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Abstract: The synthesis and in vitro antimicrobial evaluation of several quinoline derivatives of glyoximes were
described. Treatment of some aminoquinolines with anti-chloroglyoxime gave three new compounds as a
ligand. The new ligands were characterized by elemental analyses, FT-IR and H-NMR. Their antibacterial1

activities against five Gram-negative (Escherichia coli, Salmonella enteridis, Enterococcus faecalis, Klebsiella
pneumonia and Pseudomonas aeruginosa) and four Gram-positive (Streptococcus mutans, Bacillus cereus,
Staphylococcus aureus and Methicillin-resistant S. aureus) and antifungal activities  against  Candida
albicans were measured by using disc diffusion  and  broth  microdilution  techniques.  The  minimum
inhibitory  concentration  (MIC)  values  were  calculated  by microplate reader at 620 nm. It was  found  that
N-(8-hydroxyquinolin-5-yl)-aminoglyoxime moderate antibacterial and antifungal activity against test
microorganism including MRSA (Methicillin-resistant Staphylococcus aureus).
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INTRODUCTION We have studied combination of highly bioactive

In the last decades, the drug resistance to the activities so as to find new antibacterial bioactive
commonly used antibiotics has become a wide-spread and compounds and enrich the quinoline and glyoxime
serious problem. Therefore, the synthesis of new chemistry.
compounds that could be used for the effective treatment
of infectious diseases without side effects is an urgent MATERIALS AND METHODS
biomedical problem [1].

Quinolines are an important class of heterocyclic  Chemistry: The preparation of anti-chloroglyoxime (1)
compounds. Several compounds of this class have been
screened for biological activities such as antimicrobial [2],
antimalarial [3], anti-inflammatory [4], cytotoxicity [5],
biofertilizing abilities [6] and HIV-1 Integrase Inhibitors [7]
etc. Higly active antimalarial quinoline drugs plasmaquin,
chloroquin and primaquin are well known in the market.
Oximes and their metal complexes are of current interest
due to their rich physicochemical properties, reactivity
patterns and potential applications in many important
chemical processes in the areas of medicine, bioorganic
systems and catalysis, electrochemical and electrooptical
sensors [8-12]. In recent years, glyoximes and their metal
complexes have attracted considerable attention due to
their  remarkable  antifungal  and  antibacterial  activity
[13, 14].

quinoline compounds with glyoximes for antibacterial

has been described previously [15]. All the reagents used
were purchased from Merck, Fluka, or Sigma and were
chemically pure. Melting points were determined on
Buchi-B-540 and are uncorrected. IR spectra were
recorded on a Perkin Elmer Model 1605 FT-IR
spectrophotometer with KBr pellets. H-NMR1

measurements of ligands were obtained on a Varian, 400
MHz spectrometer at room temperature in DMSO-d .6

Elemental analyses (C, H, N) were performed on a LECO-
932 CHNO apparatus.

N-(quinolin-5-yl)-aminoglyoxime (1a): A stirred and
cooled (-15°C) solution of 1 (0.615 g, 5 mmol) in 15 mL
absolute ethanol was treated dropwise with a solution
of(0.72 g, 5 mmol) 5-aminoquinoline and (5 mmol)
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triethylamine  in  5  mL  absolute  ethanol.  The  reaction were used as positive control for disc diffusion tests.
was continued for 3 h at the above mentioned temperature Gentamicin, Ampicillin/sulbactam and Fluconazole were
and the dark red product formed was separated by used as positive controls for broth microdilution test.
filtration, washed with water; in order to remove the DMSO (Merck) was used as negative control. 96-well
triethylamine salt,  ethanol and ether,  then  dried in microtiter plates (TPP 92096) were used for microdilution
vacuum   to   give  1a  (0.835 g%72.5)  as  red  solid.  m.p.: tests.
147-149°C.

