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ABSTRACT

Some functionalized fluorinated derivatives are prepared by condensing 4,4-difluoro chalcone with hydrazine
derivatives, o-phenylenediamine, ammonium acetate/acetic acid, ethyl cyanoacetate, malononitrile, acetylacetone,
esters of acetoacetic acid, acetoacetanilde, aminoguanidine hydrochloride, urea and thiourea. All these derivatives
are characterized by NMR, IR, mass spectral and also some of them by single crystal XRD data. All the synthesized
products are screened for their in vitro antimicrobial and antioxidant properties. Majority of the tested compounds
exhibited significant antimicrobial activity and some of them showed DPPH scavenging activity.

Keywords: Synthesis, Characterization, Antimicrobial, DPPldw&nging assay, 4difluoro chalcone.

INTRODUCTION

The introduction of fluorine substituents into aganic molecule can readily change the physicocbanpiroperties
of the molecule. Including fluorine atom in potahtimedicines can have a variety of dramatic effattthe
molecule’s properties, perhaps making them morectek, increasing their efficacy, or making theasier to
administer [1]. There are very few naturally ocougrorganic compounds that contain fluorine, butl known
naturally occurring fluoro-organic compounds aréspoous [2]. The finding of fluorine in teeth endmash of
blood, and the yolk and shell of eggs stimulatedsbarch for its physiological role [3,4]. So, tpdaore than one
million compounds containing one or more carbomfilne bonds are known.

Many fluorinated compounds are widely used as aptielssants, anti-inflammatory agents, antimalatialgs,
antipsychotics, antiviral agents, and general ahatiss [5]. Examples of selectively fluorinatedugs include
Midazolam (general anesthetics), Progabide (amtedesants), Paroxetine (antidepressants), Ezetimibe
(antilipemics), Atorvastatin (antilipemics) andnkizolid (antibiotics).
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One of the most important factors in drug desigrthat fluorine is much more lipophilic than hydeog so
incorporating fluorine atom in a molecule will makkemore fat soluble. This means it percolates im@mbranes
much more readily, and hence the fluorinated mdéehas a higher bioavailability [6,7]. So it is goeat surprise
that around a fifth of all drugs on the market tpdantain at least one fluorine substituent. Thausion of a
fluorine atom in a drug molecule can influence paty pharmacokinetic properties, such as absorptissue
distribution, secretion, and the route and ratdiofransformation but also its pharmacodynamics taxicology
[8]. Introducing F and C¥ substituents often improves lipophilicity, and prgsses metabolic detoxification
processes to increase fimevivo lifetime of drugs [9].

Organofluorine chemistry is virtually a completetyan-made branch of organic chemistry. Since nonkeohatural
C-F compounds are isolated for utilization, synithetutes to a wide variety of fluoro-organic maléss have been
developed, and an impressive array of reagentsselis creating a C-F bond (the strongest singledbiavolving
carbon). Elemental fluorine is generally too reaxtior use in direct reactions with organic commsjnbut
favorable results could be achieved through theicehf specific reaction conditions (degree of ftidn,
temperature, the nature of solvent). Drug desigfretgiently use naturally occurring molecules aststg points in
their studies, altering substitution patterns targde its properties to make it more effective, nsmlective, or both
[10].

Fluorine and its chemistry often have been desdrine the adjectives i.e. exciting, exotic, unusuelexpected,
novel, highly reactive and challenging. In viewtbé importance of organofluorine compounds, it Wasided to
prepare different derivatives of 4gdifluoro chalcone by condensing it with hydrazineridatives, o-
phenylenediamine, ammonium acetate/acetic acidhyl etyanoacetate, malononitrile, acetylacetonegresbf
acetoacetic acid, acetoacetanilde, aminoguanidyeobhloride, urea and thiourea, and to studyrtb&ilogical
activities.

