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Abstract
A series of diethyl-2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate derivative coupled to 1,3,4-oxadi-
azole-5-thiones and 1,2,4-triazole-5-thiones moieties at C2,C6 positions of 1,4-dihydropyridine ring system was pre-
pared. This linkage was carried out by the reaction of 1,3,4-oxadiazole-5-thiones and 1,2,4-triazole-5-thiones with 
2,6-dibromomethyl-3,5-diethoxycarbonyl-4-phenyl-1,4-dihydropyridine in the presence of potassium carbonate as a 
weak base and dry acetone as the solvent. The newly synthesized compounds were characterized by FT-IR, 1H NMR, 
13C NMR spectral data, elemental analysis and FAB-MS. The synthesized compounds were tested for their antimicrobial 
and antifungal activity against Escherichia coli and Aspergillus fumigatus in vitro in comparison with Enrofloxacin and 
Amphotericin as the reference drugs which are normally used for treating such infections. The synthetic compounds 
showed different inhibition zones against tested bacteria and fungi. Compound 8d showed more antagonistic activity 
against E. coli and A. fumigatus.
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1. Introduction 
Antibiotics are drugs used for treating infection 

caused by microorganism such as bacteria or fungi and an-
tibiotic resistance is the ability of microorganism to with-
stand the effect of antibiotics. The resistance of infective 
bacteria to present antibiotics remains a clinical obstacle in 
the chemotherapy of many cancers and demands research 
focused on the discovery of new drugs in the antibiotic 
drug field. The 1,4-dihydropyridines (1,4-DHPs) were 
found to be highly effective calcium antagonists and are 
used in treatment of various cardiovascular activities.1–4 
Apart from CVS activities (1,4-DHPs), they posses a vari-
ety of biological activities such as anti-tubercular,5 antimi-
crobial,6–7 anti-inflammatory,8 anti-tumor,9–10 analgesic.11 
A substance which has no calcium antagonistic activity 
but has antibiotic activity would be of value in cancer che-
motherapy and has strong ability in overcoming antican-
cer drug resistance. Among the possible drug resistance 
modifiers the 1,4-dihydropyridines calcium antagonists 
such as Verapamil have been extensively studied.12–13 These 
examples clearly demonstrate the remarkable potential of 

novel DHP derivatives as a source of valuable drug candi-
dates.

In recent years 1,3,4-oxadiazole-5-thiones and 
1,2,4-triazole-5-thiones derivatives which belong to an im-
portant group of heterocyclic compounds containing five 
membered ring have received significant attention and nu-
merous reports have highlighted their diverse range of bio-
logical activities, such as antimicrobial,14–15 antifungal,16–17 
antimycobacterial,18–19 anticancer,20–21 anti-inflammato-
ry22–23 and anti convulsant.24–25 The connection of 1,3,4-oxa-
diazoles or 1,2,4-triazoles to the 1,4-DHPs core has pro-
duced a combination scaffold. 1,4-DHPs can be selectively 
functionalized at several positions. Synthesis and antibacte-
rial activities of bis(1,3,4-oxadiazole-2-thiol) and bis(4-
amino-1,2,4-triazole-3-thiole) derivatives of 1,4-dihdropy-
ridines derivatized at C3, C5 was reported.26 Synthesis and 
biological activities of 1,3,4-oxadiazole derivatives linked to 
N1 of 1,4-dihydropyridines ring system was reported.27 In 
spite of the widely developed chemistry of the 1,4-DHPs, 
much less is known about the synthesis of 1,4-DHPs bear-
ing- substituents other than hydrogen atoms or alkyl groups 
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at C2 and C6. These multicompound 1,4-DHP derivatives 
are useful in probing biological activity and might be used 
as antibiotics and inhibitors of the multidrug-resistant 
transporters. 1,4-DHP derivatives were prepared by 
Hantzsch method.28 Hantzsh dihydropyridine synthesis is a 
one-pot multicomponent condensation reaction where an 
aldehyde β-ketoester and a nitrogen donor, such as ammo-
nia or ammonium acetate, under reflux in ethanol froms 
the final product.29 In our previous works we reported the 
synthesis and antibacterial properties of a new series of 
thioglycoside heterocyclic derivatives of 1,2,4-triazole-5 
-thiones and 1,3,4-oxadiazole-5-thiones.30–32 Following our 
studies on the design of potent antibacterial agents with 
1,3,4-oxadiazoles and 1,2,4-triazole moieties, we have re-
ported the connection of 1,2,4-triazole-5-thiones and 
1,3,4-oxadiazole-5-thiones moieties to the 2,6-position of 
1,4-DHP ring system. These newly synthesized multicom-
pounds 1,4-DHPs are useful in probing biological activity, 
as they could exhibit antimicrobial effects and could act as 
inhibitors of the multidrug-resistant transporters.

