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1,4-Dihydropyridine is a six membered aro-
matic ring containing N atom at the 1st position and
is saturated at the 1st and 4th positions. Literature sur-
vey exhibits that the pyridine derivatives possess
wide spectrum of biological activities such as the
calcium channel antagonistic effect (1), antianginal
(2-4), antitumor (5), anti-inflammatory (6, 7), anti-
tubercular (8), analgesic activity (9), antithrombotic
(10, 11), vasolidation (12), anticonvalsant (13) and
stress protective (14). Also, various pyridine deriva-
tives have been synthesized as insecticides (15, 16),
antifungal (17), antibacterial (18), herbicidal (19)
and antimicrobial agents compared to oxytetracy-
cline (20). Many studies have been devoted to the
photochemistry and photooxidation of symmetrical
dihydropyridine drugs such as lacidipine (21),
nifedipine (22-26) and unsymmetrical dihydropyri-
dine such as amlodipine (27), nisoldipine (28), nil-
vadipine (29) and nimodipine (30). As regards bio-
logical implications, thiosemicarbazide complexes
have been intensively investigated for their antiviral,
anticancer, antitumor, antimicrobial, antiamoebic
and anti-inflammatory activities (31-41). This infor-

mation encouraged us to synthesize new pyridine
compounds to evaluate their antimicrobial activity
against different strains of Gram positive, Gram
negative bacteria and fungi.

EXPERIMENTAL

Chemistry

All melting points are uncorrected and were
recorded in open glass capillary tubes using an
Electrothermal IA 9100 digital melting point appa-
ratus. Elemental microanalyses were carried out at
Micro Analytical Unit, Central Service Lab (CSL),
National Research Centre (NRS), using Vario
Elementar apparatus and were found within ± 0.4%
of the theoretical values. IR spectra were recorded
on Jasco FT/IR, Fourier Transform, infrared spec-
trometer (Japan), while 1H- and 13C-NMR spectra
were obtained using JEOL EX-270 and 500 using
available solvent and TMS as internal standard.
Mass spectra were recorded on Finnigan Mat SSQ-
7000 mass spectrometer at CSL, NRS. TLC on sili-
ca gel-60, F254, aluminum sheets were also used.
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4-(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis-(1-

oxidanylideneethyl)-1,4-dihydropyridine (1) 
A mixture of 4-chlorobenzaldehyde (0.01

mol), acetylacetone (0.02 mol) and 1 g ammonium
acetate in 30 mL H2O was refluxed for 6 h. The solid
formed was filtered off and crystallized from diethyl
ether.

Yield: 60%; m.p. 180-182OC. IR (KBr, cm-1):
3153 (NH), 1700, 1703 (2C=O). 1H NMR (DMSO-
d6, δ, ppm):  1.70 (s, 6H, 2CH3), 2.30 (s, 6H, 2CH3),
4.43 (s, 1H, pyridine-H), 7.00 (d, J = 9 Hz, 2H, Ar-
H), 7.15 (d, J = 9 Hz, 2H, Ar-H), 9.71 (s, 1H, NH,
D2O exchangeable). 13C NMR (DMSO-d6, δ, ppm):
8.70 (2CH3), 23.10 (2CH3), 26.40 (CH), 109.60
(2C=C), 128.30-135.80 (6 Ar-C), 140.40 (2C=C),
196.50 (2C=O). MS m/z (%): 303 (100), 192 (70).
Analysis: calcd. for C17H18ClNO2 (303.78): C,
67.21, H, 5.97, N, 4.61%; found: C, 67.00; H, 5.93,
N, 4.65%.

General procedure for synthesis of compounds 2

A mixture of compound 1 (3.03 g, 0.01 mol)
and sodium hydroxide (0.80 g, 0.02 mol) in ethanol
(20 mL) was stirred at 60OC for 3 h. The reaction
mixture was cooled and then epichlorohydrine or
dichloroethyl ethyl ether (0.02 mol) was added. The
reaction mixture was heated under reflux for 3 h,
then evaporated. The residue was washed with H2O,
filtered off and recrystallized from ethanol.

