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ABSTRACT

Cynoactanilidedla,b were reacted with o-hydroxyaldehydes under diffecenditions. Thus, cyclocondensation of
lab with salicylaldehyde, 2-hydroxynaphthal-dehyde aflydroxy-5-methoxy-coumarin-6-carboxaldehyde in
ethanolic ammonium acetate afforded the correspand-iminochromene derivativgs? and9, respectively. On
the other hand, repeating the same reaction in gmes of Ac20O/AcONa, the corresponding chromen-2-one
derivatives4, 8 and 10 were obtained. Compounds8 and 10 were also synthesized through the hydrolysis of 2-
imino derivatives using EtOH/HCI. A number of chesm[3,4-c]pyridine derivativesl1,13,14 and 16 were
prepared from the reaction of 2-iminochromenes \itktivated nitriles. Most of the synthesized conmgisuwere
screened in vitro for their antibacterial and antifgal activities,by measuring the minimal inhibjta@oncentration
values (MICs), against strains ofS. aureus, S.apiidis , B. subtilis, P. vulgaris, K. pneumoniaflexneri, A.
fumigates, A.clavatus and Candida albicans using fwid serial dilution method method. Ampicillirerdgamycin
and amphotricin B were used as reference stand@amsntibacterial and antifungal activities respeely. Some of
the synthesized compounds have been found to extiitsiderable antibacterial and antifungal actieg, reaching,

in certain cases, the same level of antimicrobietivaty as the standard antibacterial agent Ampic#¢ and
antifungal agent Flucanazole, especially compouhdtigat showed promising broad spectrum antibacteaiad
antifungal properties against all the tested stmitseneration of 3D pharmacophore model was consbioe
explore the structural requirements controlling thieserved antibacterial properties estimated byéffect of the
synthesized compounds.

Keywords. Chromenone, Benzochromene, Chromenocoumarin, n@ro-pyridine Micheal addition,
Antimicrobial and 3D Pharmacophore.

INTRODUCTION
Chromene derivatives have attracted consideratdedst due to their diverse biological propertied therapeutical

applications, namely as anti-HIV, anti-tuberculosati-inflammatory and anti-fungal agents [1,2]attally
occurring chromenes were found in plants [3] andeHzeen used as valuable leads for the designyemidesis of
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new pharmacophores for medicinal chemistry and diexglopment. 2-Imino-2H-chromene-3-carboxanlideas
reported as an efficient inhibitor of tyrosine kiea of potentially use as oncolytic agent [4]. Coomu || was

described as an anti-inflammatory agent [5].

Chromenopyrimidine derlvatlve possesses potem‘nacagamst tumer cell lin8sMoreover, coumarin derivatives
are well known to act as anticoagulant and antés&dtagents [7-10].A recent approach started tithreaction of
substituted salicylaldehydes with diethylmalonat® denerate the ethyl 2-oxdZhromene-3-carboxylate.
Hydrolysis of the ester function and activatiortlod carboxylic acid as an acyl chloride, alloweel pineparation of
the amide substitution upon reaction with primamyirees[11]. Encourage by the above finding and duwitle
applications of Chromene derivatives, that makesehmteresting compounds attractive for furtherkbaoe
derivatization and screening as novel therapewgents, it was planned to synthesize new serieshodntene
derivatives by usingone-step synthesis to be sedkanvitro for their antibacterial and antifungativities.

MATERIALSAND METHODS

All chemicals and solvents were commercially avddaand used without purification. Melting pointsens
determined by open glass capillary method on aeRintelting point apparatus and are uncorrectedpkttra were
recorded on a Perkin Elmer spectrometer in KBratelH NMR spectra were obtained on a Varian Gemini 300
MHz spectrometer using TMS as internal standar@ntgbal shifts are reported as (ppm). Mass spectee w
obtained on GCMS\QP 1000 Ex mass spectrometer av.7Blemental analyses were performed on a LECD-93
analyzer at the Department of Chemistry, Facult$dénce, Cairo University, Egypt. Microbiology eening was
carried out in the Regional Center for Microbiolagyd Biotechnology (RCMB), Antimicrobial unit testganisms,
Al-azhr University, Cairo, Egypt.

Preparation of: 3a,b, 7a,b, 9b

A mixture of equimolar amounts @&-c (0.01 mol), salicyaldehyde (0.01 mol), or 2-hydravaphthaldehyde (0.01
mol) or 7-hydroxy-5-methoxy-coumarin-6-carboxaldeééy0.01 mol) and amm. acetate (0.015 mol) wasxedl in
ethanol (30 mL) for 3 h. The solid product formedsacollected by filtration and recrystallized frarsuitable
solvent to gives, 7 and9.

2-Imino-N-(p-tollyl)-2H-chromene-3-carboxamide (3a)

Yield 80% (Dioxan); mp 160-161°C; IR ¢h{KBr) 3403, 3316 (2NH), 2923 (CH-aliph), 1681 (CEtBINMR (300
MHz, DMSO-dg) 6 = 2.2 (s, 3H, CH), 6.2-7.8 (m, 4H, Ar-H), 8.5 (s, 1H, H-4), 9.1,.6@2s, 2H, 2NH; cancelled
with D,O);MS: m/z 280 (22%), M+1(3.2%), 278 (100%); An@hlcd forG-H4N,O,. Calcd: C, 73.37; H, 5.07; N,
10.07. Found: C, 73.51; H, 5.10; N, 10.05.

