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ABSTRACT

Pyridazine thione 1 was used as a key intermediate for the preparation of numerous pyridazine derivatives. Reaction
of 1 with copper bronze, nitrous acid, anthranilic acid, acetylacetone and benzalacetophenone afforded the bis
pyridazine, quinazolinone, diketo and the adduct derivatives. Condensation of the diketo and the adduct derivatives
with hydrazine hydrate gave the corresponding pyrazole and hydrazone derivatives. The behaviour of 1 towards
thiourea, ethyl chloroacetate and aromatic amines has also been studied. The reaction of the resulting products with
diethyl malonate/acetyl chloride, aromatic amines, sodium hydroxide and hydrazine hydrate has also been taken
into consideration. The antitumor activity of some of the synthesized compounds were tested

Keywords: pyridazine and antitumor activity

INTRODUCTION

In the last several decades, pyridazine and indetivatives have received considerable attentiantduheir wide-
range applications Pyridazines are reported to hixhantibacteriaP, antifunga, antituberculosi®,
antinociceptiv€’, anthelminti¢”, antidiabeti€’ activities and also as human rhinovirus (HRV-3hiliitors®.
On the other hand indole derivatives exhibit atitlant”, antifungaf, antitumof”, anti-hepatitis C vird¥”
activities.

Encouraged by these reports, we though of syntimgs&znew series of pyridazines containing the mytindole at
4-position hoping to improve the antitumor activitythe new compounds.

EXPERIMENTAL SECTION

All melting points are uncorrected. IR spectra (KBrere recorded with a Perkin Elmer Spectrum RXIRT-
systems!HNMR were measured with a Varian Gemini 200 MHztrimsient using TMS as internal standard and
mass spectra were measured with a Shimadzu GC-MBQEX mass spectrometer.

Synthesis of 3,3'-(6,6-bis(3,4-dimethylphenyl)-3,3ipyridazine-4,4'-diyl)-bis (2-phenyl-1H-indole) )

A mixture of1 (0.01 mol), xylene (30 mL) and copper bronze (@g¥ refluxed for 6h, concentrated, cooled, the
solid product separated was filtered off and reafiiged from ethanol to giv® (m.p 200C). Analysis for
CsoH4oNe(%):Caled. C 83.17, H 5.64, N 11.19; found C 831225.62, N11.16.
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Synthesis of 1,2-bis(6-(3,4-dimethylphenyl)-4-(2-gmyl-1H-indol-3-yl) pyridazin-3-yl) disulfane (3).

To a solution ofl (0.01 mol) in ethanol (20 mL), sodium nitrite (0.hol) and acetic acid (3ml) were added. The
mixture was stirred at room temperature for 4h. 3blé product which separated out was crystallizech ethanol

to give3 (m.p. 273C). Analysis forCs,H40NeSy(%): Calcd. C 76.82, H, 4.96, N 10.34, S 7.89; h@v6.80, H,
498, N 10.32, S, 7.91.

Synthesis of 2-(3,4-dimethylphenyl)-4-(2-phenyl-1Hxdol-3-yl)-10H-pyridazino [6,1-b] quinazolin-10-ore (4a)

, 8-bromo-2-(3,4-dimethylphenyl)-4-(2-phenyl-1H-inl-3-yl)-10H-pyridazin[6,1-b] quinazolin-10-one (4b) , 3-
(6-(3,4-dimethylphenyl)-4-(2-phenyl-1H-indol-3-yl)pyridazin-3 (2H)-ylidene) pentane - 2,4-dione (5)ral 3-(6-
(3,4-dimethylphenyl)-4-(2-phenyl-1H-indol-3-yl)pyridazin-3-ylthio)-1,3-diphenylpropan-1-one (7).