4-(4-Chloranylphenyl)-2.6-dimethyl-3,5-bis(1-

oxidanylideneethyl)-1-(oxiran-2-yl-methyl)-1,4-

dihydropyridine (2a)
Yield: 52%; m.p. 162-164OC. IR (KBr, cm-1):

1698, 1703 (2C=O). 1H NMR (DMSO-d6, δ, ppm):
1.71 (s, 6H, 2CH3, acetyl), 2.30 (s, 6H, 2CH3,
acetyl), 2.51 (m, 2H, CH2, oxiranyl ring), 2.77 (m,
1H, CH-oxiranyl ring), 2.80 (m, 2H, CH2), 4.43 (s,
1H, pyridine-H), 7.00 (d, J = 9 Hz, 2H, Ar-H), 7.15
(d, J = 9 Hz, 2H, Ar-H). 13C NMR (DMSO-d6, δ,
ppm): 16.50 (2CH3), 23.00 (2CH3), 26.70 (CH-pyro-
line), 44.61 (CH2-oxiranyl ring), 50.30 (CH, oxi-
ranyl ring), 52.11 (CH2), 109.60 (2C=C), 128.80-
135.80 (6 Ar-C), 140.40 (2C=C), 196.50 (2C=O).
MS m/z (%): 359 (50), 303 (100). Analysis: calcd.
for C20H22ClNO3 (359.84): C, 66.75, H, 6.16, N,
3.89%; found: C, 66.80, H, 6.20, N, 4.10%.

1-(2-[(2-Chloranylethyl)oxidanyl]ethyl)-4-(4-

chloranylphenyl)-2,6-dimethyl-3,5-bis(1-oxi-

danylideneethyl)-1,4-dihydropyridine (2b)

Yield: 51%; m.p. 126-128OC. IR (KBr, cm-1):
1690, 1700 (2C=O). 1H NMR (DMSO-d6, δ, ppm):
1.71 (s, 6H, 2CH3), 2.30 (s, 6H, 2CH3), 2.8 (t, 2H,

CH2N), 3.51 (t, 2H, CH2O), 3.55 (t, 2H, CH2Cl),
3.61 (t, 2H, CH2O), 4.43 (s, 1H, pyridine-H), 7.00
(d, J = 9 Hz, 2H, Ar-H), 7.15 (d, J = 9 Hz, 2H, Ar-
H), 9.71 (s, 1H, NH, D2O exchangeable). MS m/z
(%): 410 (70), 303 (100). Analysis: calcd. for
C21H25Cl2NO3 (410.33): C, 61.47, H, 6.14, N,
3.41%; found: C, 61.44, H, 6.14, N, 3.50%.

General procedure for synthesis of compounds 3

Formaldehyde (1 mL, 40%) was added to com-
pound 1 (3.03 g, 0.01 mol) in dry ethanol (30 mL),
and the reaction mixture was heated for 5 min,
cooled, then secondary amine, morphine or piperi-
dine (0.02 mol) was added and the reaction mixture
was stirred overnight at room temp. The formed
solid was filtered off, dried and recrystallized from
methanol.

4-[(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis(1-

oxidanylideneethyl)pyridine-1-(4H)-yl)]-morpho-

line (3a)

Yield: 67%; m.p. 173-175OC. IR (KBr, cm-1):
1698, 1703 (2C=O). 1H NMR (DMSO-d6, δ, ppm):
1.66 (s, 6H, 2CH3), 2.30 (s, 6H, 2CH3), 2.37 (t, 4H,
morpholine-H), 3.67 (t, 4H, morpholine-H), 3.95 (s,
2H, N-CH2-N), 4.43 (s, 1H, pyridine-H), 7.00 (d, J =
9 Hz 2H, Ar-H), 7.15 (d, J = 9 Hz, 2H, Ar-H). 13C
NMR (DMSO-d6, δ, ppm): 16.20 (2CH3), 23.00
(2CH3), 26.70 (CH-pyridine), 54.70 (2C-morpho-
line), 69.70 (CH2), 71.5 (2C-morpholine), 109.00
(2C=C), 128.80-135.60 (6 Ar-C), 140.40 (2C=C),
196.50 (2C=O). MS m/z (%): 402 (70), 303 (100).
Analysis: calcd. for C22H27ClN2O2 (402.91): C,
65.58, H, 6.15, N, 6.92%; found: C, 65.66, H, 6.75,
N, 7.00%.

