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development attentive on the synthesis, characterization and biological
evaluation of some new substituted isoxazoles as potential drugs
against various pathological diseases. The present review focuses on
the methods preparation, molecular spectroscopy and biological
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5530049, India. heteroatoms, oxygen and nitrogen in adjacent positions. Isoxazoline or

Isoxazole is a m-excessive five membered ring containing two different

dihydro isoxazole, like other cyclic systems, show cis-trans isomerism.
Four stereoisomers are possible for isoxazolines. These are the two cisand two trans forms. A
lot of modifications have been done during the last few years on 2-isoxazoline (1) nucleus
and these 2-isoxazoline derivatives have been studied extensively for their chemical and

biological activities.
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GENERAL METHODS OF SYNTHESIS
1. Treatment of allylic esters such as allyl benzolate, allyl phenyl acetate, 1,4-bis (aroyloxy)-
2-butenes with NOBF, in CH3CN at —23°C gives 2-isoxazolines' and substituted 2-

isoxazoline derivatives depending upon allyl esters (Scheme 1).
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Scheme 1

2. Treatment of aldoximes with N-tert-butyl-N-chlorocyanamide gives hydroximoyl
chlorides in quantitative yields in less than a mnute, which on Heisgen’s dehydro
halogenation in the presence of triethyl amine gives, the corresponding nitrile oxides. The

nitrile oxides gives 2-isoxazolines!?®! in excellent yields under mild conditions (Scheme

2.
NOH
f— —_— —> p— f—
R H + s ol in<imn RO T CTS N
CH3 CH3

Et3N, r.t., 15-30min
N-phenyl maleimide

o) Ph
N
0
R—\
N—O

Scheme 2

1. Stereospecific synthesis of 4,5-dihydro isoxazoles!

A simple and new method for the stereo specific synthesis of 3,5-disubstituted-4,5-dihydro
isoxazoles was reported from readily available oximes of chiral Michael adducts of
thiophenol to chalcones. The key step is the ring-clousre reaction, which occurs by stereo

specific intramolecular nucleophilic substitution of thiophenoxide (Scheme 3).
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3. 1,3-dipolar cycloaddition of halogen oximes to an excess of butadiene in the presence

of sodium bicarbonate to yield A%-isoxazoles® (Scheme 4).

R

R-C=NOH — NaHCO
= =3 » /A
X + “—  Ch,coom IJQ\/

X=Br,ClI
R=Br,Me,MeCO

Scheme 4

THERAPEUTIC POTENTIAL OF 2-ISOXAZOLINES

A highly appreciable number of five membered heterocylces, containing nitrogen and oxygen
atoms, obtained by laboratory synthesis have turned out to be potential chemotherapeutic and
pharmacotherapeutic agents. Various useful synthetic analogs with improved therapeutic
properties can be obtained from a single lead compound by structural modifications. The
same principle is applicable to the group of 2-isoxazoline. A survey of literature revealed that
2-isoxazoline derivatives possess different types of potential biological activities that include
antimicrobial, anti-inflammatory , factor Xa inhibitory, fibrinogen receptor and glycoprotein
IIb/3a receptor antagonistic, anticancer, anti HIV, caspase inhibitory and antidepressant
activity. Given below is a brief account of various modifications reported on 2-isoxazoline

nucleus, which showed a variety of biological activities.

Antimicrobial activity

Dighade et all® synthesized some new  3-(2-hydroxy-5-methylphenyl)-4-aroyl-5-aryl
Isoxazolines (2,3) and subjected them for antimicrobial activity against E. coli, S. aureus, P.
vulgaris, C. guillermondii, C. albicans, C. tropicalis and C. crusei. Compounds with R=CgHs
and R= m-NO,CgH; showed highest activity against bacteria and fungi respectively. Other

compounds were moderately active.