2. Materials and Methods
2. 1. Bacterial Strain

The antibacterial and antifungal activity of com-
pounds was assayed according to our perviously published 
method.33 The antibacterial and antifungal activity of com-
pounds was tested against Escherichia coli and Aspergillus 
fumigatus.

2. 2 Bacterium and Fungi Culture
The following microorganisms were used in this 

study to test antimicrobial activity of compounds: E. coli 
(PTCC 1399) and Aspergillus fumigatus (PTCC 5009). All 
microorganisms were provided by Persian Culture Collec-
tions of Microorganism, Iran. Bacteria were cultured for 
24 h at 37 °C in brain heart infusion broth (Merck, Darm-
stadt, Germany) and A. fumigatus was cultured for 72 h at 
5 °C in Saburo Dextrose broth (Merck, Darmstadt, Ger-
many) and were used as inoculums.

2. 3. Susceptibility Tests

The following methods were used to evaluate the ac-
tivity of the compounds. All tests were repeated three 
times, using distilled water without compounds as a con-
trol to test the inhibitory effect of the solvent. Minimum 
inhibition concentrations (MIC) of compounds against 
the tested pathological microorganisms were determined 
using micro broth dilution method.34 Briefly, serial two-
fold dilutions of each compounds (10% w/v) were pre-
pared in 96-well micro titer plate ((from 1:2 to 1:8192) 
containing cation-adjusted Mueller-Hinton broth (Merck, 
Darmstadt, Germany). Control micro-titer plates contain-
ing medium and distilled water at the same dilutions were 
also made. Bacteria and fungi suspensions were adjusted 
to the 0.5 McFarland standards (approximately 1 to 2 × 
108 CFU/mL). A constant amount of microorganisms 
were added to all wells and the plates were incubated at 37 
and 25 °C for 24–72 hour for E. coli and A. fumigatus, re-
spectively (final inoculates were adjusted to the 105 CFU 
per each well). Each well was examined for growth, com-
paring each well to the control. The MIC was defined as 
the lowest concentration of compounds at which there was 
no visible growth of the organisms. For each test enroflox-
acin and amphotericin were used as the control antimicro-
bial agents. The minimal bactericidal concentration (MBC; 
the lowest concentration of compounds that resulted in a 
99.9% reduction in CFU of the initial inoculums) was de-
termined by plating count the contents of wells that 
showed no visible growth of bacteria onto Mueller-Hinton 
agar and Saburo Dextrose agar plates and incubating at 37 
and 25 °C for 24–72 h for E. coli and A. fumigatus, respec-
tively. The MBC was considered the lowest concentration 
of compounds that prevented any colony formation.

3. Result and Discussion
The main synthetic route for substituted 1,3,4-oxadi-

azole-5-thiones 2a–d involves an initial reaction between 
carboxylic acid hydrazides 1a–d and carbon disulfide in 
basic ethanol solution, followed by acidification with di-

Scheme 1. Synthesis of 1,3,4-oxadiazole-5-thione and 1,2,4-triazole-5-thione derivatives
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lute hydrochloric acid which resulted in the precipitation 
of oxadiazole. These compounds were synthesized accord-
ing to the literature method (Scheme 1).35–36 1-Substitut-
ed-4-phenylthiosemicarbazides 3a–d were prepared by 
the condensation of carboxylic acid hydrazides 1a–d with 
phenylisothiocyanate under reflux in absolute ethanol. 
The cyclodehydration of 1-substituted-4-phenylthiosemi-
carbazides 3a–d were carried out in alkaline medium fol-
lowed by acidification with dilute hydrochloric acid to give 
1,2,4-triazole-5-thiones 4a–d according to the literature 
method (Scheme 1).37–39 The existence of thiol-thione tau-
tomerism is known for the compounds 2a–d and 4a–d and 
generally one form is predominant. In the present study, 
the thione structure was dominated in the solid state. 
These constitutional isomers were distinguished by IR and 
1H NMR. The appearance of a C=S absorption peak in the 
region 1248–1278 cm–1 indicated that the oxadiazoles and 
triazoles are in their thione form. The 1H NMR spectra of 
compounds 2a–d and 4a–d exhibited the NH signals (NH 
function of the oxadiazole and triazole ring) as a singlet in 
the range δH 12–14 ppm which also supports the proposed 
thione structure.35–39 