N-(quinolin-8-yl)-aminoglyoxime (1b): A stirred and activity of compunds in dimethylsulfoxide (DMSO), was
cooled (-15°C) solution of 1 (0.615 g, 5 mmol) in 15 mL
absolute ethanol was treated dropwise with a solution of
(0.72 g, 5 mmol) 8-aminoquinoline and (5 mmol)
triethylamine in 5 mL absolute ethanol. The reaction was
continued for 5 h at the above mentioned temperature and
its volume was then fivefold by adding distilled water.
The resulting brown precipitated filtered off, washed with
water, cold ethanol and ether and then dried in vacuum
and crystallized by EtOH-H O (2:1) to give 1b (0.652

g%56.5) as brown solid. m.p.: 159-161°C.

N-(8-hydroxyquinolin-5-yl)-aminoglyoxime (1c): A
stirred and cooled (-15°C) solution of 1 (0.615 g, 5 mmol)
in 35 mL ether 25 mL chloroform was treated dropwise
with a solution of (1.165 g, 5 mmol) 8-hydroxy-5-
aminoquinoline dihydrochloride and (15 mmol)
triethylamine in 25 mL ether 50 mL chloroform. The
reaction was continued for 3 h at the above mentioned
temperature and the brownish product formed separated
by filtration,  washed  with  water;  in  order  to  remove
the triethylamine salt, cold ethanol and ether, then dried
in vacuum and  crystallized  by  EtOH-H O  (2:1)  to give2

1c (0.775 g%63) as dark brown solid. m.p.: 210-211°C.

Biological Methods: The antimicrobial activities of the
compounds were determined in vitro using different
microorganisms by the standart agar disc diffusion
method [16] and broth  microdilution  techniques  [17].
The following bacteria and yeast were used: Escherichia
coli ATCC 25922, Salmonella enteriditis ATCC 13076,
Enterococcus faecalis ATCC 29212, Klebsiella
pneumonia ATCC 700603 and Pseudomonas aeruginosa
ATCC 27853, Streptococcus mutans RSKK 676, Bacillus
cereus ATCC 11778, Staphylococcus aureus ATCC 2592,
Methicillin-resistant S. aureus ATCC 43300 and Candida
albicans ATCC 90028. Bacterial strains were maintained
on Mueller Hinton Agar (MHA) medium for 24 h at 37°C
and fungi were maintained on Sabouraud Dextrose Agar
(SDA) for 48 h at 25°C. Mueller Hinton broth (MHB) or
Sabouraud Dextrose broth (SDB) were used in
microdilution tests. Gentamicin (GM) 10mcg (Bio-Disc),
Amoxicillin/Clavulanic acid (AMC) 20mcg/10mcg
(Bioanalyse) and Fluconazole (FLU) 10mcg (Bioanalyse)

Antibacterial Testing by Disc Diffusion: Antimicrobial

performed in vitro by the disc diffusion method [16].
Bacterial inoculums were prepared from overnight grown
cultures in MHB (SDB for fungi) and turbidity was
adjusted equivalent to 0.5 McFarland units (approximately
10 cfu/ml). Aliquots (100 µL) of inoculums were spread8

over the surface of MHA or SDA with a sterile glass
spreader. Sterilized paper discs (Oxoid, 6mm diameter)
were wetted with 10 µL of a solution of each compound to
be tested, in the concentration of 0,02 gr/ml (200 µg per
disc) in DMSO. GM, AMC, FLU and DMSO  were  used
as controls. The plates were then incubated 24 h at 37 °C
(48 h at 25 °C for fungi) and the zone of complete growth
inhibition was measured. The values are  reported at
Table 4 as a mean of three replicates.

