13.4	 7.5	 11.2	 6.4	 10.2	 8.2	 12.1	 7.3	 10.1	 6.8	 9.7	 –	 22.6
fungi	
Candida 
albicans	 6.3	 17.5	 7.9	 14.1	 7.3	 10.1	 6.3	 14.2	 8.7	 12.4	 6.6	 12.7	 6.4	 11.3	 –	 26.8
fungi	
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A mixture of thiocarbohydrazide (0.01 mol) and car-
boxylic acid (0.01 mol) was heated until it melted. The 
mixture was consistently refluxed for 40 min. The product 
obtained on cooling was treated with a sodium bicarbon-
ate solution to neutralize the unreacted acid if any. The 
product was then washed with water and collected by fil-
tration. The solid product was recrystallized from a dis-
tilled water.32 

General Procedure for Synthesis of Schiff bases of (E) 
-5-alkyl-4-((pyridin-3-ylmethylene) amino)-2,4-dihy-
dro-3H-1,2,4-triazole-3-thione 5(a-g):

To a suspension of substituted pyridine carboxalde-
hyde 4(d–f) (0.2 mol) in ethanol (1 mL), an equimolar 
amount of corresponding 4-amino-5-alkyl-4H-1,2,4-tri-
azole-3-thiol (0.1mol) 3(a–c) was added. The suspension 
was heated until a clear solution was obtained. Then few 
drops of concentrated sulfuric acid were added, and the 
solution was heated for 6 hrs on a water bath, the precipi-
tate solid was filtered off and recrystallized from in etha-
nol.33 

General Procedure for Synthesis of 2,3,4,6-tetra-O-ace-
tyl-α-D-glucopyranosyl bromide (6):

It was also prepared according to the literature pro-
cedure.39 

General Procedure for Synthesis of 3-S-β-D-gluco-
sides-4-arylideneamino-5-alkyl-1,2,4-triazoles (7a–g):

A mixture of compound 5(a–g) (1 mmol) and potas-
sium carbonate (1 mmol, 0.138 g) in dry acetone (25 mL) 
and 2 drops of Dimethylformamide were stirred for 1 hrs, 
then glycosyl bromide (6) (1.2 mmol, 0.410 g) was added. 
Stirring was continued overnight, and then the reaction 
mixture was heated under reflux for 2–4 hrs. After cooling, 
the mixture was filtered, then the precipitate of the com-
pound was submitted to column chromatography (SiO2, 
EtOAc/hexane, 3:8).27 

(E)-5-methyl-4-((pyridin-4-ylmethylene) amino)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (5a):

(Yellow crystals), (Yield% = 74) (0.32 g) m.p: 267–
269 °C, FT-IR (KBr, u cm–1): 3042 (C-H, Ar), 2839 (CH3), 
1592 (C=N), 1278 (C=S) cm–1, 1H NMR (300 MHz, 
DMSO): δ (ppm), 2.36 (s, 3H, CH3), 7.82 (d, J=5.1 Hz, 2H 
Pyridin) 8.75 (d, J=5.1Hz, 2H Pyridin) 10.32 (s, 1H, 
HC=N) 13.75 (s, 1H, NH). 13C-NMR (75 MHz, CDCl3): δ 
(ppm), 11.15, 122.32, 139.97, 149.27, 151.38, 161.78, 
162.33

(E)-5-methyl-4-((pyridine-3-ylmethylene) amino)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (5b):

(Light Yellow crystals) (Yield% = 76) (0.83 gr), m.p: 
239–241°C, FT-IR (KBr, u cm–1: 3061 (C-H Ar), 2852 (CH3), 
1590 (C=N), 1274 (C=S) cm–1, 1H NMR (300 MHz, DMSO): 
δ (ppm), 2.35 (s, 3H, CH3), 7.53–7.57 (m, 1H, pyridine), 8.29 

(d, J=7.8 Hz, 1H pyridine) 8.73 (d, J=4.5 Hz, 1H pyridine) 9 
(s, 1H, pyridine) 10.19 (s, 1H, HC=N) 13.79 (s, 1H, NH). 
13C-NMR (75 MHz, CDCl3): δ (ppm), 11.17, 124.71, 128.75, 
135.34, 135.40, 149.05, 150.38, 153.36, 161.63.