4-Phenyl-1,4-dihydro-2,6-dimethyl-3,5-pyridine di-
carboxylic acid ester (diethyl 2,6-dimethyl-4-phenyl- 
1,4-dihydropyridine-3,5-dicarboxylate)derivative (com-
pound 5) was synthesized by condensation of benzalde-
hyde with two equivalents of β-ketoester in the presence of 
a nitrogen donor such as ammonia or ammonium acetate 
according to the procedure reported in the literature. 40 
The 1H NMR spectrum of compound 5 shows a character-
istic singlet in the range of δH 5–7 ppm which was due to 
the NH proton of the 1,4-DHP ring and another important 
singlet at 5 ppm which was attributed to the CH at C4 of 
the 1,4-DHP ring. Allylic bromination is the replacement 

of a hydrogen on a carbon adjacent to a double bond and 
N-bromosuccinimide (NBS) is a brominating agent that is 
used as the source of bromine in radical reactions that are 
used for allylic bromination. The synthesis of 2,6-dibro-
momethyl-3,5-diethoxycarbonyl-1,4-dihydropyridine 
(compound 6) was carried out by bromination of corre-
sponding 2,6-dimethyl-1,4-dihydropyridine (compound 
5) with NBS in methanol according to the procedure re-
ported in the literature.41 Replacement of the bromines of 
compound 6 with 1,2,4-triazole-5-thiones 4a–d or 1,3,4- 
oxadiazole-5-thiones 2a–d was carried out in the presence 
of potassium carbonate as a weak base in dry acetone to 
afford the corresponding coupled 1,4-dihydropyridines 
(7a–d and 8a–d) (Scheme 2). The structures identification 
for compounds 7a–d and 8a–d was based on spectroscop-
ic methods. In the IR spectra the disappearance of the C=S 
absorption peak in the region 1248–1278 cm–1 and fur-
thermore the absence of NH peak at 12–14 ppm support 
the connection of oxadiazole and triazoles to 1,4-DHP 
ring.

T﻿he CH2X protons at positions C2 and C6 of sym-
metrically substituted 1,4-dihydropyridine ring become 
diastereotopic and provide an AB system in the corre-
sponding 1H NMR spectra. The extent of the observed 
anisochrony of the methylene protons should be influ-
enced by the spatial conformation of ester groups and the 
formation of a CH···O=C intramolecular hydrogen bond-
ing.41 

The in vitro antibacterial and antifungal activities of 
the synthesized compounds against E. coli and A. fumiga-
tus are shown in Tables 1 and 2. The minimal inhibition 
concentration for enrofloxacin as the reference antibacte-
rial drug is 36 µg/µL concentration and for amphotericin 
was 28 µg/µL of drug in the same test conditions.

Scheme 2. Synthesis of 1,4-dihydropyridine compounds bearing 1,3,4-oxadiazole-5-thiones and 1,2,4-triazole-5-thiones
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From the data presented in Tables 1 and 2 it is clear 
that compounds 8a–d showed better antifungal activities 
than compounds 7a–d and the compounds 7c,7d,8d ex-
hibited better and equipotent activity against E. coli. The 
compound 8d is highly active against E. coli and A. fumig-
atus.

4. Experimental
4. 1. General

The melting points of all compounds were recorded 
on a Philip Harris C4954718 apparatus without calibra-
tion. IR spectra were recorded on Thermo Nicolet Nexus 
670 FT-IR spectrometer and 1H and 13C NMR spectra 
measured with Bruker Avance 300 MHz spectrometer. 
Mass spectra were recorded on a JEOL-JMS 600 (FAB MS) 
instrument. Thin layer chromatography (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 instruments, chemicals 
and solvents were dried according to standard methods. 
Freshly distilled solvents were used throughout, and anhy-
drous solvents were dried according to the method report-
ed by Perrin and Armarego. Microanalyses were per-
formed on a Leco Analyzer 932.

