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ABSTRACT

The present paper describes studies on the synthesis of 3,5-substituted imidazolidine-2,4-dione via Mannich reaction
between various secondary amines and hydantoin derivatives. For all compounds NOE (Nuclear Overhauser Effect)
NMR spectra were deliberate in order to confirm additionally the position of the substituent in the imidazolidine-
2,4-dione ring. Some physiochemical and el ectronic properties of the compounds were determined in order to found
the resemblance between the synthesized and reference compounds. All the compounds were also characterized by
3C NMR, FT-IR and LC/MS mass spectrum. All the newly synthesized compounds were screened for their in vitro
antimicrobial activity and many of them found to show similar activity to the standard drug with different
mi Croorganisms.

Keywords. Hydantoin; Secondary Amines; Mannich Reaction;ifitrobial Studies.

INTRODUCTION

A hydantoin (imidazolidine-2,4-dione) skeleton[1§ &an important structural motif found in a numbdr o
pharmaceutically active compounds,[2] such as pioémyand fosphenytoin which are in practical use tloe
treatment of epilepsy. In addition, substituted dntdins act as valuable intermediates for the sgithof
enantiomerically pureamino acids through dynamieitc resolution using hydantoinase biocatalysjsifgerefore,
the development of efficient methods for rapid d¢nrgion of hydantoin skeletons from simple andxjpensive
starting materials is highly desired. The hydantmircleus [4] has many pharmacological effectsliarfdund in
several clinically important medicines (e.g., mlmide, [5] phenytoin[6] ). Hydantoins also serve wseful
intermediates for the preparation of non-naturainanacids via chemicall or enzymatic hydrolysis Qf] existing
methods to hydantoins,[4,8] the Bucherer—Bergs ti@acprovides perhaps the best method for their
preparation.[9,10]

The Mannich reaction is an organic reaction whichsists of an amino alkylation of an acidic propbaiced next to
a carbonyl functional group with formaldehyde anth@onia or any primary or secondary amine. The firatluct
is a B-amino-carbonyl compound also known as a Mannicgteb&eactions between aldimines anchethylene
carbonyls are also considered Mannich reactionaussvthese imines form between amines and aldehytes
Mannich reaction is an example of nucleophilic &ddiofvan amine to a carbonyl group followed bygeration
to the Schiff base. The Schiff base is an elecitepthich reacts in the second step in a nucleapaddition with a
compound containing an acidic proton. The Manniehction is alsoconsidered a condensation reacfibe.
Mannich reaction is employed in the organic synthex natural compounds such as peptides, nuckstid
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antibiotics, and alkaloids (e.g. tropinone). Othpplications are in agro chemicals such as plaowir regulators,
paint and polymer chemistry,catalysts and crodsiimn The Mannich reaction is also used in the lsgsis of
medicinal compounds e.g. rolitetracycline (Mannbzse of tetracycline), fluoxetine (antidepressant) tolmetin
(anti-inflammatory drug). Literature survey revedlmt some. Mannich bases of substituted aminophand
acetophenone possess broad spectrum biologicuitiasti which include Antineoplastic [11], Antibactal [12,13]
and Antifungal [14,15], Anti HIV [16,17], Anticance[18,19,20], Tuberculosis [21], Neurotoxicity [22]
Vasorelaxant [23], Anti inflammatory [24], Antimaidal [25], Analgesic [26,27].

Thus, looking to the wide applications, the presemimunication comprises the mild one-pot conversid
hydantoin to the corresponding 3jsubstituted imidazolidine-2,4-dione with high Ige. Such a transformation
would be particularly useful for medicinal chemisisce it would give them direct access to a udahikostere of
the ester in a single chemical transformation.

MATERIALSAND METHODS

The elemental analyses were performed by Vario BN@lemental analyzer. The FT-IR spectra were asxbion
Perkin Elmer Spectrum GX spectrophotometer using f@lets. The!H and**C NMR spectra were recorded on
Bruker 400 MHz instrument using DMSO-d6 as solvéite MS-CI spectrum of were recorded on Shimadzg LC
MS 2010 eV spectrometer in acetonitrile. The mgltwints were checked by standard open capillathoteand
are uncorrected.

Synthesis
All required chemicals were purchased commercifatyyn Hi-Media Laboratories Pvt. Ltd., India, and rereised
without further purification. The synthetic pathsisown in Scheme 1.