WWW.Wipr.net Vol 5, Issue 10, 2016. 191



Raju et al. World Journal of Pharmaceutical Research
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\O R (3) R= m-N02 C6H5

Various 2-isoxazolines with many substituents are reported by Kaur et al.l’l These
compounds showed significant fungicidal activity against Dreschslera tetramera, Alternaria
alternata and Fusarium oxyporum. Naik et al.B! reported some substituted isoxazolines
having good inhibitory activity against E. coli and S. aureus. Some 3,5-diaryl Isoxazolines
were prepared by Tayde and Jamode!®!, which showed good activity against S. aureus and

Salmonella typhi. This activity was clearly enhanced by the presence of methoxy group.

Kedar et all*® prepared novel isoxazolines and screened them for antibacterial activity
against K. pneumoniae, E. coli, S. aureus, P. mirabilis, S. dysenteriae and S. typhi. The
compound (4) obtained from 2-hydroxy-5-chloro-4-(dimethylamino) chalcone showed

maximum activity.

4)

Some 3-methy-4-(2'-triazoloanilido)-5-aryl isoxazolines are reported as good antimicrobials
by Vikani et al.®Y The substituted compounds, such as 3-methyl-4-substituted anilido-5-aryl
isoxazolines have been reported as fungicides by Tiwari et al.?! All the compounds showed
remarkably good activity against Cephalosporium sacchari and Helminthosporium oryzae.
The compounds also showed remarkable antifungal activity against two species of aquatic
fungi viz. Saprolegnia parasitica and Achlya orion responsible for fish mycoses. Barot!**] has
also reported synthesis of some isoxazolines using 2-hydroxy chalcones having antimicrobial
activity. Many  3-(2'-hydroxy-3'-bromo/nitro-5'-methyl-phen-1'-yl)-5-aryl  isoxazolines as
antibacterial have been reported by Desai et al.l'*] These comounds were not as effective as
tetracycline or gentamycin against E. coli and S. aureus. Some 2-isoxazolines as

antimicrobials have also been reported by Shinde et al.*®!, Barot et al.*®! and Otsuji et al.t”!
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Rangappa et al.l*®l synthesized some new C-(anthranyl and biphenyl)-5-substituted-&2-
isoxazolines and evaluated for their antimicrobial activity against different stains such as B.
subtilis, E .coli, P. fluorescens, X. campestis pus, X. oryzae, A .niger, A. flavus, F. oxysporum,
Trichoderma species and F. monaliforme. Some of the compounds showed significant
inhibitory  activity. Nyati et al.l'® prepared some new 3-benzimidazolyl -5-aryl-2-
isoxazolines using microwave irradiation from corresponding chalcones and hydroxylamine
hydrochloride in presence of pyridine. Synthesized isoxazolines were screened for their

antimicrobial activity and some of the compounds showed activity.

Singhal et al.?%! sythesized some new 3-(4’ —(4"" —nitrophenoxy)-phenyl)-5-substituted penyl-
2-isoxazolines and reported as antibacterial and herbicidal. Vashi et al.l?!l reported the
synthesis and antibacterial activity of some 3-(2-hydroxy-3-chloro-5-ethyl phenyl)-5-aryl-2-
isoxazolines. All these compounds exhibited mild to moderate antibacterial activity against S.
aureus and E. coli. Gahlot et al.l?? synthesized some new 3-(3',5'-dibromo/diiodo-4'-hydroxy
substituted phenyl)-5-substituted phenyl-2-isoxazolines. Some of these Isoxazolines were

found to exhibit excellent antibacterial activity.

Agarkar et al.[?®] synthesized some 3-(2’-hydroxy-3-chloro-5-hydroxy methyl phenyl)-5-aryl-
2-isoxazolines and screened them for their antibacterial activities of which some are found to
have remarkable activity. Rangappa et al.’*! reported solution phase synthesis and antifungal
activities of novel 3-(2-butyl-4-chloro-1H-imidazolyl)-substituted & 2-isoxazolines (5). The

synthesized compounds represent a novel class of potent antifungal agents.

