
An Overview: The biologically important quninoline derivatives

V. Vijayakumar*

Centre for Organic and Medicinal Chemistry, SAS, VIT University, Vellore-632014, India

Abstract: Heterocyclic compounds are widely prevalent in animal kingdom as well as in plant
kingdom and they play various roles in metabolic processes.  A large number of heterocyclic
compounds are in clinical practice as a drug, while many of them find industrial utility and
hence the syntheses of heterocyclic compounds and understanding of the biological importance
of specific heterocyclic class will be an interesting field of synthetic organic chemists.

Introduction:

In recent years, there has been a growing interest pertaining to the synthesis of bioactive compounds in
the field of organic chemistry. A cyclic organic compound containing at least one atom other than carbon is
designated as heterocycles. Nitrogen, oxygen and sulphur are the most common hetero atoms but heterocyclic
rings with other hetero atoms also widely known. A large number of heterocyclic compounds are essential to
life. Various compounds such as alkaloids, antibiotic, essential amino acids, vitamins, haemoglobin, hormones
and a large number of drugs and dyes contain heterocyclic ring systems.

Living organisms, particularly mankind were highly depending on bio-active molecules to treat various
diseases. Presently, tremendous research is in progress to develop the drug molecules; usually these molecules
were derived or isolated either from natural (biological) sources or through the synthesis. Due the extraordinary
context of disease reducing properties of heterocycles, they were prescribed for various types of treatment1,2.
The significance of the heterocycles in the drug industry was also revealed by the recent survey in US which
showed that more than 90 % of drugs sold recently in the US market were reported to have at least one
heterocycle in it. The presence of oxygen, sulfur and nitrogen as hetero atoms increasing the hydrogen bond
forming ability of heterocycle with the protein targets was the uniqueness of the heterocycle. Heterocycles also
have greater chelating property, so that they bind to the metal ions and block certain process like metal
poisoning (toxicity) or enzyme action3-5.

Quinoline derivatives:

One of the important classes of heterocyclic chemistry is quinolone chemistry.  The heterocyclic
compound quinoline is Benzo[b]pyridine. Generally quinoline derivatives are synthesized by Skraup’s,
Doebener-Miller’s and Friedlander’s synthesis. Quinolines are weakly basic (pKa = 4.94) and placed in between
aniline (pKa = 4.58) and pyridine (pKa = 5.17). The pyridine ring in quinoline is � electron deficient therefore
nucleophilic attack takes place at second and fourth positions and the electrophilic attack takes place at fifth and
eighth positions.
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The 2- and 4-hydroxyquinolines are usually prepared by Conrad-Limpach or Knorr synthesis6.   These
quinolinols behave as typical phenols and respond positive to neutral ferric chloride test7.

1.1. Synthesis and Importance of Quinolines

In Conrad-Limpach synthesis aryl amines (3) condense with the keto group of �-ketoesters (4) to yield
kinetically controlled anil (5) at low temperature, which cyclizes to 2-methyl-4-quinolone (6) on heating. On the
other hand, the anilide (7) is obtained as thermodynamically controlled product at high temperature, which
cyclizes to 4-methyl-2-quinolone (8) either upon heating or in presence of acid.
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Quinolones are known for their therapeutic applications such as genitourinary infections, prostatitis,
respiratory diseases, sexually transmitted diseases, gastroenteritis, skin and soft tissue infections8. Apart from
that, quinolones have extensive biological activities such as antimicrobial9, antimalarial 10, anticancer11, anti-
HIV12 (Sucheta, 2005), and antiangiogenic13 activities.

The 4-aryl-3-hydroxy-2-quinolones are found to be produced by some species of mold fungi of the
genus Penicillium14. Since then the rarely encountered and less studied 3-substituted quinolones have become a
subject of great interest of the synthetic organic chemists. However the discovery of nalidixic acid as
antibacterial agent gave impetus to the synthesis of various 3-carboxysubstituted quinolin-4(1H)-ones, of which
some are drug molecules in the clinical practice.

The structural modifications on quinolone moiety resulted in first, second, third and fourth-generation
quinolones. First-generation agents viz., nalidixic acid and cinoxacin have moderate Gram negative activity and
minimal systemic distribution. Second-generation quinolones have expanded Gram negative activity and
atypical pathogen coverage but limited Gram positive activity. These agents are most active against aerobic
Gram negative Bacilli. One of the second generation agents, ciprofloxacin (9) remains the most active
quinolone against Pseudomonas aeruginosa15.
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Marginal susceptibility and acquired resistance limit the usefulness of second-generation quinolones in
the treatment of staphylococcal, streptococcal and enterococcal infections.  Third-generation quinolones
ofloxacin (10), sparfloxacin, gatifloxacin retain expanded Gram negative and atypical intracellular activity but
have improved Gram positive coverage. Finally, fourth-generation agents such as moxifloxacin, trovafloxacin
have emerged to improve Gram positive coverage, maintain Gram negative coverage and gain anaerobic
coverage.16