4. 2. �General Procedure for the Synthesis  
of 2a–d
Compounds 2a–d were synthesized by the reaction 

of CS2 (6.7 mL, 0.1 mol) with a suspension of carboxylic 
acid hydrazides 1a–d (0.1 mol) in chloroform (100 mL) in 
the presence of Et3N (15 mL, 0.1 mol). After refluxing the 

reaction mixture for 3 h, the resulting solution was filtered 
and acidified with acetic acid (20 mL, 20% v/v). On evap-
oration of the solvent, the solid obtained was washed twice 
with cold water and finally dried in vacuo, then recrystal-
lized from ethanol (yield 80%).35–36

4. 3. �General Procedure for the Synthesis  
of 4a–d
Equimolar quantities of carboxylic acid hydrazides 

1a–d (0.01 mol) and phenylisothiocyanate (1.35 g, 0.01 
mol) in appropriate amount of absolute ethanol were re-
fluxed for 6–8 h. The formed precipitate of 1-substitut-
ed-4-phenylthiosemicarbazides 3a–d was filtered, and 
then a suspension of 0.04 g thiosemicarbazides 3a–d in 
sodium hydroxide 0.4 g (0.01 mol, as a 2N solution) was 
refluxed for 6 h.

The reaction mixture was allowed to cool to the 
room temperature and was then adjusted to pH 6 with di-
luted hydrochloric acid. The formed precipitate was then 
filtered, dried and recrystallized from ethanol, to give 
1,2,4-triazole-5-thiones 4a–d in 75% yields. The following 
compounds were prepared by an analogous procedure.37–39

Diethyl 2,6-Dimethyl-4-phenyl-1,4-dihydropyridine-3, 
5-dicarboxylate (5)40

White crystals; 77% (2.535 g), mp 160–162 °C, 1H 
NMR (300 MHz, CDCl3) δ 1.25 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 2.35 (s, 6H, 2CH3), 4.10 (q, 4H, 
-COOCH2CH3), 5.02 (s, 1H, DHP-C4-H), 5.72 (br s,1H, 
N-H), 7.13–7.32 (m, 5H, Ar-H), 13C NMR (75 MHz, 
CDCl3) δ 14.27, 19.12, 39.66, 59.75, 103.59, 126.11, 127.85, 
127.92, 144.76, 147.96, 168.03. IR (KBr) ν 3340, 3078, 
2976, 1651, 1483, 1378, 1100, 1030, 766, 695 cm–1. Anal. 
calcd for C19H23NO4: C, 69.28; H, 7.04; N, 4.25. Found: C, 
69.18; H, 6.98; N, 4.29.

Diethyl 2,6-Bis(bromomethyl)-4-phenyl-1,4-dihydro-
pyridine-3,5-dicarboxylate (6)41

 Lemon crystals; 72% (3.506 g), mp 135 °C, 1H NMR 
(300 MHz, CDCl3) δ 1.25 (t, J = 7.2 Hz, 6H, -COOCH2CH3), 
4.15 (q, J = 7.2 Hz, 4H, -COOCH2CH3), 4.6, 4.9 (dd, J1 = 
4.65, J2 = 4.65 Hz, 4H, CH2-Br), 5.03 (s, 1H, DHP-C4-H), 
6.53 (br s,1H, N-H), 7.12–7.31 (m, 5H, Ar-H), 13C NMR 
(75 MHz, CDCl3) δ 14.11, 27.15, 40.08, 60.65, 105.79, 
126.84, 128.06, 128.19, 142.19, 145.85, 166.31. IR (KBr) ν 
3334, 3084, 2979, 1686, 1508, 1372, 1095, 760, 704, 558 
cm–1. Anal. calcd for C19H21Br2NO4: C, 46.84; H, 4.34; N, 
2.88. Found: C, 46.76; H, 4.31; N, 2.95.

4. 4. �General Procedure for the Synthesis  
of Compounds 7a–d and 8a–d
A mixture of 2a–d or 4a–d (2 mmol), K2CO3 (0.276 g, 

2 mmol) and acetone (20 mL) were stirred at room tem-
perature for 30 minute, and then 0.487 g (1 mmol) com-

Table 1. In vitro antibacterial activity of synthetic compounds 
against E. coli.