R
H %
N —N
Bu—< /
N
Cl

(5) R= Cyano, Ph, COOPh, COOEt, CH,COOMe, CH,OH, COOMe
4.2. Anti-inflammatory activity

Khan and Bawal?®! synthesized 5-substituted 3-(7'—hydroxy-2H-1-benzopyran-2’-one-8'-yi)
isoxazolines as good antiinflammatory agents. Compound (6) and compound (7) showed very

good anti-inflammatory activity.
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(6) R= 4'-OCH3CgHa
(7) R= 3', 4'- (OCH3)2 C6H4

Prednisolone derivatives with an isoxazoline fusion at the 16- and 17-carbons and an alkyl
carboxylate at 16o.-position as new steroidal anti-inflammatory agents with improved activity
has been reported by Lee et al.?®! Shivkumar and Nargund®’! reported the synthesis of
various  3-(4'-fluorophenyl)-5-substituted  phenyl isoxazolines having moderate  anti-
inflammatory activity. Some isoxazoline derivatives showing good anti-inflammatory activity
and useful in the treatment of AIDS, asthama, arthritis, bronchitis, chronic obstructive
pulmonary disease, psoriasis, allergic rhinitis and other inflammatory conditions have been

reported by Kleninman et al.’?®!

Rangappa et al.”°! synthesized some novel & 2-isoxazolines (8) and these, when subjected to
phospholipase A2 (PLA2) enzyme inhibitory activity against snake venom source, exerted a
significant activity against group Il PLA2. These isoxazolines showed comparable in vivo

anti-inflammatory activity against the standard ursolic acid.

(@ | =Nl

Factor Xa Inhibitors
Thrombosis is a major cause of mortality in the world. Therefore prevention of blood
coagulation has become a major target for new therapeutic agents. One attractive approach is

the inhibition of factor Xa, the enzyme directly responsible for prothrombin activation. A
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series of benzamidine isoxazoline derivatives were evaluated for their inhibitory potency
against purified human factor Xa for their antithrombotic activity by Wong et al.*%! Similarly
3,4,5-trisubstituted isoxazolines were evaluated by Pruitt et al.B! for their antithrombotic
activity. Quan et al.P%34 synthesized isoxazoline derivatives as factor Xa inhibitors. These

compounds showed good selectivity for factor Xa compared to thrombin and trypsin.

Fibrinogen receptor and Glycoprotein 11b/3a (GP 11b/3a) receptor antagonists

A lot of work has been carried out to discover and develop fibrinogen receptor and
glycoprotein 1lb/3a receptor antagonists, which can be used safely for the treatment of
thromboembolic disorders. Smalheer et al.®®! have prepared isoxazoline derivatives which
have ICso of <60 uM against platelet aggregation. In another report compound (9) has been

reported™®! to inhibit aggregation of human platelets in vitro using a variety of agonists with

IC 50 0f <10 },lM.
0

N COOH
©)

Wityak et al.B738] prepared novel isoxazolines as fibrinogen receptor antagonists with good
potential for treating rheumatoid arthritis, asthma, allergies, organ transplantation rejection,
septic shock, psoriasis, contact dermatitis, osteoarthritis, tumour metastatis, diabetic
retinopathy and inflammatory conditions. GP 1lIb/3a receptor antagonist XR-299, a 3,5-
disubstituted isoxazoline, was investigated®®! as potential inhibitor of platelet aggregation and
platelet adhesion. An o-sulfonamide isoxazoline analog, DMP-802, a novel oral antiplatelet
agent with high affinity, relatively slow dissociation rate and specificity for human platelet
GP 11b/3a receptor has been reported by Mousa and coworkers.1*%*11 Xue et al.*? have also
reported an orally active series of isoxazoline GP Ilb/3a antagonists. Compound (10) in this
series showed maximum activity. Orally active isoxazoline GP 1lb/3a antagonists with
extended duration of action have been reported by Olson et al.”) Olson et al**! also reported
the synthesis of some isoxazolinyl acetamides as potent GP Ilb/3a antagonists and also
established the structure activity relationships leading to the identification of orally active

antiplatelet agents with extended duration of action.
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NH

/
N COOH

NHCOOBuU
(10)

Anticancer activity

Isoxazoline compounds as inhibitors of tumour necrosis factor (TNF) release, which are
useful in the treatment or alleviation of inflammatory conditions or diseases, tuberculosis,
graft Vs. host disease and Cachexia asociaed with AIDS or cancer have been reported by

Cohan and Kleinman.[*5*61 Compound (11) showed very good activity in this regard.

