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ABSTRACT

A series of novel benzimidazole derivatives incaog chalcone(3), pyrazoline#d),(5), (16), oxazoling6),
pyrimidineg7-13),(17) and oxiran€l5) derivatives were synthesized and some of theicti@as with some
electrophiles and /or nucleophiles were studiedom8& of the new derivatives were biologically eviddaas
antioxidants and the results showed that the presef the epoxide ring ifl5) as well as the pyrimidine thione in
(7) are responsible for their reactivity, rather théine presence of the pyrazoline ring system agla .On the
other hand ,some of the synthesized compounds tested as for their cytotoxic activity and the leswere
encouraging . All the synthesized compounds weaeacterized by elemental analysis as well as spédata such
as IR,"H-NMR and Mass spectra.

Key words: Benzimidazole derivatives, Reactions with nucletgshiBiological activity, Antioxidant and Cytotoxic
activity.

INTRODUCTION

Benzimidazoles are an important group of heteracyadmpounds that are biologically active and gfhdicant
importance in medicinal chemistry. The benzimidazdhg is an important pharmacophore in modern drug
discovery . The chemistry and pharmacology of haidazoles have been of great interest to medichamistry
because its derivatives possessed various biologictivities?’such as antioxidant*® antimicrorobial “*
,anthelmintic”? anticancéf® ,antihypertensi€®" antineoplastit**® , anti-inflammatory****!, anti-analgesi€®

, antiprotozoal”!, anti-hepatitis B viru§® |, antiulcet® , antiviral® antifungal®**? |and anticonvulsarft> ¥
activity.

On the other hand , chalcones are very well knawportant starting materials for the synthesis afotes classes

of heterocyclic compounds such as pyrazolinesxaigolines , pyrimidines and /or benzodiazepiie®! as well
.Most of these compounds were found to be highlyative and were widely used in pharmaceutics.The
bacteriostatic as well as bactericidal activitytire chalcone system is attributed to the presefidheoenone
function —-C=C-C=C*"%

Hence it was thought interesting to prepare a Ipaidzizole moiety incorporating the enone functiom view of the
above findings and in continuation of our resegnagram®®3o find effective new antimicrobial and/or antitumo
agents for the treatment of infectious diseashe ptesent study focused on the synthesis andgisalloevaluation
of some benzimidazolo incorporating chalcone , pgies , oxazole , pyrimidines and oxirane moietiesrder to
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throw a more precise information about their cheinreactivity and study on benzimidazole chalcoomigined
molecule , and its biological activity as antioxitland /or antitumor as well .

MATERIALS AND METHODS

Melting points are determined on a Gallen Kemptimglpoint apparatus and are uncorrected. Elememtalysis
(% C,H,N) is carried out by a Perkin-Elmer 2400 Chlhalyser. IR spectra of compounds have beendedarn a
Thermo-Nicolet FT-IR200 spectrometer in KBr disc{dm'H-NMR are spectra recorded on Bruker DRX(300
MHz) spectrophotometer using DMSO-d6as solvent BWiE as internal standard . Chemical shifts arenep
indppm . Mass spectra of synthesized compounds weredaut using Shimadzu GC-MS(Shimadzu 2010 plus)

mass spectrometer direct probe method.
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Synthesis of(1H-benzo[d]imidazol-2-yl)-3-(5-chlor®-methyl-1-phenyl-1H-pyrazol-5-yl)prop-2-en-1-one )

A mixture of 2-acetyl benzimidazol@)(0.04 mol) and the aldehy®)(0.1 mol) were dissolved in ethanol(20 ml)
the reaction mixture was stirred in ice bath ,thdd 5ml of 10% ageous NaOH drop wise through 3QThim solid
obtained was filtered off, washed well with dil@thanol followed by crystallization from ethanoldive 3 as dark
green crystals ; yield 75% ;m.p P89IR :3231 crit(VNH), 3130, 3060, 2980, 2929, 2860 4 C-H), 16671 cm
'\ €=0),1604 crit(¥ C=N ) .The'H-NMR( 300 MHz ,DMSO-d6):3ppm at 10.50(s,1H,NH), 6.86-8.39 (m,
9H,Ar-H), 3.80(d,1H,CH), 2.50(d,1H, CH),2.23(s,3H,CH) . MS: 3611"(M-1)(12.1%), 191.5(2%), 145(2.2%),
76(8.5%) ,50(100%).Anal. of £H1sN4O Cl(362.5) (%) calcd: C, 66.20; H, 4.13; N, 15.42%; 9.79. Found:C,
66.21; H, 4.21; N, 15.45ClI, 9.88.

Synthesis of2-(5-(5-chloro-3-methyl-1-phenyl-1H-pyazol-4-yl)-4,5-dihydro-1H-pyrazol-3-yl)-1H-benzo[d]
imidazole(4a),2-(5-(5-chloro-3-methyl-1-phenyl-1H-prazol -4-yl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)}1H-
benzo[d]imidazole(4b)

A mixture of 3(0.01 mol),and hydrazines, namely hydrazine hydaat@/or phenylhydrazine (0.01 mol) in ethanol
(30 ml)was refluxed for 6 hrs. After concentratiand cooling the solid obtained was crystallizedrfrethanol
togive 4a and/or 4b respectively .4a as dark gregstals ; yield 68% :m.p 280.IR spectrum o#a:3232 cm
1(WNH), 3200 crit(vNH), 3126, 3060, 2980, 2929,2890, 2860°¢m C-H), 1626 crit(v C=N ),1601 crit(N C=C)
MH-NMR( 300 MHz ,DMSO-d6): 5ppm at 11.20(s,1H,NH), 10.59(s,1H,NH),  6.88-7.86rT(9H,Ar-H),
3.47(t,1H,CHCH), 2.99(d,2H, _CHCH),1.31(s,3H,Ch) . MS: 379"(M-1)(2.04%), 191.5(2%),224(0.5%),
167(3.9%) ,153(0.3%) 144(1%), 94(2.1%) ,55(100%plkDH,/Ng CI(376.5) (%) calcd: C, 63.74; H, 4.25; N,
22.30 ;Cl, 9.42. Found:C, 63.75; H, 4.26; N, 223329.424b as black crystals ; yield 56% ; m.p 3C5.IR :3275
cm*(VNH), 3200 crit(VNH), 3126, 3050, 2980, 2929,2890 & C-H), 1613crit(v C=N ),1599crt(\ C=C)
H-NMR( 300 MHz ,DMSO-d6)3ppm at 11.2(s,1H,NH), 6.12-8.7 (m, 14H,Ar-H), 219B¢,CHCH,), 2.27(d,2H,
CH,CH),1.46(s,3H,ChH) .MS: 452"(M+1)( 4.11%), Anal. GsH,:Ns CI(452.5) (%) calcd: C, 68.95; H, 4.64;N,
18.56; ClI, 7.84. FoundC, 68.99; H, 4.65;N, 18.5B;782.
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Synthesis of 3-(1H-benzo[d]imidazol-2-yl)-5-(5-chim-4-methyl-1-phenyl-1H-pyrazol-4-yl)-4,5-dihydro-1H-
pyrazole-1-carbothioamide(5)