Compound	 MIC	 MBC	 Compound	 MIC	 MBC
	 (g/mL)	 (g/mL)		  (g/mL)	 (g/mL)

8a	 250	 500	 7a	 500	 500
8b	 250	 500	 7b	 125	 125
8c	 125	 250	 7c	      62.5	 125
8d	      62.5	      62.5	 7d	      62.5	 125

Table 2. In vitro antifungal activity of synthetic compounds against 
A. fumigatus.

Compound	 MIC	 MFC	 Compound	 MIC	 MFC
	 (g/mL)	 (g/mL)		  (g/mL)	 (g/mL)

8a	 500	 500	 7a	 1000	 2000
8b	 500	 500	 7b	 1000	 2000
8c	 500	 500	 7c	 1000	 2000
8d	 250	 500	 7d	   500	 1000
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pound 6 and KI (cat.) were added and refluxed for 12 h and 
then evaporated. The residue was extracted with CH2Cl2 
(30 mL) and the organic layer washed with water, dried 
over Na2SO4 and evaporated. Recrystallization of crude 
products from 2-propanol furnished 7a–d or 8a–d.

Diethyl 4-Phenyl-2, 6-bis(((5-phenyl-1,3,4-oxadiazol-2-
yl)thio)methyl)-1,4-dihydropyridine-3,5-dicarboxylate 
(7a)

Pale yellow solid; 73% (0.498 g), m.p. 156–158 °C, 1H 
NMR (300 MHz, CDCl3): δ 25 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 4.14 (q, J = 7.2 Hz, 4H,-COOCH2CH3), 
4.62 (s, 4H, S-CH2), 5.05 (s, 1H, DHP-C4-H), 7.11–7.31 
(m, 5H, Ar-H), 7.40–7.52 (m, 6H, Ar-H), 7.90 (d, J = 
8.1Hz, 4H, Ar-H), 8.78 (br s, 1H, N-H), 13C NMR (75 
MHz, CDCl3) δ 14.13, 32.32, 39.66, 60.37, 104.99, 123.54, 
126.62, 126.66, 126.71, 128.11, 128.94, 131.59, 144.17, 
147.76, 162.32, 165.38, 166.88. IR(KBr) ν 3330, 3073, 2979, 
1688, 1636, 1483, 1375, 1090, 764, 695, 595 cm–1. Anal. cal-
cd for C35H31N5O6S2: C 61.66, H 4.58, N 10.27, S 9.40. 
Found: C, 61.69; H, 4.53; N, 10.24; S, 9.47. HRMS-FAB 
m/z [M+H]+calcd for C35H31N5O6S2: 681.17. Found: 
681.11.

Diethyl 2,6-Bis((5-(2-chlorophenyl)-1,3,4-oxadiazol-2-
ylthio)methyl)-4-phenyl-1,4-dihydropyridine-3,5-di-
carboxylate (7b)

Pale yellow solid; 62% (0.465 g), m.p. 156–158 °C, 1H 
NMR (300 MHz, DMSO-d6) δ 1.25 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 4.15 (q, J = 7.2 Hz, 4H, -COOCH2CH3), 
4.65 (dd, J1 = 14.1 Hz, J2 = 14.1 Hz, 4H, S-CH2), 5.05 (s, 1H, 
DHP-C4-H), 7.10–7.32 (m, 6H, Ar-H), 7.32–7.51 (m, 5H, 
Ar-H), 7.86 (d, J = 6.6 Hz, 2H, Ar-H), 8.72 (br s, 1H, N-H); 
13C NMR (75 MHz, DMSO-d6) δ 14.32, 32.83, 39.60, 60.31, 
104.53, 122.53, 126.94, 127.82, 128.19, 128.49, 131.48, 
131.58, 132.22, 133.70, 44.16, 146.99, 162.32, 164.22, 
166.41. IR (KBr) ν 3282, 3080, 2978, 1678, 1630, 1488, 
1097, 739 cm–1. HRMS-FAB m/z [M+H]+calcd for  
C35H29Cl2N5O6S2: 749.09. Found: 749.14. Anal. calcd for 
C35H29Cl2N5O6S2: C, 56.00; H, 3.89; N, 9.33; S, 8.54. Found: 
C, 56.04; H, 3.84; N, 9.35; S, 8.57.

