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ABSTRACT 

Quinazoline and quinazolinone have fused heterocyclic rings have attracted a chemist due to 

their wide range of applications in the field of medicinal chemistry. There are large number 

of papers, reports and reviews on quinazoline and quinazolinone for their diversified 

biological activities such as anti-HIV, anticancer, antifungal, antibacterial, antimutagenic, 

anticoccidial, anticonvulsant, anti-inflammatory, antidepressant, antimalarial, antioxidant, 

antileukemic, and antileishmanial activities and other activities. Quinazolinones and their 

compounds with different substitutions make it as an important chemical for the various 

biological, physiological and pharmacological significance. Quinazolinone exhibited broad 

spectrum of biological activities. Infections caused by multi-drug resistant bacteria are of 

major health concern worldwide due to increasing incidence of infections caused by these 

microorganisms and their ability of developing antibiotic resistance to multiple antibiotics. 

Due to some serious side effects in newly introduced antimicrobial agents, the development 

of a diversified series of antimicrobials still remains a necessity. Quinazolinone and its 

analogous exhibited wide spectrum of antimicrobial activities. We therefore have made 

efforts to briefly summarize various quinazolinones possessing antimicrobial activity in this 

review which ccontinuing improvements have been made for antimicrobial agents containing 

quinazolinone in various aspects in addition to the antimicrobial spectrum and activity. 

 

KEYWORDS: Quinazoline, Quinazolinone, Antimicrobial Activity,, Antibacterial, 

Antifungal and Antimalarial  

 

INTRODUCTION 
World is facing serious infections caused by multi-drug resistant microorganism caused by 

the various microorganism as Gram-positive bacteria, Gram-negative bacteria and fungi due 

to increasing incidence of infections caused by these microorganisms in hospitals and 

communities, and their ability of developing antibiotic resistance to multiple antibiotics. Due 

to some serious side effects in newly introduced antibacterial agents such as semi-synthetic 

streptogramins quinupristin/dalfopristin, daptomycin, the development of a diversified series 
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of antimicrobials still remains a necessity. Antimicrobial drugs have caused a dramatic 

change not only of the treatment of infectious diseases but of a fate of mankind.  

Quinazoline antimicrobials represent an example of drugs with improved pharmacodynamics 

and safety. Quinazoline antimicrobials developed after norfloxacin have been called new 

quinolones, and they have still been key drugs. Antimicrobial chemotherapy has conferred 

huge benefits on human health. Quinazoline deserve special attention because it is also an 

important tool for the synthesis of new compounds. This unit features in many alkaloids and 

is also known to show a wide range of biological activity. 

Quinazoline is a heterocyclic moiety containing benzene ring fused to pyrimidine. The 

quinazoline 1 is a frequently encountered unit in organic chemistry as well as in medicinal 

chemistry. The first quinazoline was synthesised in the late 1860s from anthranilic acid and 

cyanogen to obtain 2-cyanoquinazolinone 2.
I,II

 Since then, a remarkable number of 

quinazoline synthesis have been carried out, and the details are included in a  number  of  

reviews  and monographs o n  quinazoline chemistry and  synthesis.
III,IV

 Methaqualone (3)  

is  perhaps  the  most  well   known synthetic   quinazoline   drug,   which   has   been   

examined extensively due to its sedative-hypnotic effects.
V,VI

 It was first synthesized   in 

1 9 5 1  from   2-methylaniline and 2-(acetylamino)benzoic acid using phosphorus 

trichloride.
VII

 There are many other quinazoline  drugs  which also belong to the group of 

quinazolin-3H-4-ones and exhibit anticonvulsant, antibacterial, antidiabetic  properties.
VII-XII 

 

 
 

Quinazoline in Nature: Distribution and Sources 

Quinazoline alkaloids are continuously updated in Natural Product Reports,
XIII

 and 

comprehensive reviews.
XIV-XVI

 These have been isolated from several families in the plant 

kingdom, as well as from bacteria and animal species, and many are bio-genetically derived 

from anthranilic acid. The first quinazoline alkaloid isolated was Vasicine (peganine, 4) in 

1888, produced by Adhatoda vasica, and w a s  later a l s o  isolated from other species. 