N-(p-Chlorophenyl)-2-imino-2H-Chromene-3-carboxaméd(3b)

Yield 82% (Dioxan); mp 245-7°C;IR ch(KBr) 3336, 3274 (2NH), 2976 (CH-aliph), 1683 (CH+ONMR (300
MHz, DMSOdg) 6 = 7.2-7.8 (m, 4H, Ar-H ), 8.5 (s, 1H, chromene-H@)1, 12.9(2s, 2H, 2NH; cancelled with
D,0);MS: m/z 298 (3%), M+2 (5.3%), 263 (M-35; 100)n&. Calcd for GH;,CIN,O,. Calcd: C, 64.33; H, 3.71;
N, 9.38. Found: C, 64.40; H, 3.65; N, 9.50.

3-Imino-N-(4-tolyl)-3H-benzo[flchromene-3-carboxarde(7a)

Yield 60% (Dioxan); mp 235-7°C;IR c(KBr) 3324, 3298 (2NH), 2925 (CH-aliph), 1684 (CtBINMR (300
MHz, DMSO-g) & = 2.3 (s, 3H, CH),7.1-8.2 (m, 6H, Ar-H ), 8.4 (s, 1H, chromene-4B), 12.4 (2s, 2H, 2NH,;
cancelled with RO); MS: m/z 328 (15 %), 195 (100%); Anal. Calcd @rH.sN,O,. Calcd: C, 76.81; H, 4.91; N,
8.53. Found: C, 76.75; H, 5.05; N, 8.40.
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N-(4-chlorophenyl)-3-imino-3H-benzo[flchromene-2-daoxamide (7b)

Yield 65% (Dioxan); mp 217-8°C; IR ch(KBr) 3242 (NH), 2924 (CH-aliph), 1671 (C=GHINMR (300 MHz,
DMSO-dg) 6 = 7.4-8.4 (m, 6H, Ar-H ), 8.5 (s, 1H, chromene-48Bi), 12.9(2s, 2H, 2NH; cancelled with@); MS:
m/z 348.5 (4%), 313 [(M-35;-Cl); 100 %]; Anal. Cdléor C,oH13CIN,O,. Calcd: C, 68.87; H, 3.76; N, 8.03. Found:
C, 68.90; H, 3.70; N, 7.95.

N-(p-chlorophenyl)-2-imino-5-methoxy-8-o0xo0-2,8-dilyopyrano[3,2-g]-chromenecarboxamide (9):

Yield 60% (DMF); mp 310-1°C;IR cm(KBr) 3325 (NH), 2970 (CH-aliph), 1735, 1689 (20'*HNMR (300
MHz, DMSO-dg) 6 = 4.2 (s, 3H, OCBH), 6.2-(d, 1H, H-6 ), 7.05-7.52 (AB-system, 4H, Art8.1(d, 1H, H-7), 8.5(s,
1H,H-4), 9.5, 12.8(2s, 2H, 2NH; cancelled with@); MS: m/z 396.5 [M (27.15%), M* (10.53%)], 286 (100%);
Anal. Calcd for GyH13CIN,Os. Caled: C, 60.53; H, 3.28; N, 7.06. Found: C, 60#4, 3.35; N, 7.00.

Preparation of: 4a,b, 8a,b and 10

Method A: To a solution ofl (0.01lmol) in acetic anhydride (20mL), o-hydroxyeti¢gdes (0.01 mol) and
sod.acetate (0.5g) were added. The mixture wasxedl for 1hr, the solid product after cooling wadiected by
filtration and recrystallized from the proper saiv¢o give4, 8 and10.

Method B: A solution of the corresponding iminochromene datixes3,7 and9 (0.01 mol) in ethanol (30 mL),
hydrochloric acid or acetic acid (5mL) was reflued 1h. the solid product after cooling was caiéetby filtration
and recrystallized from the proper solvent.

2-Oxo-N-(4-tolyl)-2H-chromene-3-carboxamide (¥a

Yield 73% (DMF); mp 235-6°C;IR cth(KBr) 3271 (NH), 2925 (CH-aliph), 1705, 1661 (2CEGHNMR (300
MHz, DMSO-dg) 6 = 6.2-7.8 (m, 4H, Ar-H), 8.3 (s, 1H, chromenone}811 (s, H, 2NH; cancelled with,D); MS:
m/z 279 (14%), 174 (100%); Anal. Calcd for/B13NOs. Calcd: C, 73.11; H, 4.69; N, 5.02. Found: C, B3 H,
4.60; N, 5.05.

N-(4-Chlorophenyl)-2-Oxo-2H-chromene-3-carboxamidéb)

Yield 65% (DMF); mp 230-1°C; IR cth(KBr) 3264 (NH), 2925 (CH-aliph), 1700, 1663 (2C=tBINMR (300
MHz, DMSO-g) 6 = 7.4-8.0 (m, 4H, Ar-H ), 8.8 (s, 1H, chromenong-#0.6, (s, 1H, NH; cancelled with,D),
MS: m/z 299 (25%), 173 [M-CIg,-N; 100%]; Anal. Calcd for GH;oCINO;. Caled: C, 64.12; H, 3.36; N, 4.67.
Found: C, 64.20; H, 3.25; N, 4.50.