(E)-5-methyl-4-((pyridin-2-ylmethylene) amino)-2,4-
dihydro-3H-1,2,4-triazole-3-thione) (5c):

(Pale green crystals), m.p :194–196 °C (Yield% = 82) 
(0.18 g) FT-IR (KBr, u cm–1): 3104 (NH), 3066 (C-H Ar) 
2934 (CH3), 1586 (C=N), 1287 (C=S) cm–1, 1H NMR (300 
MHz, DMSO): δ (ppm), 2.37 (s, 3H,CH3) 7.56 (t, J=3.9, 
1H, pyridine) 7.83 (t, J=7.5, 1H, pyridine) 8.14 (d, J=5.4 
1H, Pyridine) 8.25 (d, J=4.8, 1H, Pyridin) 10.35 (s, 1H, 
HC=N) 13.79 (s, 1H, NH). 13C-NMR (75 MHz, CDCl3): δ 
(ppm), 10.87, 120.66, 127.64, 136.54, 138.66, 149.20, 
151.44, 160.23, 161.74.

(E)-5-ethyl-4-((pyridin-4-ylmethylene) amino)-2,4-di-
hydro-3H-1,2,4-triazole-3-thione) (5d):

(Yellow crystals), (Yield% = 73) (0.17 g) m.p: 246–
248 °C, FT-IR (KBr, u cm–1): 3041 (C-H Ar), 2973 (Et), 
1591 (C=N), 1268 (C=S) cm–1. 1H NMR (300 MHz, 
DMSO): δ (ppm), 1.22(t, J=7.2, 3H, CH3), 2.73–2.81(m, 
2H, CH2) 7.82 (d, J= 4.5 Hz, 2H pyridine) 8.76 (d, J=4.5 
Hz, 2H pyridine) 10.34 (s, 1H, HC=N) 13.85 (s, 1H, 
NH).13C-NMR (75 MHz, CDCl3): δ (ppm), 11.34, 18.65, 
121.23, 140.03, 150.21, 153.14, 160.71, 161.93.

 
(5e): ( (E)-5-ethyl-4-((pyridin-3-ylmethylene) amino)-
2,4-dihydro-3H-1,2,4-triazole-3-thione

(Yellow crystals), m.p:188–190 °C, (Yield% = 72) 
(0.08 g), FT-IR (KBr, u cm–1): 3097 (NH), 3048 (CH-Ar), 
2975 (Et), 1583 (C=N), 1278 (C=S) cm–1. 1H NMR (300 
MHz, DMSO): δ (ppm), 1.22(t, J=7.2, 3H, CH3), 2.72–2.80 
(m, 2H, CH2) 7.56–7.60 (m, 1H, pyridine), 8.31 (d, J=6.6 
Hz, 1H Pyridine) 8.76 (d, J=4.5 Hz, 1H pyridine) 9.02 (s, 
1H, pyridine) 10.19 (s, 1H, HC=N) 14.81(s, 1H, NH). 
13C-NMR (75 MHz, CDCl3): δ (ppm), 9.73, 18.66, 125.79, 
128.78, 134.38, 136.47, 151.58, 152.01, 159.53, 161.82.