4-[(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis(1-

oxidanylideneethyl)-1-(piperidin-1-yl-methyl)]-

1,4-dihydropyridine (3b)

Yield: 65%; m.p. 121-123OC. IR (KBr, cm-1):
1698, 1703 (2C=O). 1H NMR (DMSO-d6, δ, ppm):
1.17-1.49 (m, 6H, piperidine-H), 1.70 (s, 6H, 2CH3),
2.30 (s, 6H, 2CH3), 2.20-2.45 (m, 4H, piperidine-H),
3.72 (s, 2H, N-CH2-N), 4.43 (s, 1H, pyridine-H),
7.00 (d, J = 9 Hz 2H, Ar-H), 7.15 (d, J = 9 Hz 2H,
Ar-H). MS m/z (%): 400 (80), 303 (100). Analysis:
calcd. for C23H29ClN2O2 (400.92): C, 68.90, H, 7.29,
N, 6.99%; found: C, 68.00, H, 7.32, N, 6.98%.

3,5-Bis(2-amino-1,3-thiazol-5-yl)-4-(4-chloran-

ylphenyl)-2,6-dimethyl-1,4-dihydropyridine (4)

A mixture of compound 1 (3.03 g, 0.01 mol)
and potassium thiocyanate (1.94 g, 0.02 mol) was
refluxed in glacial acetic acid containing 4 mL
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bromine for 3 h. The reaction mixture was cooled
and poured into ice water. The formed solid was fil-
tered off, dried and crystallized from dioxane.

Yield: 60%; m.p. 202-204OC. IR (KBr, cm-1):
3350 (NH2), 3240 (NH). 1H NMR (DMSO-d6, δ,
ppm): 1.71 (s, 6H, 2CH3), 4.00 (s, 4H, 2NH2, D2O
exchangeable), 4.43 (s, 1H, pyridine-H), 7.00 (d, J =
9 Hz, 2H, Ar-H), 7.15 (d, J = 9 Hz, 2H, Ar-H), 7.50
(s, 2H, thiazole-H), 9.8 (s, 1H, NH, D2O exchange-
able). 13C NMR (DMSO-d6, δ, ppm): 18.80 (2CH3),
43.40 (CH-pyridine), 107.80 (2C=C), 108.00
(2C=C), 128.80-130.60 (6Ar-C), 130.90 (2C=C),
139.00 (2CH), 172.00 (2C=N). MS m/z (%): 415
(85), 304 (100). Analysis: calcd. for C19H18ClN5S2

(415.96): C, 54.86, H, 4.36, N, 16.84%; found: C,
54.80, H, 4.40, N, 16.80%.

3,5-Bis(4-chloranylbenzylidene)amino-1,3-thia-

zole-5-yl)-4-(4-chloranylphenyl)-2,6-dimethyl-

1,4-dihydropyridine (5)

A mixture of compound 4 (4.15 g, 0.01 mol)
and 4-chlorobenzaldehyde (5.60 g, 0.02 mol) in
acetic anhydride (30 mL) was refluxed for 11 h. The
solution was cooled, poured into cold water and the
precipitate formed was crystallized from glacial
acetic acid.

Yield: 45%; m.p. 255-257OC. IR (KBr, cm-1):
3230 (NH). 1H NMR (DMSO-d6, δ, ppm): 1.70 (s,
6H, 2CH3), 4.43 (s, 1H, pyridine-H), 6.92-7.61 (m,
12H, Ar-H), 8.00 (s, 2H, thiazole-H), 8.10 (s, 2H,
Schiffís base), 9.8 (s, 1H, NH, D2O exchangeable).
Analysis: calcd. for C33H24Cl3N5S2 (660.64): C,
63.74, H, 4.25, N, 10.93%; found: C, 64.00, H, 4.50,
N, 10.90%.

3,5-Bis[(2,3,4,5,6-pentahydroxyhexylidine)

amino-1,3-thiazol-5-yl]-4-(4-chloranylphenyl)-

2,6-dimethyl-1,4-dihydropyridine (6)

Compound 4 (4.15 g, 0.01 mol) and glucose
(7.20 g, 0.2 mol) in ethanol (30 mL) containing 1
mL glacial acetic acid was heated with continuous
stirring at 80OC for 6 h. The formed precipitate was
filtered off, dried and recrystallized from ethanol.

Yield: 63%; m.p. 188-190OC. IR (KBr, cm-1):
3451-3219 (br, OH and NH), 1590 (CH=N). 1H
NMR (DMSO-d6, δ, ppm): 1.71 (s, 6H, 2CH3),
3.32-3.92 (m, 12H glucose-H), 4.43 (s, 1H, pyri-
dine-H), 4.19-5.00 (m, 10 H, OH, D2O exchange-
able), 6.94 (d, J = 9 Hz, 2H, Ar-H), 7.00 (d, J = 9
Hz, 2H, Ar-H), 7.40 (2H, CH=N), 8.00 (s, 2H, thi-
azole-H), 9.80 (1H, NH, D2O exchangeable).
Analysis: calcd. for C31H38ClN5O10S2 (739.82): C,
53.39, H, 5.74; N, 9.73%; found: C, 53.52; H, 5.70,
N, 9.70%.