3-Ox0-N-(p-tolyl)-3H-benzol[flchromene-2-carboxamid8a)

Yield 55% (Methanol); mp 260-1°C;IR ¢h{KBr) 3208 (NH), 2923 (CH-aliph), 1712, 1654 (2Cz¢HNMR (300

MHz, DMSO-dg) 6 = 2.4 (s, 3H, ChH), 7.1-8.2 (m, 6H, Ar-H ), 8.2 (s, 1H, chromenoné}H9.2, (s, H, NH;
cancelled with BO); MS: m/z329(25.5%), 315[M-C#100%]; Anal. Calcd for &H;sNOs . Calcd: C, 76.58; H,
4.59; N, 4.25. Found: C, 76.45; H, 4.59; N, 4.10.

N-(p-Chlorophenyl)-3-Oxo-3H-benzo[flchromene-2-caskamide (8b)

Yield 57% (Methanol); mp 230-2°C;IR ¢h{KBr) 3242 (NH), 2924 (CH-aliph), 1671 (C=G¥NMR (300 MHz,
DMSO-dg) 6 = 6.6-8.0 (m, 6H, Ar-H ), 8.4 (s, 1H, chromenoné}H8.9 (s, H, NH; cancelled with,D); MS:
m/z349.5 (17%), 220 (100%); Anal. Calcd fofl81,CINO;. Calcd: C, 68.68; H, 3.46; N, 4.00. Found: C, 68H,
3.40; N, 4.00.

N-(4-chlorophenyl)-5-methoxy-2,8-dioxo-2H,8H-pyraf® 2-g]chromene-3-carboxa-mide (10):

Yield 55% (Acetic); mp 246-7°C;IR ci(KBr) 3425 (NH), 2923 (CH-aliph), 1728, 1662 (2C=KS: m/z 396
(19.1%), 398 [M+2, 6.8 %], 361 (M-Cl, 100%); Ané&lalcd for GoH;,Cl NOg. Calcd: C, 60.38; H, 3.03, N, 3.52.
Found: C, 60.30; H, 3.10, N, 3.62.

Preparation of: 12a,b, 13, 14 and 16

A mixture of 2-iminochromenegb or 7b or 15) (0.01 mol), malononitrile and / or ethyl cyanoatet(0.01 mol)
and amm.acetate (0.015) in ethanol (30 mL) wasixefl for 3h. The solid product was collected byrdtion and
recrystallized to furnishl@a,b, 13,14 and16).
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2-Amino-5-imino-4-oxo-3-(p-tolyl)-3,5-dihydro-4H-atomeno[3,4-c]py-ridine-1-carbo-nitrile (12a)

Yield 40% (Acetic); mp 311-2°C;IR cin(KBr) 3439, 3348 (NK, NH), 22075 (&N), 1650 (C=0-amide)iNMR
(300 MHz, DMSO#€) 6 = 2.3(s, 3H, CH), 7.1-8.2 (m, 10H, Ar-H + N} cancelled with BO), 9.3, (s, H, NH;
cancelled with RO); MS: m/z 342 (3.2%), 300 (100%); Anal. Calcd €@pH14N,4O,. Calcd: C, 70.17; H, 4.12; N,
16.37. Found: C, 70.10; H, 4.15; N, 16.0.

3-(p-Chlorophenyl)-2-hydroxy-5-imino-4-oxo-3,5-dildyo-4H-chromen-o[3,4-c]pyri-dine-1-carbonitrile (19

Yield 41% (Acetic); mp 302-4°C;IR cm(KBr) 3349, 3176 (OH, NH), 2196 &N), 1715 (C=O):HNMR (300
MHz, DMSO-g) 6 = 7.3-7.6 (m, 8H, Ar-H ), 8.8 (s, 1H, NH; cancdll@ith D,O), 9.2 (s, 1H, OH; cancelled with
D,0); Anal. Calcd for GH;oCIN3Os. Calcd: C, 62.74; H, 2.77; N, 11.55. Found: C862H, 2.10; N, 11.45.

2-Amino-3-(p-chlorophenyl)-5-imino-4-o0x0-3,4a,5,1@btrahydro-4H-chr-omeno[3,4-c]pyridine-1-carbonite
(13)

Yield 51% (Acetic); mp 302-4°C;IR ci(KBr) 3444, 3348 (NK NH), 2208 (&N), 1662 (C=0):3'HNMR (300
MHz, DMSOdg) 6 = 4.71, 4.9 (2d, 2H, CH-3,4), 7.3-7.6 (m, 8H,HAr, 7.7 (s, 2H, NK cancelled with BO), 8.9
(s, 1H, NH; cancelled with @); MS: m/z 364.5 (20.1%), 366 [M+2, 5.4 %], 2200Q%); Anal. Calcd
forCy9H13CIN4O,. Caled: C, 62.56; H, 3.59; N, 15.36. Found: C, 62H03.60; N, 15.20.

2-Amino-3-(p-chlorophenyl)-5-imino-4-oxo0-3,5-dihydr4H-benzo[5,6]-chromeno(3,4-c]pyridine-1-carboriit

(14):

Yield 51% (Dioxan); mp 302-4°C;IR ¢m(KBr) 3330, 3214 (Nk NH), 2216 (&N), 1715, 1682 (2C=O}NMR
(300 MHz, DMSO#g) & = 7.6-8.6 (m, 10H, Ar-H ), 8.9, 9.3 (2s, 3H, NHNH; cancelled with BO);MS: m/z 412.5
(10.5%), 414 [M+2, 6 %], 315 (100%); Anal. Calcd f&,3H;3CIN4O,. Calcd. C, 66.92; H, 3.17; N, 13.57. Found:
C, 66.80; H, 3.20; N, 13.40.