HzCO

O
© 7
N NHOH
@)

(11)

A new type of cyclolignan with an isoxazoline ring fused to hecyclolignan core were
prepared by Del coral et al.*l and these compounds showed good cytotoxic activity. Simoni
et al.l’® studied the effect of several newly synthesized isoxazoline analogs of retinoids on
induction of terminal differentiation and in vitro growth of tumor cell lines. Some of the
tested compounds exhibited (a) ability to induce adipogenic conversion of Ha-ras-1
transformed FHOG6T1-1 Chinese hamster fibroblasts (b) antiproliferative activity towards
tumour cell lines, including the erythroleukemic K-562 and FL-cell lines and the FHO6T1-1
cell lines. This data could be of interest in identifying drugs of possible application in

experimental anticancer therapy.

Caspase inhibitors
Kim et al.®! and Park et al.% have reported isoxazoline derivatives as caspase inhibitors for
pharmaceutical use. According to this invention, these isoxazoline derivatives can be used for

the treatment of diseases related to caspase, such as, diseases in which cells are abnormally
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died, dementia, cerebral stroke, AIDS, diabetes, gastric ulcer, hepatic injury by hepatitis,

sepsis, organ transplantation rejection reaction and inflammation.

AntiHIV activity

Srivastava et al.PY synthesized several compounds belonging to 2-isoxazolines with
spermicidal and antiHIV activity. Most of these compounds exhibited moderate antiHIV
activity. 2-isoxazoline derivatives similar to compound 12 have been prepared by Murai et
al.P% as antiHIV agents. They have also reported that these compounds can also serve as
intermediates for preparing medicines such as retrovirus protease inhibitors including human

immuno deficiency virus (HIV) protease inhibitors.

Ph

0 Ph
NHCOOC(CHs)s

(12)

Synthesis and HIV-1 protease inhibiting activity of 2-isoxazoline derivatives has also been
reported by Chung et al.®! These synthetic compounds were evaluated in vitro for the HIV-1
protease inhibition, but inhibitory activity of these compounds was not high enough to be
compared with known potent inhibitors. Compound (13) had the best inhibitory activity
among them. Biological tests have revealed moderate antiHIV activity for compound (14)

that belongs to the class of isoxazoline nucleoside.®*!

OH
PhCH,0,C-L-val-NH Ph
/
O—N
Ph
(13)
HO B
ke
N—O

(14) B= Purine /Pyrimidine base
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Miscellaneous activities
Andres Gil et al.P®! have reported preparation of substituted isoxazolines as antidepressants.
Compound (15) has shown serotonin (5-HT) reuptake inhibitory activity in combination with

additional o.o-adrenoceptor antagonist activity and showed a strong antidepressant activity

H;CO l}l—‘o [ )
Pechtan
)

HsCO

without being sedative.

(15)

Preparation of isoxazoline derivatives as antinelmintic and nematocide is reported by
Chalquest et al.*®! The compounds prepared are said to be used in conjunction with other
nematocides, such as free fatty acids, fatty acids salts, avermectins and milbemycin. De
Amici et al.P”! have reported synthesis and structure activity relationship for a set of new
isoxazolines having antimuscarinic activity. The new derivatives were tested in vitro for
antimuscarinic activity. Most of the derivatives under study behaved as highly potent non-

selective muscarinic anagonists.