General procedure for synthesis of compounds 7

To a solution of compound 4 (4.15 g, 0.01 mol)
in acetic acid, phthalic anhydride or maleic anhy-
dride (0.02 mol) was added. The mixture was
refluxed for 8 h, then poured into ice water. The
formed solid was filtered off, washed with water and
recrystallized from dioxane.

4-(4-Chloranylphenyl)-3,5-bis[2-(2,7-dioxidanyli-

dene-2,7-dihydroindolin-1-yl)-1,3-thiazol-5-yl]-

2,6-dimethyl-1,4-dihydropyridine (7a)
Yield: 55%; m.p. > 300OC. IR (KBr, cm-1):

3235 (NH), 1698 (2C=O), 1702 (2C=O). 1H NMR
(DMSO-d6, δ, ppm): 1.70 (s, 6H, 2CH3), 4.43 (s, 1H,
pyridine-H), 7.10-8.20 (m, 12H, Ar-H + 2H, pyra-
zole-H), 9.82 (s, 1H, NH, D2O exchangeable). MS
m/z (%): 676 (27). Analysis: calcd. for
C35H22ClN5O4S2 (676.17): C, 62.17, H, 3.28, N,
10.36%. found: C, 62.20, H, 3.30, N, 10.30%.

4-(4-Chloranylphenyl)-3,5-bis[2-(2,5-dioxidanyli-

dene-2,5-dihydro-1H-pyrol-1-yl)-1,3-thiazol-5-

yl]-2,6-dimethyl-1,4-dihydropyridine (7b)

Yield: 69%; m.p. 285-287OC. IR (KBr, cm-1):
3230 (NH), 1701 (2C=O), 1705 (2C=O). 1H NMR
(DMSO-d6, δ, ppm): 1.70 (s, 6H, 2CH3), 4.43 (s,
1H, pyridine-H), 6.12 (d, J =5.2 Hz, 2H, vinylic-
H), 6.32 (d, J = 5.2 Hz, 2H, vinylic-H), 7.00 (d, J
= 9 Hz 2H, Ar-H), 7.15 (d, J = 9 Hz, 2H, Ar-H),
7.50 (s, 2H, thiazole-H), 9.80 (s, 1H, NH, D2O
exchangeable). MS m/z (%): 576 (60). Analysis:
calcd. for C27H18ClN5O4S2 (576.48): C, 56.30, H,
3.15, N, 12.20%; found: C, 56.33, H, 3.13, N,
12.25%.

4-[(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis(4-

chloroanylphenyl)-1-oxidanylideneprop-2-enyl]-

1,4-dihydropyridine (8)

A mixture of compound 1 (3.03 g, 0.01 mol)
and 4-chlorobenzaldehyde (2.24 g, 0.02 mol) in
ethanol containing 1 g sodium hydroxide was
refluxed for 3 h, then cooled and poured into water.
The precipitate formed was filtered off and recrys-
tallized from dioxane.

Yield: 50%; m.p. 162-164OC. IR (KBr, cm-1):
3250 (NH), 1698 (C=O). 1H NMR (DMSO-d6, δ,
ppm): 1.71 (s, 6H, 2CH3), 4.45 (s, 1H, pyridine-H),
7.00-7.26 (m, 12H, Ar-H), 7.33 (d, J = 12.9 Hz, 2H,
methylene), 7.96 (d, J = 12.9 Hz, 2H, methylene),
9.80 (s, 1H, NH, D2O exchangeable). MS m/z (%):
548 (85), 437 (100). Analysis: calcd. for
C31H24Cl3NO2 (548.88): C, 67.83, H, 4.41, N,
2.55%; found: C, 67.87, H, 4.38, N, 2.60%.
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4-(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis(chlo-

ranylphenyl)-1H-pyrazol-3-yl)-1,4-dihydropyri-

dine (9)

A mixture of compound 8 (5.48 g, 0.01 mol)
and hydrazine hydrate (1 mL, 0.03 mol) was
refluxed in absolute ethanol (30 mL) for 4 h. The
precipitated solid was filtered off, and crystallized
from methanol.

