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Abstract — Quinoline and its fused heterocyclic derivatives tested with diverse pharmacological activity
constitute an important class of compounds for new drug development. Therefore, many researchers
have synthesized these compounds as target structures and evaluated their biological activities. The
present review provides an in depth view of work done so far on quinoline and its biological activities
covering anticancer, ant mycobacterial, antimicrobial, anticonvulsant, anti-inflammatory and
cardiovascular activities.

New heterocyclic compounds containing quinoline fragment were synthesized. They were characterized
by elemental analyses as well as IR and PMR spectroscopic analyses. These compounds were treated
with metal (Mn(ll), Ni(ll) and Cu(ll) salts to produce complexes. The complexes were identified and
characterized by elemental analyses, IR and electronic spectral studies and magnetic moment studies.
The magnetic behaviour and spectroscopic investigation of complexes indicate mononuclear octahedral
structure of all the complexes. All heterocyclic compounds and metal complexes were screened for
antimicrobial activity against Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis,
Escherichia coli and Klebsiella pneumonia using DMF as a solvent.

Microbial infections are one of the leading diseases which are responsible for millions of deaths every
year because of lack of effective antimicrobial therapy and this situation becomes more complicated
because of microbial resistance towards conventional antibiotics. Quinoline derivatives have proved their
medicinal importance by having broad spectrum of pharmacological activities like antimicrobial,
anticancer, antiviral and anti-inflammatory activities etc.
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INTRODUCTION and antimalarial. The fused quinoline system,
tetrazolo[1,5-a]quinoline a promising anti-
Heterocyclic compounds are of particular interest in  inflammatory and antimicrobial agent has been

medicinal chemistry, and this has catalysed the reported by only few researchers. Considering the
discovery and development of much new heterocyclic ~ above facts it was thought worth to synthesize some
chemistry and methods. The chemistry of heterocyclic new tetrazolo[1,5-a]quinoline derivatives where active

compounds is one of the most complex branches of  heterocyclic moieties such as
organic chemistry. It is equally interesting for its octahydroquinazolinone, 1,4-dihydropyridine,
theoretical implication for the diversity of its synthetic acridine-1,8-dione, polyhydroquinoline, imidazole and
procedure and for the physiological and industrial chromene moiety have been introduced in the

significance. Synthetic heterocyclic chemistry has heterocyclic system.

influenced almost every place of human life and the

synthesized compounds have found their application in Heterocyclic compounds are comprehensively
diverse field as medicine, agriculture and various explored for their antimicrobial activity. Quinolines are
industries. Synthetic heterocyclic drugs are used as also heterocyclic compounds. They contain nitrogen

hypnotics, anticonvulsants, antiseptics, antineoplastic, as hetero atom. They are known for their
antiviral, antihistaminic, anti-tumor etc. antimicrobial activities (Abdel-Moty et al.,2005;

Eswaran et al., 2009; Jumade et al., 2009).
Quinolines are versatile nitrogen  containing Formation of quinoline containing complexes is also
heterocyclic compounds, possessing various biological reported by chemists. Complexes of quinolines and

and pharmacological activities such as antibacterial,
antidepressant, antitrichomonal, herbicidal, antifungal
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their various derivatives are also assessed for their
antimicrobial activities (Alazawi et al., 2007).

Considering the medicinal significance of quinoline
containing compounds, such novel heterocyclic
compounds were synthesized to develop potent
bioactive molecules. These compounds were treated
with metal salts of Mn(ll), Ni(ll) and Cu(ll) to
synthesize complexes. Structures of heterocyclic
compounds and metal complexes were confirmed with
elemental analyses and spectroscopic studies. All
compounds and complexes were screened for
antibacterial activity.

Quinoline and its derivatives have always attracted
both synthetic and biological chemist because of its
diverse chemical and pharmacological properties.
Apart from classical method for the synthesis of
quinoline ring available like Skraup, Doebner-von
Miller,  Friedlander, Pfitzinger, Conrad-Limpach,
Combes syntheses. Various new methods have been
developed which employed metallic or organometellic
reagents such as CuCN, LiCl. Ruthenium (lIl) chloride
RuCl;.nH,O/3PPh; Ytterbium (Ill) triflate Yb(OTf); ,
Tungsten vinylidene complex W(CO)s(THF), Boron
trifluoride etherate BF3;.OEt,, Benzotriazoleiminium
salts etc. for the synthesis of quinoline derivatives.

Moreover, the quinoline ring system occurs in various
natural products, especially in alkaloids and is often
used for the design of many synthetic compounds with
diverse pharmacological properties. There are number
of natural products of quinoline skeleton used as a
medicine or employed as lead molecule for the
development newer and potent molecules.