MATERIALS AND METHODS

2.1. Chemistry

Melting points were taken in open capillary tubad are uncorrected. The purity of the compounds ceagirmed

by thin layer chromatography using Merck silica §81F:4coated aluminium plates. IR spectra were recorded 0
Shimadzu-FTIR Infrared spectrometer in KBR.4in cm?). *HNMR (400 MHz) spectra were recorded on a Bruker
AMX 400 spectrometer, with 5mm PABBO BB -1H TUBESdd*C (100 MHz) NMR spectra were recorded for
approximately 0.03 M solutions in DMSQ-dt 100MHz with TMS as internal standard. LCMS web¢ained using
Agilent 1200 series LC and Micromass zQ spectrom&lemental analysis was carried out by using V@HRL-11I
(Elementar Analysensysteme GmBH).

General procedure for synthesis of (&)-1,3-bis(4-fluorophenyl)prop-2-en-1-one (1)

To a mixture of 4-fluoroacetophenone (13.8 g, dl) and 4- fluorobenzaldehyde (12.4 g, 0.1 molBdmL
ethanol, 10 mL of 10 % sodium hydroxide solutievas added and stirred at 5-10°C for 3 h. Theipitate
formed was collected by filtration and recrystadtizin ethanol to get off white crystals. Yield 91%p 113-115 °C.
IR (KB, vmaxin cm?): 1662 (C=0), 1600(C=C), 1220 (C-EH NMR (DMSO-d;, 400 MHz):5 7.73(d, 1H, H J=
15.6 Hz), 7.90 (d, 1H, HJ = 15.6Hz), 7.28-8.27(m, 8H, ArH). LCMS: m/z 2M"). Anal. Calcd. for GH;oF,0:
C, 73.76; H, 4.13. Found: C, 73.70; H, 4.09%.

Procedure for synthesis of 3,5-bis(4-fluorophenyl)-aryl-4,5-dihydro-1H-pyrazole (2a, b)

A mixture of 4,4difluoro chalcone (2.44 g, 0.01 mol) and 4-nitdeepyl hydrazine (1.53 g, 0.01 mol) or 2,4-
dinitrophenylhydrazine (1.98 g, 0.01 mol) in gldcaetic acid (20 mL) was refluxed for 8 h. Theatean mixture
was cooled and poured into ice-cold water (50 nilf)e precipitate was collected by filtration and ified by
recrystallization from ethanol.

3,5-Bis(4-fluorophenyl)-1-(4-nitr ophenyl)-4,5-dihydr o-1H-pyrazol e (2a)

Yellow crystals. Yield: 74%; mp 167-170°C. IR (KBfuyin cm?); 2922 (CH), 1597 (C=N), 1504 (C-N§),
1217 (C-F).'H NMR (DMSO-d;, 400 MHz):3 3.24 (dd, 1H, i Jxs= 18.06 Hz, & = 4.00 Hz), 3.97 (dd, 1H,H
Jae= 17.93 Hz, gx =11.97 Hz), 5.75 (dd, 1H, H ka = 4.00Hz, Js = 11.75Hz), 7.07-8.07 (m, 12H, Ar-H):*C
NMR (DMSO-d;, 100 MHz):4 43.16 (CH), 61.65 (CH), 111.94, 115.72 (t), 125.71, 127d){ {28.73 (d), 137.15,
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138.08, 148.08, 151.69, 160.33, 161.82, 162.76,2064CMS: m/z 379.9 (M+-1). Anal. Calcd. for GH;sF.N3O,
: C, 66.49; H, 3.99; N, 11.08. Found: C, 66.444H1; N, 11.05%.

1-(2,4-Dinitrophenyl)-3,5-bis(4-fluor ophenyl)-4,5-dihydro-1H-pyrazol e (2b)

Red crystals. Yield: 60%; mp 190-192°C. R in cm®); 1603 (C=N), 1504 (C-N¢), 1215 (C-F). 'H NMR
(DMSO-ds, 400 MHz):8 3.14 (dd, 1H, i Jag = 17.52 Hz, & = 6.34 Hz), 3.86 (dd, 1H, HHJ\p= 17.54 Hz, gy
=12.20 Hz), 5.48 (dd, 1H,H hx = 6.34 Hz, g« = 12.18 Hz), 6.70-7.80 (m, 11H, Ar-H). LCMS: m#24.3 (M).
Anal. Calcd. for GiH:4FN4O, : C, 59.44; H, 3.33; N, 13.20. Found: C, 59.413t2; N, 13.17%.