(E)-5-ethyl-4-((pyridin-2-ylmethylene) amino)-2,4-di-
hydro-3H-1,2,4-triazole-3-thione (5f):

(Brown crystals), m.p:168–170 °C, (Yield% = 86) 
(0.2 g), FT-IR (KBr, u cm–1): 3119 (NH), 3068 (C-H Ar), 
2918 (Et), 1579 (C=N), 1285 (C=S) cm–1. 1H NMR (300 
MHz, DMSO): δ (ppm), 1.23 (t, J=7.5, 3H, CH3) 2.74–2.81 
(m, 2H, CH2) 7.56 (t, J=6.6, 1H, pyridine) 7.97 (t, J=6.9, 
1H, pyridine) 8.13 (d, J=8.1, 1H, Pyridin) 8.73 (d, J=4.2, 
1H, Pyridin) 10.35 (s, 1H, HC=N) 13.83 (s, 1H, NH). 
13C-NMR (75 MHz, CDCl3): δ (ppm), 11.33, 18.71, 120.71, 
122.88, 127.77, 136.74, 138.88, 149.57, 159.87, 162.02.

(E)-5-propyl-4-((pyridin-3-ylmethylene) amino)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (5g):

(Yellow crystals), (Yield% = 77) (0.38 gr) m.p:166–
168°C, FT-IR (KBr, u cm–1): 3057 (CH-Ar), 1586 (C=N), 
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1278 (C=S) cm–1. 1H NMR (300 MHz, DMSO): δ (ppm), 
0.94 (t, J=7.5, 3H, CH3), 1.63–1.72 (m, 2H, CH2) 2.73 (t, 
J=7.5, 2H, CH2) 7.56–7.60 (m, 1H, pyridine), 8.31 (d, J=6.3 
Hz, 1H pyridine) 8.76 (d, J=4.8 Hz, 1H pyridine) 9.02 (s, 
1H, pyridine) 10.19 (s, 1H, HC=N) 13.81 (s, 1H, NH). 
13C-NMR (75 MHz, CDCl3): δ (ppm), 13.87, 19.34, 26.75, 
124.79, 128.78, 135.40, 151.72, 153.44, 159.66, 161.85, 
162.33.

Synthesis of 1,2,3,4,6-penta-O-acetyl-α-D-glucopyra-
nose: It was also prepared according to the literature pro-
cedure.36 (Yield% = 68) (7.5 gr)(White precipitate), FT-IR 
(KBr, υ cm–1):1748, 1374, 1227, 1H NMR (300 MHz, 
CDCl3), δ: 2.01 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.08 (s, 
3H, OAc), 2.11 (s, 3H, OAc), 2.18 (s, 3H, OAc), 3.82–3.85 
(m, 1H, H-5), 4.08–4.12 (m, 1H, H-6a), 4.26–4.32 (m, 1H, 
H-6b), 5.09–5.28 (m, 3H, H-2, H-4, H-3), 5.71 (d, 1H, J1,2 
= 8.4, H-1). 13C NMR (75 MHz, CDCl3), δ: 20.55 (3C), 
20.69, 20.80 (5 × OCOCH3), 61.41 (C-6), 67.70 (C-4), 
70.18 (C-2), 72.69 (C-3), 72.75 (C-5), 91.66 (C-1), 168.94, 
169.23, 169.37, 170.08, 170.59 (5 × OCOCH3).

Synthesis of 2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl 
bromide (6): It was also prepared according to the litera-
ture procedure.39 White precipitate; 57% (1.2 g); FT-IR 
(KBr, υ cm–1): 1745, 1377, 1236, 607. 1H NMR (300 MHz, 
CDCl3), δ: 2.03 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.10  
(s, 6H, OAc), 4.12 (d, 1H, H-6a), 4.28–4.36 (m, 2H, H-6b, 
H-5), 4.81–4.86 (dd, 1H, J1,2 = 3.9, J2,3 = 9.9, H-2), 5.16  
(t, 1H, H-4), 5.56 (t, 1H, H-3), 6.61 (d, 1H, J1,2 = 3.9, H-1). 
13C NMR (75 MHz, CDCl3), δ: 20.53, 20.60 (2C), 20.63 (4 
× OCOCH3), 60.93 (C-6), 67.15 (C-4), 70.14 (C-2), 70.58 
(C-3), 72.12 (C-5), 86.54 (C-1), 169.44, 169.77, 169.82, 
170.48 (4 × OCOCH3).