A mixture of 3(0.01 mol),thiosemicarbazide(0.01 mol;0.8 gm digsdl in 1 ml water containing sodium
acetate(0.01 mol,0.8 g) in ethanol (30 ml)was seftlifor 6 hrs. After concentration and cooling greduct that
obtained was collected by filtration , washed weith dilute ethanol followed by crystallization froethanol to
give 5 as green crystals ; yield 69% ;m.p 202R : 3399,3232 ci(VNH,,NH), 3162,3136, 3067, 2959,2927, 2881
cm( vV C-H), 1613 crt(¥ C=N ),1597 crit(v C=C),1249 crit(v C=S) *H-NMR( 300 MHz ,DMSO-d6)5ppm at
12.20(s,1H,NH), 11.2(5,2H,l\1_;b-|6.84-8.£l8 (m, 9H,Ar-H), 2.99(t,1H,CHGH 2.47(d,2H,_CHCH),1.23(s,3H,CH) .
MS: 435 1"(M)" ( 60.12%), 365(100%),192(2%), 155(3%) ,129(5%) (14), 77(49.6%) . Anal.gH;gN;S
Cl(435.5) (%) calcd: C, 57.86; H, 4.13; N, 22.50;734 ;Cl, 8.15 Found:C, 57.90; H, 4.15; N, 22.88;7.35;Cl,
8.12.

Synthesis of3-(1H-benzo[d]imidazol-2-yl)-5-(5-chla-3-methyl-1-phenyl-1H-pyrazol-4-yl)-4,5-dihydroisx
azole (6)

A mixture of 3(0.01 mol),hydroxylamine hydrochloride(0.01 mol) pgridine (30 ml)was refluxed for 6 hrs. The
reaction mixture was poured into ice and HCI aredgblid filtered off , washed well with dilute eti@ followed by
crystallization from ethanol to giv8) as dark brown crystals ; yield 65% ;m.p Z13R : 3376crit(VNH), 3130,
3060,2960, 2920, 2880c¢th ¥ C-H), 1598 cmi(Y C=N ) H-NMR( 300 MHz ,DMSO-d6): 5ppm at
11.44(s,1H,NH), 6.85-7.86 (m, 9H,Ar-H), 3.43(t,LH{CH,), 2.50(d,2H, _CHCH),1.23(s,3H,Ch) . MS:
I7TTTHM)* (4.0%),239(58.1%), 192(3%),141(40.6%), 131(11.482(2%) 72(1%), 63(100%),56(70.8%) .
Anal.C,H:6N5 CI(377.5) (%) calcd: C, 63.57; H, 4.23;N, 18.54; €40. Found:C, 63.62; H, 4.29;N, 18.53; Cl,
9.35.

Synthesis of  6-(1H-benzo[d]imidazol-2-yl)-4-(5-chlw-3-methyl-1-phenyl-1H-pyrazol-4-yl)-5,6-dihydro
pyrimidine-2(1H)-thione(7a),4-(1H-benzo[d]imidazol2-yl)-6-(5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-y)-
5,6-dihydropyrimidin-2(1H)-one (7b).

A mixture of3(0.01 mol),withthiourea and/orurea(0.01 mol) ina@bte ethanol (30 ml) containing sodium ethoxide
( prepared from 0.2 gm sodium dissolved in 5 mioalie ethanol) was refluxed for 6 hrs. After cortcation and
cooling the product that obtained was collectedshea well with dilute ethanol followed by crysta#ition from
ethanol to givefa and/oi7b. 7aas green crystals ; yield 76% ;m.p A35R spectrum ofa 3402cm'(VNH), 3160,
3020, 3009,2981, 2926¢t0V C-H),2660(C-SH), 1622 chfV C=N),1594 crit(N C=C),1249 crit( \ C=S).The'H-
NMR( 300 MHz ,DMSO0-d6): showed signal banifsom at 11.45,11.02 (2xs,2x1H,2xNH), 7.07-8.00 (i, g-
H), 2.56(t,1H,CHCH)), 2.19(d,2H,_CHCH),1.23(s,3H,CH) . MS: 418"(M-2)( 0.16%), 345(14%), 303(100%),
282(7%) ,238(12%) ,193(11.5%), 152(31.9%),. 1231(%49),78(58%),.Anal.g3H;;NeSCI(420.5) (%) calcd: C,
59.92; H, 4.04; N, 19.97; S, 7.62;Cl, 8.44.Found&@99; H, 4.05; N, 19.95; S, 7.59;Cl, 8.40.

7b as green crystals ; vyield 64% ;m.p 220R :showed absorption bands at 340%¢dinH), 3130,
3069,3004,2980, 2925, 2828¢(m C-H), 1677 crit(¥ C=0), 1629 cm(y C=N),1594 crt( C=C).*H-NMR( 300
MHz ,DMSO-d6): showed signal bandgppm at 11.44,9.57(2xs,2x1H,2xNH), 6.83-7.88 (m, AHH),
2.51(t,1H,CHCH), 2.21(d,2H, _CHCH),1.29(s,3H,Ch) . MS: 408 +(M+1)( 4.0%), 386(50%),364(59%),
272(77%) ,239(37%) ,120(18%), 63(100%),. AngltG/NsOCI(404.5) (%) calcd: C, 62.29; H, 4.20; N, 20.76;C
8.77. Found:C, 62.35; H, 4.22; N, 20.75;Cl, 8.75.