Microorganisms like bacteria and fungi are becoming
resistant to conventional antimicrobial therapy
because of acquired resistance which is encoded by
resistance genes in the DNA of the microbe.
Resistance genes can arise through spontaneous
mutations in the microbial DNA and these genes can
also transfer from drug-resistant microbes to drug-

sensitive ones. Therefore, antibiotic resistance
problem demand continuous discovery and
development of new antibacterial agents by
modification of  existing classes including

fluoroquinolones, tetracyclines, aminoglycosides, p-
lactams and identification of inhibitors against
previously unexploited antibacterial targets by different
mode of action.

Various heterocyclic compounds have shown
antimicrobial potential and quinoline is one of the most
promising heterocyclic nuclei having prominent
antibacterial and antifungal activity. Quinoline is
characterized by a double ring structure composed of
benzene and pyridine ring fused at two adjacent
carbon atoms. Die benzene ring contains six carbon
atoms, while the pyridine ring contains five carbon
atoms and a nitrogen atom having molecular formula
of CoH;N*.

Activity

SYNTHESIS AND CHARACTERIZATION

Nitrogen containing heterocyclic compounds like
quinoline has received considerable attention in recent
years due to their biological and pharmaceutical
activities. Quinoline contains a phenyl ring fused to a
pyridine ring. Quinoline is also known as benzpyridine.
The numbering system for the quinoline is as follows:

5 4

6 N3
N/z

8 1

Different methods used for the synthesis of quinoline
and its derivatives have been reported in literature.
Bangdiwala et al. reported synthesis of 4-
hydroxyquinoline. Raychaudhuri et al. studied side
products in the preparation of ethyl 7-chloro-4-
hydroxyquinoline-3-carboxylate as a intermediate for
chloroquine. Synthesis of quinolines with several
substituents in the pyridine ring have also been
reported by Moszew and co-workers. A direct
synthesis of quinoline derivatives from nitro
compounds was done by Lachowicz et al. Synthesis
of substituted 7-chloroquinoline derivatives and

seleno-substituted quinolines have also been
reported.
Further, physicochemical study of various new

complexes of hexachloroosmate anions with quinoline
derivatives was documented by Craciunescu et al.
Cesaire et al. studied ultraviolet absorption spectra of
4-amino-7-chloroquinoline derivatives as a function of
pH. The structure-activity relationships in some new
quinoline derivatives was studied by Leclerc et al.

These quinoline derivatives are known to have wide
spectrum of therapeutic activities such as: antiulcer,
anti-HIV, antihypertensive, antimalarial, antihistamine,
diuretic, herbicidal, anticancer cardiovascular etc.
Carissimi et al. reported antibacterial and antifungal
activities of 8-hydroxyquinolines. The
antimycoplasmal, antimalarial and antidepressant
properties of some of these derivatives have also
been reported. The antimicrobial activities of a variety
of these quinolines have been studied by various
workers. Cai et al. reported hypocholesterolemic
activity of some thiophenyl quinolines.

Synthesis of 1,5-Benzodiazepines —
1,5-benzodiazepine consists of a phenyl ring fused

with seven membered heterocyclic ring having two
nitrogen atoms at one and five positions.
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Different methods have been reported for the
synthesis of benzodiazepines and its derivatives.
Barltrop et al. studied the chemistry of benzodiazepine
and derivatives of benzotropone. Bell et al. has
reported the new synthesis of substituted
benzodiazepin -2-one 4-oxide. Synthesis of some
other substituted benzodiazepines has also been
reported by Kaegi, Pastor et al and Tsuchiya. The
solid phase and combinatorial synthesis of
benzodiazepines on a solid support was done by
Ellman. Aromatic derivatives of 2,3-dihydro-1H-1,5-
benzodiazepine have also been synthesized by Orlov
et al. Huang and Wang documented a new route for
synthesis of 1,5-benzodiazepines. Recently, synthesis
of benzodiazepine derivatives has been reported by
various other methods.

Further, these benzodiazepine derivatives are known
to have wide spectrum of biological activities such as

anticonvulsant, CNS active agent, neuroleptic,
antihypertensive, antiproliferative, anti-inflammatory,
cardiovascular, antiamnesic, antimicrobial,
anthelmintic etc. Hester reported sedative and

antispasmodic effect of some triazolebenzodiazepines.

Psychotropic  activity of some  4-amino-1,5-
benzodiazepines have also been studied by Bauer et
al.. Golik has also worked on 2,4-benzodiazepine as a
potent CNS agent. The structure-activity relationship
studies of some benzodiazepines as oxytocin
antagonist and antitumor antibiotics have been
documented. The antimicrobial, antifungal and
anthelmintic  activities of 3H-1,5-benzodiazepine
derivatives have been studied by Kumar et al.
Recently, many workers have been reported some
other biologically active benzodiazepines.