Synthesis of 4-(pyridine-4-yl methylene-amino) 
-5-methyl-2-yl-3- (2,3,4,6-tetra-O- acetyl-β-D-glucopy-
ranosyl Sulfonyl) -1,2,4-triazole (7a): yellow crystals 76% 
(1.24 g), m.p :74–76 °C; FT-IR (KBr, u cm–1): 2947 (C-H), 
1753 (C=O), 1601 (HC=N), 1371 (CH3), 1047, 1230  
(C-O), 1H NMR (300 MHz, CDCl3): δ 1.94 (s, 3H, OAc), 
2.04 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.09 (s, 3H, OAc), 
2.49 (s, 3H, CH3), 3.97–4 (m, 1H, H-6a), 4.15 (d, J=12.3 
Hz, 1H, H-6b), 4.28–4.34 (m, 1H, H-5), 5.25 (t, J=9.9Hz, 
1H, H-4), 5.42 (t, J=9.3 Hz, 1H, H-2), 5.74 (t, J=9.3 Hz, 1H, 
H-3), 6.21 (d, J=9.3 Hz, 1H, H-1), 7.70 (d, J= 4.8 Hz, 2H 
pyridine) 8.78 (d, J=4.5 Hz, 2H pyridine) 10.83 (s, 1H, 
HC=N). 13C-NMR (75 MHz, CDCl3): δ(PPM), 11.22, 
20.57, 61.67, 67.73, 69.14, 73.61, 74.59, 81.28, 121.85, 
139.95, 149.30, 150.65, 162.33, 164.04, 168.89, 169.35, 
170.15, 170.61. Calcd: C, 50.27; H, 4.95; N, 12.74; S, 5.83%; 
Found: C, 50.37; H, 4.85; N, 12.94; S, 5.92%.

Synthesis of 4-(pyridine-3-yl methylene-amino) 
-5-methyl-2-yl-3- (2,3,4,6-tetra-O-acetyl-β-D-gluco 
pyranosyl Sulfonyl) -1,2,4-triazole (7b):

White crystals 73% (0.8 g), m.p: 68–70 °C; FT-IR 
(KBr, u cm–1): 2958 (C-H), 1752 (C=O), 1599 (HC=N), 
1370 (CH3), 1046, 1231 (C-O).1H NMR (300 MHz, 
CDCl3): δ 1.93 (s, 3H, OAc), 2.02 (s, 3H, OAc), 2.05 (s, 3H, 
OAc), 2.07 (s, 3H, OAc), 2.46 (s, 3H, CH3), 3.96–4 (m, 1H, 
H-6a), 4.06–4.16 (m, 1H, H-6b), 4.27–4.32 (m, 1H, H-5), 
5.24 (t, J=9.9 Hz, 1H, H-4), 5.40 (t, J=9.6 Hz, 1H, H-2), 
5.72 (t, J=9.3 Hz, 1H, H-3), 6.20 (d, J=9.3 Hz, 1H, H-1), 
7.40–7.44 (m, 1H, pyridine), 8.19 (d, J=7.8 Hz, 1H pyri-
dine) 8.74 (d, J=3.9 Hz, 1H pyridine) 8.99 (s, 1H, pyridine) 
10.68 (s, 1H, HC=N). 13C-NMR (75 MHz, CDCl3): δ 
(PPM), 11.27, 20.60, 61.64, 67.66, 69.10, 73.58, 74.50, 
81.29, 123.92, 128.63, 134.80, 149.22, 152.94, 157.59, 
163.90, 168.94, 169.38, 170.17, 170.65. Calcd: C, 50.27; H, 
4.95; N, 12.74; S, 5.83 %; Found: C, 50.17; H, 4.82; N, 12.86; 
S, 5.98%.