Some other quinazoline alkaloids that have been isolated, characterized, and synthesised are 

Chrysogine (5),
XVII,XVIII

 Febrifugine (6) and Isofebrifugine (7).
XIX-XXII

 The latter two 

compounds are potential antimalarial drugs, but unfortunately are toxic to man. This has led 

to extensive synthesis and biological screening of many quinazoline derivatives and a 

number of interesting new alkaloids have been isolated. The structural diversity of fungal 

quinazolines has been broadened with the discovery of Asperlicin (8), produced by 

Aspergillus alliaceus, which is a   potent cholecystokinin (CCK) antagonist.
XXIII-XXV
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In 1968, mainly only two derivatives of quinazoline were used, soporific & anticonvulsant- 

methaqualone and diuretic quinathazone. By 1980, about 50 different derivatives of this class 

were included possessing different biological actions like ‘soporific, sedative, tranquilizing, 

analgesic, anticonvulsant, antitussive, myorelexant, antirheumatic, hypotensive, antiallergic, 

bronchodilating, antidiabetic, cholagogue, diuretic, cystatic, antimalarial, spermicidal. 

The increasing incidence of infection caused by the rapid development of bacterial resistance 

to most of the known antibiotics is a serious health problem. Consequently, there is an urgent 

need for the development of novel types of antimicrobial agents targeting unique mechanisms 

and pathways. Bacteria and fungi generally develop drug resistance in three ways: producing 

metabolizing enzymes for the degradation of the drugs, modifying their targets to render the 

drugs in effective and expressing a high level of efflux proteins that ‘pump’ the drug out in 

order to lower its con- centration. As multidrug resistant bacterial strains proliferate, the 

necessity for effective therapy has stimulated research into the design and synthesis of novel 

antimicrobial molecules.  

Quinazoline moiety is of great importance to chemists as well as biologists as it is found in a 

large variety of naturally occurring compounds possessing diverse biological activities. 

Quinazoline derivatives have been used asantimalarial, anti-inflammatory, anticancer, 

antibiotic, antihypertensive, anti HIV and as tyrokinase PDGF-RTK inhibiting agents.  

Inspired by the recent literature study and also as a part of our search programme for generating 

novel biologically active compounds, we have now taken up the synthesis of novel 1,2,3-

triazole analogues containing biologically active moieties. The search for new, effective and 

safe nuclei has led to an improvement by increasing their potency. This was achieved by 

creating new biologically active agents by molecular modifications. Several nitrogen containing 

heterocyclic systems find a wide variety of therapeutic activities, therefore we choose 

quinazoline as our basic nucleus.  

 

BIOLOGICAL IMPORTANCE 

The quinazoline and quinazolinone skeleton is frequently encountered in medicinal 

chemistry. The various substituted quinazolines and quinazolinones are having significant 

antihypertensive, antineoplastic, antidepressant, and antipsychotic activities whereas some 

derivatives of quinazoline and quinazolinones are found to be effective agents such as 

analgesic, antipsychotic, antiarrhythmic, sedative hypnotics, antibacterial, anti-inflammatory, 
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antifungal, antimalarial, anticonvulsant, anticoccidial, anti-Parkinsonism, cancer and other 

activities.
XXVI-XXVIII 

Antibacterial Activity 

The in vitro antibacterial evaluation against different strains of bacteria at two different 

concentrations 100 �g/mL and 50 �g/mL of the series of new 2-[2-(2,6-

dichlorophenyl)amino]phenylmethyl-3-[(5-substitutedphenyl)-1,5-dihydro-1H-pyrazol-3-yl-

amino]-6-iodoquinazolin-4(3H)ones compounds (9) possessed impressive antibacterial 

activites.
XXIX

 Quinazolinone derivatives were synthesized and evaluated for antibacterial 

activity and from them, compounds (10) showed more potent antibacterial activity than the 

standard drug ampicillin.
XXX,  

Quinazolines derivatives were evaluated for their biological activity on various bacterial 

cultures
XXXI

 and the results showed comparative activity of the compounds 12 and 13 against 

K. pneumoniae as compared to ciprofloxacin but compound 11 showed greater activity 

against S. sonnei, E. faecalis, and P. aeruginosa as compared to ciprofloxacin.  