Yield: 45%; m.p. 204-206OC. IR (KBr, cm-1):
3160, 3217, 3220 (3NH). 1H NMR (DMSO-d6, δ,
ppm): 1.70 (s, 6H, 2CH3), 4.42 (s, 1H, pyridine-H),
6.50 (s, 2H, pyrazole-H), 7.00-7.42 (m, 12H, Ar-H),
9.80 (s, 1H, NH, D2O exchangeable), 10.20 (s, 2H,
NH-pyrazole, D2O exchangeable). MS m/z (%): 572
(55), 461 (100). Analysis: calcd. for C31H24Cl3N5

(572.91): C, 64.99, H, 4.22, N, 12.22%; found: C,
65.20, H, 4.20, N, 22.40%.

3,5-Bis[1-(aminosulfanylidine)methyl-5-(4-chlo-

ranylphenyl)-1H-pyrazol-3-yl]-2,6-dimethyl-4-(4-

chloranylphenyl)-1,4-dihydropyridine (10)

A mixture of compound 8 (5.48 g, 0.01 mol)
and thiosemicarbazide (1.80 g, 0.02 mol) was
refluxed in 30 mL ethanol containing sodium
hydroxide (0.80 g, 0.02 mole) for 4 h. The reaction
mixture was cooled, poured onto water and the
formed solid was filtered off and recrystallized from
dioxane.

Yield: 50%; m.p. 228-230OC. IR (KBr, cm-1):
3150 (NH), 3360-3365 (2NH2), 1228 (C=S). 1H
NMR (DMSO-d6, δ, ppm): 1.70 (s, 6H, 2CH3), 2.00
(s, 4H, 2NH2, D2O exchangeable), 4.42 (s, 1H, pyri-
dine-H), 6.50 (s, 2H, pyrazole-H), 7.00-7.62 (m,
12H, Ar-H), 9.80 (s, 1H, NH, D2O exchangeable).
13C NMR (DMSO-d6, δ, ppm): 18.80 (2CH3), 43.40
(CH-pyridine), 104.00 (2CH, pyrazole), 107.80
(2C=C), 128.40-135.80 (18Ar-C), 130.70 (2C=C),
134.00 (2C=C), 150.00 (2C=C), 190 (2C=S). MS
m/z (%): 691 (60), 580 (100). Analysis: calcd. for
C33H26Cl3N7S2 (691.09): C, 57.35, H, 3.79, N,
14.19%; found: C, 57.40, H, 3.80, N, 14.22%.

4-(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis(4-

chloranylphenylisoxazol-3-yl)-1,4-dihydropyri-

dine (11)

A mixture of compound 8 (5.48 g, 0.01 mol)
and hydroxyl amine hydrochloride (1.40 g, 0.02
mol) was refluxed in 30 mL pyridine for 3 h. The
reaction mixture was cooled, poured into cold water
and neutralized with dil. HCl. The formed solid was
filtered off and recrystallized from acetic acid. 

Yield: 45%; m.p. 150-152OC. IR (KBr, cm-1):
3145 (NH). 1H NMR (DMSO-d6, δ, ppm): 1.70 (s,
6H, 2CH3), 4.45 (s, 1H, pyridine-H), 6.55 (s, 2H,

isoxazole-H), 7.00-7.45 (m, 12H, Ar-H), 9.80 (s,
1H, NH, D2O exchangeable). MS m/z (%): 574 (30),
463 (100). Analysis: calcd. for C31H22Cl3N3O2

(574.88): C, 64.77, H, 3.86, N, 7.31%; found: C,
64.77, H, 3.90, N, 7.35%.

General procedure for synthesis of compounds 12

A mixture of compound 8 (5.48 g, 0.01 mol),
cyclohexanone or cyclopentanone (0.04 mol) was
stirred in 30 mL ethanol containing sodium hydrox-
ide (0.06 mol) for 12 h at room temp. The mixture
was extracted with ethyl acetate (20 mL) and dried
over sodium sulfate anhydrous. After removing off
the solvent in vacuo, the collected gummy product
was precipitated in CCl4/hexane (3 : 1) and crystal-
lized from dioxane.