Solution of1(0.01mol), anthranilic acid, 5-bromoanthranilic dicacetylacetone or benzalacetophenone (0.01 mol)
in ethanol or butanol (30 ml) was refluxed for 6-7te solid separated on cooling was crystallizedhfethanol
(4am.p. 212C,4b m.p. 212C, 5m.p. 189C, 7 m.p. 194C. Analysis forCssH,4,N,0(%): Calcd. C 80.47, H 4.91. N
11.37; Found C 80.43, H 4.90, N 11.41; €yH,3BrN,0(%): Calcd. C69.36, H 4.06, Br 13.98, N 9.80; Fouhd
69.38, H 4.07, Br 13.97, N 9.82; f@3;H,/N30,(%): Calcd. C78.62, H 5.75, N 8.87; found C 78.585.77, N
8.89; forCy4;H3aNs05(%): Calcd. C79.79, H 5.40, N 6.82, S 5.21; Foun®®5, H 5.41, N 6.85, S 5.19.

Synthesis of 3-(3-(3,5-dimethyl-4H-pyrazol-4-ylidee) — 6 - (3,4-dimethyl-phenyl)-2,3-dihydropyridazind-yl)-
2-phenyl-1H-indole (6) , 3-(6-(3,4-dimethylphenyIB-(3-hydrazono-1,3-diphenylpropylthio) pyridazin-4yl)-2-
phenyl-1H-indole (8) and 2-(6-(3,4-dimethylphenyl¥-(2-phenyl-1H-indol -3-yl) pyridazin-3-ylthio) acdo
hydrazide (14).

To a solution 06,7 or 11 (0.01 mol) in ethanol (20 ml), hydrazine hydrade0( mol) was added and the reaction
mixture was refluxed for 4-6 h. The solid separaiaccooling was crystallized from ethanélr.p. 203C,8 m.p.
170°C, 14 m.p. 178C. Analysis forC;;H,/N5(%) : Calcd. C 79.29, H 5.80, N 14.91; found C79.R%55.82, N
14.93; forCyH3sNsS(%): Caled 78.19, H 5.60, N 11.12, S 5.09; Found821, H 5.58, N 11.10, S 5.11; for
C,gH25Ns0S(%): Caled. C70.12, H 5.25, N 14.60, S 6.69; Fo@naD.02, H 5.23, N 14.62, S 6.79.
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Scheme 2

Synthesis of 1-(6-(3,4-dimethylphenyl)-4-(2-phenylH-indol-3-yl) pyridazin-3-yl) thiourea (9).

Solution 0f1(0.01 mol) and thiourea (0.01 mol) in dimethyl feamide (30 ml) was refluxed for 16h. The solid
separated on cooling was crystallized from ethanofjive 9 (m.p 173C). Analysis forCx;H»3NsS(%0): Calcd.
C72.13,H5.16, N 15.58, S 7.13; found C 72.10,HI5N 15.60, S. 7.16.

Synthesis of 1l-acetyl-3-(6-(3,4-dimethylphenyl)-2¢phenyl-1H- indol-3-yl) pyridazin-3-yl)-2-thioxodi
hydropyrimidine-4-,6- (1H, 5H)-dione (10).

Solution of9 (0.01 mol), malonic acid (0.01 mol) and acetyl c¢lde (5ml) in ethanol (20 ml) was refluxed for 2h.
The solid separated on cooling was crystallizethfathanol to giva0(m.p. 190C). Analysis forCz;,H »5Ns035(%):
Calcd. C 68.68, H 4.50, N 12.51, S 5.73; found8X6, H 4.51, N 12.50, S 5.71.

Synthesis of ethyl 2-(6-(3,4-dimethylphenyl)-4-(2+penyl-1H-indol-3-yl). pyridazin-3-ylthio) acetate (L1).

A mixture of 1 (0.01 mol), anhydrous potassium carbonate (0.08,nathyl chloroacetate (0.03 mol) and dry
acetone (50 ml) was refluxed for 24 h. on a watethb The solid product obtained after hot filtratiand
evaporation of the solvent was crystallized frommaebl to givell (m.p. 142C). Analysis forCsoH,7N305S (%):
Calcd. C 73.00, H 5.51, N 8.51. S 6.50; Found: @G2H 5.71, N 8.49, S 6.52.