Screened a series of some novel substituted iodoquinazoline derivatives for their 

antimicrobial activity
 XXXII

 had showed remarkable activity of compounds 15 and 16 towards 

the gramnegative bacteria E. coli, whereas compounds 14, 15, and 17 showed potent activity 

against S. aureus, B. subtilis, S. Cerevisiae, and C. albicans. 

 

 
 

 
The antibacterial and antifungal activity of the 3-[5-(4-substituted phenyl)-1,3,4-thiadiazole-

2-yl]-2-styryl quinazoline-4(3H)-ones (18) had reported.
XXXII

 The 6,7,8,9-tetrahydro-5(H)-5-

nitrophenylthiazolo[2,3-b]-quinazolin-3(2H)-one derivatives and The3-[(2-hydroxy-quinolin-

3-ylmethylene)-amino]-2-phenyl-3H-quinazolin-4-one (19) and its metal (II) complexes 

showed antimicrobial activity
 XXXIII, XXXIV

 along with some quinazoline derivatives (20).
XXXV 
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The promising antibacterial and antifungal activity have shown by imidazolo-quinazoline-4-

one derivatives.
XXXVI

 The antibacterial activities were evaluated of substituted quinazolines 

against bacterial strains E. coli, P. aeruginosa, B. subtilis, and S. aureus. The sensitivity of 

the gram positive bacteria to the tested quinazolines was higher than that of gram negative 

bacteria. The most effective of quinazoline structure series were condensed 

[1,2,4]triazoloquinazolines and 10H-[1,2,4]triazino[5,4-b]quinazolin-10-ones.
XXXVII

 The 

antimicrobial activities were investigated of 6-bromo-2-alkyl/aryl-

3{[phenyl(phenyldiazenyl)methylene]amino}quinazolin-4(3H)-ones.
 XXXVIII

 

A new series of 6-iodo-2-phenylquinazolin-4(3H)-one derivatives was synthesized and the 

potential antibacterial effects were exhibited of the synthesized compounds against S. aureus; 

B. subtilis; E. coli; P. eruginosa; C. albicans strains. From all compound (21) showed 

maximum activity.
XXXIX

  

 
The antibacterial activity were evaluated of the synthesized of a new series of 6-iodo-2-

thienylquinazolin-4(3H)-one against gram negative bacteria E. coli, Gram positive bacteria S. 

aureus and B. subitilis and screened for antifungal activity also against fungal strains such as 

S. cerevsiae and C. albicans. Compound (22) exhibited to be the one most active broad 

spectrum antimicrobial agent.
XL

 

 
The synthesized novel fluorous tagged triazol-4-yl substituted quinazoline compounds were 

investigated for their antibacterial activity against gram-positive (Bacillus subtilis, 

Staphylococcus aureus, Staphylococcus epidermidis) and gram-negative (Pseudomonas 

aeruginosa, Escherichia coli) but compounds (23) have been found to be very good acitivity 

as interesting lead compounds.
XLI
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The potential antibacterial effects of the synthesized 2, 3-disubstituted quinazoline-4(3H)-

ones derivatives were screened against Gram-positive and Gram-negative bacteria. 

Compound (24) with methyl and compound (25) with methoxy-substituted ring are found to 

be more active molecules in the respective series compared to the compounds bearing other 

electron donating or withdrawing groups.
XLII

  

 
The analogues of 6-substituted indolo [1, 2-c]quinazolines were prepared and investigated for 

antibacterial activity against various strains of Gram positive bacteria, Gram-negative 

bacteria and pathogenic Fungi (Aspergillus niger, Candida albicans and Trichoderma 

viridae). Ampicillin and ketoconazole were used as reference compounds compound (26) 

proved to be one of the most active broad spectrum antimicrobial agents.
XLIII

  

 
New quinazolone compounds were performed their in vitro antimicrobial screening on 

randomly collected microbial strains. The derivatives showed marked inhibitory activity 

against enteric pathogen like Aeromonas hydrophila and to be active against Streptococcus 

pyogenes. Among the respiratory pathogens included in their study, compound (27) is found 

to have high activity against S. pyogenes at 300 µg ml.
 XLIV

  