Many of quinolin-2(1H)-one derivative has been identified as non steroidal compounds and as
compositions that are high affinity, high specificity agonists, partial agonists (i.e., partial activators and/or
tissue-specific activators) and antagonists for androgen receptor (AR) and progesterone receptor (PR).
Regulation of a gene by such factors requires both Intracellular receptor (IR) and corresponding ligands, which
have  the  ability  to  selectively  bind  the  IR  in  a  way  that  affects  gene  transcription.  The  natural  hormones  for
steroid  receptors  have  been  known  for  a  long  time,  such  as  testosterone  for  androgen  receptor  (AR)  and
progesterone for progesterone receptor (PR). Androgen and progesterone receptor modulators are known to
play an important role in health of both men and women. For example, AR antagonists, such as cyproterone
acetate, flutamide and casodex are useful in the treatment of prostatic hyperplasia and cancer of the prostate.
AR agonists, such as fluoxymesterone are used in the treatment of hypogonadism. PR agonists, such as
medroxyprogesterone acetate are used in birth control formulations in combination with estrogen or as a
synthetic estrogen analogue. Further, antagonists of PR are potentially useful for contraception and in the
treatment of chronic disorders, such as certain hormone dependent cancers of the breast, ovary and uterus. Due
to increased life expectancies development of tissue selective, safer, orally active AR and PR modulators are
desirable to improve the quality of life. A group of hydroquinoline derivatives was recently described as AR
and PR modulators17. Analogues of quinolone, oxindole, benzooxazinone derivatives have been described as
cardiotonic agents.18,19 2-Quinolone derivatives are reported to exhibit farnesyl transferase inhibiting activity.
Some of the patents describe20 a class of novel 1, 2-annelated quinoline compounds bearing a nitrogen- or
carbon-linked imidazole showing farnesyl protein transferase and geranyl transferase inhibiting activity. The
other reported quinolone derivatives are useful for the treatment and prevention of cerebral disorders such as
ischemic attack, a cardiac or respiratory arrest, a cerebral thrombosis or embolism or a cerebral trauma, cerebral
senility, dementia following multiple infarcts, Alzheimer's disease or Pick's disease and for the treatment of
olivopontocerebellar and other neurodegenerative ailments such as Huntington's chorea for the treatment of
tinnitus and also found to have an antipsychotic activity, which makes them suitable, for the treatment of
schizophrenia 21.

Marcus Vinícius Nora De Souza (2005) reported 22 various functionalities which are responsible for
binding and drug action of quinolone pharmacophore.
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Fig 1.1 Structure of 4-quinolone pharmacophore

The 4-hydroxyquinolines, 4-hydroxycoumarines, 4-hydroxypyridones and 4-hydroxy-2-pyrones with
aliphatic acyl groups at position three were found to be of much interest because of their biological activities.
The Structure Activity Relationship (SAR) studies clearly revealed the role of various parts of 3-functionalized-
2(1H)-quinolones.23 reported that the presence of β-carbonyls is responsible for brain penetrating ability. The
literature survey supports the clinical and structural importance of 3-functionalized-2(1H)-quinolones.

Among the 3-functionalised quinolones, the 3-acetyl-4-hydroxy-quinolin-2(1H)-one which is of our
interest, itself is a drug molecule with antimalarial, antiviral, anti microbial and antiallergic activities24, 25, 26.
Various research groups have reported the pharmacological activities such as N-methyl-D-aspartate (NMDA)
receptor antagonist, serotonin receptor antagonist for compounds with 4-hydroxy quinolin-2(1H)-one
pharmacophore 27-29. Since 1800’s extensive research were carryout on quinolone derivatives to develop new
molecules which are acting as drugs, agrochemicals, dyestuffs and materials. Quinine was a first antimalarial
drug used up to 1930 since from its isolation (it is isolated from Cinchona tree by Pelletier and Caventou in
1850). Chloroquine was discovered by Hans Andersag in 1934, which forms ‘Ferriphotoporphyrin-Chlorquine’
complex with free heam that generated during trophozoite feeding, which is highly toxic to the parasite. Some
modified quinolone compounds were shown as anti-tumor agents to treat breast cancer, , human purine protein
binding agents,  anti-parasitic.  Most  of  the quinoline ring systems are well  being used as  precursor  and active
biomolecules for the treatment of malarial disease few of them are given below.
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We have reported a  rapid microwave assisted synthesis of 1-(6-chloro-2-methyl-4-phenylquinolin-3-
yl)-3-(aryl)prop-2-en-1-ones and their anti bacterial and anti fungal evaluation.in that work few 1-(6-chloro-2-
methyl-4-phenylquinolin-3-yl)-3-(aryl)prop-2-en-1-ones were synthesized by microwave assisted synthesis, the
antimicrobial activities of synthesized compounds were screened against Gram negative organisms such as
Escherichia coli (ATCC 25922), Bacillus subtilis (ATCC 117788), Salmonella typhi (ATCC 25264), Gram
positive Staphylococcus aureus (ATCC 700699) and fungal organisms such as Aspergillus flavus, Aspergillus
fumigatus and Candida utilius. Apart from that, some reports on theoretical aspects like stability and reactivity
also been explored through single crystal studies30-33 and DFT studies.

Conclusion:

There are many reports on quinoline derivatives and about their medicinal applications. Still structural
modifications to get better properties are being continued, we have explored the synthesis of some quinoline
derivatives and their unambiguous structural determination through single crystal X-ray diffraction method.
This review reported some of the medicinally important quinoline derivatives with their applications.
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