[4-(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis(4-

chloranylphenyl)-1-oxidanylidene-prop-2-enyl]-

1,4-dihydropyridine]cyclohexanone (12a)

Yield: 45%; m.p. 107-109OC. IR (KBr, cm-1):
1695, 1698 (2C=O), 1707-1710 (2C=O). 1H NMR
(DMSO-d6, δ, ppm): 1.70 (s, 6H, 2CH3), 4.43 (s, 1H,
pyridine-H), 1.80-2.59 (m, 18H, cyclohexanone),
3.17-3.20 (m, 2H, propyl-H), 3.25 (dd, J = 11.66,
2.60 Hz, 2H, propyl-H), 3.40 (dd, J = 12.90, 3.37
Hz, 2H, propyl-H,), 7.00-7.19 (m, 12H, Ar-H), 9.80
(s, 1H, NH, D2O exchangeable). MS m/z (%): 745
(70). Analysis: calcd. for C43H44Cl3NO4 (745.17): C,
69.31, H, 5.95, N, 1.88%; found: C, 69.40, H, 5.92,
N, 2.00%.

[4-(4-Chloranylphenyl)-2,6-dimethyl-3,5-bis(4-

chloranylphenyl)-1-oxidanylideneprop-2-enyl]-

1,4-dihydropyridine]cyclopentanone (12b)

Yield: 61%; m.p. 110-112OC. IR (KBr, cm-1):
1698, 1700 (2C=O), 1702, 1677 (2C=O). 1H NMR
(DMSO-d6, δ, ppm): 1.71 (s, 6H, 2CH3), 2.06-2.43
(m, 14H, pentanone-H), 3.20-3.23 (m, 2H, propyl-
H), 3.30 (dd, J = 11.88, 3.00 Hz, 2H, propyl-H),
3.45 (dd, J = 12.94, 3.25 Hz, 2H, propyl-H), 4.43 (s,
1H, pyridine-H), 7.00-7.19 (m, 12H, Ar-H), 9.80 (s,
1H, NH, D2O exchangeable). MS m/z (%): 717 (90).
Analysis: calcd. for C41H40Cl3NO4 (717.11): C,
68.67, H, 5.6,2 N, 1.95%; found: C, 68.70, H, 5.60,
N, 1.90%.

Antimicrobial activity

The antibacterial activity of the synthesized
compounds was tested against Bacillus subtilis
NRRL 543 , Staphylococcus aureus NRRL B-313
(Gram-positive bacteria), Escherichia coli NRRL B-
210, Pseudomonas aeruginosa NRRL B-23 (Gram-
negative bacteria) using nutrient agar medium. The
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antifungal activity of the compounds was tested
against Candida albicans NRRL Y-477 and
Aspergillus niger NRRL 599 using Sabouraud dex-
trose agar medium.

Agar diffusion medium

All compounds were screened in vitro for their
antimicrobial activity by agar diffusion method (42).
A suspension of the organisms were added to sterile
nutrient agar media at 45OC and the mixture was
transferred to sterile Petri dishes and allowed to
solidify. Holes of 10 mm in diameter were made
using a cork borer. An amount of 0.1 mL of the syn-
thesized compounds was poured inside the holes. A
hole filled with DMSO was also used as control. The
plates were left for 1 h at room temperature as a peri-
od of pre-incubation diffusion to minimize the
effects to variation in time between the applications
of the different solutions. The plates were then incu-
bated at 37OC for 24 h and observed for antibacteri-
al activity. The diameters of zone of inhibition were
measured and compared with that of the standard;
the values were tabulated. Ciprofloxacin (50 µg/mL)
and fluconazole (50 µg/mL) were used as standard
for antibacterial and antifungal activity, respective-
ly. The observed zones of inhibition are presented in
Table 1.

Minimal inhibitory concentration

Minimal inhibitory concentration (MIC) of the
test compounds were determined by agar streak

dilution method. Stock solutions of the synthesized
compounds (100 mg/mL) were made using DMSO
as the solvent. From this stock solution, a range of
concentrations from 5 to 0.05 mg/mL of the tested
compounds solutions was mixed with the known
quantities of molten sterile agar media aseptically.
About 20 mL of nutrient agar medium for bacteria
and Sabouraud dextrose agar medium for fungi con-
taining the tested compound under study was dis-
pensed into each sterile Petri dish. Then, the media
were allowed to get solidified. Microorganisms
were then streaked one by one on the agar plates
aseptically. After streaking, all the plates were incu-
bated at 30OC for 24 h/48 h for bacteria and fungi,
respectively. Then, the plates were observed for the
growth of microorganisms. The lowest concentra-
tion of the synthesized compounds inhibiting the
growth of the given bacteria/fungus was considered
as minimal inhibitory concentration (MIC) of the
test compounds against that bacteria or fungi on the
plate. The MIC values of each compound against
various bacteria and fungi were tabulated in Table 2.