Diethyl 2,6-Bis((5-(2-hydroxyphenyl)-1,3,4-oxadiazol-
2-ylthio)methyl)-4-phenyl-1,4-dihydropyridine-3,5-di-
carboxylate (7c)

Pale yellow solid; 69% (0.492 g), m.p. 155–157 °C, 1H 
NMR (300 MHz, CDCl3) δ 1.26 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 4.14 (q, J = 7.2 Hz, 4H, -COOCH2CH3), 
4.63 (dd, J1 = 14.1 Hz, J2 = 14.1 Hz, 4H, S-CH2), 5.03 (s, 1H, 
DHP-C4-H), 6.95 (t, J = 7.5 Hz, 2H, Ar-H), 7.05 (d, J = 8.4 
Hz, 2H, Ar-H), 7.12–7.32 (m, 5H, Ar-H), 7.42 (t, J = 7.5 
Hz, 2H, Ar-H), 7.65 (d, J = 7.8 Hz, 2H, Ar-H), 8.59 (s, 1H, 
N-H), 9.73 (s, 2H, OH). 13C NMR (75 MHz, CDCl3) δ 
14.12, 32.43, 39.63, 60.47, 105.41, 107.66, 117.47, 119.92, 
126.45, 126.73, 128.02, 128.12, 133.66, 143.66, 146.47, 
157.16, 164.75, 165.64, 166.78. IR (KBr) ν 3302, 2879, 

1692, 1620, 1486, 1100, 753, 703 cm–1. HRMS-FAB m/z 
[M+H]+calcd for C35H31N2O8S2: 713.16. Found: 713.23. 
Anal. calcd for C35H31N5O8S2: C, 58.90; H, 4.38; N, 9.81; S, 
8.98. Found: C, 58.86; H, 4.33; N, 9.84; S, 9.02.

Diethyl 2,6-Bis((5-(3-nitrophenyl)-1,3,4-oxadiazol-2-
ylthio)methyl)-4-phenyl-1,4-dihydropyridine-3,5-di-
carboxylate (7d)

Yellow crystals; 64% (0.493 g), m.p. 150–151 °C, 1H 
NMR (300 MHz, CDCl3) δ 1.26 (t, J = 7.2 Hz, 6H, 
-COOCH2 CH3), 4.15 (q, J = 7.2 Hz, 4H, -COOCH2CH3), 
4.65 (s, 4H, S-CH2), 5.04 (s, 1H, DHP-C4-H), 7.10–7.30 
(m, 5H, Ar-H, 1H, N-H), 7.69 (t, J = 7.8 Hz, 2H, Ar-H), 
8.28 (d, J = 7.8 Hz, 2H, Ar-H), 8.36 (d, J = 8.1 Hz, 2H, Ar-
H), 8.72 (d, J = 17.1 Hz, 2H, Ar-H). 13C NMR (75 MHz, 
CDCl3) δ 14.12, 32.35, 39.65, 60.47, 105.25, 121.49, 125.13, 
126.04, 126.66, 128.06, 128.09, 130.38, 132.04, 143.81, 
146.65, 148.60, 162.32, 164.28, 166.85. IR (KBr) ν 3333, 
3087, 2978, 1693, 1633, 1525, 1479, 1353, 1097, 710 cm–1. 
HRMS-FAB m/z [M+H]+ calcd for C35H29N7O10S2:7 71.14. 
Found: 771.11. Anal. calcd for C35H29N7O10S2: C, 54.47; H, 
3.79; N, 12.70; S, 8.31. Found: C, 54.51; H, 3.76; N, 12.67; 
S, 8.36.