Synthesis of 2- (6- (3,4-dimethylphenyl -4- (2-phgih1H-indol-3-yl) pyridazin-3-ylthio) -N- (naphthal en-1-yI)
acetamide (12) , N-benzyl -6-(3,4-dimethylphenyl}-- (2-phenyl-1H-indol-3-yl) pyridazine -3-amine (¥a) and
6-(3,4-dimethylphenyl) — 4 - (2-phenyl-1H-indol-3-f — N -(pyridin-2-yl) pyridazin-3-amine (17b).

Solution of11or 1 (0.01 mol),a-naphthylamine, benzylamine or 2-aminopyridine {0nfol) in ethanol (30 ml) was
refluxed for 6h. The solid separated on cooling wgstallized from ethanollg m.p. 197C, 17am.p. 150C, 17b
m.p. 132C). Analysis forCsgH3oN,OS(%): Calcd C 77.26, H 5.12, N 9.48, S 5.43; Found .23, H 5.15, N 9.45,
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S 5.46; forCaHgN4(%): Calcd. C 82.47, H 5.87, N 11.66; Found C 82/435.89, N 11.68; foCa1H2sNs(%):
Calcd. C 79.63, H 5.39, N 14.98; Found C 79.60,405N 15.00.

Synthesis of 3-(6-(3,4-dimethylphenyl)-3-(methylthu) pyridazin-4-yl)-2-phenyl -1H-indole (13).

To a 10% ethanolic sodium hydroxide solution (50, mbmpoundll was added and the reaction mixture was
refluxed for 6h. The solid separated after conegiun and cooling was washed well with water angtadlized
from ethanol to givd.3 (m.p. 160C). Analysis forC,7H,3N3S(%): Calcd. C 76.93, H 5.50, N 9.97, S 7.61; FoGnd
76.90, H5.57, N 9.90, S 7.64.

Synthesis of 5-(6-(3,4-dimethyl phenyl)-4-(2-phemydH-indol-3-yl)  pyridazin-3-ylthio)methyl)-1,3,4-
oxadiazole-2 (3H)- thione (15).

To a suspension df4 (0.01 mol) in ethanol (15 ml), G&mIl) and KOH (0.005 mol) were added. The reaction
mixture was refluxed for 2h. on a water bath, cddleen poured onto ice and acidified with dil. HChe solid
obtained was crystallized from ethanol to gie(m.p. 216C). Analysis forC,gH»3Ns0S,(%): Calcd. C 66.77, H
4.44, N 13.43, S 12.29; found C 66.73, H 4.47, NV'13S 12.25.

Synthesis of 4- (6- (3,4-dimethylphenyl) -4- (2-pingl-1H-indol-3-yl) pyridazin-3-ylthio)-5-(2-hydroxy phenyl)-
1,2-dihydro-3-H-pyrazol-3-one (16).

To a solution 0f14(0.01 mol) in ethanol (30 ml), salicylaldehyde wadded dropwise while stirring at room
temperature. Stirring was continued for 2h. Thengeacrystals formed was collected by filtration aedrystallized
from ethanol to givel6 (m.p. 200C). Analysis forCssH,/NsO,S(%): Caled. C 72.27, H 4.68, N 12.04, S 5.51;
Found C 72.17, H 4.62, N 5.57, S 5.41.

Sulforhodamine-B(SRB) assay of cytotoxic activity.

MCF7 (breast carcinoma cell line), HEPG2 (hepalatai carcinoma cell line), HCT 116 (colon carcirmroell
line) were obtained frozen in liquid nitrogen (-28) from the American type culture collection .Thenor cell line
were maintained in the National Cancer Institutair& Egypt, by serial sub-culturing. Potentialatgixicity of 4a-
b, 5,7,13, 17and17b. were tested using method of Skekaal ..