Imidazolidine-2,4-dione (a,b)
Various derivatives of imidazolidine-2,4-dione h&xeen prepared by conversational method and cfiesized by
various spectral method.

3-alkyl-5-methyl-5-phenylimidazolidine-2,4-dione (al-6, b1-6)

Compounda (2gm, 0.01mol) /b (2.52gm, 0.01mol)were dissolved in ethanol as per required quarkign

formaldehyde (0.45gm, 0.015mol) was added withdstesdirring. After compellation of addition vario@&econdary
Amines. (0.01lmole) were added and then few drogsydfochloric acid was added as catalyst and wiedetion

mixture was refluxed for 6-7 hr, entire reactionswgoverned by TLC. After completion of reactionxtare was
made acidic (pH, 3-4) by adding hydrochloric adién solvent was evaporating to get off white produ¢hich

was purified by column chromatography and recrgtafrom methanol.

(al) 5-methyl-3-(mor pholinomethyl)-5-phenylimidazolidine-2,4-dione

mp 158°C ; yield 70 %; FTIR (KBr/ct) : 1517 (C=C, Ar), 1716 (C=0, amide), 2830,1460N); 1355, 1300 (C-
0-C), 2900, 2950 (C-H, aliphatic), 3110 (C-H, ABR50 (NH, amide)!H NMR (DMSO, §): 1.73 (s, 3H, -CH),
2.10 (s, 4H, -ChN, Morpholine), 3.3 (brs, 4H, -Ci&®, Morpholine), 5.05 (s, 2H, -GFexocyclic), 7.25-7.52 (m,
5H, Ar-H), 8.32 (brs, 1H, NH)®*C NMR (DMSO, 8): 25.6, 52.8, 64.1, 66.4, 69.3, 127.6, 129.2, 6,2940.7,
156.6, 175.5, Elemental analysisisi&;0N3Os; Found (C, 62.22; H, 6.58; N, 14.55; 0,16.55%yuiees (C, 62.27;
H, 6.62; N, 14.52; O, 16.59,%); m/z: 289.17 (M+).

(a2) 5-methyl-5-phenyl-3-(piperidin-1-yl methyl )i midazolidine-2,4-dione

mp 185°C; yield 74 %; FTIR (KBr/ct) : 1524 (C=C, Ar), 1711 (C=0, amide), 2918, 2965H, aliphatic), 3102
(C-H, Ar), 3262 (NH, amide)'H NMR (DMSO, §): 1.51 (m, 6H, piperidine), 1.71 (s, 3H, -QH2.78 (t, 4H,
piperidine), 5.07 (s, 2H, -Ciexocyclic), 7.18-7.59 (m, 5H, Ar-H), 8.34 (brs, INH); *C NMR (DMSO,3): 24.5,
25.6, 53.8, 64.1, 69.3, 127.6, 129.2, 129.6, 14168,6, 175.5, Elemental analysisild,1N:0O,; Found (C, 66.84;
H, 7.32; N, 14.69; O, 11.12%); Requires (C, 66887.37; N, 14.62; O, 11.14,%); m/z: 287.18 (M+).

(a3) 3-((dimethylamino)methyl)-5-methyl-5-phenylimidazolidine-2,4-dione

mp 191°C ; yield 77 %; FTIR (KBr/ct : 1520 (C=C, Ar), 1724 (C=0, amide), 2911, 2962H, aliphatic), 3114
(C-H, Ar), 3260 (NH, amide)*H NMR (DMSO,38): 1.73 (s, 3H, -Ch), 2.49 (s, 6H,), 5.05 (s, 2H, -Giéxocyclic),
7.215-7.61 (m, 5H, Ar-H), 8.29 (brs, 1H, NHYC NMR (DMSO,3): 25.6, 43.7, 68.8, 69.3, 127.6, 129.2, 129.6,
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140.7, 156.6, 175.5, Elemental analysigHz,N:O,; Found (C, 63.18; H, 6.92; N, 16.95; O, 12.95%gqgRres (C,
63.14; H, 6.93; N, 16.99; O, 12.94,%); m/z: 247(3").

o Where : R = a) -CHj;
b) -Ph

KCN | EtOH + (NH,),CO;

(@]
R
HN
)‘\ NH
(@]
(a,b)
Various
Secondary HCHO
Amines
O
/\ R
R’ N R' = morpholine,
Piperidin,
—NMez,
NH -NEt,,
(@) —Nth,
-NPhEt
(a1.6> b16)
Scheme