Synthesis of vasodilating, antithrombotic and cardioprotective activity of pyridyl substituted
5-silyl (germyl)-isoxazolines was reported by Lukevics et al.P®l The most active compound
of this series, 3-(5-triethylgermyl-3-isoxazolinyl) pyridine hydrochloride, protects the heart
from rhythm disturbances and lethality during ischemia reperfusion. Prepartion of 3-(4-
hydroxy-3,5-dibutylphenyl)-2-isoxazolines as  noncyclooxygenase inhibiting — antirheumaics
has been reported by Schwad et al.P®' Compound (16) gave 85% inhibition of adjuvant
induced swelling in rats. Dirnens et al.®® synthesized some silyl 2-isoxazolines, the
pharmacological properties including anti-amnesic and memory-stimulating activity of 4-(5-

trimethylsilyl-4,5-dihydroisoxazol-3-yl) pyridinium chloride have been studied.

C(CHs)3
HO,
OH
(CH3)3C N/\ CH,
O
(16)
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Therapeutically important drugs®®? containing isoxazole or isoxazoline moiety along

with their structures are given below

DRUG ACTIVITY
Danazol (17) Anabolic and androgenic activity
Sulfisoxazole (18) Anti-bacterial
Sulfisoxazole acetyl (19) Anti-bacterial
Sulfisoxazole diolamine (20) | Anti-bacterial
Oxacillin (21) Antibiotic
Cloxacillin Sodium (22) Antibiotic
Dicloxacillin Sodium (23) Antibiotic
Avicin (24) Antineoplastic antibiotic
Cycloserine (25) Anti-tubercular antibiotic
Zonisamide (26) Anticonvulsant
Risperidone (27) Hallucinogenic activity
Parecoxib (28) Rheumatoid arthritis
Valdecoxib (29) Rheumatoid arthritis

OH NH, CH,

cl
— g E CH3 CH3
\ /7 I T~ CH, CHs
N\OJ\ CHso%N COOH OLCH . COOH
(22) (23)
]—CHCOOH ©['/
SO,NH,
(23) (25) (26)
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| HsC>CHNOL,S

0
N
Cflm
SN CH;,

H,NO,S

(27) (28)

(29)

REFERENCES

1. Takeuchi, H., Hariwara, S.and Eguchi, S., Tetrahedron., 1989; 45: 6375.

2. Takeuchi, H., Yanagida, S., Tooru, O., Hagiwara, S., and Eguchi, S., J. Org. Chem.,
1989; 54: 431.

3. Shafi, P. M. and Sobha., T. D. Indian. J. Chem., 1999; 38B: 378.

4. Pankaj K Naithani.,, Vijai K., Srivastava and Barthwal J. P. Indian. J. Chem., 1989; 28B:
990.

5. Maruthi Kumar, T.V. and Hanumantha Rao, P., Indian. J. Chem., 2005; 44B: 1497.

6. Ganapathi Plackal, M., Devagia P. and Mohammed Shafi., Indian. J. Chem., 1981; 20B:
657.

7. Radadia, V. R., Purohit, D. M. and Patolia, V. N., J. Int. Chemists, 2006; 78(1): 14.

8. De, Biplab., Gupta, Jayanta Kumar. and Saravanan, Venkatapuram Sampath., Acta
Pharmaceutica, 2005; 55(3): 287.

9. Basavaraj, H. S., Sreenivasa, G. M., Jayachandran, E., Nargund, L. V. G. and Rao.,
Indian J. Chem, 2005; 15(1): 69.

10. De, B., Marbaniang, E. M., Kalita, R., Debnath, M., Das, M. C. et al., J. Int. Chemists,
2005; 77(1): 20.

11. Ding, Mingwu, Liu, Zhasojie. and Sun, Yong., Faming Zhunli Shenging Gongkai
Shuomingshu Appl, 2004. No. CN 1496988, CAN 143:78184.

12. Sun, Yong. and Domg, Mingwu. Peop. Rep. China Nongyao, 2004; 43(1): 30.

WWW.Wipr.net Vol 5, Issue 10, 2016. 200



Raju et al. World Journal of Pharmaceutical Research

13.

14.

15.
16.

17.

18.
19.

20.

21.

22.
23.

24.

25.
26.

217.

28.
29.

30.
31.
32.
33.
34.

Xu, Zhifeng. and Ding, Mingwu. Peop. Rep. China. Yingyong Huaxue, 2003; 20(10):
951.