Principle

The sensitivity of the human tumor cell lines tgrtftoquinone was determined by the SRB assay. SRBbisught
pink aminoxanthrene dye with two sulfonic grougssla protein stain that binds to the amino grotimtracellular
proteins under mildy acidic conditions to proceeskasitive index of cellular protein content.

Procedure

1. Cells were used when 90% confluence was reachéiinflasks. Adherent cell lines were harvested with
0.025% trypsin .Viability was determined by trygalne exclusion using the inverted microscope (Olymp x 70,
Tokyo, Japan).

2. Cells were seeded in 96- well microtiter platea abncentration of 5 x 16- 16 cell/well in a fresh medium and
left to attach to the plates for 24h.

3. After 24 h, cells were incubated with the approjgrieoncentration ranges of drugs, completed td o§t200 pl
volume/well using fresh medium and incubation wastinued for 24, 48 and 72h. Control cells werated with
vehicle alone. For each drug concentration, 4 we#lee used.

4. Following 24, 48 and 72h, treatment, the cells wisad with 50l cold 50% trichloroacetic acid fbh. at 4C.

5. Wells were washed 5 times with distilled water a&tained for 30 min. at room temperature with 5@ 486
SRB dissolved in 1% acetic acid.

6. The wells were then washed 4 times with 1% aceiit. a

7. The plates were air- dried and the dye was sokddliwith 100ul/well or 10 mM tris base (Ph 10.5) Somin.
on a shaker (orbital shaker 0520, Boeco, Germari$@0 rpm.

8. The optical density (O.D) of each well was measuspéctrophotometrically at 564 nm with an ELIZA
microplate reader (Meter te&@960, U.S.A). The mean background absorbance wasnatically substracted and
mean values of each drug concentration was catmlilathe relation between survival fraction and coomul
concentration was plotted to get the survival cuofecach tumor cell lines. (Fig. 1) .The IC 50ued (the
concentration of thymoquinone required to produ@® Snhibition of cell growth (Fig. 2).

RESULTS AND DISCUSSION

The new derivatives were prepared following thetiea sequences depicted in Scherhesd2.
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Treatment of 6-(3,4-dimethylphenyl)-4-(2-phenyl-Ittiol-3-yl) pyridazine-3(2H)-thiorf&” (1) with copper bronze
in boiling xylene yielded the bipyridazine deriwati2). Its IR spectrum was devoid 0f£=S and showed the C=N
absorption band at 1647 and NH 3397 triis mass spectrum showed an ion peak at m/ZNM%1) (0.27%).

On the other hand, compoufdvas oxidized to the disulfane derivati¥@pon treatment with sodium nitrite/acetic
acid mixture. Its IR spectrum showed the band@£N at 1644, S-S at 1349 and NH at 3243'cm

Reaction ofl with anthranilic acid and 5-bromoanthranilic agave the quinazolinone derivativéda,b through
elimintation of one molecule of 43 and HO. Their IR spectra exhibited bands &£=0 at 1675, 1674)C=N at

1614, 1595 andNH at 3379 and 3371 ¢ The'HNMR (DMSO-d) spectrum oftb exhibited signals ai(pbm):

8.41-6.83(16H,m,Ar-H),2.28(6H,s,2xG}dnd 11.76(1H,s,NH).The mass spectrumioEhowed an ion peak at m/z
572 (M+1) (0.66%).