2-Amino-N-(4-chlorophenyl)-5-imino-4-oxo-3,5-dihydr4H-chromeno-[3,4-c]pyridine-1-carboxamide (16):
Yield 53% (Dioxan); mp 305-6°C;IR cm(KBr) 3268, 3133 (NK, NH), 22075 (&N), 2960(CH-aliph), 1667
(C=0);HNMR (300 MHz, DMSOds) & = 7.4-7.8 (m, 8H, Ar-H), 9.0, 9.2, 10.3 (3s, 3MI%; cancelled with BO),
10.5 (br, 2H, NH; cancelled with BO); MS: m/z 380 (9.8%), m/z=253 [(M-ClsH;NH,) 100; Anal. Calcd for
C19H13CIN,4Os. Caled: C, 59.93; H, 3.44; N, 14.71. found: C,80.H, 3.51; N, 14.61.

Antimicraobial screening

The disks of Whatman filter paper were preparedth witindard size (6.0 mm diameter) and kept intdOkz&crew
capped wide mouthed containers for sterilizatidmese bottles are kept into hot air oven at a teatper of 150 °C.
Then, the standard sterilized filter paper diskprisgnated with a solution of the test compound MHX100 uL, 5
mg/mL) were placed on nutrient agar plate seedeati tWie appropriate test organism in triplicatesanfiard
concentrations of FOCFU/mL (Colony Forming Units/mL) and 4@CFU/mL were used for antibacterial and
antifungal assay, respectively. Pyrex glass Péthieas (9 cm in diameter) were used and two diskiitef paper
were inoculated in each plate. The utilized tegaorsms weré&.aureu§RCMB 010027)S. epidermidigRCMB
010024) and. subtilis(RCMB 010063) as examples of Gram-positive baatendP. vulgaris(RCMB010085)K.
pneumonia(RCMB 010093) ands. flexneriRCMB 0100542) as examples of Gram-negative biact&éhey were
also evaluated for their in vitro antifungal poiahaigainstA. fumigateRCMB 02564) A. clavatu§RCMB 02593)
andC.albicans(RCMB 05035) fungal strain. Ampicillin and gentacitywere used as standard antibacterial agents;
while amphotericin B was used as standard antifuagant. DMF alone was used as control at the salmoee-
mentioned concentration and due this there wassible change in bacterial growth. The plates wieceibated at
37 °C for 24 h for bacteria and for 48 h at 25 8€feingi. The mean zone of inhibition measured m t standard
deviation beyond well diameter (6 mm) produced orraage of environmental and clinically pathogenic
microorganisms. Compounds that showed significantvth inhibition zones using the twofold serial utlibn
technique were further evaluated for their miniimaibitory concentrations (MICs).

Minimal inhibitory concentration (M1C) measur ement

The microdilution susceptibility test in Miller-Hiom Broth (Oxoid) and Subouraud Liquid Medium (GXowas
used for the determination of antibacterial andifamgal activity, respectively. Stock solutions tife tested
compounds, ampicillin, gentamycin, amphotericin Bl asulfisoxazole were prepared in DMF at conceiatnat
1000 pg/mL. Each stock solution was diluted widgmsiard method broth (Difco) to prepare serial twebftilutions
in the range of 500-0.007 pg/mL. 10 mL of the brotintaining about FOCFU/mL of test bacteria or 1CFU/mL
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of the test fungus was added to each well of 96-marotiter plate. The sealed microplates weraibated at 37 °C
for 24 h for antibacterial activity and at 25 °Q #8 h for antifungal activity in a humid chambat.the end of the
incubation period, the minimal inhibitory concetiwas (MIC) values were recorded as the lowest entrations of
the substance that had no visible turbidity. Cdrerperiments with DMF and uninoculated media weire parallel

to the test compounds under the same conditions.