 
The synthesis of 2, 6-substitutedquinazolin-4-ones and screened those in vitro antimicrobial 

activity against a panel of standard strains of Gram-positive bacteria, Gram-negative bacteria, 

and yeast-like pathogenic fungus have reported. Compound (28) showed broad-

spectrumantimicrobial activity comparable to the known antibiotic gentamicin.
XLV
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28  
The evaluation for their in vitro antimicrobial activity against six strains of bacteria and five 

strains of fungi of the synthesized novel 1-methyl-3-substituted quinazoline-2, 4-dione 

derivatives (29) was studied. Most of the compounds exhibited moderate antimicrobial 

activities against the tested strains.
XLVI

  

 
The antibacterial evaluation of the synthesized new series of N2, N4-disubstituted 

quinazoline-2,4-diamines (30) were reposted against multidrug resistant Staphylococcus 

aureus. This study led to the identification of N2, N4-disubstituted quinazoline-2, 4-diamines 

with minimum inhibitory concentrations (MICs) in the low micromolar range in addition to 

favourable physicochemical properties.
XLVII

  

 

 
Twenty-seven novel (E)-3-[2-arylideneaminoethyl]-2-[4-(trifluoromethoxy) anilino]-4(3H)- 

quinazolinone derivatives (31) were evaluated for their activity against six fungi (Gibberella 

zeae, Fusarium oxysporum, Clematis mandshurica, Paralepetopsis sasakii, Phytophthora 

infestans, and Sclerotinia sclerotiorum) and three bacterial strains (Xanthomonas oryzae, 

tomato bacterial wilt, and tobacco bacterial wilt). Notably, these compounds exhibited the 

highest activity against tomato bacterial wilt and X. oryzae, with 50% effective concentration 

(EC50) values ranging from 45.96 to 93.31 µg/mL and from 20.09 to 21.33 µg/mL 

respectively.
XLVIII

  

 
Antifungal Activity  

The antifungal activities had shown by a series of few novel S-substituted-6-fluoro-4-alkyl 

(aryl)thioquinazoline derivatives (32). From all, especially compound c, having a wide 

spectrum of bioactivity; it shows potent inhibitory activity on the growth of most of the fungi 

with EC50 values ranging from 8.3 to 64.2 �g/mL.
XLIX
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Antitubercular Activity  
3-Arylquinazoline-2,4(1H,3H)-diones (33) were found as anti-TB agents along with a series 

of quinazoline derivatives (34) were exhibited for their pharmacological activity as anti-TB.
L
  

 
 

Antiviral Agents  
A series of Schiff bases of some 2-phenyl quinazoline-4(3)H-one derivatives are evaluated 

for their activity as antiviral agents.
LI 

Compound 35 exhibited antiviral activity against herpes 

simplex virus-1 (KOS), herpes simplex virus-2(G), herpes simplex virus-1 (TK- KOS ACV), 

and vaccinia virus in HEL cell culture at selectivity index of 100, 100, 100, and 125, 

respectively, whereas cytotoxicity was observed at 100 �g/mL and demonstrated good 

activity against herpes simplex virus-1 (KOS), herpes simplex virus-2 (G), and vaccinia 

virus. The protein kinase inhibitory activity and anticytomegaloviral activity showed few 

quinazoline (36) compounds.
LII

 Quinazolinones act as anti-HIV activity whereas compounds 

3-amino-2-methyl mercaptoquinazolin-4(3H)-one (37) were synthesized by condensing the 

acidic imino group of isatin with formaldehyde and secondary amines and evaluated for anti-

HIV activity against HIV-1 III B in MT-4 cells.
LIII

 

 
Antimalarial Agents  
The 2,4-diamino-6-[(aryl)thio]quinazoline compounds were known to their antimalarial 

properties wherein the 4-amino group was replaced by hydrazine and hydroxyamino moieties 

and they found that such changes reduce markedly the antimalarial properties of this series. 