Procedure for synthesis of 3,5-bis(4-fluorophenyl® 5-dihydro-1H-pyrazoles (3a-c)

A mixture of 4,4difluoro chalcone (2.44 g, 0.01 mol) and hydraiydrate (0.5 mL, 0.01 mol) in 20 mL formic
acid/ acetic acid/ butyric acid was refluxed folh.8The reaction mixture was cooled and poured H®anL of ice-
cold water. The precipitate was collected by filtba and purified by recrystallization from ethanol

3,5-Bis(4-fluorophenyl)-4,5-dihydro- 1H-pyr azol e-1-car bal dehyde (3a)

Colourless crystals. Yield: 86%; mp 133-135°C. (KBr, vmaxin cmi’): 2927 (CH), 1649 (CHO), 1602 (C=N),
1228 (C-F). 'H NMR (DMSO-d;, 400 MHz):5 3.19 (dd, 1H, i Jag = 18.0 Hz, 4« = 5.0 Hz), 3.86 (dd, 1H, &
Jag= 18.0 Hz, gx =12.0 Hz), 5.52 (dd, 1H, i Jix = 5.0 Hz, dx = 12.0 Hz), 7.14-7.86 (m, 8H, Ar-H), 8.88 (s, 1H,
CHO). LCMS: m/z 286.3 (M). Anal. Calcd. for GH1.FN,O: C, 67.13; H, 4.23; N, 13.27. Found: C, 67.10; H,
4.25; N, 13.21%.

1-[ 3,5-Bis(4-fluorophenyl)-4,5-dihydr o-1H-pyrazol-1-yl] ethanone (3b)

Colourless crystals. Yield: 84%; mp 112-114°C. KBX, Vmaxin cm’): 2926 (CH, CHs), 1645 (C=0), 1602 (C=N),
1224 (C-F).*H NMR (DMSO-d;, 400 MHz):5 2.37 (s, 3H, COCH}, 3.11 (dd, 1H, i Jas = 18.09 Hz, & = 4.66
Hz), 3.81 (dd, 1H, Bl Jag= 18.05 Hz, g =11.72 Hz), 5.54 (dd, 1H, i ax = 4.65 Hz, dx = 11.70 Hz), 7.01-7.86
(m, 8H, Ar-H). LCMS: m/z 300.9 (M1). Anal. Calcd. for G;Hy,FN,O: C, 67.99; H, 4.70; N, 9.33. Found: C,
67.86; H, 4.62; N, 9.29 %.

1-[ 3,5-Bis(4-fluorophenyl)-4,5-dihydr o-1H-pyr azol-1-yi] butan-1-one (3c)

Off white crystals. Yield: 76%; mp 113-115°C. IRB[, vmaxin cm’); 2966, 2931(Chl CHs), 1658 (C=0), 1602
(C=N), 1226 (C-F)'H NMR (DMSO-d;, 400 MHz):5 0.87 (t, 3H, CH)), 1.53 (m, 2H, COCH), 2.59 (m, 2H, CH),
3.10 (dd, 1H, K Jag = 18.15 Hz, & = 4.75 Hz), 3.79 (dd, 1H, HJxg= 18.15 Hz, g« =11.87 Hz), 5.52 (dd, 1H,
Hx, ka = 4.70 Hz, Js = 11.83 Hz), 7.11-7.85 (m, 8H, Ar-H). LCMS: m/828.0 (M). Anal. Calcd. for
CioH18FN20: C, 69.50; H, 5.53; N, 8.53. Found: C, 69.515t53; N, 8.49%.

