Available online at www.der phar machemica.com

Q
o %
O:D @ S | SSN 0975-413X Der Pharma Chemica, 2016, 8(8): 170-181

CODEN (USA)Z PCHHAX (http: //der phar machemica.com/ar chive.html)

Synthesis of some novel pyrrolidine, thiomor pholine, pyrimidine and pyridine
derivatives containing benzimidazole moiety of expected antiviral and
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ABSTRACT

A series of new substituted pyrrole, thiomorpholine-3, 5-dione, pyrimidine, thiazole and pyrazole derivatives were
synthesized from N-(4-(1H-benzo[d] imidazol-2-yl) phenyl-2-chloroacetamide (2) as starting material. Also, N (4-
(1H-benzo[ d]imidazol-2-yl) phenyl)-3-oxobutanamide (17) is widely used for production of pyridine and
chromeno[ 3,4-c] pyridin-1-carboxamide derivatives. Most of the target compounds were evaluated for their antiviral
and antimicrobial activities.

Keywords. benzimidazole, pyrrolidine, pyridine, antiviraidhantimicrobial activities.

INTRODUCTION

Literature survey showed that the compounds bedrerzimidazole moiety are reported to possess éeauof
interesting biological activities and the widesgré@portance of benzimidazole structure has extensiudies for
practical synthetic method of heterocyclic compaufid5]. Benzimidazole derivatives play a vitaledh biological
activities such as anti-diabetic [6],antimicrobial,8], antifungal [9], antiviral [10, 11], antispasdic [12],
anticancer [13,14], anti-tumor [15],anti-hepati@is¥irus [16], kinas inhibitor [17,18],analgesic [1@ntipsychotic
[20], antidepressant [21], anti-anxiety [22], admyipertensive [23], antiulcer [24] and anti-inflamiory [25].
Accordance to these observations, it has been aenesli to prepare new chemical entities that coimigin
pyrimidine, pyrrole, thiazole, pyridine containibgnzimidazole moieties as important potential pleotogically
important molecules.

MATERIALSAND METHODS

All melting points were determined in open capitarand are uncorrected. Progress of the reactaamonitored

by TLC plates; IR spectra were measured using (Kis§s and a pye Unicom SP-1000 spectro-photoniéder.
NMR spectra were measured on a Varian EM-390-20(z Mistrument in DMSO+) as solvent using TMS as
internal started and chemical shifts are expressed ppm. Mass spectra were measured and a shimadzu G
CMSQP-100 Ex mass spectrometer at 70 eV. Antigicadening was carried out in Botany Departmentulaaof

Science, Al-Azhar University and Antimicrobial adty screening was carried out in Biochemistry Depent,
Faculty of Agric., Al-Azhar University.
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Synthesis of 1-(4-(1H-benzo[d]imidazol-2-yl) phenyl)-2-amino-5-0xo-4,5-dihydr o-1H-pyrrol-3-carbonitrile (3),
1-(4-(1H-benzo[d] imidazol-2-yl) phenyl)-3-acetyl-1H- pyrrol-2,5-dione(8).

General procedure:

A mixture of2 (0.01 mol) malononitrile and/or ethyl acetoacef@éd mol) with anh. KCO; (0.5 gm) for each in
dimethyl formamide (20 ml) was refluxed 6h, thea thixture was filtered when hot and allowed to cddie solid
product was collected and recrystallized from theppr solvent to giv8 and8 respectively.

Compound (3) This compound was recrystallized from dimethyl famide as deep violet crystals in 73% yield,
m.p. 255-257C. IR (KBr, cmi): 1663 (CO), 2200 (€N), 3133 & 3435 (NH/NH). *H NMR (DMSO-d): 5 3.13
(br, 2H, NH), 3.99 (s, 2H, Ch), 6.74 (d, 2HJ= 7.02Hz , Ar—H), 7.13-7.95 (m, 6H, Ar—H), 8.74 (H, NH,
exchanges with D) MS: m/z: 315 (M, 8.1), 285 (25), 185 (33.7), 67 (49.1) and 58 J18Mal. Calcd. for GH15
NsO (315.34): C, 68.56; H, 4.16; 22.21. Found: C568H, 4.11; N, 22.19.