The compound (38) was tested against a normal drug-sensitive strain of Plasmodium berghei 

in mice by the parenteral route.
LIV

 A series of quinazoline derivatives (39) were evaluated for 

their antiplasmodial activity
LV 

and showed a high potential activity in comparison with 

chloroquine and doxycycline. A series of new 6-ureido-4-anilinoquinazolines (40) were 

evaluated for their potent activity as antimalarial agents.
LVI
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Quantitative structure activity relationship (QSAR) model for antimalarial activity, developed 

from a set of 51 substituted quinazolines (41) that exhibited remarkable in vitro activity 

against sensitive and multidrug-resistant Plasmodium falciparum malaria. 2D-QSAR was 

done using partial least squares method coupled with stepwise variable selection; 

subsequently, 3D-QSAR was carried out using stepwise variable selection k-nearest neighbor 

molecular field analysis (kNNMF) approach. The results helped to understand the nature of 

substituents around quinazoline nucleus, thereby providing new guidelines for the design of 

novel antimalarials.
LVII

  

 
The synthesis and in vitro antimalarial evaluation of the series of new 6-ureido-4-

anilinoquinazolines derivatives were reported activity against chloroquine-sensitive P. 

falciparum. Compound (42) had IC50 value of 2.27 ng/mL which was equipotent to the 

standard drug chloroquine used in the bioassay.
LVIII

  

 
New series of 6-thioureido-4-anilinoquinazolines derivatives were synthesized and 

investigated those in vitro against multidrug resistant Plasmodium yoelii nigeriensis. 

Compound (43) shows 50% curative effect in the mouse model at an oral dose of 100 mg/kg× 

4 days.
LIX

  

 
The quinazoline derivatives were synthesized and screened for in vitro antiplasmodial 

activity on the W2 chloroquino-resistant Plasmodium falciparum strain. The compounds (44) 

& (45) have found both significant antiplasmodial activities and low toxicity, compared with 

two reference drugs: chloroquine and doxycycline.
LX
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The investigation of new series 4-phenoxy-2-trichloromethylquinazoline was done and 

evaluation those in vitro antiplasmodial activity against multi resistant W2 Plasmodium 

falciparum strain. Compound (46) shown significant specific activity against the Plasmodium 

genus in comparison with Toxoplasma.
LXI

  

 
In vitro antiplasmodial activity against the human malaria parasite Plasmodium falciparum 

was studies of the series of new 4-thiophenoxy-2-trichloromethyquinazolines derivatives and 

compound (47) in comparison with chloroquine and doxycycline chosen as reference- 

drugs.
LXII

  

 
In vitro antiplasmodial activity evaluated of the synthesized some new 4-anilino-2-

trichloromethylquinazolines derivatives. The molecules substituted by a bromine, chlorine or 

CF3 group on the meta position of the aniline moiety were the most promising. Despite a non 

negligible toxicity, compound (48), maintains good selectivity indexe because of its high 

antiplasmodial activity.
LXIII

 

 
New 4-aryl-2-trichloromethylquinazolines derivatives were synthesized and they were 

evaluated for anti-plasmodial activity on both chloroquino-resistant and sensitive 

Plasmodium falciparum strains and the selectivity indexes for THP1 and HepG2 human cells 
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were also calculated, revealing their anti-plasmodial potential. Compound (49), was found 

quite good selectivity index, similar to those of chloroquine, and so, despite superior IC50 

values because of its safer profile toward human cells.
LXIV

  

 
The antimicrobial evaluation of the synthesized series of novel isoxazole coupled quinazolin-

4(3H)-one derivatives were done and all compounds shown mild to good antimicrobial 

activity. From all, compounds, 2-methyl-3-(4-(5-(4-(trifluoromethyl) phenyl) isoxazol-3-

yl)phenyl)quinazolin-4(3H)-one (50) was found to be the most active compound.
LXV

  

 
CONCLUSION  

Heterocyclic pharmacophores containing quinazoline and quinazolinone nucleus plays most 

important role in the field of medicinal chemistry. The potential pharmacological profiles of 

quinazoline and quinazolinone have led the interest of many researchers to explore the utility 

of this moiety for better and varied pharmacological activities. A large number of 

quinazolinone based pharmaceuticals are becoming very important class of therapeutic agents 

and are likely to replace many obtainable organic based pharmaceuticals in the very near 

future. The quinazolinone compounds represent much progress with regard to the older 

compounds. 