It was stated that pyrazole derivatives showectantef**® anti-inflammator{#®, antioxidant®, antimicrobiaf'®,
molluscicidaf*”, anti-angiogenit® ,activities and as a novel carries of nitric &id. This prompted the authors to
synthesize pyrazole derivative trough the reactibthe pyridazine thione with acetylacetone to gilie diketo
compoundb followed by cyclization with the binucleophile gine hydrate to give the pyrazole derivaivdhe
IR spectrum of5 exhibited bands fooC=0 at 1708uC=N at 1610 and)NH at 3400 crif(broad). Its mass
spectrum showed an ion peak at m/z 474 (M+1) (0)0Mhile the IR spectrum dd was devoid obC=0 and
showeduC=N anduNH at 1582 and 3441cth

The nucleophilic addition of the pyridazinethiobhdo benzalace-tophenone gave the addudts IR exhibited
bands fonC=0 at 1659,uC=N at 1604 an@NH at 3432 cn. The structure of was further established by its
reaction with hydrazine hydrate to give the coroeaping hydrazone derivative3. Its IR was devoid 0bC=0,
while its mass spectrum showed an ion peak at 80zBl+1) (6.23%).

Treatment of compoundl with thiourea in boiling DMF gave the thiourea igative 9 through the nucleophilic
attack of the nitrogen of thiourea to the carbothefthione moiety followed by elimination of on@lkecule of HS.
Its IR spectrum exhibited absorption bands at 15882, 3373, 3261, 3162 chior uC=N, vC=S andNH, + NH,
while its mass spectrum showed the molecular i@k & m/z 449 (0.02%).

The thioxodihydropyrimidinedion€l0) can be prepared through the one - pot reacti@omipound, malonic acid
and acetyl chloride. Its IR spectrum exhibited k@l 1714, 1637, 1590, 1400 and 3413 d@OCH;, vC=0,
UC=N,uC=S andNH.

The present investigation also deals with carbaetymethylation of the thiopyridazirfethrough its treatment with
ethyl chloroacetate in dry acetone in the presafigeotassium carbonate to give compourid Its IR spectrum

showed the characteristic fo€=0 (ester) at 1729C=N at 1604 an@NH at 3368cr', while its mass spectrum
showed the molecular ion peak at m/z 493 (1.05).

The resulting estet1 has been used as starting material for the préparaf a series of new compounds.

Reaction ofl1 with a-naphthylamine gave the acetamide derivafiZelts IR spectrum showedC=0 at 1672,
uC=N at 1606 andNH at 3409 crit, while its mass spectrum showed an ion peak ab8@z (M-1) (4.36%).

Alkaline hydrolysis of compoundll using ethanolic sodium hydroxide solution affordleel S-alkylated produdi3
through decarboethoxylation. Its IR spectrum wasikof uC=0 and showedC=N at 1599 andNH at 3434cm
! while its"THNMR (DMSO-d) spectrum exhibited signals at 7.84-6.87 (13HAmH), 2.32 (6H, s, 2 x C}}, 2.13
(3H, s, SCH) and 11.53 (1H, s, NH). Its mass spectrum showedrtolecular ion peak at m/z 421 (4.36%).

On the other hand, reaction bf with hydrazine hydrate afforded the correspondipdrazide derivativd4, which
can be used for the preparation of the oxadiazetvakive 15 and the pyrazole derivatib, through its reaction
with carbon disulfide/ KOH and/or salicylaldehyd&e IR spectrum ot1 showeduvC=0 at 1658pC=N at 1598
anduNHNH, at 3403, 3213 and 3117chits mass spectrum showed the molecular ion peaka479 (24.67%).
While the IR spectrum df4 showedyC=N at 1618pC=S at 1402 andNH at 3441.

Reaction of compound with benzylamine and 2- aminopyridine yielded $chasesl7aand17b, respectively.

Their IR spectra were devoid 0fC=S and showedC=N at 1604-1616uNH at 3404, 3426 ci(broad). The
"HNMR of 17aexhibited signals at 8.35- 6.86 (18H, m, ArH), 3.68H, s, CH), 2.25 (6H, s, 2 x CH) and 11.37
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(2H, s, 2 x NH) ,while that of 7b exhibited signals at 7.83-6.50 (17H, m, Ar—-H)472(6H, s, 2XCH) and 11.51
(2H, s, 2 xXNH). The mass spectralafa showed the molecular ion peak at m/z 480 (6.148k)le that of17b at
m/z 467 (17.74%).