Compound (8).this compound was recrystallized from dimethyl famide as brown crystals in 65% yield, m.p.
275-278C. IR (KBr, cm®): 1661(3C0), 3212 (NH}H NMR (DMSO-d;): & 2.47 (s, 3H, COC}J, 5.81 (s, 1H, CH-
pyrrole) , 7.47-8.22 (m, 8H,Ar—H) , 10.16 (s1H, NBROexchangeable). Anal. Calcd.fors8:3N305 (331.11): C,
68.88; H, 3.95; N, 12.68. Found: C, 68.68; H, 318412.46.

1-(4-(1H-benzo[d]imidazol-2-yl) phenyl)-2, 5-dioxopyr rolidin-3-car bonitrile (5).

Equimolar amounts of (0.01 mol) and ethyl cyanoacetate (0.01 mol) withepdine (0.5 mol) in ethanolic
dimethyl formamide mixture were refluxed for 6h.eT$olid product was collected and recrystallizednfdimethyl
formamide as brown crystals in 81% vyield, m.p. %86 IR (KBr, cm®) 1658 (2C0O), 2201(CN), 3441 (NH).
"HNMR (DMSO-d;): 52.81 (g, 1H, CH), 4.04 (q, 2H, GH 6.74 (d, 2HJ=7.11Hz,Ar-H), 7.01-8.22 (m, 7H , Ar—
H, + NH), Anal. Calcd. for gH;1sN4O3 (362.39): C, 66.29; H, 5.01; N, 15.46: Found: €]16; H, 5.01; N, 15.24.

4-(4-(1H-benzo[d] imidazol-2-yl) phenyl) thiomorpholin-3, 5-dione (9)

A mixture of 2 (0.01 mol) and mercapto acetic acid (0.01 molpymidine (30 mol) was refluxed for 8h. The
reaction mixture was cooled and poured into ice dih#ICl, then the solid obtained was filtered amgstallized
from chloroform to gived as brownish red crystals in 66% yield, m.p.>3B0IR (KBr, cm): 2923 (2=CH), 3437
[NH/20H]. 'H NMR (DMSO-d): 85.72 (s, 2H, 2=CH), 7.21(d, 2H , J=7.01Hz,Ar—H)&&68 (m, 6H, Ar-H),
9.07 (s, 1H, NH BO exchangeable), 11.23 (s, 2H, 20H0Dexchangeable). MS: m/z: 323 {ML7.22), 209 (68),
118 (31), 91(39), 79(100). Anal. Calcd. for/8:3N30, S (323.37): C, 63.14; H, 4.05; N, 12.99; S,9.9urk: C,
63.11; H, 4.00; N, 12.81; S, 9.90.

N-(4-(1H-benzo[d]imidazol-2-yl)phenyl)-2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydr o-1H-pyr azol -4-yl)amino)
acetamide (10).

A mixture of 2 (0.01 mol) and antipyrene (0.01 mwijh anhydrous potassium carbonate (0.5 gm) iaraih (25
ml) was refluxed for 4h. The reaction mixture widtefed on hot and the resulting solid was crystad from ethyl
acetate as deep orange crystals, m.p.2G5R (KBr, cm-1): 1664 (2CO), 3430 (br, 3NH) MSizm 452 (M+,
6.18), 409 (10) 369 (17.12), 57 (98.1), 43(100)alABalcd. for GgH»40.Ng (452.51): C, 69.01; H, 5.35; N, 18.57.
Found: C, 69.00; H, 5.17; N,18.38.

4-(furan-2-yl)-5,6,7,8-tetr ahydroquinazoline-2-thiol (11).

A mixture of 2-(furan-2-ylmethylene) cyclohexan-teo(0.01 mol), thiourea (0.012 mol) and potassiyairoxide

(0.59) in ethanol (30 mL) was heated under reflux3h, the reaction mixture was cooled then addifivith dil.

HCI. The solid product was collected and recrystadl from ethanol to give 10 as yellow powder; nilf39—

14%C.IR (KBr, cm-1):1211(CS), 2841 &2911 (G#liph.)),3231(NH), 1H NMR (DMS0-d6)51.23-2.12 (m,
8H, Aliph.), 6.31 (d, 1HJ=2.01Hz, C-3 furan), 6.91 (m, 1H, C-4 furan), 7.71 (d }J2.21Hz, C-5furan)), 1013
(s, 1H, NH, exchanges with,D). Anal Calcd. For GH;,N,OS (232):C, 62.05; H, 5.21; N, 12.06. Found: C169.
H, 5.17; N,12.38.

N-(4-(1H-benzo[d]imidazole-2-yl)phenyl)-2-(4-(fur an-2-yl)-5,6,7,8-tetr ahydr oquinazolin-2-yl)thioacetamide
(12).