The review reports synthetic approaches to some of the quinazolinone derivatives and it 

highlights the use of quinazolinone derivatives having antimicrobial activity. The 

quinazolinone derivatives show significant antimicrobial activity against a variety of 

microorganisms such as fungi, Gram +ve and Gram –ve bacteria. 

This review will help to gets an efficient way of understanding about antimicrobial 

quinazolinone pharmacophores which can further aid the process of drug design 

developments. This study may also accelerate the designing processes to generate a larger 

number of therapeutically active molecules.  

 

CONFLICT OF INTERESTS 

The author declares that there is no conflict of interests regarding the publication of this 

paper. 

 

REFERENCES 

I. Griess, P. Berichte. 1869, 2, 415. 

II. Griess, P. Berichte. 1878, 11, 1985. 

III. Armarego, W. L. F. Adv. Heterocycl. Chem. 1979, 24, 1. 



 

 

M. Chand et al. / Heterocyclic Letters Vol. 7| No.1|201-214|Nov-Jan| 2017 

 

212 

 

IV. Brown, D. J. Quinazolines; The Chemistry of Heterocyclic Compounds, supplement  

1, 55, John Wiley & Sons, New York, 1996. 

V. Amin, A. H., Mehta, D. R., Samarth, S. S. Prog. Drug. Res. 1970, 14, 218. 

VI. Vida, J. A. Anticonvulsants, Academic Press, New York, 1977, 428. 

VII. Kacker, I. K., Zaheer, S. H. J. Indian Chem. Soc. 1951, 28, 344. 

VIII. Padia, J. K., Field, M., Hinton, J., Meecham, K., Pablo, J., Pinnock, R., Roth, B.D., 

Singh, L., Chauhan, S. N., Trivedi, B. K., Webdale, L. J. Med. Chem. 1998, 41, 1042. 

IX. Bartroli, J., Turmo, E., Alguero, M., Boncompte, E., Vericat, M. L., Conte, L., Ramis,  

J., Merlos, M., García, R. J., Forn, J. J. Med. Chem. 1998, 41, 1869. 

X. Chao, Q., Deng, L., Shih, H., Leoni, L. M., Genini, D., Carson, D. A., Cottam, H. B. 

J.  Med.  Chem. 1999, 42, 3860. 

XI. Hour, M. J., Huang, L. J., Kuo, S. C., Xia, Y., Bastow, K., Nakanishi, Y., Hamel, E., 

Lee, K.  H. J. Med. Chem. 2000, 43, 4479. 

XII. Kundu, N. G., Chaudhuri, G. Tetrahedron. 2001, 57, 6833. 

XIII. Michael, J. P. Nat. Prod. Rep. 2001, 18, 543. 

XIV. Johne, S. Prog. Chem. Org. Nat. Prod. 1984, 46, 159. 

XV. Johne, S. In supplements to the 2nd Edition of Rodd´s Chemistry of Carbon 

Compounds. Ansell, M. F. Ed. Elsevier: Amsterdam, 1995, 4 (I/J), 223. 

XVI. Johne, S. In the 2nd supplements to the 2nd Edition of Rodd´s Chemistry of Carbon 

Compounds. Sainsbury, M. Ed. Elsevier: Amsterdam, 2000, 4 (I/J), 203. 

XVII. Bergman, J., Brynolf, A. Tetrahedron. 1990, 46, 1295.  

XVIII. Bergman, J. J. Chem. Res. 1997, 224. 

XIX. Kobayashi, S., Ueno, M., Suzuki, R., Ishitani, H., Kim, H. S., Wataya, Y. J. Org. 

Chem. 1999, 64, 6833. 

XX. Takaya, Y., Tasaka, H., Chiba, T., Uwai, K., Tanitsu, M. A., Kim, H. S., Wataya, Y., 

Miura, M., Takeshita, M., Oshima, Y. J. Med. Chem. 1999, 42, 3163. 