RESULTSAND DISCUSSION

An important research area explored by our resegratp is the synthesis new chromene derivativ@slf]. As
part of this work, we now report a simple synthesis2-imino and 2-oxo-2-chromene-3-charboxamide from
salicylaldehydes and cyanoacetamides. These chmraed coumarin carb-oxamide derivatives are usaul
synthetic intermediates for a variety of furthemmgformations and as promising sources of bioactigkcules.In
view of the above-mentioned findings, and as ainaation of our effort to identify new candidatd${19]. A wide
variety of cyanoacetamideka,bwere prepared by direct combination of ethyl cyaetate and primary amines,
inspired by a procedure previously described byitGszal [20]. cyclocondensation of cyanoacetaeiida,bwith
salicylaldehyde) in ethanolic ammonium acetate afforded 2-imingN3substituted-phenyl-car-boxamido)-2H-
chromenes3a,b as colored solid in high yield(schemel).The strreds of compound8a,b were established by
elemental analysis and spectral data. IR spectfuraropound3a showed absorption bands at 3403, 3316 (NH) and
1681cnt (C=0).'H NMR (DMSO-s) spectrum of compoun8@a was characterized by the presence of singlet
signals at 2.2 and 8.5, 9.1 ppm corresponding ky, €hromene-H4 with two singlet signals at 9.1, 12pén (2s,
2H, 2NH; cancelled with BD). The mass spectra 88,b displayed the correct molecular ions expectedilier
proposed molecular formula. The fragmentation pastevere in accord with the assigned structure. giraary
cleavage of the molecular ion occurred at the arbmed giving rise to the acylium ion m/z 172 (chBxtOn the
other hand, interaction ofla,b with salicylaldehyde in the presence of ,8AcONa, 3-(-substituted-
phenylcarboxamido)chromen-2-onda,b were obtained in reasonably good vyield. IR spectof compound
4ashowed absorption bands at 3271 (NH) and 1705 ¢B=O; lactonefHNMR spectrum (DMSQd) of
compoundbrevealed tow singlet at 8.8 and at 10.6 ppmgasesi for chromene-H and NH protons, respectively.
Mass spectrum of compoudd reflected the right a molecular ion at 299 (25%hva base peak at m/z = 173 (M-
CI.CgH;NH). The structure of compourttiwas further confirmed through their synthesis upgdrolysis of3 with
EtOH/HCI or acetic acid. Similarly, compountis or 1b were allowed to react with 2-hydroxy-naphthaldeh{f)
and 7-hydroxy-5-methoxycoumar-in-6-carbox-aldehyt® in presence of EtOH/AcCON1 giving 2-imino-
benzo[flchromenes7a,b and 2-iminopyrano[2,8jcoumar-ins 9 with high yield. BenzocoumariBa,b and
pyrano[2,3g]coumarinl0 were synthesized via interaction of compodnwith compound and/o6 in the presence
of acetic anhydride and sodium acetate. Compdiadd10 were also obtained upon the treatment of compoidnds
and 9 with ethanol containing hydrochloric acid or acedicid (schemel).The suggested struc#jrds9 and 10
were established on the basis of both elemental spredttral data.lR spectrum of the compoutad showed
absorption bands at 3324, 3298 and 1684 assignable for 2NH and carboxamide groups,resmdgfiHNMR
spectrum ofd in DMSO-dgrevealed signals & 4.2 (s, 3H, OCh), 6.42 (d, 1H, H-6), 7.05-7.52 (m,5H, Ar-H),
8.1(d,1H,H7), 8.5(s,1H,H-4) and 9.5, 12.8 (2s, 2NH). Furthermore, the mass spectrun®siiowed a molecular
ion peak at m/z = 396 (27.15%) together base peakza= 286.
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Chart 1

Moreover, the resulting chromene derivatives haterit functional substituents which have the poaéfdr further
chemical transformations as new routes for condeokeomene with possible biological activity.Reantiof 2-
iminochromene derivative8a,bwith malononitrile and/orethyl cyanoacetate in ugihg ethanol containing
catalytic amount of amm. acetate afforded in eas® @ product with analytical and spectral dagpoid agreement
with chromeno[3,4&]pyridine derivativesl2a,b (scheme 2).The structured@fhave been confirmed on the basis of
elemental analysis and spectral data. IR spectfub2ashowed absorption bands at 3439, 3348 {NH), 2207
(CN) and 1650 ci (C=0;amide).Mass spectrumi@a showed a molecular ion peak at m/z 342 (3.2%) wittase
peak at m/z 300 [M-(Ckt+ HCN)]. '"HNMR spectrum ofi2b in DMSO-dgexhibited signals &t 7.3-7.6 (m, 8H, Ar-
H), 8.8 (s, 1H, NH) and9.2 (s, 1H, OH) ppm.The fation of12a,b was assumed to proceed via the addition of an
active methylene group to the activated double tmfrchromene giving Michael adduct, which underweydlized

to the respective dihydrochromeno-pyridindl as an intermediate for 5-iminochromenopyridine
derivatived2a,b.On the other hand, the dihydrochromenopyridinévdéve 13 was obtained upon treatment3f
with malononitrile in boiling EtOH/AcONKH"HNMR spectrum of compour8 in DMSO-dgwas characteristic by
the presence of two doubletsdad.71, 4.9corresponding to pyridine-H4and H-3, didition to two singlet aé 7.7
and 8.9 ppm for NKHand NH, respectively.
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In addition, Benzochromenopyridine derivatil4¢ was obtained via interaction @b with malononitrile under the
same condition of EtOH/AcONHThe structure ofl4could be established for the reaction product based
elemental analysis and spectral d&tAIMR spectrum ofl4 in DMSO-ds showed the following signals: 7.6-8.6 (m,
10H, Ar-H), 8.9, 9.0 (2s, 3H, NH+ NH; canaelled with BD). Finally, cyanoacetanilid® was used as an active
methylene compound which reacted with 2-iminochmoead-carbboxamid€15)[21]in 1: 1 molar ratios in the
presence of ammonium acetate to afford the chromeitbne derivativel6(scheme 3). ItSHNMR spectrum in
DMSO-dg exhibited signals & 9.0, 9.2, 10.3 and 10.5 corresponding to threeaN&H NHprotons.

Cl Cl

O NH H,N__N.__0O
NeNH L cpyeny, _ FtoH N NN
ACONH,
ol O
b 14

“ O NH
2
.y 1 Q|
N~ 7 "NH
N NH, KWN EtOH H
+ — X
07 NH 0 ACONH, Y
Cl
15 1b 0~ >NH

16
Scheme 3
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Biological activity:

Antibacterial activity

The antimicrobial screening and minimal inhibit@gncentrations of the tested compounds were caoti¢@t the
Regional Center for Mycology and Biotechnology, Adhar University, and Cairo, Egypt. The synthesized
compound$8a,b, 4a,b,7a,b,8a,b,9, 10, 12a,b,13,14 and16 were tested in vitro for their antibacterial aitthagainst
six strains of bacteria three Gram positive baateBtaphylococcus aureudgRCMB 010027),Staphylococcus
epidermidis(RCMB 010024 Bacillis subtilis(RCMB 010063)andthree gram negative bactdrateous vulgaris
(RCMBO010085),Klebsiella pneumonigRCMB 010093) andshigella flexneri(RCMB 0100542).Based on the
results of disc-diffusion method on Gram +ve, Grare bacteria and fungus species, the compoundslioated
potential antibacterial activity3g,b, 4a,b, 7a,b, 8a,b, 9,10, 12a,b and 13) were subjected to MIC test. The results
are summarized in tablel.Where the minimal inhilyitconcentrations (MICs) for compounds that showed
significant growth inhibition zones (>10 mm) werdateined using twofold serial dilution method [22]2