Equimolar amounts d (0.01 mol) andLl (0.01 mol) with anhydrous potassium carbonate ¢tn% in dry acetone
(30 ml) were refluxed for 8h. The mixture was fitd on hot and allowed to cool. The solid produetsw
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crystallized from acetone as violet crystals in 5@édd, m.p. 248-25TC. IR (KBr, cm™): 1661 (CO), 2855&2921
(CH,-Aliph.),3426 (2NH),’H NMR (DMSO-@): & 1.23-2.12 (m, 8H, Aliph.), 4.12 (s, 2H, € 6.03 (d, 1H,
J=2.01Hz, G; furan), 6.31 (q, 1H, £furan), 6.7 (d, 2H, J=7.12 Hz, Ar—H), 7.24-8.1 8, Ar—H + 1H, Gfuran +
NH), 10.55 (s, 1H, NH, exchanges with@. MS: m/z = 481 (M, 7.11), 402 (11.2), 325 (32.7) 106 (66) with a
base peak 43. Anal. Calcd.fopH,3N50,S (481.57): C, 67.34; H, 4.81; N, 14.54; S, 6.68urkl: C, 67.25; H, 4.70;
N, 14.33; S, 6.61.

N-(4-(1H-benzo[d]imidazol-2-yl)phenyl)-2-((4-(fur an-2-yl)-5,6,7,8-tetr a-hydr oquinazolin-2-yl)sulfonyl)
acetamide (13).

A mixture of 12 (0.01 mol) and hydrogen peroxide (2 ml) in aceiotd (15 ml) was refluxed for 3h., the solid
product was collected and crystallized from dimefoymamide as brown red crystals in 71% vyield, m.p6CC.

IR (KBr, cn™): 1138 & 1389 (S©), 1663 (CO), 2911 & 2833 (GiAliph.), 3461 (br, 2NH). MS: m/z = 513 (i
11.3), 446 (6.59), 376 (16.1), 200 (5.11), 106 (BH)(100). Anal.Calcd.for £H,3Ns0,S (513.57): C, 63.15; H,
4.51; N, 13.64; S,6.24.Found: C, 63.11; H, 4.4118I59; S,6.22.

N-(4-(1H-benzo[d] imidazol-2-yl) phenyl-2-thiocyanato acetamide (15).

A mixture of 2 (0.01 mol) and potassium thiocyanate (0.01 madsalved in dimethyl formamide (30 ml) was
heated and refluxed for 6h. the reaction mixtumntlooled and poured into crsushed ice and aaidifi¢h dil.
HCI. The solid product was collected and crystelliZrom chloroform as blue crystals in 56% yieldpn290C. IR
(KBr, cm™): 1671 (CO), 2190 (EN), 3393 & 3427 (2NH)*H NMR (DMSO-d): & 3.38 (s, 2H, Ch), 6.69-8.71
(m, 9H, Ar—H+NH), 9.89 (s, 1H, NH, f® exchangeable).Anal Calcd.fog81,N,SO (308.36 ): C, 62.32 ; H, 3.92
N, 18.17 ; S, 10.40. Found: C, 62.22 ; H, 3;88, 18.15; S, 10.27.

N*(4-(1H-benzo[d] imidazol-2-yl) phenyl)-1, 3-thiazol- 2,4-diamine (16)

A mixture of 2 (0.008 mol) and thiourea (0.02 miol)ethanol/dimethyl formamide mixture was reflux2id. the
solid product was collected and crystallized frampooform as brownish red crystals in 87% yieldpn810C IR
(KBr, cm™) 3312 & 3429 (NH/2NH). MS: m/z = 322 (M+, 23), 307 (3.2), 244(5.897 (7.01), 69.1 (99.8), 43
(100). Anal.Calcd.for CL7H14N5S (322.30); 63.73; H, 4.40; N, 21.86; S, 10.01. Found: C663H, 4.35; N,
21.81; S, 10.02.

N-(4-(1H-benzo[d] imidazol-2-yl) phenyl)-3-oxo butanamide (17).