Synthesis of N-((4-(1H-benzo[d]imidazol-2-yl)-6-(&hloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)-5,6-dihydo
pyrimidin-2-ylthio)(p-methoxyphenyl)methyl)-2-nitro aniline (8)

A mixture of 7a(0.01 mol),and Schiff base namelyN-(4-methoxybeidzyie)-2-nitroaniline prepared from refluxing
(0.01) mol of o-nitro aniline and 4- methoxybenzdigde in 15 ml of absolute ethanol ) in 30 ml aabte ethanol
was refluxed for 6 hrs. After concentration andl@pthe product that obtained was collected ,wdshell with
dilute ethanol followed by crystallization from atiol to giv8 as dark orange crystals ; yield 76% ;m.p’243R :
3461cm'(VNH),3069, 2987, 2921, 2850, &V C-H), 1612 crit(N C=N),1591 cr(v C=C)H-NMR( 300 MHz
,DMSO-d6): déppm at 11.39,9.87 (2xs,2x1H,2xNH), 6.88-7.86 (m, H}Af-H), 3.76(s,3H,0Cht
Ar),3.37(t,1H,CHCH), 2.44(d,2H,_CHCH),1.64(s,3H,Ch) . MS: 679"(M-2)( 3.16%), 380(0.06%),321(0.21%),
282(7%) ,220(0.12%) ,193(0.1%), 152(31.9%),. 123B4),57(100%),. Anal.£gH9NgO,S CI(676) (%) calcd: C,
62.08; H, 4.28; N, 16.55; S, 4.73;Cl, 5.24.Foun&Z11; H, 4.31; N, 16.61; S, 4.76;Cl, 5.25.
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Synthesis of ethyl 2-(6-(1H-benzo[d]imidazol-2-yl#(5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)-4,5-
dihydropyrimidin-2-ylthio)acetate(9)

A mixture of 7a(0.01 mol),and ethylacetoacetate (0.01 mol ) is@nee of dry aceton containing anhydroy€®s
were refluxed for 20 hrs. After evaporation of thecess solvent , the reaction mixture was pouréa iice/
10%HCI(15 ml) filtered off dried and, crystallizé®m ethanol to give as dark yellow crystals ; yield 66% ;m.p
260°C.IR : 3273cr(YNH),3069, 2921, 2853, chi \ C-H),1725 crit(N C=0 ester), 1617chf\ C=N) H-NMR(
300 MHz ,DMSO-d6): 3ppm at 9.87 (s,1H,NH), 6.85-8.81 (m, 9H,Ar-H),4@2H.CHCHs), 3.43(t,3H,
CH;CH,),3.04(t,1H,CHCH), 3.001(d,2H, CKHCH),1.06(s,3H,CH) . MS: 508"(M)( 4.05%), 423(3.6%) ,211(3.1%)
,196(3.3%), 182(3.4%),. 155(3.35%),57(100%),. ADaH,3NsO,S CI(506.5) (%) calcd: C, 59.23; H, 4.54; N,
16.58; S, 6.31;Cl, 7.008.Found;C, 59.22; H, 4.5516160; S, 6.32;Cl, 7.99.

Synthesis of 2-(4-(1H-benzo[d]imidazol-2-yl)-6-(5ftoro-3-methyl-1-phenyl-1H-pyrazol-4-yl)-5,6-dihydro
pyrimidin-2-ylthio)acetic acid(10)

A suspension 0 in ethanolic sodium hydroxide solution (preparamhfrdissolving 0.01 mole of sodium hydroxide
in 1ml of water then mixed with 15ml of absolutéatol)was refluxed for 2 hr.then evaporated to hslfolume ,
acidified with dilute HCI .The solid that separaieds collected , washed with dilute ethanol andystallised from
ethanol to givé0 as yellow crystals ; yield 61% ;m.p 245IR : 3420(br),3363(br)ct{VOH/NH),2954, 2920, 2850
cm( v C-H),1710cm(¥ C=0 , of an acid), 1605chV C=N)'H-NMR( 300 MHz ,DMSO-d6)3ppm at 10.80(s,
1H, OH),10.21(s,1H,NH),7.21-8.87 (m, 9H,Ar-H),3.62H,CHCO), 3.45(t,3H, _CHCH,2.50(d,1H,CHCH),
1.06(s,3H,CH) . MS: 478" (M)( 3.23%), 345(14%) , base peak (100% forHGsN4O,S) .Anal.GsH;gNsO,S
CI(506.5) (%) calcd: C, 57.68; H, 3.97; N, 17.55;6%8;Cl, 7.41.Found;C, 57.70; H, 3.99; N, 17.54,6.79;Cl,
7.45.

Synthesis of 2-(4-(1H-benzo[d]imidazol-2-yl)-6-(5+doro-3-methyl-1-phenyl-1H-pyrazol-4-yl)-5,6-dihydro
pyrimidin-2-ylthio)acetohydrazide(11)

A mixture of 9(0.01 mol),and hydrazine hydrate(0.01 mol) in etha(20 ml)was refluxed for 6 hrs. After
concentration and cooling the product was coltkcigashed well with dilute ethanol and recrystalizirom
ethanol togivell as yellowish crystals ; yield 68% ;m.p 285 IR : 3300,3275ci(VNH,,NH),3178,3091, 2921,
2851, cmt( \ C-H),1667 crit(v C=0 amide), 1586 cii{\' C=N). *H-NMR( 300 MHz ,DMSO-d6)5ppm at 11.9,
11.6,11.4 (3xs,4H,2x1H,1x2H,2xNH, NH 7.2-8.9 (m, 9H,Ar-H),3.45(s,3H,GB0),3.04(q,2H,CHCH),
2.50(t,3H,_CHCH,),2.007(d,2H,_CHCH),1.06(s,3H,Ch) . MS: 492"(M)( 10.3%), 360.9(12.1%) , 123(11.6%),.
118.7(12.2%),74.9(1.3%),58(13.8%),and the base ped0.5(100%). Anal.GH,:NsOS Cl(492.5) (%) calcd: C,
56.04; H, 4.26; N, 22.74; S, 6.49;Cl, 7.20.Found&&.10; H, 4.31; N, 22.69; S, 6.50;Cl, 7.30.