ANTIMICROBIAL ACTIVITY

Heterocyclic compounds and complexes were
screened for their antimicrobial activity using agar
diffusion technique against Staphylococcus aureus,
Pseudomonas aeruginosa, Bacillus subtilis,
Escherichia coli and Klebsiella pneumonia using DMF
as a solvent (Jones et al., 1984; Barry, 1986; Xia et
al.,2001, Kurtoglu et al., 2007; Rollas et al., 2007). The
culture strains of bacteria were kept on agar slant at
370C for 24 hrs. Nutrient agar plates were seeded with
0.1ml of bacterial strain prepared in sterile saline (0.85
%) of 105 CFU/ml dilution.

For every bacterial strain, the wells (diameter 6 mm)
were filled with 0.1 ml solution at fixed concentration of
25 pg/ml. All the plates were incubated at 370C for 24
hrs. The inhibition zone was measured in mm. The
activity was compared with known antibiotics like
Penicillin, Ampicillin, Tetracycline, Chloramphenicol
and Norfloxacin.

BIOLOGICAL ACTIVITY
Antimalarial -

Most important use of the quinoline ring is its
antimalarial potential. Bisquinolines developed by
Raynes et al. (1996) are found to possess a good
degree of antimalarial activity against both
chloroquine-resistant and chloroquinesensitive
parasites. Analogues of ferrochloroquine were also
found to have antimalarial activity by Chibale et al.
(2000). In these analogues carbon chain of
chloroquine is replaced by hydrophobic ferrocenyl

group. Certain 7-chloroquinolinyl thioureas are
potential antimalarial agents.
Certain  4-aminoquinoline triazines also have

antimalarial activity screened against chloroquinine
(CQ) sensitive strain 3D7 of P. falciparum in an in
vitro model. Shiraki et al. (2011) developed certain 5-
aryl-8-aminoquinolines [34] with promising
antimalarial activity which had lesser haemolytic
activity compared to tafenoquine.

Analgesic activity -

4-Substituted-7-trifluoromethylquinolines have been
found to have a good analgesic activity. The activity
is attributed to their nitric oxide releasing properties.
Gomtsyan et al. (2005) developed a quinoline [41]
based analgesic agent whose activity was attributed
to its antagonism at Vanilloid receptors.

Anti-inflammatory activity -

2-(Furan-2-yl)-4-phenoxy-quinoline [43, 44]
derivatives developed by Chen et al. (2006) are found
to be inhibitors of lysozyme and b-glucuronidase
release. Baba et al. (1996) developed a quinoline
derivative [45] with potent anti-inflammatory effect in
adjuvant arthritis rat model. Certain quinoline
derivatives [46, 47] have been developed for treating
osteoarthritis. These are amino-acetamide inhibitors
of Aggrecanase-2.

Antineoplastic-

Some of the amido-anilinoquinolines act as anti-
tumour agents by inhibiting CSF-1R kinase. Novel 4-
hydroxyquinolines [49] are histone acetyltransferase
(HAT) inhibitors. Miller et al. (2009) developed a few
3-cyanoquinolines [50] as inhibitors of insulin like
growth factor receptors (IGF-1R) for the treatment of
cancer.

Antifungal -
Gholap et al. (2007) developed certain

tetrahydroquinolines [62] which are found to have a
good degree of activity against fungi Candida
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albicans, Fusarium oxysporum and Mucor sp. Kharkar
et al. (2009) developed a series of quinoline
derivatives [63] using terbenafine as lead as antifungal
agents. The developed compounds contained different
bulky aromatic rings in the side chain. The compounds
were designed using LeapFrog drug design program.

Antiviral-

Anilidoquinoline [65] derivatives synthesized by Ghosh
et al. (2008) are found to have a good degree of in
vitro activity against Japanese encephalitis virus.
Certain quinoline derivatives act by behaving as HIV-1
Tat—-TAR interaction inhibitors.

CONCLUSION

Many researchers have synthesized quinoline and its
fused heterocyclic derivatives. These observations
have been guiding for the development of new
quinoline derivatives that possess varied biological
activities ie. anticancer, antimycobacterial,
antimicrobial, anticonvulsant, antiinflamatory and
cardiovascular activities. A lot of work have been done
and more to go. Development of newer quinolines
have immense possibilities and scope for drug
development scientist. We have presented a concise
compilation of this work to aid in present knowledge
and to help researchers to explore an interesting
quinoline class.

Quinoline nucleus has occupied a pivotal position in
the modem medicinal chemistry as per literature. This
manuscript has compiled updated information about
the antimicrobial potential of various quinoline
derivatives. This valuable information may be utilized
further by the researchers for drug design and
development of better

antimicrobial agents for future to save the valuable life
of patients.
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