(a4) 3-((diethylamino)methyl)-5-methyl-5-phenylimidazolidine-2,4-dione

mp 182° ; yield 69 %; FTIR (KBr/cm-1) : 1515 (C=£r), 1728 (C=0, amide), 2913, 2957 (C-H, aliphgt&110
(C-H, Ar), 3252 (NH, amide)*H NMR (DMSO,$): 1.03 (t, 6H, ethyl), 1.77 (s, 3H, -GH2.85 (q, 4H, Ethyl), 5.05
(s, 2H, -CH-exocyclic), 7.20-7.52 (m, 5H, Ar-H), 8.30 (brs, ANH); **C NMR (DMSO,3): 13.0, 25.6, 47.0, 69.3,
127.6, 129.2, 129.6, 140.7, 156.6, 175.5, Elemamalysis: @H,1NsO,; Found (C, 65.45; H, 7.65; N, 15.22; O,
11.61%); Requires (C, 65.43; H, 7.69; N, 15.261062%); m/z: 275.16 (M+).

(ab) 3-((diphenylamino)methyl)-5-methyl-5-phenylimidazolidine-2,4-dione

mp 180°C ; yield 63% ; FTIR (KBr/cm-1) : 1065, 108D-Cl), 1510 (C=C, Ar), 1710 (C=0, amide), 291052 (C-
H, aliphatic), 3119 (C-H, Ar), 3246 (NH, amide)!H NMR (DMSO, 5): 1.69 (s, 3H, -Ch), 5.06 (s, 2H, -Cht
exocyclic), 6.92-7.81 (m, 15H, Ar-H), 8.35 (brs, ,AINH); **C NMR (DMSO, §): 25.6, 69.3, 73.8, 119.1, 121.9,
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127.6, 129.2, 129.6, 140.7, 149.1, 156.6, 175.Bmehtal analysis: &GH»;N3:0,; Found (C, 74.38; H, 5.67; N,
11.35; O, 8.64%); Requires (C, 74.37; H, 5.70; N31; O, 8.61%); m/z: 371.16 (M+).

(ab) 3-((ethyl(phenyl)amino)methyl)-5-methyl -5-phenyli mi dazolidine-2,4-dione

mp 195°C ; yield 60% ;S FTIR (KBr/cm-1) : 1060, BOE-CI), 1520 (C=C, Ar), 1719 (C=0, amide), 292661
(C-H, aliphatic), 3121 (C-H, Ar), 3251 (NH, amide)!H NMR (DMSO,§): 1.03(t, 3H, GHs), 1.73 (s, 3H, -CH),
2.89 (g, 2H, GHs), 5.08 (s, 2H, -Chtexocyclic), 7.19-7.89 (m, 8H, Ar-H), 8.32 (brs, ANH); *C NMR (DMSO,
3): 12.6, 25.6, 44.1, 69.3, 71.4, 114.3, 121.9,82729.2, 129.6, 140.7, 149.1, 156.6, 175.5, Eigatenalysis:
C19H21N30,; Found (C, 70.52; H, 6.54; N, 12.95; O, 9.86%)q&ees (C, 70.57; H, 6.55; N, 12.99; O, 9.89%);:m/z
323.16 (M+).

(b1) 3-(mor pholinomethyl)-5,5-diphenylimidazolidine-2,4-dione

mp 199°C ; yield 73%; FTIR (KBr/ct) : 1516 (C=C, Ar), 1720 (C=0, amide), 2833,146IN} 1356, 1299 (C-
0-C) 2903, 2951 (C-H, aliphatic), 3112 (C-H, Arp5® (NH, amide),’H NMR (DMSO, §): 1.62 (s, 3H, -Ch),
2.12 (s, 4H, -CbN, Morpholine), 3.5 (brs, 4H, -Ci®, Morpholine) , 5.06 (s, 2H, -GHexocyclic), 7.11-7.84 (m,
10H, Ar-H), 8.31 (brs, 1H, NH)**C NMR (DMSO,3): 52.8, 64.1, 66.4, 73.7, 126.2, 128.2, 129.2,.8,3956.6,
161.9, Elemental analysisydE,1NsOs, Found (C, 68.32; H, 6.05; N, 11.98; O, 13.65 Rgpuires (C, 68.36; H,
6.02; N, 11.96; O, 13.66 %); m/z: 351.16 (M+).