Reaction of 11 with carbonyl compounds :Synthesisf2-(4-(1H-benzo[d]imidazol-2-yl)-6-(5-chloro-3-metlyl-
1-phenyl-1H-pyrazol-4-yl)-5,6-dihydropyrimidin-2-yl thio-N*(propan-2-ylidene)acetohydrazide(12a)

A suspension 011(0.01 mol)in dry acetone (30 ml)was heated on amaath for 6 hrs . After concentration and
cooling the residue was collected ,washed welhwlitute ethanol and recrystallized from ethangive 12a as
orange crystals ; yield 71% :m.p 285 IR : 3276 ci(VNH), 3109,3001, 2959, 2926,2845, &M/ C-H),1678cm
'\ C=0 amide), 1614cif{\ C=N),1537 crit(NC=C). '"H-NMR( 300 MHz ,DMSO-d6):6ppm at 10.65,10.05
(2xs,2H,2xNH), 6.75-8.72 (m, 9H,Ar-H),3.45(s,2H,SQD) ,1.031.06,1.08(3xs,3x3H,3xgH MS: 532.9"(M+1)
(2.01%), 302.5(10.9%), 195(7.3%),193(3.7%),148(28),127(8.3%) 120(35.9%), 82(5.5%),77(7.2%), 55(1D0%
Anal.CgH2sNgOS Cl(492.5) (%) calced: C, 58.58; H, 4.73; N, 21.82 6.49;Cl, 6.02.Found;C, 58.50; H, 4.75; N,
21.04; S, 6.50;Cl, 6.05.

Reaction of 11 with anisaldehyde :Formation of2-(41H-benzo[d]imidazol-2-yl)-6-(5-chloro-3-methyl-1-
phenyl-1H-pyrazol-4-yl)-5,6-dihydropyrimidin-2-ylth io-N*(4-methoxy benzylidene)acetohydrazide(12b)

A mixture 0f11(0.01 mol) and anisaldehyde (0.01 mol) in 30 mhb$olute ethanol containing sodium ethoxide (
formed by dissolving 0.4 gm of sodium metal in 5 ofl absolute ethanol)was refluxed for 6 hrs . After
concentration and cooling the product was colkcigashed well with dilute ethanol and recrystallizirom
ethanol togivel2b as darkorange crystals ; yield 51% ;m.p%800R : 3396,3258ci(VNH), 3111,3050, 2850 cm
Y~ C-H),1671crt(v C=0 amide), 1614 cify C=N),1586criH(NC=C). 'H-NMR( 300 MHz ,DMSO-d6):
dppm at  10.39,10.02(2xs, 2H, 2xNH), 7.12-8.87 (m, HX8-H), 3.48(s,3H,0CH), 3.29
(s,1H,N=CH),2.51(s,2H,SCG80) ,2.70(s,2H,S-CH),2.50(t,1H, CHCH),2.30(d,2H, CHCH),1.06(s,3H,CH) . MS:
6101 (M)( 10%),465(9.9%) 382(12%) ,262(14%), 140(19%5(2B%) 111(30.1%), 97(36%), 85(26%), 75(39%),
57(100%).
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Anal.C3;H,7NgO,S CI(610.5) (%) calcd: C, 60.93; H, 4.42; N, 18.8]1;5.31,Cl, 5.82.Found;C, 60.94; H, 4.43; N,
18.21; S, 5.31;Cl, 5.82.

Formation of 1-[5-(4-(1H-benzo[d]imidazol-2-yl)-4-6-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)-5,6-ditydro
pyrimidin-2-ylthio)-2-(4-methoxy phenyl)-1,3,4-oxadazol-3(2H)-yllethanone (13)

A suspension 012(0.01 mol)in 15 ml acetic anhydride was heated aomager bath for 2 hrs . The solvent was
evaporated (under reduced pressure) and the eesidsi treated with petroleum ether (b.p.60@)) collected then
with dilute ethanol and recrystallized from ethatuglive 13 as green crystals ; yield 65% ;m.p ZZ5IR : 3204cmh
Y(WNH), 3005, 2981, 2933chi \V C-H),1713cr (v C=0 ketone COCH), 1613cm'(N C=N)*H-NMR( 300 MHz
,DMSO-d6): éppm at 11.68(s,1H, NH), 7.2-8.98 (m, 13H,Ar-H), 3{KY1H,N-CH-0),3.45(s,3H,OGH
,1.031.06,1.08(3xs,3x3H,3XxGH . MS: 652" (M)( 3.7%), 456(5%) ,422(3.6%), 348(0.3%), 221(0)1%
169(3.9%),155(4.9%),145(1.8%), 111(34%),97(41%%38¢), 57(100%).Anal.ggH,9NgOsS Cl(652.5) (%) calcd:
C, 60.68; H, 4.44; N, 17.16; S, 4.90;Cl, 5.44.Fq&0.69; H, 4.45; N, 17.20; S, 4.91;Cl, 5.54.