(Synthesis of 4-(pyridine-2-yl methylene-amino) -5-meth-
yl-2-yl-3- (2,3,4,6-tetra-O-acetyl-β-D-gluco pyranosyl 
Sulfonyl) -1,2,4-triazole (7c):

White crystals 76% (1.24 g), m.p: 105–107 °C; FT-IR 
(KBr, u cm–1): 2948 (C-HAr), 1752 (C=O), 1590 (HC=N), 
1373 (CH3), 1045, 1234 (C-O), (C-1H NMR (300 MHz, 
CDCl3): δ 1.94 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.06 (s, 3H, 
OAc), 2.09 (s, 3H, OAc), 2.48 (s, 3H, CH3) 3.96–4.01 
(m, 1H, H-6a), 4.12 (d, J=7.2 Hz, 1H, H-6b), 4.28–4.34 (m, 
1H, H-5), 5.25 (t, J=9.9 Hz, 1H, H-4), 5.41 (t, J=9.3 Hz, 1H, 
H-2), 5.73 (t, J=9.3 Hz, 1H, H-3), 6.23 (d, J=9.3 Hz, 1H, 
H-1), 7.40–7.44 (m,1H, Pyridin) 7.83 (t, J=7.5 Hz, 1H, 
Pyridin) 8.09 (d, J=7.8 Hz, 1H, Pyridin) 8.75 (d, J=4.8 Hz, 
1H, Pyridin), 10.63 (s, 1H, CH=N). 13C-NMR (75 MHz, 
CDCl3): δ(PPM), 11.26, 20.58, 61.70, 67.75, 69.20, 73.59, 
74.52, 81.37, 121.96, 125.91, 136.74, 149.13, 150.15, 151.92, 
162.33, 164.12, 168.97, 169.39, 170.13, 170.65. Calcd: C, 
50.27; H, 4.95; N, 12.74; S, 5.83%; Found: C, 50.17; H, 4.82; 
N, 12.86; S, 5.98%.

Synthesis of 4-(pyridine-4-yl methylene-amino) -5-eth-
yl-2-yl-3- (2,3,4,6-tetra-O-acetyl-β-D-gluco pyranosyl 
Sulfonyl) -1,2,4-triazole (7d):

Orange crystals 77% (0.085 g ), m.p: 59–61 °C;  
FT-IR (KBr, u cm–1): 2934 (C-H), 1754 (C=O), 1594 
(HC=N), 1372 (CH3), 1042, 1228 (C-O), 1H NMR (300 
MHz, CDCl3): δ 1.92 (s, 3H, OAc), 2.03 (s, 3H, OAc), 
2.06 (s, 3H, OAc), 2.08 (s, 3H, OAc), 1.35 (t, J=7.2Hz, 3H, 
CH3), 2.83–2.87 (m, 2H, CH2) 3.97–3.99 (m, 1H, H-6a), 
4.16 (d, J=12 Hz, 1H, H-6b), 4.28–4.33 (m, 1H, H-5), 
5.26 (t, J=9.6 Hz, 1H, H-4), 5.41 (t, J=9.6 Hz, 1H, H-2), 
5.79 (t, J=9 Hz, 1H, H-3), 6.17 (d, J=9.3 Hz, 1H, H-1),7.69 
(d, J=4.5 Hz, 2H pyridine), 8.77 (d, J= 3.9 Hz, 2H pyri-
dine) 10.81 (s, 1H, HC=N), 13C-NMR (75 MHz, CDCl3):  
δ(PPM), 10.11, 18.92, 20.60, 61.64, 67.71, 68.98, 73.65, 
74.50, 81.37, 121.86, 140.03, 150.64, 153.15, 155.90, 
164.11, 168.76, 169.40, 170.20, 170.66. Calcd: C, 51.15; 
H, 5.19; N, 12.43; S, 5.69%; Found: C, 51.01; H, 5.21; N, 
12.53; S, 5.73%.
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Synthesis of 4-(pyridine-3-yl methylene-amino)-5-eth-
yl-2-yl-3-(2,3,4,6-tetra-O-acetyl-β-D-gluco pyranosyl 
Sulfonyl) -1,2,4-triazole (7e): 