Patel, Satyen P., Joshi, Ashutosh M.., Hirapara, Ketan V. and Parekhm Hansa H. Orient.
J. Chem., 2003; 19(2): 435.

Desai, J. M. and Shah, V. H. Indian J. Chem, 2003; 42B(3): 631.

Whittingham, William G., Mound, W. Roderick, Russel, Sally E. and Pilkington.,
Synthesis and Chemistry of Agrochemicals VI, 2002; 314.

Shah, M. D., Desai, N. C., Awasthi, Keshav K. and Saxena, Anil K. Indian J. Chem,
2001; 40B(3): 201.

Sharma, G. V. S Rama. and Reddy, V.Malla. J. Int. Chemists, 2000; 72(3): 106.
Prabhavat, Manou D., Vyaswahare, A. R. and Ghiyas, B. J. Asian J. chem, 1999; 11(4):
1123.

Desal, R. M., Desai, J. M. and Shash, V. H. Indian J. Heterocyclic Chem, 8(4), 329,
(1999).

Pilkington, Brian Lesile., Russell, Sally Elizabeth., Whittle, Alan John. and Mound, Brit.
UK Par. Appl. 42pp, (1999) Appl. No. GB 1998-16113, CAN: 131:44817.

Purohit, D. M. and shah, V. H. Indian J. Het. Chem, 1999; 8(3): 213.

Kice-Kononowicz, Katarzyan., Szymanska, E., Motyl. M., Holzer, W., Biaslecka, A. and
Kasprowicz. A. Pol. Phasrmazie, 1998; 53(10): 680.

Ding, Ming-Wu., Tu, Hai-yang, Liu, Zhao-Jie. and Zhuang, Nong-Bo., Peop. Rep. China.
Gaodeng Xuexiao Huaxue Xuebao, 1998; 19(6): 895.

Sharma, G. V. S Rama. and Reddy, V. Malla. Indian J. Pharm. Sci., 1997; 59(5): 236.
Shah, N. S., Kagathara, Preeti., Thakrar, V. H. and Parikh, A. R. J. Int. Chemists, 1997;
69(2): 63.

Patil, Renukadevi., Biradar, J. S., Hiremath, S. P. and Manjunath S. Y. Indian J. Het.
Chem., 1997; 6(4): 277.

Sharma, G. V. S Rama., Reddy, V. Malla and Suresh, B. Indian Drugs., 1997; 34(1): 17.
Joshi, Nailesh., Bapodra, Atul. and Parekh, Hansa. J. Indian Chem. Soc., 1996; 72(12):
700.

Purohit, D. M. and Shah, V. H. Het. Comm., 1996; 3(2): 139.

Vashi, B. S., Mehta, D. S. and Shah V. H. Indian J. Pharm. Sci., 1995; 57(5): 212.

Singh, Saraswati., Dave, Utpal. and Parikh, A. R. J. Indian Chem. Soc., 1994; 71(3): 159.
Joshi, Nailesh., Bapoodras, Atul. and Parekh, Hansa. Indian J. Chem., 1994; 33B(7): 662.
Trivedi, B. H. and Shah, V. H. Indian J. Pharm. Sci., 1992; 54(3): 119.

WWW.Wipr.net Vol 5, Issue 10, 2016. 201



Raju et al. World Journal of Pharmaceutical Research

35.

36.

37.

38.

39.

40.

41.

42.

43.
44,

45.

46.

47.

48.

49.

50.

ol.

92.
53.

Kadry, Azza M., Abd El Al, Eetedal H., Abdel-Fattah and Hanan, A. Bull. Faculty of
Pharmacy., 1991; 29(3): 21.

Aziz, Mahfouz A, Abdel., Riad, Bahia Y. and Shalaby, A. M., Archieves of Pharmacol.
Research, 12(1), 12 (1989).

Dave, A. M., Bhatt, K. N., Undasvia, N. K. and Trivedi, P. B. J. Indian Chem. Soc., 1988;
65(4): 294.