Reaction of 11 with C$ in KOH:Formation of 2-[4-(1H-benzo[d]imidazol-2-yl)-6-(5-chloro-3-methyl-1-
phenyl-1H-pyrazol-4-yl)-5,6-dihydropyrimidin-2-ylth io)-]1,3,4-oxadiazol-5-thione (14)

A mixture of11(0.01 mol), carbon disulphide (8ml)and aqueous K@&mI,10%) was heated on a water bath for 2
hrs . After evaporation of solvent (under reduceespure) , the product was neutralized with diH® , then
extracted with ether and the solvent was evaporateder reduced pressure) .The residue was cadllecté washed
well with dilute ethanol and thenrecrystallizedrfr@thanol togivel4 as green crystals ; yield 75% :m.p 3D2IR :
3394cm‘(VNH), 3001, 2959, 2919,2850¢i \ C-H),1627cri(\N C=N),1540 crt(C=C),1190 crit(NC=S)
H-NMR( 300 MHz ,DMSO-d6)5ppm at 8.89,8.77(2xs,2x1H,2x NH), 6.68-8.03 (m, A+H),3.35(t,1H,N-CH-
CH,),2.71(d,2H,CHCH),2.52(s,2H,S-Ch), ,1.39(s,3H,CH) . MS: 534"(M)( 3.2%), 476(3.1%) ,432(3.6%),
400(5%), 375(4.9%), 344(2.9%), 302(8.7%), 209(10,1%65(16%),121(46.1%), 106(31.3%) ,91(45%), 81(B1%
65(32.3%), 55(100%).AnalgLH,1NgOS, CI(536.5) (%) caled: C, 53.67; H, 3.94; N, 20.865,
11.94;Cl,6.60.Found;C, 53.70; H, 3.93; N, 20.851E93;Cl,6.60.

Reaction of the chalcone 3 with HO.in alkaline NaOH: Synthesis of2-(3-(5-chloro-3-metyl-1-phenyl-1H-
pyrazol-4-yl)oxiran-2-yl)-1H-benzo[d]imidazole(15)

A suspension 08(0.01 mol) in acetone(30ml) and methanol (15ml)tvaated with 8% aqueous sodium hydroxide
(12 ml) while cooling and stirring then hydrogerrgpade (15ml ,30%)was added (on portions) .The tsmhuwas
stirred while cooling for 2 hrs ,then left side avight.The product was collected ,washed well wiilate ethanol
and recrystallized from ethanol togid& as light brown crystals ; yield 75% ;m.p 220 IR : 3225crt(VNH),
3107, 2990, 2920,2860,2820¢(m C-H),1690cr (v C=0 aroyl), 1598ci(\ C=N),1290 crit(epoxy linkage)H-
NMR( 300 MHz ,DMSO-d6):6ppm at 11.42(s, 1H, NH), 6.88-7.87 (m, 9H,Ar-H),04d, 1H,CO-CH-
0),3.89(d,1H, O-CH-C) ,1.16(s,3H,GH. MS: 378" (M)( 2.9%), 350(2.7%) ,310(69%), 193(6.2%), 187(5%)
157(3%), 130(19.4%),57(100%).AnajH1sN,O, CI(378.5) (%) caled: C, 63.40; H, 3.96; N, 14.7@j,
9.73.Found;C, 63.41; H, 4.01; N, 14.81; Cl, 9.40.

Reaction of the 15 with hydrazine hydrate:Synthesi3-(1H-benzo[d]imidazol-2-yl)-5-(5-chloro-3-methyli-
phenyl-1H-pyrazol-4-yl)-4,5-dihydro-1H-pyrazol-4-ol (16)

A mixture of 15 (0.01 mol), hydrazine hydrate (0.01 mol) in absslethanol (30 ml) was refluxed for 6hrs.After
concentration and cooling the residue was colleatatitreated with petroleum ether (b.p.40%6then with dilute
ethanol and recrystallized from ethanol togi@ as orange crystals ; yield 81% ;m.p 450IR : 3420 cm
1(NOH),3365,3200cm(2xVNH cyclic), 3061, 2979, 2922,2852\(C-H),1612cr(\ C=N),1530cri(\ C=C)!H-
NMR( 300 MHz ,DMSO-d6)dppm at 12.43(s,1H,0OH), 11.50(d,1H,NH-CH),11.2¢4, NH cyclic), 6.88-7.85(m,
9H,Ar-H),3.12(d, 1H,-CH-OH),2.51(d,1H, -CH-NH) ,2@&, 3H, CH) . MS: 391"(M-1)( 2.9%), 375(13.8%) ,
307(1.7%), 293(17.6%),181(10.2%),153(4%), 131(2,32%)(10.1%),116(9.4%), 105(17.4%), 92 (21.8%),
77(100%) .Anal.gH1;NsO CI(392.5) (%) calcd: C, 61.15; H, 4.36; N, 21.89, 9.02.Found;C, 61.20; H, 4.34; N,
21.38; Cl, 9.00.

Reaction of the 15 with urea and /or thiourea:Syntksisof4-(1H-benzo[d]imidazol-2-yl)-6-(5-chloro-3-nhyl-
1-phenyl-1H-pyrazol-4-yl)-5-hydroxy-5,6-dihydropyrimidin-2(1H)-one (17a) and 4-(1H-benzo[d]imidazol-2
yl)-6-(5-chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)5-hydroxy-5,6-dihydropyrimidin-2(1H)-thione (17b)

A mixture of 15 (0.01 mol), urea and/or thiourea (0.01 mol) inchbte ethanol (30 ml) was refluxed for 6hrs. After
concentration and cooling theproduct was collecad washed well with dilute ethanol and recrystetli from
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ethanol togivel7a and /or 17b respectively 17a as yellow crystals ; yield 78% :m.p 265 IR : 3400 cm
}(N'OH),3330cm(VYNH), 3069, 2987, 2921,2850 &nf \ C-H),1655 crit(N C=0),1612 cri(¥ C=N),1603crt(v
C=C)H-NMR( 300 MHz ,DMSO-d6)8ppm at 12.49(s,1H,0OH), 12.45(d,1H,NH),11.43(s, MHi), 6.88-7.85(m,
9H,Ar-H), 3.45(d, 1H, -CH-OH),2.51(d,1H, -CH-NH).8B(s, 3H, CH) . MS: 423" (M+2)( 3.69%), 382(5.6%) ,
328(2%), 213(4%),192(2%),186(2%), 157(5%),113(8.4%§(9.4%) ,96 (1.2%),77(16.2%) , 57(100%)
Anal.G;H7NgO, CI(420.5) (%) calcd: C, 59.92; H, 4.04; N, 19.€T, 8.44.Found;C, 60.01; H, 4.05; N, 20.03; Cl,
8.51.