(b2) 5,5-diphenyl-3-(piperidin-1-ylmethyl )i midazolidine-2,4-dione

mp 203°C ; yield 64%; FTIR (KBr/cm-1) : 1517 (C=8&r), 1716 (C=0, amide), 2905, 2951 (C-H, aliphat®)15
(C-H, Ar), 3254 (NH, amide)*H NMR (DMSO,8): 1.52 (m, 6H, pireridine), 2.75 (t, 4H, piperidin 5.06 (s, 2H, -
CH,-exocyclic), 7.17-7.88 (m, 10H, Ar-H), 8.33 (brd,INH); **C NMR (DMSO,$): 24.5, 25.6, 53.8, 64.1, 73.7,
126.2, 128.2, 129.2, 139.8, 156.6, 161.9, Elenmemalysis: G;H.3NsO,; Found (C, 72.16; H, 6.65; N, 12.04; O,
9.13 %); Requires (C, 72.18; H, 6.63; N, 12.039Q6 %); m/z: 349.18 (M+).

(b3) 3-((dimethylamino)methyl)-5,5-di phenylimidazolidine-2,4-dione

mp 189°C ; yield 59%; FTIR (KBr/ct) : 1512 (C=C, Ar), 1715 (C=0, amide), 2915, 2963H, aliphatic), 3119
(C-H, Ar), 3250 (NH, amide)}H NMR (DMSO,3): 2.51 (s, 6H), 5.02 (s, 2H, -GHxocyclic), 7.05-7.87 (m, 10H,
Ar-H), 8.35 (brs, 1H, NH)*C NMR (DMSO, 3): 43.7, 68.8, 73.7, 126.2, 128.2, 129.2, 139.8.45161.9,
Elemental analysis: &gH19N30,; Found (C, 69.89; H, 6.15; N, 13.55; O, 10.37 ®gquires (C, 69.88; H, 6.19; N,
13.58; O, 10.34 %); m/z: 309.15 (M+).

(b4) 3-((diethylamino)methyl)-5,5-diphenylimidazolidine-2,4-dione

mp 149°C; yield 68%; FTIR (KBr/ciH) : 1517 (C=C, Ar), 1721 (C=0, amide), 2901, 29€7H, aliphatic), 3112
(C-H, Ar), 3247 (NH, amide)'H NMR (DMSO, 5): 1.01(t,6H, ethyl), 2.83 (q, 4H, ethyl), 5.05 @H, -CH-
exocyclic), 7.09-7.82 (m, 10H, Ar-H), 8.36 (brs, ,INH); **C NMR (DMSO, §): 13.0, 47.0, 63.8, 73.7, 126.2,
128.2, 129.2, 139.2, 156.6, 161.9, Elemental aimal@,H»3NzO,; Found (C, 71.16; H, 6.84; N, 12.44; O, 9.51 %);
Requires (C, 71.19; H, 6.87; N, 12.45; O, 9.48 Atg: 337.18 (M+).

(b5) 3-((diphenylamino)methyl)-5,5-di phenylimidazolidine-2,4-dione

mp 147°C; yield 63%; FTIR (KBr/ci : 1062, 1088 (C-Cl), 1518 (C=C, Ar), 1720 (C=@ide), 2921, 2964 (C-
H, aliphatic), 3116 (C-H, Ar), 3250 (NH, amidé) NMR (DMSO,§): 5.08 (s, 2H, -Chtexocyclic), 6.85-7.84 (m,
10H, Ar-H), 8.31 (brs, 1H, NH);*C NMR (DMSO,$): 73.7, 73.8, 119.1, 121.9, 126.2, 129.2, 12936,2, 149.1,
156.6, 161.9, Elemental analysisigld,3N3;0,; Found (C, 77.60; H, 5.37; N, 9.65; O, 7.40 %)p&ess (C, 77.58;
H, 5.35; N, 9.69; O, 7.38 %); m/z: 433.18 (M+).

(b6) 3-((ethyl(phenyl)amino)methyl)-5,5-di phenylimidazolidine-2,4-dione

mp 210°C; yield 71%; FTIR (KBr/ci) : 1072, 1081 (C-Cl), 1521 (C=C, Ar), 1724 (C=@nide), 2910, 2955 (C-
H, aliphatic), 3110 (C-H, Ar), 3258 (NH, amidéy NMR (DMSO,35):1.02 (t, 3H, GHs), 2.85 (q, 2H, GHs), 5.03
(s, 2H, -CH-exocyclic), 6.91-7.80(m, 15H, Ar-H), 8.33 (brs, INH); *C NMR (DMSO,3): 12.6, 44.1, 71.4, 73.7,
114.3, 121.9, 126.2, 128.2, 129.2, 129.6, 139.8,615.61.9, Elemental analysis;s8,3N30,; Found (C, 74.75; H,
6.04; N, 10.92; O, 8.29 %); Requires (C, 74.786181; N, 10.90; O, 8.30 %); m/z: 385.18 (M+).
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Antimicrobial Activity