A mixture of1 (0.01) mol and ethyl acetoacetate (0.0l mol) iespnce of piperidine (2 ml) in dimethyl formamide
(30 ml) was refluxed 8h. The reaction mixture wasined into crushed ice and acidified with dil. HChe solid
was filtered off and recrystallized from acetonedaep violet crystals in 86% yield, m.p. 296-300IR (KBr, cm

1): 1663 & 1681 (2CO), 3334 & 3427 (2NHH NMR (DMSO-d): &: 2.49 (s, 3H, COCH), 4.07 (s, 2H, Ch) 6.64-
7.84 (m, 8H, Ar—H), 8.11 (s, 1H, NH,,D exchangeable) and 10.54 (s, 1H, NHQ@Rxchangeable). Anal.Calcd.for
C17H15N30, (293.32) C, 69.61; H, 5.15; N, 14.33. Found : €58; H, 5.11; N, 14.17.

6-(4-(1H-benzo [d] midazol-2-yl) phenyl amino)-2-amino-4-methyl pyridin-3-carbonitrile (18).

Equiomolar amounts df7 (0.01 mol), malononitrile(0.01 mol) in presenceagimonium acetate (2gm) in ethanolic
dimethyl formamide mixture (20 ml) were refluxedhlGhe solvent was evaporated and the solid prodiast
crystallized from acetone as brown crystals in 3@étd, m.p. > 366C. IR (KBr, cm®): 1628 (C=N), 2198 (EN),
3436 (br, NH/2NH). *H NMR (DMSO-d): &: 2.22 (s, 3H, CH), 4.51 (br, 2H, Nh), 6.46 (s, 1H, CH pyridine),
7.18-8.44 (m, 9H, Ar—H +NH), 10.21 (s, 1H, NH, ea&olges with BO). Anal Calcd. for gHigNs (340.39): C,
70.57; H, 4.74; N, 24.69. Found: C, 70.32; H, 4., 24.66.

6-((4-(1H-benzo[d]imidazol-2-yl) phenyl amino)-2-hydr oxy-4-methyl pyridin-3-carbonitrile (19).

A mixture of 17 (0.01 mol) and cyano acetamide (0.01 mol) in preseof ammonium acetate was fused on a hot
plate.The solid product was collected and recrlysgal from acetone as deep violet crystals in 67édym.p. 191-
19%C. IR (KBr, cm): 1623 (C=N), 2221,(CN), 3313 &3437 (OH/2NHHNMR (DMSO-d): 5 2.3 (s, 3H, CH),
6.35 (s, 1H, CH pyridine), 6.66(d, 2H, J=8.1 Hz;-Ar)7.17-8.5 (m, 7H, Ar—H + NH), 8.88 (s, 1H, NHkchanges
with D,0), 10.48 (s, 1H, OH, J© exchangeable). Anal. Calcd.foss8:sNsO (341.37): C, 70.37; H, 4.43; N, 20.52.
Found : C, 70.33; H, 4.26; N, 20.41 .
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N-(4-(1H-benzo[d] imidazol-2-yl)phenyl)-4-amino-2-methyl-5-oxo-5H-chr omeno [ 3,4-c]-1-car boxamide (22).

A mixture of17 (0.0 mol) and 2-oxochromen-3-carboximidamide (0l in ethanol (30 ml) was refluxed 8h, and
then allowed to cool. The solid product was crygtadl from acetone as brown crystals in 66% yielth.p. 280-
282°C. IR (KBr,cnm™): 1633(CONH), 1704(CO) ai—pyrone, 3233-3430 (Njfi 2NH), 'H NMR (DMSO-d): 52.2
(s, 3H, CH), 6.67 (d, 2H,Ar-H), 7.15-8.11 (m, 10H, Ar-H), 9.1s, 1H, NH, DO exchangeable). MS: m/z: 461
(M*, 9.3%), 377 (2), 281 (88.1), 97(27), 57 (100). KDalcd.forG;H,oNsO; (461.47): C, 70.27; H, 4.15; N, 15.18.
Found: C, 70.14; H, 4.01; N, 15.03.
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Scheme (1) synthesis of pyrrolidine derivatives
RESULTSAND DISCUSSION

N-(4-(1H-benzo[d]imidazol-2-yl) phenyl-2-chloroaeetide (2) was prepared from the interaction of 4-(1H-
benzimidazol-2-yl)benzenamir(@) [26] with chloroacetyle chloride in presence oéthyl amine according to the
reported method [27]. Chloroacetamide deriva(B)eis considered to be useful starting material ier $ynthesis of
a novel heterocyclic compounds and the reactivit® dcowards active methylene compounds were investijat
Thus, condensation d? with malononitrile gave 5-oxopyrroliden-3-carboitéd derivative (3) (scheme 1) the
formation of 3 is assumed to proceed via alkylation of malondeitiollowed by intramolecular cyclization to
furnish pyrrole(3).