17b as orange crystals ; yield 63% ;m.p 495IR : 3353crit(VNH), 3096, 2987, 2921,2820 &nf \ C-H),1615
cm’(N C=N),1548 ci(¥ C=C),1249 crt(N C=S),’"H-NMR( 300 MHz ,DMSO-d6):5ppm at 12.05
(d,1H,NH), 11.11 (s, 1H, NH), 6.83-7.98(m, 9H,Ar;F8.41(d, 1H, -CH-OH),2.11(d,1H, -CH-NH) ,1.03(H,3
CHs) . MS: 438"(M)( 4.11%), 372(4.1%) , 214(2.3%),192(6.7%),186¢8), 96 (3.7%),77(65%) , 57(100%)
Anal.GH7;NgOS CI(463.5) (%) calcd: C, 57.73; H, 3.89; N, 19247.31;Cl, 8.13.Found;C, 57.72; H, 3.91; N,
19.25;S, 7.31; ClI, 8.20.

RESULT AND DISCUSSION

Chemistry

The chalcone derivativg8) was prepared by the conventional method [23,Z#hfthe interaction of the aceto [d]
imidazol-2-yl)ethanongl) with 5-chloro-3-methyl-1-phenyl-1H1-pyrazole-4-cabdehyd€?) in alkaline ethanolic
medium . Treatment of chalcor{8) with hydrazines namely hydrazine hydrate and henyl hydrazine afforded
the corresponding pyrazoline derivati{4s4b) ,while treatment of(3)with thiosemicarbazide affordedthe
corresponding 3-(1H-benzo[d]imidazol-2-yl)-5-(5-0hd-3-methyl-1-phenyl-1H-pyrazol-4-yl)-4,5-dihydfd-
pyrazole-1-carbothioami@®) . The assigned structures @), (4a, band5)were confirmed on the basis of 1R;
NMR and mass spectral analysis the IR spect(@afbshowed bands in the region 3232,3275tonVNH , in
the region 3126-2860cHor VC-H,in the region 1626-1613¢tor YC=N and in the region 1599-1601¢far
\C=C. The'H-NMR for (4a) showed the signals of NH as two signlets dt1.2,10.59,the multiplet at 6.88-7.86
ppm for the aromatic protons and signals of thehgigtrotons at 1.31, while the signals (db) were signalsad
11.2 ppm as asinglet for NH, at 6.12-8.7 ppm fer $haromatic protons and methyl protons appeareihgtet at
1.46. The mass spectra (@@a) and(4b)showed the molecular ion peaks at m/z 375 and ®#zwhich are agreed
well with the proposed structure . The IR spectfniS)reveled absorption bands at the region 3399,323%am
YNH,,NH , in the region 3162-2881¢tor VC-H,in the region 1613ctior VC=N , in the region 1597chfor
JC=C,and in the region 1249¢fior VC=S. The'H-NMR reveled two signlets @tL2.2,11.2 for the NH, a multiplet
at 6.8-8.5 ppm for the aromatic protons and singletl.2 for the methyl protones. The mass specsiowed the
molecular ion peaks at 453 and the base peak aB6&/z

Treatment of the chalconé3) with hydroxyl amine hydrochloride affected 1,3 gondensation to the
corresponding 3,5 diaryl-1,2-oxazole derivat{® .The IR spectrum of6)reveled absorption bands at the region
3376,3130-2880 cittharacteristic forv’ NH and VC-H respectively.TheéH-NMR showed signals a$11.44
assignlets for the NH, a multiplet at 6.85-7.@mpfor the 9 aromatic protons and singlet at fo23he methyl
protones. The chalcone derivati(® on the treatment with thiourea and /or urea ituxifig ethanol afforded the
corresponding  4,6-diaryl-5,6-dihydro  pyrimidin-2(tthiong7a) or its pyrimidin-2(1H)-one derivative
(7b)respectively . The structures of compoufids,b) were elucidated on the basis of elemental anahsisell as
spectral data .IR spectrum @fa)showed bands in the region 3402,3333'tamVNH , in the region 3160-2926¢m
or VC-H,in the region 1622,1594¢cHor VC=N andVC=C and a characteristic absorption band at 124¢8S.
The'H-NMR showed signalsak 11.45,11.02 ppmas two signlets for cyclic NH groya multiplet at 7.07-8.00
ppm for the 9 aromatic protons and a signlet ofrttethyl protons at 1.23 ppm. The mass spectryif@fshowed
the molecular ion peaks atm/z 418 for M*and the base peak at m/z 303.

The IR spectrum of7b)reveled absorption bands at the region 3401,3328,2877,1629 citorrespondingtol
NH , VC-HC=0 andVC=N. The'H-NMR of (7b) reveled two signlets at11.4,9.57 for two signlets for cyclic
NH groups ,a multiplet at 6.83-7.88 ppm for the@matic protons and a signlet of the methyl pretain1.29 ppm.
The mass spectrum¢fb) showed the molecular ion peaks at m/z 406 for Mahd the base peak at m/z 63.

Addition of compound7ajto a Schiff base in the presence of sodium ethoaffiected alkylation of the active
olefinic bond of the Schiff base to give the cop@sdinga-aroyl amino benzylidene thiopyrimidine derivaf(8g.
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The IR spectrum of8)showed absorption bands at 346Tfon YNH , in the region 3169-2850¢tor VC-H,at
1612/C=N, and1594cnffor VC=C. The'H-NMR of (8)showed two signals &t.1.39,9.87 for two signlets for the
two NH groups ,a multiplet at 6.88-7.86 ppm foe #iromatic protons and a signlet of the methylqstat 1.46.
The mass spectrum showed the molecular ion peakézat75 for M-2 "and the base peak at m/z 57.

Alkylation of (7a)with ethylchloroacetate in dry acetone containingyalrous potassium carbonate occurred at the
thione group only and not in the NH group to gilie torresponding ethyl 2-(6-(1H-benzo[d]imidazo#R4-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4-yl)-4,5-dihyapyrimidin-2-ylthio)acetat@®) .This was in agreement with
the previous finding$>*" . The IR spectrum of9)showed absorption bands at 3273fon YNH , in the region
3090-2853cnifor VC-H,at 1725 criffor YC=0O ester , and1617¢tHor VC=N.The mass spectrum showed the
molecular ion peaks at m/z 506 for M-1 The'H-NMR reveled a multiplet at 7.2-8.8 ppm for thea@matic
protons and three signlets at 9.67,4.31 and 1.e8aliNH,COCH and CH protons respectively.