White crystals, 78% (0.43 g), m.p: 105–107 °C, FT-IR 
(KBr, u cm–1): 2947 (C-H), 1753 (C=O), 1591 (HC=N), 
1371 (CH3), 1042, 1229 (C-O) ,1H NMR (300 MHz, 
CDCl3): δ 1.92 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.06 (s, 3H, 
OAc), 2.08 (s, 3H, OAc), 1.34 (t, J=7.2Hz, 3H, CH3), 2.79–
2.88 (m, 2H, CH2), 3.97–4.01 (m, 1H, H-6a), 4.17(d, 
J=12.6, 1H, H-6b), 4.28–4.33 (m, 1H, H-5), 5.26 (t, J=9.9 
Hz, 1H, H-4), 5.41 (t, J=9.3 Hz, 1H, H-2), 5.79 (t, J=9.3 Hz, 
1H, H-3), 6.18 (d, J=9.3 Hz, 1H, H-1),7.41–7.45 (m, 1H, 
pyridine), 8.18 (d, J=7.8 Hz, 1H pyridine) 8.75 (d, J=4.5 
Hz, 1H pyridine) 9.01 (s, 1H, pyridine) 10.69 (s, 1H, 
HC=N). 13C-NMR (75 MHz, CDCl3): δ (PPM), 10.11, 
18.93, 20.60, 61.65, 67.71, 68.99, 73.66, 74.46, 81.44, 
123.92, 128.70, 134.79, 149.81, 153.05, 158.26, 164.02, 
168.76, 169.40, 170.18, 170.66. Calcd: C, 51.15; H, 5.19; N, 
12.43; S, 5.69%; Found: C, 51.07; H, 5.21; N, 12.60; S, 
5.61%.

Synthesis of 4-(pyridine-2-yl methylene-amino) -5-eth-
yl-2-yl-3- (2,3,4,6-tetraO-acetyl-β-D-gluco pyranosyl 
Sulfonyl) -1,2,4-triazole (7f):

yellow crystals 79% (0.87 g), m.p :55–57 °C; FT-IR 
(KBr, u cm–1): 2974 (C-H), 1753 (C=O), 1586 (HC=N), 
1372 (CH3), 1044, 1229 (C-O). 1H NMR (300 MHz, 
CDCl3): δ 1.92 (s, 3H, OAc), 2.02 (s, 3H, OAc), 2.06 (s, 3H, 
OAc), 2.08 (s, 3H, OAc), 1.33 (t, J=7.2 Hz, 3H, CH3), 2.77–
2.89 (m, 2H, CH2), 3.96–4 (m, 1H, H-6a), 4.16(d, J=11.4 
Hz, 1H, H-6b), 4.27–4.33 (m, 1H, H-5), 5.25 (t, J=9.6 Hz, 
1H, H-4), 5.40 (t, J=9.3 Hz, 1H, H-2), 5.77 (t, J=9.3 Hz, 1H, 
H-3), 6.19 (d, J=9.3 Hz, 1H, H-1), 7.39–7.43 (m,1H, pyri-
dine) 7.81 (t, J=7.5 Hz, 1H, pyridine) 8.07 (d, J=7.8 Hz, 1H, 
pyridine) 8.73 (d, J=3.9 Hz, 1H, Pyridin), 10.61 (s, 1H, 
CH=N). 13C-NMR (75 MHz, CDCl3): δ(PPM), 10.10, 
18.92, 20.56, 61.70, 67.82, 69.09, 73.68, 74.48, 81.52, 
121.79, 125.84, 136.70, 150.18, 152.05, 152.95, 162.33, 
164.27, 168.76, 169.38, 170.11, 170.63. Calcd: C, 51.15; H, 
5.19; N, 12.43; S, 5.69%; Found: C, 51.25; H, 5.28; N, 12.33; 
S, 5.72%.