Procedure for synthesis of 4,6-bis(4-fluorophenyl2-oxo-1,2-dihydropyridine-3-carbonitrile (4)

A mixture of 4,4-difluoro chalcone (2.44 g, 0.01 mol), ethyl cyarstate (1.13 g, 0.01 mol) and ammonium acetate
(1.54 g, 0.02 mol) in ethanol (20 mL) was refluXed 8 h. The reaction mixture was cooled and pountal ice-
cold water (50 mL). The precipitate was collectgdiltration and recrystallized in ethanol to gét white powder.
Yield: 68%; mp 265-268°C. IR (KB¥max in cmil): 3456 (NH), 2220 (CN),1649 (C=0), 1232 (C-B)l NMR
(DMSO-d;, 400 MHz):8 7.33-8.41(m, 9H, Ar-H ), 12.82(s, 1H, NHLCMS: m/z 309.3 (M+1). Anal. Calcd. for
Ci1gH10FN20: C, 70.13; H, 3.27; N, 9.09. Found: C, 70.103t26; N, 9.07%.

Procedure for synthesis of 2-amino-4,6-bis (4-flu@phenyl) pyridine-3-carbonitrile (5)

A mixture of 4,4difluoro chalcone (2.44 g. 0.01 mol), malononitr{®66 g, 0.01 mol) and ammonium acetate
(1.54 g, 0.02 mol) in ethanol (20 mL) was refluXed 10 h. The reaction mixture was cooled and pdumnto ice-
cold water (50 mL). The precipitate was collectgdiltration and recrystallized in ethanol to gdt white powder.
Yield: 73%; mp 204-206°C. IR (KBW¥main cmi®): 3500, 3396 (NH), 2206 (CN),1610 (C=N), 1224 (CIH.
NMR (DMSO-¢s, 400 MHz):8 7.27-8.20(m, 9H, Ar-H ), 7.01 (s, 2H, NH LCMS: m/z 307.9 (N+1). Anal.
Calcd. for GgHq1F>N5: C, 70.35; H, 3.61; N, 13.67. Found: C, 70.323t59; N, 13.64%.

Procedure for synthesis of 2,4,6-tris(4-fluorophenypyridine (6)
A mixture of 4,4difluoro chalcone (2.44 g, 0.01 mol) and ammoniwastate (1.54 g, 0.02mol) in glacial acetic
acid (10 mL) was refluxed for 6 h. The reaction mir was cooled and poured into ice-cold waterr(®Q. The
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precipitate was collected by filtration and recajtized in ethanol to get white powder. Yield: 56%p 205-207°C
(Reported mp 205°C). Anal. Calcd. fogs814F3N: C, 76.45; H, 3.91; N, 3.88. Found: C, 76.413t92; N, 3.86%.

Procedure for synthesis of 2,4-bis(4-fluorophenyl® 3-dihydro-1H-1,5-benzodiazepine (7)

In the absence of sunlight, a solution 4f4-difluoro chalcone (2.44g, 0.01mol) and 1, 2-dianbi@wzene (1.08g,
0.01mol) in absolute ethanol (15 mL) was refluxedhie presence of triethyl amine (3 mL) for 15 heTeaction

mixture was cooled to 0 °C and left overnight. Tprecipitate formed was filtered offnd recrystallized from
ethanol affording light yellow crystal¥ield: 74%; mp 133-136°C. IR (KBtmain cmt): 3350 (NH), 3045, 2856
(CHy), 1921, 1600 (C=N), 1226 (C-FX{ NMR (DMSO-d;, 400 MHz):5 3.00-3.05 (dd, 1H, CHH, Jax = 3.68Hz,

Jas = 13.73 Hz), 3.07-3.13 (dd, 1H, GHlg Jx= 6.92 Hz, dy = 13.73Hz), 5.22-5.24 (t, 1H, CHzH 3 = 3.2Hz,

e = 6.32Hz), 5.88(s, 1H, NH), 6.83-7.80(m, 12H, Ay-HC NMR (DMSO-@, 100 MHz); 37.86 (Ck), 67.88

(CH), 115.19 (d), 115.40 (d), 119.80, 120.65, 186128.49 (d), 129.45 (t), 136.03 (d), 137.76, 480141.87 (d),
160.53, 162.46, 162.95, 164.92 (HLMS: m/z 334.9 (M+1). Anal. Calcd. for GHigFN,: C, 75.43; H, 4.82; N,
8.38. Found: C, 75.39; H, 4.83; N, 8.34%.