All the synthesized compounds were tested in cdanatons of 0.1 g/ml using dimethylformamide (DM&3} a
solvent. The microorganisms used were as followsnGnegative bacteri&,. coli, P. aeruginosa; Gram-positive
bacteriaB. subtilis, S. aureus, and FungiP. piricola, F. oxysporum.

Medium:
The cap-assay method containing (g/l) peptone ,(§e3st extract (3.0), meat extract (1.5), glugdse), and agar
(20.0) were used. The medium was sterilized anidied/while hot

(50-60 °C) into 15-ml portions among sterile Pdishes 9 cm in diameter. One ml of the spore susperof each
microorganism was spread all over the surfaceettid solid medium placed in the Petri dish.

Method:

Portions of 0.5 g of each tested compound werebldisd in 5ml of DMF. An amount of 0.1ml of the testlution

was placed on Whatman paper dish, 9 mm in diamater the solvent was left to evaporate. These aaidiscs
were placed carefully on the surface of the indedaolid medium; each Petri dish contained at ldeiee dishes.
The Petri dishes were incubated at 5 °C for an tmpermit good diffusion, then transferred to macubator at 85
°C overnight, and then examined. The results wecerded by measuring the inhibition zone diameters are
presented in Table 1.

Table-1. Antimicrobial activities of the tested compounds

Inhibition zone (mm)
Tested compounds and standards | Gram-negative bacteria | Gram-positive bacteria Fungi
E. coli. | P.aeruginosa B. subtilis S. aureus P.piricola | F. oxysporum
Penicillin 16 15 22 17 - -
Nystalin - - - - 24 18
al 14 13 20 19 21 15
a2 12 12 18 15 19 13
ab 11 10 21 10 14 09
at 11 11 13 09 13 10
bl 17 15 23 15 23 19
b2 14 13 20 16 20 18
b5 16 14 18 12 17 16
b6 11 10 16 15 15 14

RESULTSAND DISCUSSION

Chemistry

In the present communication, a novel seriessBfstituted imidazolidine-2,4-dione were prepared Mannich
reaction between secondary amines and hydantoiivatiges by facile and fast procedure. All the newl
synthesized compounds were characterized by IR, NMIR sprectra and elemental analyses and alsorssziefer
their antimicrobial studies. Their results revealbdt the present work provided a novel class bfsBpstituted
imidazolidine-2,4-dione derivatives with potent naioial activities for further optimization.

Characterization of the synthesized compounds

The structures of the resulting compounds werebbskeed by elemental analysis, IR, NMR and MS spé¢data.
The proposed structure given to -3/#bstituted imidazolidine-2,4-dione derivatives evaupport by IR analysis
which showed band at 1716 ¢rfamide, CO) and 3250 ch{amide, NH). ItsH NMR spectrum revealed signals at
8 5.07 ppm (-CHexocyclic) and 8.34 ppm (NH) attributed to imidazolidine-2,4-dering protons and multiplate
até 7.18 to 7.80 ppm corresponding to aromatic pratbnsthermore, the mass spectra gave a moleculgréak at
expectation values. The structures of all thesepmamds were confirmed from their correct specteghdcf. the
Experimental section).

Antimicrobial studies

All the newly synthesized compounds were screenethiir antibacterial and antifungal activity. Famtibacterial
studies microorganisms employed wéaeruginosa, Escherichia coil, B. subtilis and S. aureus. For antifungalP.
piricola and F. oxysporum were used as microorganisms. Both antimicrobiadlistiwere assessed by inhibition
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zone (mm). The data are summarized in Table | &wodvghat all compounds display certain activity iagathe
tested microorganisms.

From SAR we can see that the antibacterial anduaugial activity of the synthesized compounds maydbe the
presence of the versatile pharmacophore which mirgitease the lipophilic character of the moleculghkich
facilitate the crossing through the biological meamte of the microorganism and thereby inhibit tigeawth.