Determination of Minimum Inhibitory Concentration
(MIC): The minimal inhibitory concentrations (MIC) were
determined by broth microdilution methods [17]. For MIC
determination, the inoculums were prepared like the
following procedure: 4–6 h broth culture of each bacterial
strains adjusted to a turbidity equivalent to a 0.5 Mc
Farland standard,  diluted  in  Mueller  Hinton  broth
media to give concentration of  ˜10  cfu/mL for bacteria.6

Two-fold serial dilutions of compounds were prepared in
Mueller Hinton broth (Sabouraud Dextrose broth for
fungi) in 96-well plates starting from a stock solution of
compounds (2,048 mg/ml DMSO). An equal volume of
bacterial inoculums was added to each well on the
microtitre plate. In this manner final concentration of
compounds range from 512, 256, 128….. to 1 µg/mL and
5x10  cfu/ mL bacteria in each well (last wells are broth5

only control well, penultimate wells are without drug
positive control). The inoculated microtiter plates were
then incubated at 37°C for 24h and the growth was
recorded spectrophotometrically at 620 nm using a
microplate reader (µQuant, BioTek). The MIC value was
defined as the lowest concentration of compounds whose
absorbances were comparable to the negative control
wells (broth only, without inoculum). Gentamicin,
Ampicillin/sulbactam and Fluconazole were used for
comparative purposes and quality control of the method.
The MIC values are reported in Table 5 as the mean of
three experiments.
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Fig. 1: Synthesis of compounds (1a-c).

RESULTS AND DISCUSSION New ligands were characterized by a combination of

In this study, three new vic-dioxime compounds Attempts to isolate crystals suitable for X-ray diffraction
containing  quinoline  side  groups   were  synthesized were unsuccessful for ligands. Some physical properties,
and evaluated as potential antimicrobial agents. The elemental and analytical data  of  the  ligands  are  given
synthesis of the  designed  compounds  was  achieved in Table 1. FT-IR data of the ligands are given in Table 2.
following the  routes   depicted  in  Figure  1.  The  new H-NMR data of the ligands are given in Table 3.
ligands were   synthesized    by  reacting  anti- Antimicrobial activities of ligands are given in Tables 4
chloroglyoxime with 5-aminoquinoline for 1a, 8- and 5.
aminoquinoline for 1b and 8-hydroxy-5-aminoquinoline In  the  infrared  spectrum  of  the  new  quinoline-
dihydrochloride for 1c, respectively. The antimicrobial oxime compounds; O-H stretching vibration was observed
activities of ligands were evaluated using disc diffusion at 3145 cm  for 1a, 3165 cm  for 1b and 3150 cm  for 1c
method against 9 bacteria and 1 yeast. Total 10 as a   broad   absorption.   FT-IR   spectrum   of   ligand
microorganism were used in broth microdilution technique 1c show a broad band extended from 3400 to 2600 cm
for determine the MIC values. which  might   be   responsible   for   phenolic   group   of

H-NMR, FT-IR and elemental analyzes techniques.1

1

1 1 1

1

Table 1: Physical and analytical data for the prepared compounds

Analysis% calcd/found
--------------------------------------------------------

Compd. No Color Yield % m.p.°C Formula C H N

1a Dark red 72.5 147-149 C H N O 57.39 4.38 24.3411 10 4 2

57.45 4.32 24.01

1b Dark brown 56.5 159-161 C H N O 57.39 4.38 24.3411 10 4 2

58.65 3.66 23.62

1c Light brown 63 210-211 C H N O 53.66 4.09 22.7511 10 4 3

54.41 3.71 21.99

Table 2: Characteristic Infrared bands (KBr, cm ) of the compounds1

Comp. No (NH) (OH) (CH)arom. (CH)alip. (C=N) (C=C) (NO)

1a 3350 3145 3020 2930 1625 1592 985
1b 3333 3235 3050 2920 1643 1587 983
1c 3330 3150 3040 2930 1633 1592 955
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Table 3: H-NMR spectral data of the compounds (DMSO-d , ppm)1
6

Comp. No N-OH CH CH NH Otheralip. arom.

1a 12.20-10.85 s(2H) 8.75 s(1H) 7.95-7.10 m(6H) 8.50 s(1H)
1b 12.40-10.40 s(2H) 9.4 s(1H) 8.40-7.05 m(6H) 8.90 s(1H)
1c 11.15-10.65 s(2H) 8.85 s(1H) 7.85-7.05 m(5H) 8.40 s(1H) OH  9.6 s(1H)phenol.