The structure o8 was confirmed by elemental analysis and spectatl.dR spectrum a3 showed bands at 1663
cm* for (>CO) group, 2200 for @N) and 3133 & 3435 for (N§INH) groups. Its'"H NMR spectrum showed a
signal até 3.13 ppm ( br, 2H, N}, 3.99 (s, 2H, CH, 6.74 (d, 2H, Ar-H), 7.13-7.95 (m, 6H, Ar-H) a8d4 (s,

1H, NH, D,O exchangeable). Also, cyclization took place atment of compoun& with ethylcyanoacetate
hoping to afford ethyl-4-oxo pyrroliden-3-carbox@d4) but 2,5-dioxopyrrol-3-carbonitril¢5) was obtained. The
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formation of compound produced through initial alkylation of ethyl cyaoetate followed by intramolecular
cyclization to form5 (scheme )L The structures o6 has been assigned as a reaction product on the bhsi
analytical and spectral data. IR spectrurd oévealed band sat 1658 Thr2201 and 3441 for 2CO, CN and NH.

In addition, cyclization of compoun® with mercapto acetic acid gave thiomorpholin-2ji&re or the possible
isomer(9) (scheme 2).The IR spectrum ®Bhowed a band at 2923 (2=CH) and 3437 [NH/20H{ipso'H NMR
spectrum of compoun@ afforded signals ab 5.72 (s, 2H, 2=CH), 7.21(d, 2H, Ar-H),7.58-8.68@H, Ar-H), 9.07
(s, 1H, NH, DO exchangeable) and 11.23 (s, 2H, 20HQ®Xxchangeable). On the other hand, compduisd
considered as key intermediate for synthesis ofesametamido derivatives. Thus, treatment of comgduwith
antipyrene gave N-(4-(1H-benzo[d] imidazol-2-yl) guiyl)-2-(2,3-dimethyl-5-0x0-1-phenyl pyrazol-1-y§mino
acetamide10) (scheme 2) which confirmed by spectral data &R spectrum showed a broad band at 1664 cm
for (2CO) and 3430 (br, 3NH) groups. The mas<stsps of compoundO showed a molecular ion peak at m/z
452 (6.18) which is in agreement with its molectditamula GgH,40,Ne .

Moreover, condensation o2 with 5, 6,7,8-tetrahydroquinazoline-2-thiol detiva (11) in presence of anhydrous
potassium carbonate gave 4-(4-(1H-benzo[d]imid&zgl} phenyl) -2-( (4-(furan-2-yl)-5,6,7, 8 tetradrp
quinazolin-2-yl) thioacetamidél2) which oxidized by hydrogen peroxide to afford enlfl acetamide derivative
(13) (scheme 2). Compound® and13 were established by elemental analysis and spetital'H NMR spectrum
of 12 showed signals & 1.23-2.12 ppm (m, 8H, aliph.), 4.12 (s, 2H, £+6.03 (d, 1H, G furan), 6.31 (g, 1H, G
furan) 6.7 (d, 2H, Ar—H), 7.24-8.1 (m, 8H, 6Ar—HLH, C s furan + NH) and 10.55 (s, 1H, NH,D exchangeable).
The mass spectrum of compout@ishowed a molecular ion peak at m/z 481 (7.11)eylile mass spectrum I3
exhibited a molecular ion peak at m/z 513 (11.3).

H
NS BN s
[ ) N
g~ NH,

™ oH <~ o
(16)
H,N  CHj )

NH,CSNH, N CHj 0 g o

ﬂ \
@1\{ C N _C_Q__ - (10)
N H A
H NN
) L /l \\
(03] o ﬂ o
(11) N
NS A
H N=

KSCN RQ
anh.K,COj/dry acetone
12)
o H,0,/AcOH
C._SCN )ﬁ N
b’ R N
Oy O »

Scheme (2) synthesis of acetamido derivatives
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In addition, interaction o2 with potassium thiocyanate hoping to afford 2-igimazolidinone derivativé14) but
thiocyanate acetamide derivatiy#5) (scheme 2) was obtained .The analytical and sgedtata are in good
agreement with structur@5). IR spectrum ofl5 exhibited bands, at 1671, 2190, 3393 , 3427afue to (CO ) ,
(CN), and (2NH) groups respectively.