Diethyl 2,6-Bis((4,5-diphenyl-4H-1,2,4-triazol-3-ylt
hio)methyl)-4-phenyl-1,4-dihydropyridine-3,5-dicar-
boxylate (8a)

White solid; 76% (0.632 g), m.p. 189–191 °C, 1H 
NMR (300 MHz, CDCl3) δ 1.22 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 4.08(q, J = 7.2 Hz, 4H, -COOCH2CH3), 
4.49, 4.66 (dd, J1 = 14.1 Hz, J2 = 14.1 Hz, 4H, S-CH2), 5.04 
(s, 1H, DHP-C4-H), 7.10–7.50 (m, 25H, Ar-H), 9.69 (s, 1H, 
N-H). 13C NMR (75 MHz, CDCl3) δ 14.17, 32.35, 39.82, 
60.03, 104.42, 126.30, 126.68, 127.49, 127.94, 128.20, 
128.33, 129.78, 129.84, 134.25, 145.36, 147.32, 153.61, 
155.05, 167.11. IR (KBr) ν 3292, 3050, 2976, 1688, 1635, 
1493, 1095, 766, 695 cm–1. HRMS-FAB m/z [M+H]+ calcd 
for C47H41N7O4S2: 831.27. Found: 831.22. Anal. calcd for 
C47H41N7O4S2: C, 67.85; H, 4.97; N, 11.78; S, 7.71. Found: 
C, 67.88; H, 4.94; N, 11.79; S, 7.73.

Diethyl 2,6-Bis((5-(2-chlorophenyl)-4-phenyl-4H-1,2,4 
-triazol-3-ylthio)methyl)-4-phenyl-1,4-dihydropyri-
dine-3,5-dicarboxylate (8b)

White solid; 61% (0.549 g), m.p. 164–165 °C, 1H 
NMR (300 MHz, CDCl3) δ 1.22 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 4.09 (q, J = 7.2 Hz, 4H, -COOCH2CH3), 
4.52, 4.66 (dd, J1 = 14.1 Hz, J2 = 14.1 Hz, 4H, S-CH2), 5.04 
(s, 1H, DHP-C4-H), 7.11–7.36 (m, 21H, Ar-H), 7.48 (d, J = 
7.2 Hz, 2H, Ar-H), 9.70 (s, 1H, N-H). 13C NMR (75 MHz, 
CDCl3) δ 14.17, 32.35, 39.83, 60.08, 104.12, 126.32, 126.61, 
126.78, 127.95, 128.23, 129.33, 129.62, 131.42, 132.79, 
133.34, 134.28, 145.34, 147.25, 152.95, 153.53, 162.32, 
167.12. IR (KBr) ν 3277, 3068, 2978, 1685, 1637, 1499, 
1094, 763, 697, 604 cm–1; HRMS-FAB m/z [M+H]+ calcd 
for C47H39Cl2N7O4S2: 899.19. Found: 899.25. Anal. calcd 
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for C47H39Cl2N7O4S2: C, 62.66; H, 4.36; N, 10.88; S, 7.12. 
Found: C, 62.67; H, 4.35; N, 10.90; S, 7.15.

Diethyl 2,6-Bis((5-(2-hydroxyphenyl)-4-phenyl-4H-
1,2,4-triazol-3-ylthio)methyl)-4-phenyl-1,4-dihydropy-
ridine-3,5-dicarboxylate (8c)

Pale yellow solid; 71% (0.613 g), m.p. 226–228 °C, 1H 
NMR (300 MHz, CDCl3) δ 1.22 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 4.08 (q, J = 7.2 Hz, 4H, -COOCH2CH3), 
4.52, 4.70 (dd, J1 = 14.1 Hz, J2 = 14.1 Hz, 4H, S-CH2), 5.05 
(s, 1H, DHP-C4-H), 6.40–6.54 (m, 5H, Ar-H), 6.97 (d, J = 
8.4 Hz, 2H, Ar-H), 7.12 (t, J = 6.9 Hz, 2H, Ar-H), 7.22 (t, J 
= 7.2 Hz, 2H, Ar-H), 7.27–7.37 (m, 6H, Ar-H), 7.52–7.63 
(m, 6H, Ar-H), 9.25 (s, 1H, N-H), 11.60 (br s, 2H, OH). 13C 
NMR (75 MHz, CDCl3) δ 14.12, 32.13, 39.74, 60.15, 
104.04, 110.04, 117.78, 118.42, 125.48, 126.46, 127.65, 
127.97, 128.16, 130.43,130.67, 131.27, 134.23, 144.61, 
147.00, 153.68, 153.83, 157.86, 166.97. IR (KBr) ν 3303, 
2978, 1691, 1618, 1100, 752, 701 cm–1. HRMS-FAB m/z 
[M+H]+ calcd for C47H41N7O6S2: 863.26. Found: 863.30. 
Anal. calcd for C47H41N7O6S2: C, 65.34; H, 4.78; N, 11.35; S, 
7.42. Found: C, 65.33; H, 4.81; N, 11.32; S, 7.40.