Refluxing (9)in alcoholic sodium hydroxide gave the correspogdihioacetic acid(10). The IR spectrum of
(10)showed absorption bands at 3420¢on VOH, 3363crifor YNH , in the region 3090-2850¢Hor VC-H,at
1710 cm'for VC=0 acid , and1605chior VC=N.The mass spectrum showed the molecular ion peakz 478 for
M-11*. The 'H-NMR reveled a multiplet at 7.21-8.87 ppm for tA®matic protons and four signlets at 1.03
,2.50,9.67 and 10.39 due togHCOCH, NH and OH protons respectively. Moreover reftux{9) with hydrazine
hydrate in ethanol afforded the corresponding $h§ettopyrimidin-2-thioacetohydrazide derivatiygl) . The IR
spectrum of(11)showed absorption bands at 3300,3275,3178,2851, 8@l7 1617ci due to for stretching
absorption bands of/NH, ,VNH , VC-H,YC=0 , andVC=N respectively. Th&H-NMR reveled signlets at 11.9,11.6
and 8.9 ppm for NH, and two NH ,7.2-8.9 ppmmultiplet for the arorngtrotons, 1.03 ,3.45 two singlets one for
the CHand the other for COCKThe mass spectrum showed the molecular ion peakzat92 for M *, and the
base peak m/z 50 for,8,.

The reaction of the hydrazine derivati{EL)with carbonyl compounds was investigated .THd4,yeacted with
acetone and /or anisaldehyde to give the hydraigdieatives(12a)ynd /or(12b) The IR spectrum ofl2axhowed
absorption bands at 3330,3003-2850,1655 and 166%hme to absorption bands of VNH , VC-H,NC=0 , and
JC=N respectively. Th&H-NMR showed signals @10.8,10.28 ppm corresponding tothe 9 aromaticopstand at
1.34,1.36 ppm the two singlets for the protons ke two methyl groups. The IR spectrum (@Rb)showed
absorption bands at 3252,3396t0r VNH , 1614cnifor VC=N, On the other hand , interaction of compouréi 4,
diaryl pyrimidin-2-yl thio-N-arylidene acetohydrald (12b)with acetic anhydride affected rearrangement pfedd
by cyclization to the corresponding 1,3,4-oxadiadelivative (13). The IR spectrum ofl3)showed absorption
bands at 3204ctor YNH , in 1713 critfor VC=0 ketone , and1613ctfor VC=N.The'H-NMR of (13) reveled
athe NH protons as asinglet at 11.68 ppm, a nleltgt 7.2-8.9 ppm for the aromatic protons ,meghprotons
COCH; and as singlet at 3.45 ,1.91,1.03 respectivelh®wother hand , treatment of the hydrazino deredtil)
with carbon disulphide in the presence of aqueamtassium hydroxide affected cyclization to the esponding
1,3,4-oxadiazole-5-thione derivatiy®4).The IR spectrum ofLl4)agreed well with the proposed structure , it redele
absorption bands at 3394,3001-2850, 1667 and 1620cti' due to YNH , YC-HNC=N , and VC=S
respectively. ThéH-NMR of (14) showed signals at 8.89,8.77 as two signlets @it NH cyclic, a singlet at 2.51
for -SCH- , a multiplet at 6.68-8.03 ppm for the 9 ardmatrotons .The mass spectrum (@#) showed the
molecular ion peaks at m/z 534 forlMand the base peak m/z 55 faHeNT".

The reaction of chalcon@)with hydrogen peroxide in alkaline medium affectiee formation of the corresponding
oxirane derivativg15) .This was in agreement with the pervious findifgs The IR spectrum ofL5) reveled the
presence of stretching absorption bandsifl NC-H NC=0 NC=N , andVC-Cl at 3225,3107-2820, 1690 ,
1598,608crit and the epoxy linkage at 1290 €iThe *H-NMR showed signals at 11.42 as signlet for thé N
6.88-7.87 as multiplet for the aromatic protoihg system of the oxirane ring as a doublet at 3.82-ppm .The
mass spectrum ¢i.5) showed the molecular ion peaks at m/z 378 for Mnd the base peak m/z 57 for SEH,-
No.

The reaction of(15)with hydrazine hydrate in refluxing ethanol yielddte corresponding 4-hydroxy pyrazol
derivative. The IR spectrum ¢16) reveled the presence of absorption bandéd# , YNH , VC-H VC=N , and
JC=C at 3420,3265,3200,3061-2852, 1612 and 153@spectively.ThéH-NMR showed signals at 12.43 as a
signlets for the OH and a doublet for the NH atpkieazole ring and at 11.02 ppm a singlet for tadic NH , 6.88-
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7.85 as multiplet for the aromatic protonspphie. mass spectrum ¢(£6) showed the molecular ion peaks at m/z
391 for M1 *, at m/z 375 M-OH and the base peak m/z 77 foiHgl.

The reaction of15) with urea and /or thiourea in refluxing ethanfféeted the cyclization to the corresponding 4-
hydroxy pyrimidin-2-one(17a) and / or 4-hydroxy pyrimidin-2-thion€l7b) via opening of the epoxide ring
followed by recyclization . The IR spectrum(df7a) reveled the presence of absorption bands a0,3380,3069-
2850,1655, 1612 and 1603¢m corresponding toVOH , YNH , VC-H,YC=O(amide) yC=N , andVC=C
respectively. The'H-NMR  showed signals at 12.49,12.45,11.43 as dwablet and a signlets, 6.88-7.86 as
multiplet for the aromatic protons .The mass spec of (17a) showed the molecular ion peaks at m/z 423 for
M+21", and the base peak m/z 57 foHEN,. . The IR spectrum ofl7b) reveled the presence of absorption
bands at 3353 chfior VYNH ,3069-2820 for/C-H , 1615 for/C=N and 1249cfC=S respectively. Th&H-NMR
showed signals at 12.05,11.11 as two signlets3-B.83 as multiplet for the aromatic protonsThe mass
spectrum o{17b) showed the molecular ion peaks at m/z 435 fof Mand the base peak m/z 57 fgHEN,