Table 4: Results of antimicrobial activity, zones of inhibition (mm)

Inhibition zones (mm)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Compound No S.a MRSA S.m B.c E.c S.e E.f K.p P.a C.a

1a - - - - - - - - - -
1b 8 - 9 9 8 - - - - 8
1c 15 12 15 12 13 12 11 10 12 18
AMC 35 12 12 19 16 33 24 - - -
GM 18 16 20 14 15 28 8 9 14 -
FLU - - - - - - - - - 23
DMSO - - - - - - - - - -

Staphylococcus aureus (S.a), Methicillin-resistant S. aureus (MRSA), Streptococcus mutans (S.m), Bacillus cereus (B.c), Escherichia coli (E.c), Salmonella
enteriditis (S.e), Enterococcus faecalis (E.f), Klebsiella pneumonia (K.p), Pseudomonas aeruginosa (P.a) and Candida albicans (C.a). Gentamicin (GM),
Amoxicillin/Clavulanic acid (AMC), Fluconazole (FLU).

Table 5: Antimicrobial Activity of compounds against tested bacterial strains by microdilution method

MIC values (µg/ml)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Compound No S.a MRSA S.m B.c E.c S.e E.f K.p P.a C.a

1a 256 512 512 256 256 512 512 256 256 256
1b 256 512 256 128 128 256 256 256 256 128
1c 32 32 32 64 64 64 64 256 128 32
GM 4 16 16 8 8 8 16 4 4 -
AMS 4 4 4 16 4 2 1 128 >128 -
FLU - - - - - - - - - 0.25

Staphylococcus aureus (S.a), Methicillin-resistant S. aureus (MRSA), Streptococcus mutans (S.m), Bacillus cereus (B.c), Escherichia coli (E.c), Salmonella
enteriditis (S.e), Enterococcus faecalis (E.f), Klebsiella pneumonia (K.p), Pseudomonas aeruginosa (P.a) and Candida albicans (C.a). Gentamicin (GM),
Ampicillin/sulbactam (AMS), Fluconazole (FLU). 

8-hydroxyquinoline moiety  [18].    The   stretching glyoximes [25]. When the chemical shifts of two oxime OH
vibrations   of  dioxime OH (3150 cm ), aromatic C-H groups in the three different ligands are compared, the1

(3040 cm )  and  aliphatic C-H (2930 cm ) appear as ones at lower field quite closely resemble each other1 1

combined bands over this broad absorption for 1c. The (12.20, 12.40 and 11.15 ppm), whereas a considerable
other characteristic bands of oxime C=N were observed difference  is   observed   for   the  shift  at  the  higher
1625 cm  for 1a, 1643 cm  for 1b and 1633 cm  for 1c. N- field (10.85, 10.40 and 10.65 ppm) respectively (Table 3).1 1 1

H and N-O stretching vibration bands of the ligands were The phenolic OH proton of ligand 1c is 9.6 ppm as broad
shown at 3350 cm  and 985 cm  for 1a, 3333 cm  and singlet. The NH protons neighboring to the oxime groups1 1 1

983 cm  for 1b, 3330 cm  and 955 cm  for 1c. These were observed at 8.50, 8.90 and 8.40 ppm, the aromatic C-H1 1 1

values are in accord with the previously reported oxime protons at 7.95-7.10, 8.40-7.05 and 7.85-7.05 ppm,
derivatives [19-24]. respectively. These values are in good agreement with

In the H-NMR spectrum of Ligands in DMSO-d , the those of vic-dioximes [26, 27].1
6

deuterium exchangeable protons of the =N–OH groups
show chemical shifts at 12.20 and 10.85 ppm for 1a, 12.40 Biological Evaluation: We have designed and
and 10.40 ppm for 1b, 11.15 and 10.65 ppm for 1c, as synthesized novel compounds of quinoline substituted
singlets which indicate an (E : E)-structure for the glyoximes (1a-c), in order to investigate antimicrobial
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