Some of the tested compounds showed promising agtébal reaching, in certain cases, the same lefel
antimicrobial activity as the standard antibactesigent Ampicilline and Gentamycin. In general campds3a,b,
4a,b, 7b and8b were the most effective in inhibiting the growth@ram-positive and Gram-negative strains of
bacteria, with an MIC value ranging from (0.06-7r@f/mL) especially compourigb, thatshowed the highest rate
of inhibition against all the tested bacterial stsa with an MIC value ranging from (0.06-3.9mg/migr
antibacterial activity. It showed two fold of adti of ampicillin againstS.epidermis equipotent of activity to
gentamycin againg€.pneumoniandS.flexnerj three fourths of activity of gentamycin agaiRstulgaris about 0.1
of activity of ampicillin againsB.subtilis and almost half of the activity of ampicillin agst S.aureusCompounds
3a, 4a,4b and 7b showed considerable antibacterial activity aga#ilsthe tested bacterial strains withMIC value
ranging from (0.24-7.81 mg/mL).With the exceptidnSoepidermicompoundb showed moderate activity against
all the tested bacterial strains with MIC valuegiaig from (0.48-3.9 mg/mL). Compourthshowed the same
moderate antibacterial activity against two of Grama bacterigK.pneumoniaand S.flexneriMIC 3.9 mg/mL),
while compoundd showed moderate activity against only one strdinGram -ve bacteri® vulgarisMIC 7.81
mg/mL). Finally; with the exception d®.vulgaris compound®,10,12a,b,13showed poor activity toward all the
tested bacterial strains.

Table 1 Antimicrobial minimal inhibitory concentrations (M IC, mg/mL) of some new synthesized compounds

Inhibitory %inhibitory %
Compounds Gram-positive bacteria | Gram-negative bacteria
S. aureus| S. epidermidi B. subtilis  P.vulgaris pteumonia| S. flexneri
3a 0.97 1.95 0.24 7.81 1.95 1.95
3b 0.24 0.24 0.06 3.9 0.24 0.48
4a 3.¢ 0.2¢ 1.9¢ 15.¢ 1.9t 3.€
4b 0.97 0.917 0.24 3.c 0.4¢ 1.98
7a 62.5 31.25 315 31.25 3.9 3.9
7b 0.97 0.24 0.24 7.81 1.95 1.95
8a 62.5 31.25 62.5 15.6 3.9 7.81
8b 3.9 31.25 1.95 3.9 0.48 0.48
9 31.2¢ 62.5 15.6¢ 7.81 15.6¢ 31.2¢
10 31.2¢ 31.2¢ 15.6¢ 62.5 31.2¢ 31.2¢
12a 125 62.5 62.5 62.5 62.5 125
12b 15.6 15.63 15.63 125 31.25 31.25
13 125 125 62.5 125 - 62.5
AMPI 0.06 0.48 0.007 NT NT NT
GEN NT NT NT 1.95 0.24 0.48

AMPI, Ampicillin; GEN, Gentamycin.

NT., Not tested.
(-), No activity.
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Figure 1. Graphical representation of in vitro antibacterial activity of the newly synthesized compounds

Antifungal activity

The synthesized compoun@s,b, 4a,b, 7a,b, 8ab, 9,10, 12a,b, 13 and 14 also evaluated for their potential
antifungal activities against the following fungatains;Aspergillus fumigate€RCMB 02564) Aspergillus clavatus
(RCMB 02593) andCandida albicangRCMB 05035)by the agar well diffusion method; Amagricin was used as
standards for comparison of antifungal activity.

For antifungal activity compounda,b, 4a,b, 7a,b and8a,b, were most effective in inhibiting the growth dff the
tested fungal strains with MIC (0.24-7.81). Espligiaompound 3b which exerted half of activity ahpicillin
againstC.albicans three fourths of activity of ampicillin againstclavulateand one of activity of ampicillin against
A. fumigates. With the exception of Compout#a,b. C.albicans were more sensitive to almost all the tested
compounds with MIC value (0.24-7.81 mg/mL) than ¢lieer tested fungal strains.