Dave, A. M., Bhatt, K. N., Undasvia, N. K. and Trivedi, P. B. J. Indian Chem. Soc.,
1987; 64(6): 348.

El-Sharief, A. M. S. and Harb, A. A. Indian J. Chem, 1982; 21B(5): 449.

Snyder, Harry R. Jr. and Freedman, Raymond. J. Med. Chem, 1975; 18(5): 524.

Patel, Satyen P., Joshi, Ashutosh M., Hirapara, Ketan V. and Paresh, Hansa H. Orient. J.
Chem., 2003; 19(2): 435.

Zohar, Yehudit., Einav, Monica., Chipman, David M. and Barak, Ze’ev. Biochimica et
Biophysica Acta, Proteins and Proteomics., 2003; 1649(1): 97.

Vashi, B. S., Mehta, D. S. and Shah, V. H. Indian J. Chem., 1995; 34B(9): 802.

Kalluraya, B., Gunaga P., Banji D. and Isloor, A.M. Bollettino Chimico Farmaceutico.,
2001; 140(6): 428.

Kalluraya, B., Isloor, A. M., Rao, M. and Shetty, D. P. Indian J. Het. Chem., 2001; 11(2):
155.

Doebel, Karl J. and Gruenfeld, Norbert. (Geigy, J.R.A.-G). Ger. Offen. 1970; 14. Appl.
No. 69-1965320, CAN: 73:56096.

Pesterfield, Enos C. (Geigy, J.R.A.-G). Ger. Offen, 1969; 14 pp. Appl, No. DE 1813181,
CAN: 72:21687.

Bousquet, E., Romeo, G., Santagati, N. A., Lancetta, T., Caruso, A., Leone, V. and
Felice, A. Farmaco., 1989; 44(9): 851.

Lautenschlaeger, Hans Heiner., Betzing, Hans., Stoll, Brigitte. and Probst, Manfred. Ger.
Offen, 1981; 24. Appl No. DE 79-2950478, CAN: 95:115552.

Kuchar, M., Brunova, B., Grimova, J., Holubek, J. and Nemecek, O. Cesko-Slovenska
Farmacie, 1975; 24(7): 287.

Tanaka, Michio., Obata, Masayoshi.,, Otsuka, Katsuyuki, Kano, Sadaaki. and Kumada,
Teru. Ger. Offen. 1974; 11. Appl No. 73-2361145, CAN: 81:105509.

Gupta, J. K., De, B. and Saravanan, V. S. Indian J. Pharm. Sci., 2005; 67(3): 373.

Irvine, John L. (Colgate-Palmolive Co., USA). 4, Appl. No. US 74-475049 CAN, 1975;
83: 17906.

WWW.Wipr.net Vol 5, Issue 10, 2016. 202



Raju et al. World Journal of Pharmaceutical Research

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Sonbol. Ridha H. J. Saudi Chem. Soc., 2003; 7(3): 315-6,

Solankee, A., Kapadia, K., Upadhyay, K. and Patel, J. Orient. J. Chem., 2001; 17(2): 315.
Prabhavat, Manoj D. Asian J. Chem, 2001; 13(1): 226.

Joshi, Hashmukh, Upadhyay, Paresh, Karia, Denish. and Baxi, A. J. Eur. J. Med. Chem.,
2003; 38(9): 837.

Upadhyay, P. S., joshi, H. D., Baxi, A. J. and Parikh, A. R. Indian J. Het. Chem., 1991;
1(2): 71.

Upadhyay, Paresh, Pandya, Ajay and Parekh, Hansa. J. Indian Chem. Soc., 1991; 68(5):
296.

Boswell, George A., Delucca, Indawati. and Quan, Mimi L. (du Pont de Nemours, E.I.,
and Co., USA), 31pp (1996) Appl. No. 1993-128784, CA No. 125: 86642.

Quan, Mimi L., Delucca, Boswell, George A. and Chiu, Andrew T., Bioorg. Med. Chem.
Lett., 1994; 4(12): 1527.