XXI. Uesato, S., Kuroda, Y., Kato, M., Fujiwara, Y., Hase, Y., Fujita, T. Chem. Pharm. 

Bull. 1998, 46, 1. 

XXII. Kobayashi, S., Ueno, M., Suzuki, R., Ishitani, H. Tetrahedron Lett. 1999, 40, 2175. 

XXIII. Goetz, M. A., Lopez, M., Monaghan, R. L., Chang, R. S. L., Lotti, V. J., Chen. T. B. 

J. Antibiot. 1985, 38, 1633. 

XXIV. Liesch, J. M., Hensens, O. D., Springer, J. P., Chang, R. S. L., Lotti, V. J. J. Antibiot. 

1985, 38, 1638. 

XXV. Sun, H. H., Byard, S. J., Cooper, R. J. Antibiot. 1994, 47, 599. 

XXVI. R. Rajput and A. P. Mishra, International Journal of Pharmacy and Pharmaceutical 

Sciences, 2012, 4(2), 66. 

XXVII. Pati and S. Banerjee, Journal of Advanced Pharmacy. Education & Research, 

2013, 3(3), 136. 

XXVIII. B. Vijayakumar, P. Prasanthi, K. M. Teja et al., International Journal of Medicinal  

    Chemistry & Analysis, 2013, 3(1), 10. 

XXIX.  N. B. Patel and J. C. Patel, Arabian Journal of Chemistry, 2011, 4(4), 403. 

XXX.   M. Cakici,M. Catir, S. Karabuga et al., Tetrahedron Asymmetry, 2010, 21(16), 2027. 

XXXI.  P. M. S. Bedi, V. Kumar, and M. P.Mahajan, Bioorganic and Medicinal Chemistry   

              Letters, 2004, 14(20), 5211. 

XXXII. V. Jatav, S. Kashaw, and P. Mishra, Medicinal Chemistry Research, 2008, 17(2–7),  

   169. 

XXXIII. P. Praveen Kumar, Y. Rajendra Prasad, N. R. Kumar, and S. Sridhar, Asian Journal  

    of Chemistry, 2008, 20(7), 5161. 



 

 

M. Chand et al. / Heterocyclic Letters Vol. 7| No.1|201-214|Nov-Jan| 2017 

 

213 

 

XXXIV. K. Siddappa, T. Reddy, M. Mallikarjun, and C. V. Reddy, E-Journal of Chemistry,  

   2008, 5(1), 155. 

XXXV. N. C. Desai, P. N. Shihora, and D. L. Moradia, Indian Journal of Chemistry, 2007,  

  46(3), 550. 

XXXVI. R. Suthakaran, S. Kavimani, P. Venkaiaiah, and K. Suganthi, Rasayan Journal of  

Chemistry, 2008, 1, 22. 

XXXVII. S. Jantov´a, ˇS. Stankovsk´y, and K. Spirkov´a, Biologia, 2004, 59(6), 741. 

XXXVIII. J. A. Patel, B. D. Mistry, and K. R. Desai, E-Journal of Chemistry, 2006, 3(2), 97. 

XXXIX. A. K. Adnan J Saudi Chem Soc, 2011, 15, 95. 

XL. Ahmed M. Alafeefy, Adel S. El-Azab, Menshawy A. Mohamed, Mohamed Afroz  

Bakhat, S.G. Abdel-Hamid J Saudi Chem Soc, 2011, 15, 319. 

XLI. P. M. Chandrika, T. Yakaiah, G. Gayatri, K. P. Kumar, B. Narsaiah, U.S.N. Murthy,  

A. R. R. Rao Eur J Med Chem 2010, 45, 78. 

XLII. A. Kumar, P. Sharma, P. Kumari and B. Lal Kalal Bioorg Med Chem Lett 2011, 21,  

4353. 

XLIII. R. Rondla, P. R. Muralidhar, S. Kanne and H. Anren and R. Vadde, Eur J Med Chem,  

2010, 45, 1200. 

XLIV. G. Gaurav, G. K. Suvarna Eur J MedChem 2006, 41, 256. 

XLV. A. M. A. Fatmah, A. A. Laila, N. N. Mahmoud Bioorg & Med Chem 2010, 18, 2849. 

XLVI. J. Qing-Gang, Y. Dan , D. Qiao ,G. Zhi-Qiang , Y. Lv-Jiang Med Chem Res 2014,  

23(5), 2169. 