Synthesis of 4-(pyridine-3-yl methylene-amino) -5-pro-
pyl-2-yl-3- (2,3,4,6-tetra-O-acetyl-β-D-gluco pyranosyl 
Sulfonyl) -1,2,4-triazole (7g): 

White crystals; 81% (0.93 g), m.p: 63–65 °C; FT-IR 
(KBr, u cm–1): 2962 (C-H), 1754 (C=O), 1590 (HC=N), 
1369 (CH3), 1048, 1229 (C-O). 1H NMR (300 MHz, 
CDCl3): δ 1.92 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.06 (s, 3H, 
OAc), 2.08 (s, 3H, OAc), 1.01 (t, J=7.5Hz, 3H, CH3), 1.74–
1.86 (m, 2H, CH2) 2.73–2.86 (m, 2H, CH2) 3.97–3.99 (m, 
1H, H-6a), 4.13–4.19 (m, 1H, H-6b), 4.27–4.32 (m, 1H, 
H-5), 5.25 (t, J=9.6 Hz, 1H, H-4), 5.41 (t, J=9.3 Hz, 1H, 
H-2), 5.79 (t, J=9.3 Hz, 1H, H-3), 6.18 (d, J=9.6 Hz, 1H, 
H-1), 7.49–7.53 (m, 1H, pyridine), 8.25 (d, J=7.8 Hz, 1H 
pyridine) 8.77 (d, J=3.6 Hz, 1H pyridine) 9.04 (s, 1H, pyr-

idine) 10.78 (s, 1H, HC=N): 13C-NMR (75 MHz, CDCl3): 
δ(PPM), 13.49, 19.22, 20.73, 26.93, 61.66, 67.78, 69, 73.69, 
74.51, 81.45, 124.35, 129.37, 135.99, 151.91, 155.24, 157.16, 
162.33, 163.99, 168.69, 169.35, 170.14, 170.60. Calcd: C, 
51.99; H, 5.41; N, 12.12; S, 5.55%; Found: C, 51.89; H, 5.50; 
N, 12.23; S, 5.42%.

4. Conclusions
In summary, a series of 3-S-β-D-glucosides-4- 

arylideneamino-5-alkyl-1,2,4-triazoles 7(a–e) was pre-
pared by reaction of 4-amino-5-alkyl-4H-1,2,4-triazole-3-
thiol Schiff bases 5(a-f) and 2,3, 4,6-tetra-O-ace-
tyl-α-D-glucopyranosyl bromide (6) in presence of 
potassium carbonate at room temperature for 24h and 
then 3h reflux. The structures of the target compounds 
have been characterized by 1H NMR, 13C NMR, and FTIR. 
All the newly synthesized compounds have been evaluated 
for their antimicrobial activities in vitro against two gram 
(+) bacteria, two gram (–) bacteria and two fungi. These 
compounds exhibited better antifungal activity than anti-
bacterial activity. Though compound (7b) was found to 
have the highest activity against Bacillus cereus and com-
pound (7a) was found to have the highest activity against 
Candida albicans among all the tested compounds. 
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Povzetek
Z reakcijami med 4-amino-5-alkil-4H-1,2,4-triazol-3-tiolnimi Schiffovimi bazami in 2,3,4,6-tetra-O-acetil-α-D-glu-
kopiranozil bromidom smo sintetizirali novo serijo 3-S-β-D-glukozid-4-arilidenamino-5-alkil-1,2,4-triazolov. Strukture 
pripravljenih spojin smo določili z 1H NMR, 13C NMR, FT-IR in elementno mikroanalizo. Za vse novopripravljene 
spojine smo in vitro določili antibakterijsko in protiglivično delovanje na dve Gram pozitivni bakteriji (Bacillus cereus 
(PTCC 1015) in Staphylococcus aureus (ATCC 25923)), dve Gram negativni bakteriji (Pseudomonas aeruginosa (ATCC 
27853) in Escherichia coli (PTCC 1399)) ter na dve glivi (Aspergillus niger (PTCC 5012) in Candida albicans (PTCC 
5027)).
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