RESULTS AND DISCUSSION

Chemistry

4-(4-Chlorophenyl)-2,6-dimethyl-3,5-bisdi-
acetyl-1,4-dihydropyridine (1) was prepared via
condensation of 4-chlorobenzaldehyde and acetyl-
acetone in the presence of ammonium acetate. The
assignment of the structure was proved based on ele-

Table 1. Inhibition zone in mm as a criterion of antibacterial and antifungal activities of the newly synthesized compounds.

Microorganism inhibition zone diameter (mm) 

Gram positive bacteria Gram negative bacteria     Fungi   
Compound 

Bacillus Staphylococcus Escherichia Pseudomonas Candida Aspergillus 
subtilis  aureus coli aeruginosa  albicans niger  

1 14 13 15 14 13 11

2a 13 12 14 13 14 12  

3a 17 16 18 17 16 14

3b 23 21 24 22 22 19

8 19 18 20 18 19 15  

9 17 17 18 18 18 16  

10 17 16 17 17 15 13  

12a 25 23 25 25 21 19  

Ciprofloxacin 22 24 24 23 - -  

Fluconazole - - - - 22 24  

Highly active = inhibition zone > 20 mm, moderately active = inhibition zone 15-20 mm, slightly active = inhibition zone 11-14 mm, inac-
tive = inhibition zone < 11 mm.
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Table 2. MIC in µg/mL of the newly synthesized compounds against microorganisms.

Gram positive bacteria Gram negative bacteria     Fungi   

Compound   Bacillus Staphylococcus Escherichia Pseudomonas Candida Aspergillus 
subtilis  aureus coli aeruginosa  albicans niger  

1 1.4 1.6 1.2 1.4 1.6 2  

2a 1.8 1.8 1.4 1.6 1.4 1.8  

3a 0.8 1 0.6 0.8 1 1.4  

3b 0.14 0.18 0.12 0.16 0.16 0.4  

8 0.4 0.6 0.2 0.6 0.4 1.2  

9 0.8 0.8 0.6 0.6 0.6 1  

10 0.8 1 0.8 0.8 1.2 1.6  

12a 0.1 0.14 0.1 0.1 0.18 0.4

Scheme 1. Synthesis of compounds 1-3
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mental analysis and spectral data. The IR spectrum
showed characteristic absorption bands at 1700,
1703 cm-1 (2C=O). The 1H-NMR spectrum showed
signals at 1.70 (2CH3), 2.30 (2CH3, acetyl), 4.43
(pyridine proton), 7.00-7.15 (Ar-H) and D2O
exchangeable signal at 9.70 ppm assigned for NH.
The mass spectrum of 1 showed the molecular ion
peak at m/z 303 [M+, 100], also peak at m/z 305
[M2+, 33] was observed. Compound 1 was trans-
formed chemically via the reaction with acyclic
alkyl halides yielding N-acyclic nucleoside of pyri-
dine derivatives 2a,b. Mannich adducts also were
produced via the reaction of 1 with formaldehyde
followed by the addition of different amines, name-

ly: morpholine and piperidine affording 3a,b,
respectively (Scheme 1). The IR spectra showed no
NH absorption for compounds 2 and 3. The 1H-
NMR spectrum of 3b as representative example
showed signals at 1.17-1.49 (m, 6H, piperidine-H),
2.20-2.45 (m, 4H, piperidine-H) and 3.72 ppm (s,
2H, N-CH2-N). The mass spectrum showed molecu-
lar ion peak at m/z 400 (80%).

When compound 1 was reacted with potassium
thiocyanate in the presence of bromine, 3-
bisaminothiazole derivative 4 was produced. The IR
spectrum of 4 showed absorption band at 3350 cm-1

(NH2). The 1H-NMR spectrum showed two charac-
teristic signals at 4.00 (NH2, D2O exchangeable) and