Finally, interaction of compound with thiourea produced 2-amino thiazole derivat{{6) (scheme 2). The IR
spectrum ofl6 exhibited the disappearance of carbonyl group founthe parent and exhibited bands at 33128
&3429 cm® for (NH,/2NH), the mass spectrum b6 showed a molecular ion peak at m/z 322 with a Ipesé at
43.

On the other hand, the compound of N-(4-1H-benzwldpzol-2-yl)phenyl)-3-oxobutanamidd7) was obtained
by treatment oflL with ethylacetoacetate in presence of piperidimadimethyl formamide. Compountl7 was
confirmed by elemental analysis and spectral dRtapectrum ofl7 showed bands at 1663 & 1681 ¢rfor (2CO)
and 3334 & 3427 for (2NH) groups. Also, lisNMR spectrum supported its structure , as it aése signals ab
2.49 ppm for (COCE) and 4.07 for (Ck),6.64 (d,2H,Ar—H),7.08-7.84(m,7H, Ar—-H +NH) and30.(s,1H , NH)
and this was analogy according to previous work].[Z&e reactivity of 17 towards some active methylene
compounds was investigated. Thus, treatmef¥ efith malononitrile or cyanoacetamide gave the gpoading 2-
amino-4-methyl pyridin-3-carbonitrile derivativ18) and 3-cyano-4-methyl pyridin-2-01 derivativél9)
respectively (scheme 3).

The structures of8 and 19 were supported with elemental analysis and sdedt#ta. IR spectrum df8 indicated
the disappearance of carbonyl groups found in #rer and exhibited bands at 1628 tfor (C=N), 2198 for
(C=N) and abroad band at 3436 for (ME2NH) groups antH NMR spectrum showed signals&.22 ppm (s, 3H,
CHs), 4.51 (br, 2H, NH), 6.46 (s, 1H, CH pyridine) 7.18-8.44 (m, 9H, Ar—#NH) and 10.21(s,1H, NH). IR
spectrum of compound9 lacked an absorption band due to a carbonyl funatigroup and reveald absorption
bands at 1623 cthfor (C=N), 2221 for (€N) and bands at 3313 &3437for (2NH/ OH) grodHsNMR spectrum
revealed signals &2.3 ppm (s, 3H, Ck and 6.35 (s, H, CH pyridine).
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N
H oo
CH;
ﬁCN E.A A HN@R
RQN z CN Ref. 8h/pip. H;COC Ay
H N NH, < !
CI;JJH NH, NH,
(18) ACONH, | 7’—>
~~C-NH 0O 0
ﬂ 0 21
I 00
R@NH—CVC—CH3 @]
CH;, 17 o CHs
CN I
(X Oty
wd L Koy = <
H N OH cnep,cong, NH,
0" o
19
(19) R=©[N\>_ 2)
N
H

Scheme (3)synthesis of pyridine derivatives
In addition, treatment of7 with 2-oxochromen-3 carboximidamid20) [29] hoping to obtain 1- acetyl-4-amino-

5H-chromeno[3,4-c]pyridin-5-o121) but N-(4-(1H-benzo[d] imidazol-2-yl)phenyl)-4-anoif2-methyl-5-oxo0-5H-
chromeno [3,4-c]-1-carboxamid22) was obtained an2l was eliminated scheme (3).
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The product of this reaction was identified on Haesis of its spectral data, IR spectrundfexhibited a band at
1633 cm* for (CONH), a strong band at1704 for (CO)ospyrone and 3233&3430 (NH2NH) groups .Also, its

"HNMR spectrum showed signals &2.2 ppm (s, 3H, C§), 6.67(d, 2H,ArH), 7.15-8.11(m, 12H, Ar-H) , 8.95,
9.13(2s, 2H , 2NH).

BIOLOGICAL EVALUATION

Antiviral activity

Compoundsb, 15, and 19 were studied for their antiviral activity again$gV-1 virus and the results in table (1)
revealed that compountb was found to highly potent to presence of isothémate group. Compouns has
moderate activity in decreasing order while, conmmbl® showed the lowest activity.