Table 2 Antifungal minimal inhibitory concentrations (MIC, mg/mL) of some new synthesized compounds:

Antifugal activity (Inhibitory% )
Compounds A. fumigates| A.clavatus C. albicans
3a 3.9 7.81 0.48
3b 1.9¢ 3. 0.2¢
4a 7.81 15.6: 0.97
4b 3.9 7.81 0.97
7a 3.9 15.63 1.95
7b 1.95 7.81 0.97
8a 7.81 15.63 0.97
8b 3.¢ 7.81 1.9t
9 15.€ 15.€ 7.81
10 31.25 15.6 1.95
12a 125 62.5 -
12b 62.5 62.5 250
13 125 125 -
Amph. 0.97 1.98 0.2¢

AMPH, Amphotricin B;
(), No activity.
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Figure 2: Graphical representation of in vitro antifungal activity of the newly synthesized compounds

Molecular modeling study (Pharmacophore modeling)

In this study, pharmacophore generation was peddrmsing Discovery Studio 2.5 software. The 3D QSAR
Pharmacophore Generation protocol (Catalyst Hypo@lgorithm)[24] was used to derive structure atfivi
relationship hypothesis models (3D QSAR pharmacophmdels) from a set of ligands with known acyivialues

on a given biological target. The training setasposed of thirteen synthesized compounds fronptagent study
with measured MIC for the synthesized compoundsnag@ach strain of the tested bacteria for theegsion of
pharmacophore models considered as the certaihtg.vBhe uncertainty value was set as 1.5 instéageodefault
value 3.0. The pharmacophore features used aredwdrbond acceptor (HBA), hydrogen bond donor (HBD)
hydrophobic (HYP), ring aromatic (RA) and negativaizable features. Fisher validation was apphed set to
95% significance. Pharmacophores were then gememtelypoGen module and the top ten scoring hymsbhe
were exported. HypoGen identifies features comnoahié active compounds and excludes features contonibre
inactive compounds within conformational allowaldgions of space. It further estimates the actieftgur newly
synthesized and tested compounds using regressiampters. The parameters were computed by regnessi
analysis using the relationship of geometric fitueaversus the activity. The better the geomettithe greater the
activity prediction of the compound.

Pharmacophor e study results;

Ten predictive pharmacophore models (hypothesigevgenerated via aligning different conformatiorfstiee
represented training set ligands to bind with thenegated pharmacophore models. All of the generated
pharmacophore models for top pharmacophore modargted, Hypothesis 10, 1, 8, 5, 5, 5 for the Gpasitive
strains §. aureusS. epidermidisB. subtili§ and for the Gram-negative strairR. (vulgaris K. pneumonias.
flexner) respectively, except P. vulgaris, that contaitiede chemical features; two HBA and one HYP. Ittvd@o
be mentioned that, the results of antibacterial/éigtwere consistent with pharmacophore fit sceatues where it
was observed that the most potent antibacterialpoomds showed the best fit values. From the resitlis
important to note that inthe best mapping conforomat of the ligand compouft,the imino group(NH) of
chromene is mostly fits with one of feature of logien bond (HBA) or (HBD) while the C=0Ogroup of caxamide
fits with the other hydrogen bond (HBA) or (HBD)theer benzene or pyran moiety of benzopyran fithhwHY P-
1), and the terminal phenyl ring of triclosan fitgh (HYP_2) or ( RA)Figure 3, 4.

The previous analysis enabled us to point out s¢atructural requirements as mentioned in the alsbscussion
for the observed antibacterial activity, which censummarized in figure5.

291



Sally |. Eissa et al Der Pharma Chemica, 2016,8 (18):282-295

Hydrogen bond region (C=ONH) R Hydrophobic region
free carboxamide is important R= Electron withdrawing
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Hydrogen bond region
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Hydrophobic
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Figure5: Structural requirementsfor the newly synthesized compounds as anti-bacterial agents

Phar macophore validation

The pharmacophore models generated should betis@tis significant, able to predict the activitiexf new
chemical compounds and retrieve active compoundsn fthe database. The selection of the generated
pharmacophore models 10, 1, 8, 5, 5, 5 SoaureusS. epidermidisB. subtilis P. vulgaris K. pneumonia and S.
flexnerirespectively was be based on its validation using methods; cost analysis, Activity predictiongddfisher
validation test. HypoGen selects the best hypashbgi applying a cost analysis. The quality of tlemeryated
pharmacophore hypothesis was evaluated by consgldre cost functions calculation by HypoGen modideng
hypothesis generation. In detail, the null cost &rdd cost of the ten pharmacophore hypothesievegual to
(222.358, 42.518), ( 203.603, 44.1958), (263.389@8), (91.707, 43.061), (138.597, 41.062 ) a2’B(334,
46.90) respectively for Hypothesis (10, 1, 8, 555) also they were chosen as the best genepatatnacophore
hypothesis as they are characterized by the lotgtatcost 110.072, 114.270, 142.441, 94.272, ®¥8BW 78.710

the best correlation coefficient (0.818, 0.7522/32, 0.826, 0.891 and 0.846) which indicatesctpability of the
pharmacophore model to predict the activity ofttlagning set compounds. The pharmacophore modgfmthesis

10, 1, 8, 5, 5, 5) were also validated throughviétgtprediction of the synthesized structures asing set. It should

be noted that the predicated MIC by the 3D Phaaplacre QSAR model were very close to those expetiatly
observed, indicating that these models can be ysafgblied for prediction of anti-microbial activityf newly
synthesized compounds. Fischer validation is amathproach for pharmacophore model validation. Vhl&lation
method checks the correlation between the chensitatctures and biological activity. This method gextes
pharmacophore hypothesis using the same paramasethose used to develop the original pharmacophore
hypothesis by randomizing the activity data of titaéning set compounds.
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Figure 3: Best generated pharmacophore model for Gram-positive strains, (1A) for S. aureusshowed synthesized structure compound
(3b) fitted in the phar macophore with fit value 9.79, (2A) showed The best generated phar macophore model for S. epidermidisvhere
synthesized structure compound (3b) fitted in the phar macophore with fit value 7.25. (3A) The best generated phar macophore model for
B. subtilisthat showed the synthesized structure compound (3b) fitted in the phar macophore with fit value 8.08, with the features
considered hydrogen bond acceptor (HBA) colored in green, hydrogen bond donor (HBD) colored in violet, ring aromatic (RA) colored
in orange, hydrophobic (HYP) colored in cyan