Scheme 2. Synthesis of compounds 4-7
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at 7.50 ppm (thiazole protons). Compound 4 was
transformed via condensation with 4-chlorobenz-
aldehyde in glacial acetic acid, glucose in ethanol
containing drops of acetic acid and phthalic or male-
ic anhydrides in glacial acetic acid yielding com-
pounds 5, 6 and 7a,b, respectively (Scheme 2). The
structures of the aforementioned compounds were
confirmed on the basis of microanalytical and spec-
tral data. The 1H-NMR spectrum of compound 5

showed a new singlet at 8.10 ppm due to ñCH=N-.
The mass spectrum of 5 showed a molecular ion
peak at m/z 660 supporting its molecular formula.
The IR spectrum of 6 was characterized by the
appearance of a broad absorption bands of OH and
NH groups at the range of 3451ñ3219 cm-1, while
the CH=N appeared at 1590 cm-1. The 1H-NMR
spectrum of compound 6 showed the glucose pro-

tons as multiplet at the range 3.32ñ3.92 ppm and the
OH groups at the range 4.19ñ5.00 ppm. The IR
spectra of 7 showed bands at 1702ñ1698 cmñ1

(C=O). The 1H-NMR spectrum of compound 7b

revealed the presence of two doublets at 6.12 and
6.32 ppm assigned for vinylic protons.

On the other hand, condensation of compound
1 with 4-chlorobenzaldehyde gave bis arylmethyl-
ene derivative 8. The 1H-NMR spectrum of 8

showed absence of 2CH3 (acetyl) signals and pres-
ence of CH=CH (methylene) at 7.33 and 7.96 ppm.
The mass spectrum showed molecular ion peak at
m/z 548 (85%). Furthermore, condensation of 8 with
different nucleophiles, namely: hydrazine hydrate,
thiosemicarbazide and hydroxylamine via Micheal
condensation reaction gave compounds 9ñ11,

respectively (Scheme 3).

Scheme 3. Synthesis of compounds 8-12
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The structures of compounds 9ñ11 were in agree-
ment with their spectral and analytical data. The mass
spectrum of compound 9 showed a molecular ion peak
at m/z 572 (55%). Its 1H-NMR spectrum showed sin-
glet at 6.50 ppm characteristic for pyrazole ring pro-
tons. Compound 8, when condensed with cyclohexa-
none and cyclopentanone, afforded compounds 12a,b.
The IR spectrum of 12a showed absorption bands
at1695, 1698, 1700ñ1705, 1710 cm-1 (C=O). The 1H-
NMR spectrum of 12a showed multiplet at 1.80ñ2.59
for 18 protons of cyclohexanone, signals at 3.17ñ3.20
for 2CH-propyl protons and at 3.25ñ3.40 ppm for
2CH2-propyl protons. The mass spectrum of 12a

showed molecular ion peak at m/z 745 (100%).

Antimicrobial activity

All the newly synthesized compounds were
screened for their in vitro antibacterial activity against
two strains of Gram positive bacteria (Staphylococcus
aureus, Bacillus subtilis), and two strains of Gram
negative bacteria (Escherichia coli, Pseudomonas
aeruginosa) using ciprofloxacin as a standard drug
(100 µg/mL). They were also evaluated for their in
vitro antifungal activity against the mycotic strains
(Candida albicans and Aspergillus niger) using flu-
conazole as a standard antifungal drug (100 µg/mL).
Agar-diffusion method was used in this investigation
for determination of the preliminary antibacterial and
antifungal activity and the results were recorded for
each tested compound as the average diameter of
inhibition zones (IZ) of bacterial or fungal growth
around the discs in mm (Table 1). The minimal
inhibitory concentrations (MIC) were determined for
compounds showing promising growth inhibition,
using the twofold serial dilution method (43). The
MIC (µg/mL) values against the tested bacterial and
fungal isolates are presented in Table 2.

According to Tables 1 and 2, it is clear that
compounds 1, 2a and 3a showed low activities
toward all types of microorganisms. Compounds 9
and 10 showed moderate antibacterial and antifun-
gal activities. Bis-arylmethylene derivative 8 was
found to be highly active against Escherichia coli,
but showed moderate activity towards Gram posi-
tive bacteria, Gram negative bacteria and fungi.
Derivatives 3b, 3,5-bis-pyridin-1H-morpholine and
12a, dihydropyridine cyclohexanone, showed high
activity toward all microorganisms.

CONCLUSION

In the present study, 2,6-dimethyl-3,5-bis-
acetyl-1,4-dihydropyridine (1) was used to synthe-
size novel derivatives of N-acyclic nucleosides

(2a,b), Mannich products (3a,b), 3,5-bis-aminothia-
zole (4), heterocyclic derivatives (5-7), 3,5-bisaryl-
methylene (8) and (9-12). The antimicrobial activity
of some compounds was reported. Compounds 3b

and 12a showed high activity against Gram positive
bacteria, Gram negative bacteria and fungi.
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