Table (1): Antiviral effect against HSV-I virus

Test O.D MeanO.D | viability toxicity Viral activity | Antiviral activity
Control (VERO cell line | 0.24¢ | 0.24¢ | 0.24] 0.24¢ 10C [ e
Virus control 0.16| 0.1524 0.15 0.154 62.85714 3786424 100 0
5 0.199| 0.201] 0.208 0.20266f 82.72109 17.27891 246.5 53.48
15 0.219| 0.214 0.209 0.214 87.346P4 12.65306 34.06 65.94
19 0.177| 0.189 0.182 0.18266f7 74.55782 25.44217 4968. 31.51

Control VERO cells Effect of sample 15 (156ug/ml) VERO cells

Effect of sample 15 (39 ug/ml) Control VERO cells
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- 7 e |

Effect of mpIS (34 urﬁl) Cor;trol RO cells Effect of sample5 (117 ug/ml) Control VERO cells

Effect of sample 19 (58 ug/ml) Control VERO cells  Effect gampllg (29 ug/ml) Control VERO cells

1y e Zoi) ;
Effect of sample 19 (14 ug/ml) Control VERO cells Effect of sample 19 (7 ug/ml) Control VERO cells

Control VERO cells Effect of HSV-I on VERO cells

Atviraleff of sample 1 against HSV-I Antiviral effect of sample5 against HSV-I
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Antiviral effect of sampllg against HSV-I

Antimicrobial activity

The antimicrobial activity data of some new synihed compound were listed in table (2) which intkdathat
most of the synthesized compounds showed moderatégh activities. Compound9 was effective against all
tested microorganisms but not agaiAspergillus fumigatus. Also it is worth mention that compounés12, 18 and
22 were no effective against all tested microorgasism

Table (2): Antimicrobial activity of some new synthesized compounds

Mean' of zone diameter, nearest whole mm.
Organism Gran-positive bacteri Gram- negative bacter Yeast / Fungi*
Staphylococcus Bacillus Salmonella Escherichia Candida Aspergillus
aureus subtilis Typhimurium coli albicans fumigatus
(ATCC 25923 (ATCC 6635 (ATCC 14028 (ATCC 25922 | (ATCC 10231

entration 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5

Sam mg/m1 | mg/ml | mg/m1l | mg/ml | mg/m1l | mg/ml | mg/ml | mg/ml mg/m1l mg/ml | mg/m1 | mg/ml
2 - - 231 21H - - - - 191 161 - -
3 - - - - - - - - 23| 19H - -
8 - - - - - - - - - - - -
5 - - 201 18H - - - - 24H 19H - -
9 - - 231 19H - - - - 24H 23H - -
12 - - - - - - - - - - - -
13 - - - - - - - - 211 18l - -
15 - - 211 18H - - - - 24 H 20H - -
17 - - 221 18H - - - - 16l 141 - -
18 - - - - - - - - - - - -
19 15l 141 25H 20H 12| 111 16l 111 29H 25H - -
22 - - - - - - - - - - - -

Control # 35 26 35 25 36 28 38 27 35 2§ 37 2p

* Activity in comparison to references drug against tested organisms.
** jdentified on the basis of routine cultural, morphological and microscopical characteristic
I: Intermediate activity = Mean of zone diameter < 2/3 of mean zone diameter of control.
H: High activity = Mean of zone diameter > 2/3 of mean zone diameter of control.
#: Chloramphencol in the case of Gram-positive bacteria, Cephalothin in the case of Gram-negative bacteria and cycloheximide in the case of
fungi.

Antiviral activity:

Healthy cellswere propagated asfollows

1. The media overlaying cell monolayer was poured off.

2. 2- Cells can be released from tissue culture flagkreatment with about 5 ml pre- warmed trypSDTA
solution. (Trypsin cleaves cell surface proteiret tthe cells used to adhere to the flask. EDTAatlesl metal ions
that are involved in cell adherence], the flask waked so that trypsin completely cover the cedhmiayer.

3. The trypsin was aspirated with a pipette, then 2ofmlrypsin were dispensed, the bottle rocked arad w
incubated at 3TC.

4. Cells were examined from time to time to avoid §iypover action. The bottle was struck with hand to
completely dislodge the cells from the bottle scefa
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5. Cells were suspended in about 8 ml of growth medsz 10 ml pipette to disperse cell aggregatesbkisg up
and expel the cells about 4 times, expel the medtathe tip of pipette pressed against the botufrthe bottle to
ensure that no clumps of cells are present.

6. Cells were counted using haemocytometer and ugjpgr blue vital stain.

7. About 10 ml of 2x18 VERO cell suspension, were transferred to 56 €@ bottle(Falcon) tightly closed then
wasincubated at 3T. Cells were sub-cultured once weekly.