XLVII. S.V.H. Kurt, N. B. Whittney, F. Renee, N. S. Lindsey, and M. Roman J Med Chem, 

2014, 57 (7), 3075. 

XLVIII. W. Xiang,L. Pei, L. Zhining, Y. Juan, H. Ming, X. Wei, C. Zhiwei, and S. Baoan J  

Agric Food Chem 2013, 61 (40), 9575. 

XLIX. G.-F. Xu, B.-A. Song, P. S. Bhadury et al., Bioorganic and Medicinal Chemistry,   

2007, 15(11), 3768. 

L. J.´I Kune, B. Jaroslav, M. Pour, K. Waisser, M. Ios´arek, and J. Janota, Farmaco,  

2000, 55(11-12), 725. 

LI. K. S. Kumar, S. Ganguly, R. Veerasamy, and E. De Clercq, European Journal of  

Medicinal Chemistry, 2010, 45(11), 5474. 

LII. M. Schleiss, J. Eickhoff, S. Auerochs et al., Antiviral Research, 2008, 79, 49. 

LIII. S. N. Pandeya, D. Sriram, G. Nath, and E. de Clercq, Pharmaceutica Acta Helvetiae,  

1999, 74, 11. 

LIV. L. M. Werbel and M. J. Degnan, Journal of Medicinal Chemistry, 1987, 30(11), 2151. 

LV. Y. Kabri, N. Azas, A. Dum`etre et al., European Journal ofMedicinal Chemistry,  

2010, 45(2), 616. 

LVI. S. Madapa, Z. Tusi, A. Mishra et al., Bioorganic and Medicinal Chemistry, 2009, 17,  

222. 

LVII. M. Mitali, K. M.Vikash, S. Parul, K. P. Anupam, K. K. Sushil Med Chem Res 2014,  

23 (3), 1397. 

LVIII. S. Madapa, Z. Tusi, A. Mishra, K. Srivastava, S. K. Pandey, R.Tripathi, S. K. Puri, S.  

Batra Bioorg & Med Chem 2009, 17, 222. 

LIX. A. Mishra, K. Srivastava, R. Tripathi, S.K. Puri, S. Batra Eur J Med Chem 2009, 44,  

4404. 

LX. K.Youssef, A. Nadine, D. Aure´ lien, H. Se´ bastien, L. Miche` le, V. Pierre, G.  

Armand, V. Patrice Eur J Med Chem 2010, 45, 616. 

LXI. C. Caroline, A. Nadine, V. Pierre, H. Sébastien, G. Philippe, D. Aurélien, M. Litaty,  



 

 

M. Chand et al. / Heterocyclic Letters Vol. 7| No.1|201-214|Nov-Jan| 2017 

 

214 

 

L. Michèle, R. Vincent, S. France, R. Sylvain, R. Pascal, V. Patrice Eur J Med Chem 

2011, 46, 4184. 

LXII. P. Verhaeghe, A. Dumètre, C. Castera-Ducros, S. Hutter, M. Laget,C. Fersing, M.  

Prieri , J. Yzombard , F. Sifredi , S. Rault , P. Rathelot, P. Vanelle, N. Azas Bioorg & 

Med Chem Lett 2011, 21, 6003. 

LXIII. P. Verhaeghe, N. Azas, S. Hutter, C. Castera-Ducros, M. Laget, A. Dumètre, M.  

Gasquet, J-P Reboul, S. Rault, P. Rathelot, P. Vanelle Bioorg & Med Chem 2009, 17, 

4313. 

LXIV. P. Verhaeghe, N. Azas, M. Gasquet, S. Hutter, C. Ducros, M. Laget, S. Rault, P.  

Rathelota and P. Vanellea Bioorg & Med Chem Lett 2008, 18, 396. 

LXV. G. Saravanan, V. Alagarsamy, P. D. Kumar Arch Phar Res DOI 10.1007/s12272-013-

0262-8. 

 

Received on January 16, 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