CONCLUSION

The preparation procedure follow in this work fgnthesis of the title compounds offers reductiorthia reaction
time, operation simplicity, cleaner reaction, easyk-up and improved yields. All spectroscopic gsi confirmed
the proposed structures of these compounds. Brdbgictivity data have shown that the synthesizmdpounds
have a significant biological activity against tested microorganisms.

In conclusion, a series of novel 3bbstituted imidazolidine-2,4-dione derivatives éaween synthesized and
evaluated for their antibacterial activity and &ntgal activity against various bacteria and furigany of the
synthesized compounds showed good activity ag#iedest bacteria and fungi.

REFERENCES

[1] M. Meusel, G. €utschowy. Org. Prep. Proced. Int., 2004, 36, 391.

[2] G. G. Muccioli, N. Fazio, G. K. E. Scriba, Woppitz, F. Cannata, J. H. Poupaert, J. Wouterd D.ambert,
J. Med. Chem., 2006, 49, 417.

[3] S. G. Burton, R. A. Dorringtoretrahedron: Asymmetry, 2004, 15, 2737.

[4] R.D. Cramer, R. D. Clark, D. E. PattersonM\.Ferguson,). Med. Chem., 1996, 39, 3060.

[5] J. H. Bateman, Hydantoin and derivatives, Wilkew York, NY, USA,1980.

[6] J. Dolezel, P. Hirsova, V. Opletalova, J. DohnalMéarcela, J. Kunes, J. Jampilékolecules, 2009, 14, 4197.
[7] E. H. C. Menezes, A. J. S. Gées, M. B. S. [Mul. Galdino, I. R. Pitta, C. Luu-DuPharmazie, 1992, 46, 457.
[8] Y. Momose, T. Maekawa, T. Yamano, M. Kawada,®tlaka, H. Ikeda, T. Sohda, Med. Chem., 2002, 45,
1518.

[9] Y. Inamori, C. Muro, R. Tanaka, A. Adachi, Kliyamoto, H. TsujiboChem. Pharm. Bull., 1992, 40, 2854.
[10]Z. D. Wang, S. O. Sheikh, Y. Zhargplecules, 2006, 11, 739.

[11] Y. Ivanova, G. Momekov, O. Petrov, M. Karaivaa, V. Kalchevakur J Med Chem., 2007, 42, 1382.

[12] S. K. Sridhar, M. Saravanan, A. Rames&lyr J Med Chem., 2001, 36, 615.

[13] S. Joshi, N. Khosla, D. Khare, R. Shar@égorg Med Chem Lett., 2005, 15, 221.

[14] A. Chipeleme, J. Gut, P. J. Rosenthal, K.bake, Bioorg Med Chem., 2007, 15, 273.

[15] V. Ravichandran, S. Mohan, K. Suresh Kumarkivoc Newslett, 2007, 14, 51.

[16] S. N. Pandeya, D. Sriram, G. Nath, E. De @jetL Farmaco, 1999, 54, 624.

[17] N. Surendra, Pandeyaa, D. Srirama, G. NathibeEClercqEur J Med Chem., 2000, 35, 249.

[18] P. Yogeeswari, D. Sriram, R. Kavya, S. Tiwaiipmed Pharmacother, 2005, 59, 501.

[19] B. Shivarama Holla, B. Veerendra, M. K. Shiaada, B. Poojarygur J Med Chem., 2003, 38, 759.

[20] H. Inci Gul, J. Vepsalainen, M. Gul, E. Ercéyd. Hanninen Phar maceutica Acta Hel vetiae, 2000, 74, 393.
[21] M. Ashraf Ali, M. ShaharyaBioorg Med Chem Lett., 2007, 17, 3314.

[22] S. K.Sridhar, S. N. Pandeya, J. P. StableRRamesh,Eur J Pharm Sci., 2002, 16, 129.

[23] M. G. Ferlin, G. Chiarelotto, F. Antonucci, Caparrotta, G. FroldEur J Med Chem., 2002, 37, 427.

[24] H. Suleyman, H. Inci Gul, M. AsoglwRPharmacol Res., 2003, 47, 471.

[25] F. Lopes, R. Capela, Jose” O. Gonc,aves, l@yret al., Tetrahedron Letters, 2004, 45, 7663.

[26] K. V. Sujith, N. Jyothi, Rao, P. Shetty, BaKuraya,Eur J Med Chem., 2009, 44, 3697.

[27] W. Malinka, P. S. WiTtek, B. Filipek, J. Sapa. Jezierska, A. Koll L Farmaco, 2005, 60, 961.

1203
Pelagia Research Library