Antioxidant Testing:
The newly prepared compoundla, 7a,15are tested for antioxidant property by DPPH method

Reduction of 1,1- diphenyl-2-picrylhydrazyl (DPPHee Radical (DPPH method) The nitrogen centelulestree
radical DPPH has often been used to characterizexatant . It is reversibly reduced and the odec&lon in the
DPPH free radical gives strong absorption maximwrBl¥ nm which is purple in color. This property kes it

suitable for spectrophotometric studies. A radgmavenging antioxidant reacts with DPPH stable faglical and
converts into 1,1- diphenyl-2-picrylhydrazine . Thesulting decolorization is stoichiometric withspect to the
number of electrons captured. The change in therbhece produced by this reaction has been useésure the
antioxidant properties of the tested newly derixegi The solutions of the tested compounds (innethg100uM)

were added to DPPH (100uM , in ethanol) . The twbee kept at an ambient temperature for 25 minatesthe
absorbance was measured at 517 nm . The diffelestoegen the test and the control experiments (Ascowas

taken and expressed as the percentage scavendimg@PPH radical .

Table (1): Antioxidant Activity of the Target Compounds

DPPH scavenging % inhibition at 100uM
Sample con. ug| Tested compounds Standard ref .(Ascorbic)
4a 17a 15 Sample conc. p DPPH scavenging Po
640 82.74 | 85.26 | 78.53 - -
320 74.53 | 77.05| 76.84 35 80.21
160 72.32 | 73.62 | 74.21 30 78.94
80 62.63 | 70.21 | 70.84 25 78.72
40 51.37 | 60.95| 61.79 20 76.81
20 43.79 | 51.68 | 54.74 15 62.81
10 32.51| 41.16 | 31.37 10 16.98
5 22.32| 30.11 | 22.00 5 12.98
0 0 0 0 0 0

C =100 uM
It is clear from the results that compourm@s15exhibit significant antioxidant property in DPPHethod at 100 uM
concentration (Table) when compared with the stahdzference Ascorbic acid .
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Cytotoxicity Evaluation

Some of the newly prepared compounds were testddteaymine their cytotoicity in the human hepathdat liver
carcinoma cell line HEPG-2 , against breast carimaells MCF-7 cell line and against colon carciaceell lines
HCT, using a modified method” .Thus , compounds$,7b,11,12bwere tested against HEPG-2, compounds
4a,8,16,17aagainst MCF-7 and compounds 5,9,13 and 14 ag&@st cell line respectively . The cells were
routinely cultured in Eagle minimum essential media supplemented with 10%afogovine serum , 1% L-
glutamine solution , and a non-essential amino aeldtion .The investigated compounds were dissbinea very
small amount of DMSO, and a small volume was adddtie cell culture . The tested compounds werpges in
triplicates at concentration ranging from 1.56 1© g . The following types of controls were incldde
determination of 100% viability and 0% viabilityh& cells were treated with 10% DMSO),no cell cdnfcontrol

for the determination of a possible interactiontled tested compounds with the reagent , contraghefsetting
incubation medium and control of the toxicity of [3® . The results are expressed as inhibitory cdratén that
reduces the cell viability to 50% of the maximabrgtrol) viability (ICsq) . The results Table 2) showed that
compoundda was inactive toward the breast cancer cells (MIF-30) , while compound8,16b,17aexhibited
cytotxic activity against MCF-7 with Ig; of 2.4, 30.8,2.6 pg/ml . Compounfigb,11,12bexerted activity against
HEPG-2 cancer cells with 16y of 33,19.3,33.8 respectively . Compouril9,13,4exhibited cytotoxic activity
against HCT cancer cells with  kgof 9.1,5.0,3.9,7.7 ug/ml . It is notable ttfgatand 17aare the most potent
cytotoxic agents against MCF-7 with 42.4 ,2.6 ug/ml , whilel1,7bare the most potent against HEPG-2 with IC
50 9,19.3 pg/ml and compour,9,14 and 13he most potent against HCT with ¢ of 3.9,8.0,7.7 and 9.1 pg/ml
.This is presumably due to a high lipophilicity thie benzimidazole moiety which enhances its abgorfb the
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cancer cells .However ,cytotxic activity df,17ahas not reported in the literature. Hence , thezimidazole
analogss,17a,11,7b,5,9,13,1dre new series of cytotoxic agents .

Table (2): Cytotoxic activity of benzimidazole denatives (4a,5,6,7b,8, 9,12b,13,14,16b)

Cell lines IC50 (ng/ml)°<
4a 5 6 7b 8 9 11 12b | 13 14 16k | 17¢
MCF-7 >50 | NT | NT| NT 24| NT| NT| NT NT| NT| 30.8 2.6
Hep G-2 | NT | NT | 33 19.3] NT| NT| 9.0/ 33.8 NT NT NT NT|
HCT NT | 91| NT| NT NT| 5.0 NT| NT 39 7.7 NT NT|

NT: indicates not tested

@ Cancer cell lines were hepatocellular carcinomd liee (Hep G-2); colon carcinoma cell line (HCThreast carcinoma cell line (MCF-7).

®When IC50> 50 ug/ml denotes inactive compound.
° The assays were performed in triplicate.
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Structure — activity relationship

According to the results of the bio activities isihoted that where-as compound 7b display thledsigantioxidant ,
it also displayed cytotoxic activity against HEP@ell .This is presumably due to a hydrophobiccftd sterically

hindered benzimidazolo-thiopyrimidine group thahamces the penetration of compound 7b to the camdier

The synthesis of target novel chalcone (3) , pyH#a,b,5), isoxazole(6) , pyrimidines (6-14), axie (15),
hydroxyl pyrazolines (16) and hydroxyl pyrimidings/a,b) was achieved according to the steps ireticailhese
reactions are simple , easily carried under nomsattion conditions . Most of the newly synthesizetistituents
were found to exhibit significant activity as antidant or anticancer agents . The findings dematsta new

CONCLUSION

potential for some derivatives as lead comoundé$uidher development as medicinal agents.
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