4 ':"':;Hydropr

Figure 4: Best generated phar macophore model for Gram-negative strains, (1B) for P. vulgarisshowed synthesized structure compound
(3b) fitted in the phar macophor e with fit value 6.12, (2B) showed The best gener ated pharmacophore mode for K. pneumoniawhere
synthesized structure compound (3b) fitted in the pharmacophor e with fit value 8.84. (3B) the best generated phar macophor e model for
S. flexnerithat showed the synthesized structure compound (3b) fitted in the phar macophore with fit value 7.80, with the features
considered hydr ogen bond acceptor (HBA) colored in green, hydrogen bond donor (HBD) colored in violet, and hydrophobic (HYP)
colored in cyan
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Table 3: Fit valuesand predicted activitiesthe synthesized compounds mapped with the gener ated 3D-phar macophor e models

° S. aureus S. epidermidis B. subtilis

3 . Exp. . . Exp. . . Exp. .
g | Predicted | ity mic | Pt | Predicted | iomic | Fit | Prediced 1) iy mic | FIt
S activity (mg/mi) value | activity (mg/ ml) value | activity (mg/ ml) value
3a 0.97 0.97 9.43 2.88 1.95 6.96 1.58 0.24 6.13
3b 0.43 0.24 9.79 0.18 0.24 7.25 0.07 0.06 8.08
4a 1.56 0.39 9.67 0.74 1.95 6.46 2.79 1.95 5.98
4b 2.57 0.97 9.45 0.37 0.97 8.02 241 0.24 6.06
7a 47.01 62.5 8.19 4.21 3125 7.23 2.13 315 6.13
7b 0.86 0.97 9.93 1.61 0.24 7.51 0.43 0.24 6.15
8a 23.05 62.5 9.61 10.45 31.25 6.58 2.93 62.5 5.99
8b 3.72 3.9 9.29 11.42 3125 6.63 3.28 1.95 6.02
9 28.98 31.25 8.40 18.92 62.5 6.15 5.54 15.63 6.02
10 7.418 31.25 8.99 22.12 31.25 6.23 2.40 15.63 6.08
12a 120.69 125 7.78 64.94 62.5 5.74 32.78 62.5 5.59
12b 15.39 15.6 8.67 52.71 15.63 6.17 28.26 15.63 5.75
13 156.72 125 7.67 62.96 125 5.53 28.17 62.5 5.59

Table 3 cont.: Fit values and predicted activities the synthesized compounds mapped with the generated 3D-phar macophor e models

z P. vulgaris K. pneumonia S. flexneri

3 : Exp. . . Exp. . . Exp. .
g | Predicted Activit)? mic | Fit | Predicted Activit)? mic | Fit | Predicted Activit)F/) mic | Fit
8 activity (mg/ ml) value | activity (mg/ mi) value | activity (mg/ mi) value
3a 12.51 7.81 5.92 2.71 1.95 8.09 2.96 1.95 7.38
3b 7.92 3.9 6.12 0.48 0.24 8.84 0.51 0.48 7.80
4a 16.57 15.6 5.80 4.33 1.95 7.89 6.80 3.9 7.74
4b 2.51 3.9 6.61 0.44 0.48 8.88 2.86 1.95 7.02
7a 10.87 31.25 5.98 2.36 3.9 8.15 2.69 3.9 6.92
7b 6.74 7.81 6.1¢ 1.21 1.95 8.4 1.8C 1.95 6.6€
8a 13.99 15.6 5.87 3.87 3.9 7.94 6.77 7.81 7.38
8b 8.52 3.9 6.08 0.39 0.48 8.93 0.42 0.48 6.14
9 15.56 7.81 5.82 12.06 15.63 7.44 15.56 31.25 7.75
10 31.62 62.5 5.52 19.47 3125 7.24 19.54 3125 7.78
12a 68.5¢ 62.5 5.1¢ 41.43 62.5 6.91 117.3¢ 125 6.5¢
12b 106.3: 125 4.9¢ 40.1¢ 31.25 6.92 34.9¢ 31.25 7.9t
13 90.49 125 5.06 2.71 1.95 6.09 68.63 62.5 6.50

CONCLUSION

In conclusion, a series of some novel chromenevdtives were synthesized and established on the bhspectral
as well as analytical results. The in-vitro antirolmal activities of the newly synthesized compaosingere
evaluated for their antibacterial and antifungaivdties.Some of the synthesized compounds revealed prognisin
antibacterial and antifungal activities. Close synof the MIC values indicate that compoBhdshowed the
maximum potent activities against all tested orgars with an MIC value ranging from (0.06-3.9 mg/mwhile
compounds3a, 4a,b, 7b and8b showed considerable activities against the mosinGive and Gram +ve tested
strains of bacteria. Compoun@s,b, 4a,b, 7a,b anda,b were most effective in inhibiting the growth of #he
tested fungal strains with MIC (0.24-7.81). 3D QSARarmacophore model created to explore the obderve
antibacterial activity against the tested straih$acteria; interestingly the results of antibaietleactivity were
consistent with pharmacophore fit score values wilitervas observed that the most potent antibattesiapounds
showed the best fit values.Thus, these compoundfd dme used as lead structure for designing motenpo
antibacterial agents.
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