Cytotoxicity against different human cancer celie in vitro for evaluation of anti-tumor cytotoitic of
compoundsda, 4b, 5, 7, 13,17and 17b, three different human cancer cell lines were usd@F7 (breast
carcinoma cell line), HEPG2 (hepatocellular caraoiaocell line), HCT116 (colon carcinoma cell ling}atoxicity
and 1G values of the tested compounds are shown inlFagd2. The survival fractions were gradually decreased
as the concentration of the tested compounds weredsed (Table 1).

From Fig.1, it has been shown th&17,13,17aand17b are the compounds of lowests}@vhich means that they are
the most effective cytotoxic drugs, accordingly munds13,17aand 17b can be used as very potent cytotoxic
drug for colon carcinoma cell, whiles and 7 as moderate cytotoxic drug for colon and livercaama cell
respectively, while the remaining compounds arg wexak cytotoxic drug.

13 HCT-116 17a HCT-116 17b HCT-116
12 —— 12 —m—— 2. e
1 19 r—h :
0.8 1 - 0.8 -
8.6 4 ) 31 HCT- 0.6 - a=fp=352 o—35b
ol 116 04 1 HCT- HCT-
0.2 0.2 A 116 116
0 +—+—rTT7Tr 0+
© ,;\‘,9 »;,»" By ° N:f;) 'O"p &
% . %
4a MCF-7 4b MCF-7 5 HEPG-2
15 —mMm™mMm———
1.2 - e 15 1 o
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06 1 ——22a 05 - . T I HEPG-
04 +——m 7 MCF-7
02— MCF- 0 e
0 4T T
0+ RS O P 0P
Q '\,’\"9 0‘) S o,‘\’ N % 1
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05 - ——25
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0 -
Q
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Fig. (1): Effect of some new prepared compounds ddifferent tumor cells as cytotoxic drug
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Fig. (2): 0-10 Very potent cytotoxic durg, 10-20 Mderate cytotoxic drug> 20 Very weak cytotoxic drug.

Table (1): Effect of some new prepared compounds ddifferent tumor cells as cytotoxic drug

Conc. pg/ml HCT-116 MCF-7 HEPG-2
13 17a 17 4a 4b 5 7
0.0000 1.000000 1.00000Q1.00000Q 1.00000Q 1.00000Q 1.00000Q 1.00000d
1.6500 0.793800 0.819600.82780Q 0.10000Q 0.91480Q 0.91480Q 0.89260
3.1250 0.639400 0.7058000.69120Q 0.98960Q 0.82150Q 0.82150Q 0.78480(Q
6.2500 0.421200 0.526200.57360Q 0.96240Q 0.716600 0.71660Q 0.694800
12.500 0.2986800 0.34870Q 0.38240Q 0.88430Q 0.57820Q 0.57820Q 0.469300
25.000 0.182500 0.2048000.22160Q 0.74800Q 0.44540Q 0.44540Q 0.31760(Q
50.000 0.124600 0.1154000.13800Q 0.60120Q 0.30210Q 0.30210Q 0.241400
CONCLUSION

A series of 4a, 4b, 5, 7, 13,17a and 17b compobads different anti-tumar effects and;¢®@alues of them were
discussed. Compounds 13,17a and 17b can be usedygsotent cytotoxic drug for colon carcinoma celhile 5
and 7 as moderate cytotoxic drug for colon and loagcinoma cell respectively, while the remaingognpounds

are very weak cytotoxic drug.

REFERENCES

[1] R.M. Butnariu and I.I. MangalagiuBioorg. Med. Chem. 2009 17(7), 2823-2829.