Diethyl 2,6-Bis((5-(3-nitrophenyl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)methyl)-4-phenyl-1,4-dihydropyri-
dine-3,5-dicarboxylate (8d)

Pale yellow crystals; 68% (0.627 g), m.p. 189–190 °C, 
1H NMR (300 MHz, CDCl3) δ 1.25 (t, J = 7.2 Hz, 6H, 
-COOCH2CH3), 4.08 (q, J = 7.2 Hz, 4H, -COOCH2CH3), 
4.56, 4.66 (dd, J1 = 14.1 Hz, J2 = 14.1 Hz, 4H, S-CH2), 5.04 (s, 
1H, DHP-C4-H), 7.17–7.58 (m, 19H, Ar-H), 7.68 (d, J = 7.8 
Hz, 2H, Ar-H), 8.11 (d, J = 9.3 Hz, 2H, Ar-H), 9.58 (s, 1H, 
N-H). 13C NMR (75 MHz, CDCl3) δ 14.15, 32.31, 39.76, 
60.09, 104.25, 126.39, 127,36, 127.46, 127.95, 128.23, 128.27, 
129.52, 130.38, 130.61, 133.37, 133.53, 145.20, 147.28, 147.96, 
152.93, 155.05, 162.34, 167.11. IR (KBr) ν 3304, 3081, 2980, 
1687, 1634, 1505, 1353, 1096, 909, 770, 701 cm–1. HRMS-
FAB m/z [M+H]+ calcd for C47H39N9O8S2: 921.24. Found: 
921.17. Anal. calcd for C47H39N9O8S2: C, 61.23; H, 4.26; N, 
13.67; S, 6.95. Found: C, 61.24; H, 4.28; N, 13.65; S, 6.94. 

5. Conclusion
In this study we demonstrated the synthesis, antibac-

terial and antifungal activity of new derivatives of 1,4-di-
hydropyridines bearing 1,2,4-triazole and 1,3,4-oxadiazole 
moieties at C2 and C6 of 1,4-DHP ring system. It should 
be noted that compound 8d exhibited the most potent ac-
tivity against E. coli and A. fumigates. The structure-activi-
ty relationship of the compounds showed that substitution 
at the position 2, 6 of the pyridine ring enhances biological 
activity. Our results will have an impact on further investi-
gation in this field in search of 1,4-dihydropyridine com-
pounds connected with 1,2,4-triazole and 1,3,4-oxadiazole 
moieties as antibacterial and antifungal agents.
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Povzetek
Pripravili smo serijo dietil-2,6-dimetil-4-fenil-1,4-dihidropiridin-3,5-dikarboksilatnih derivatov spojenih z 1,3,4-oksadi-
azol-5-tionskimi in 1,2,4-triazol-5-tionskimi ostanki na položajih C2,C6 v 1,4-dihidropiridinskem obročnem sistemu. 
To povezavo smo izvedli z reakcijo med 1,3,4-oksadiazol-5-tioni in 1,2,4-triazol-5-tioni z 2,6-dibromometil-3,5-die-
toksikarbonil-4-fenil-1,4-dihidropiridinom ob prisotnosti kalijevega karbonata kot šibke baze in v suhem acetonu kot 
topilu. Nove pripravljene spojine smo karakterizirali z FT-IR, 1H NMR in 13C NMR spektroskopskimi podatki, kot tudi z 
elementno analizo in FAB-MS. Za sintetizirane spojine smo in vitro preverili delovanje proti mikrobom in glivam (proti 
Escherichia coli in Aspergillus fumigatus) ter rezultate primerjali z vrednostmi za enrofloksacin in amfotericin kot refer-
enčnima zdraviloma, ki se običajno uporabljata za zdravljenje tovrstnih infekcij. Pripravljene spojine so izkazale različne 
inhibicijske sposobnosti proti testiranim bakterijam in glivam. Spojina 8d je pokazala največje antagonistične lastnosti 
proti E. coli and A. fumigatus.
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