Boswell, George Albert., Delucca, Indawati. and Quan, Mimi L: (du Pont de Nemurous,
E.l,, and Co., USA). PCT Int. Appl. (1993) WO 9304046; CAN: 119:72605.

Kameda, K., Ono, S. and Aboko, Y. Arzneim. Forsch. Drug Res., 1982; 32: 39.

Annual Drug Data Report, 1992; 14: 995.

Joans, J. C., Garcia-Banado, M. J., Angel, I. and Henquin, J. C. Eur. J. Pharmacol, 1994;
264: 81.

Berridge, T. L., Doxey, J. C., Roach, A. G. and Smith. Eur. J. Pharmacol, 1992; 213:
205.

67. Ostenson, C. G., Cattaneo, A. G., Doxey, J. C. and Efendic, S. Am. J. Physiol, 1989;
257: E439.

68. Chan, S. L. F. Clin. Sci., 1993; 85: 671.

69. Rondu, F., Le Behin, G., Wang, X., Lamouri, A. et al. J. Med. Chem., 1997; 40: 3793.
70. Le Bihan, G., Rondu, F., Pele-Toumarin, A., Wand, X. et al. J. Med. Chem., 1999; 42:
1587.

71. Crane, L., Anastassiadou, M., El Hage, S., Luc Stigliani, J. et al. Bioorg. Med. Chem.,
2006; 14: 74109.

72. Anastassiadou, M., Danoun, S., Crane, L., Baziard-Mouysset, G. et al. Bioorg. Med.
Chem., 2001, 9: 585.

Nasithani, Pankaj K., Srivastava, Vijai K., Barthwal, J. P., Saxena, Anil K., Gupta, T. K.
and Shanker, K. Indian J. Chem., 1989; 28B(11): 990.

WWW.Wipr.net Vol 5, Issue 10, 2016. 203



Raju et al. World Journal of Pharmaceutical Research

74.

75.

76.
77.

78.

79.

80.

81.
82.

83.

84.

85.

86.

Fey, Peter, Angerbaur, Rolf., Huesch, Walter, Bischoff, Hilmar. and Petzinna, dieter,
Thomas, (Bayer A.-G., Fed. Rep. Ger.). Eur. Pat. Appl., Appl. No. EP 334014 A2, CAN.
1989; 112: 216928.

Schnettler, Richard A., Dage, Richard C. and Palopoli, Frank P. J. Med. Chem., 1986;
29(5): 860.

Kulkarni, Y. D. and Kumar, Basant, Indian Drugs., 1983; 20(11): 452.

Burger, A. Burger’s Medicinal Chemistry and Drug Discovery, John Wiley publications
Inc. volume 2-6, 5" Edition, 1995.

William, O. Foye., Lemke, T. L. and William David. Principles of Medicinal Chemistry,
B. I. Waverly pvt. Ltd, publishers, 4 edition, 1995.

Hashmukh Joshi., Paresh Upadhyay., Denish Karia. and Baxi, A. J. Eur. Med. Chem.,
2003; 38: 837.

Hooshang Hamidian, Ahmad Momeni Tikdari and Hojatollah Khabazzadeh, Molecules.,
2006; 11: 377.

Crawford, M. and Little, W. T. J. Chem. Soc., 1959; 729.

Seshiah. V. and Ganeshan, V.S. Handbook on Diabetes mellitus., 1st edition, 1977; 1-21:
119.

King, H., Albert, RE. and Herman, W.H., Global burden of diabetes, 1995-2025-
prevalence, numerical estimates and projections; Diabetes care., 1998; 21: 1414.

Murthy, B. K., Nammi, S., Kota, M. K., Rao, R. V. K., Rao, N. K. and Annapurna, A. J.
Ethnopharmacol, 2004; 91: 95.

Singh, F. V., Joshi, M. D., Srivatsava, A. K. and Goel, A. Bioorg. Med. Chem. Lett.,
2007; 17(9): 2425.

Trinder, P. J. Clin. Pathol., 1969; 22: 158.

WWW.Wipr.net Vol 5, Issue 10, 2016. 204