8. For seeding 96 well plate, 0.1 miX® cells) was transferred to each flat bottomed wed incubated at 3T

for 24 — 48 hours to develop a complete monolaiees

Determination of sample cytotoxicity on VERO cell (MTT protocol)

1. The dried extract was dissolved in 1 ml DMSO.

2. Growth medium was decanted from 96 well micrortglates after confluent sheet of VERO cell wasrfed,
cell monolayer was washed twice with wash medienthbout 1 ml of wash media was added and thespletee
incubated at room temperature for 5-10 minutes.

3. Double -fold dilutions of different extracts wareade in MEM ,

4. 0.1 ml of each dilution was tested different wdllsving 6 wells as control, receiving only mairgdece
medium.

5. Plate was incubated at €7 and examined frequently for up to 3 days. Ceksenchecked for any physical
signs of toxicity, e.g. partial or complete losgleé monolayer, rounding, shrinkage, or cell gratiah.

6. The maximum non-toxic concentration [MNTC] of eaektract was determined and was used for further
biological studies.

Antiviral assay

Procedure:

Plate 10,000 cells in 200ul media per well in an@fl plate. Leave 8 wells empty for blank controls.
Incubate (37C, 5% C{povernight to allow the cells to attach to the lael

Incubate equal volume (1:1 v/v) of non lethal dduatof tested sample and the virus suspensionrferhmur
Add 100ul from viral/ sample suspension .Place shaking table, 150rpm for 5 minutes.

Incubate (37C, 5% C{for 1- days to allow the virus to take effect.

Make 2ml or more of MTT solution per 96 well plae5mg/mlin PBS.

. Add 20ul MTT solution to each well. Place on a shgkable, 150rpm for 5 minutes, to thoroughly ntive
MTT into the media.

8. Incubate (37C, 5% Cffor 1-5 hours to allow the MTT to be metabolized.

9. Dump off the media. (dry plate on paper towelsetmove residue if necessary.

10. Resuspend Formosan (MTT metabolic product) in P@UYSO. Place on a shaking table, 150rpm for 5
minutes, to thoroughly mix the formazan into thi/ent.

11. Read optical density at 560nm and subtract backgt@t 620nm. Optical density should be directlgrelated
with cell quantity.

NogakwhE

Antimicrobial activity
The standardized disc - agar diffusion method[1@svollowed to determine the activity of the syrsiked
compounds against the tested microorganisms.

Test Organisms

Cultures of the following microorganism were usedhe test:

Gram- positive bacterig&aphylococcus aureus(ATCC 25923) andacillus subtilistATCC 6635), Gram -negative
bacteria: Escherichia coli (ATCC 25922) and Salmonella typhimurium(ATCC 14028)."Yeast: Candida
albicans(ATCC 10231) and Fungugspergillus fumigatm:

Screening for the antimicraobial potential:

Preparation of tested compounds

The tested compounds were dissolved in dimethyh&mnide (DMF) solvent and prepared in two conceioinat
100 and 50 mg/ml and then 10 ui of each preparatas dropped on disk of 6 mm in diameter and the
concentrations became 1 and 0.5 mg/disk respegtilrelthe case of insoluble compounds, the compsumere
suspended in DMF and vortexes then processed.
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Testing for anti-bacterial and yeasts activity:

Bacterial cultures were grown in nutrient broth med at 30 °C. After 16 h of growth, each microorigam at a
concentration of 10cells/mL, was inoculated on the surface of MueHémton agar plates using sterile cotton swab.
Subsequently, uniform size filter paper disks (6 mndiameter) were impregnated by equal volume y(}Grom
the specific concentration of dissolved compounud earefully placed on surface of each inoculatiedep The
plates were incubated in the upright position &C3fbr 24 hours. Three replicates were carriedfoueach extract
against each of the test organism. Simultaneoaslgition of the respective solvent instead of dis=sih compound
was carried out as negative controls. After incigpatthe diameters of the growth inhibition zonesfed around
the disc were measured with transparent ruler Iinngiter, averaged and the mean values were taulilat

Testing for anti-fungal activity:

Active inoculum for experiments were prepared ansferring many loopfuls of spores from the stogkures to
test tubes of sterile distilled water (SDW) thatevagitated and diluted with sterile distilled wateachieve optical
density corresponding to 2.0xI8pore/ml, inoculum of 0.1 % suspension was swabipédrmly and the inoculum
was allowed to dry for 5 minutes then the samegnore was followed as described above.

Standard references:

The antibiotic chloramphencol was used as standdedence in the case of Gram - negative bact€eahalothin
was used as standard reference in the case of Gpmitive bacteria and cycloheximide was usedtasdsrd
reference in the case of yeasts and fungi.
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