[2] D. Mantu, M.C. Luca, C. Moldoveanu, G. Zbancioc ahdMangalagiu .;Eu. J. Med. Chem. 201Q 45 (11),
5164-5168.

[3] E. Palazzo, M.G. Rimoli, M. De. Chiaro, F. Guida, Nelisi, A. Curcio,V.de.Novellis,|. Marabese,F.Rpaad
E. Albignente.Neuropharmacology 201Q 58(3), 660-667.

[4] A. Ali, T. Cablewski, C. F. Francis,A.K. Ganguly, R. M. Sargent, D.G. Sawutz and K.\Minzenberg.;
Bioorg. Med. Chem. Lett. 2011, 21(14), 4160-4163.

[5] M. J. Kim, J. Lee, S.Y. Kang, S.H. Lee, E.J. Son,BMJung, S.H. Lee, K.S. Song, M.W. Lee, H.K. Han,
Kim and J. Lee.Bioorg Med. Chem. Lett. 201Q 20(11), 3420-3425 .

[6] H. Wang, J. Xiao, D. Gao, X. Zhang, H. Yan, Z. Gofhdgsun and S. Li.Bioorg. Med. Chem. Lett. 2011, 2(3),
1057-1959.

[7] J.S. Biradar and B.S. Sasidh&u. J., Med. Chem. 2011, 46(12), 6112-6118.

4568



Nahed F. Abd El-Ghaffar et al J. Chem. Pharm. Res,, 2012, 4(10):4562-4569

[8] H.Xu and L.L. Fan.Eu J. Med. Chem.2011, 46(1), 364-369.

[9] N.l. Ziedan, F.Stefanelli, S. Fogli and A.D. WesliweEu. J. Med. Chem. 201Q 45(10), 4523-4530.

[10]G. Sellitto, A. Faruolo, P. de Caprais. S. Altam@aPaonessa, and G. CilibertBiporg. Med. Chem. 201Q
18(16), 6143-6148.

[11]P.Skehan, R. Sloreng, D. Scudiero, A. Monks, JMé&ton, D. Vistica, J. T. Warren, H. Bokesch, S. Kem
and M.R. Boyd J.Natl.Cancer Inst.,199082,1107.

[12]Nahed F. Abd EI-Ghaffar, Mona, Kh Mohamed, Mon&&dah, Azza M. Radwan, Galal H. Sayed and Sara N.
Abd EI-Al.; J. Chem. Pharm Res., 2011, 3(3), 248-259.

[13]A. Balbi, M. Anzaldi, C. Maccio, C. Miello, M.MazkeR. Gangemi, P. Castagnola, M.Miele, C. Rosand an
M. Viale.; Eu. J. Med. Chem. 2011, 46(11), 5293-5309.

[14]1Peng-Cheng LV, Huan-Qui-Li,Juan Sun,Yang Zhou atd Hang Zhu.;Bioorg Med. Chem. 201Q 18(13)
4606-4614.

[15]P. Bandgar, J. V. Totre, S.S. Gawande, C.N. KhattagS.C. Waranghar and P.D. KadaBigorg Med.
Chem. 201Q 18(16), 6149-6155.

[16]B.P. Bandgar, S.S. Gawande, R.G. Bodade, N.M. Gagvand C.N. KhobragadeBjoor Med. Chem. 2009
17(24), 8168-8173.

[17]A.A. Fadda, E. Abdel-Latif and Rasha E. EI-MekayBu; J. Med. Chem. 2009 44(3), 1250-1256.

[18]M.S. Christodoulou, S. Liekens, K.M. Kasiotis andh SHaroutounian.;Bioorg Med. Chem. 201Q 18(12),
4338-4350.

[19]EI-Shimaa M.N. Abdel Hafez, Gamal EI-Din A. AboutiRaa, M. Abdel-Aziz, M.F. Radwan and H.H. Farag.;
Bioorg Med. Chem. 2009 17(11), 3829-3837.

4569