Procedure for synthesis of alkyl 4,6-bis(4-fluoropbnyl)-2-oxocyclohex-3-ene-1-carboxylate (8a, b)

A mixture of 4,4difluoro chalcone (2.44 g, 0.01mol) and methytaacetate/ ethyl acetoacetate (0.01 mol) in
ethanol was refluxed for 4 h in 10-15 mL of ethaimothe presence of 0.8 mL 10% NaOH. The reactiaxture
was cooled to room temperature and the solid prtoohiained was filtered and recrystallized fromeeibi.

Methyl 4,6-bis(4-fluorophenyl)-2-oxocycl ohex-3-ene-1-carboxylate (8a)

Off white crystals. Yield: 78%; mp 140-144 °C. (RBr, vma in cm’): 2951, 2897 (CH CHs), 1660 (C=0O
ketone), 1739 (C=0 ester), 1234 (C-FjH NMR (DMSO-d&;, 400 MHz): 5 3.07( dd, 1H, k), 3.10 (d, 1H,
CHCO,Me), 3.53 (s, 3H, OCH), 3.71 (m, 1H, Ar-CH), 3.93 (m, 1H,d) 6.49 (s, 1H, C=CH), 7.04-7.76, 8H,
Ar-H). LCMS: m/z 342.9 (M+1). Anal. Calcd. for GoH6F,Os: C, 70.17; H, 4.71. Found: C, 70.14; H, 4.69%.

Ethyl 4,6-bis(4-fluorophenyl)-2-oxocycl ohex-3-ene-1-carboxylate (8b)

Off white crystals. Yield: 85%; mp 104-106°C IREK vmaxin cmi’): 2987, 2902 (Chl CHs), 1668 (C=0 ketone),
1739 (C=0 ester), 1226 (C-FH NMR (DMSO-d;, 400 MHz):5 0.90-0.93(t, 3H, Ck); 3.00- 3.13( m, 1H, B,
2.96-2.97 (d, 1H, CHCEt), 3.62-3.70 (m, 1H, Ar-CH), 3.89-3.94 (q, 2H, Bg, 4.07-4.16 (m, 1H, }), 6.54 (s,
1H, C=CH), 7.14-7.81m, 8H, Ar-H ).LCMS: m/z 356.9 (M+1). Anal. Calcd. for GH,gF,O5 : C, 70.78; H, 5.09.
Found: C, 70.71; H, 5.07%.

Procedure for synthesis of 4,6-bis(4-fluorophenyl2-oxoN-phenylcyclohex-3-ene-1-carboxamide (9)

A mixture of 4,4difluoro chalcone (2.44 g, 0.01mol) and acetcagétle (1.77 g, 0.01 mol) in ethanol was
refluxed for 8 h in 25 mL of ethanol in the presermf 0.8 mL 10% NaOH. The reaction mixture was eddio
room temperature and the solid product obtainedfikklased and recrystallized from ethanol to getitetcrystals.
Yield: 68%; mp 199-201°C. IR (KBumayin cmi®): 3425 (NH),3076, 2926 (Chl CH), 1637 (C=0 ketone), 1230
(C-F). 'H NMR (DMSO-d;, 400 MHz):5 3.08( dd, 1H, K), 3.03 (d, 1H, COCH), 3.82 (dd, 1Hg} 3.86 (t, 1H,
Ar-CH), 6.56 (s, 1H, C=CH), 6.97-7.881, 13H, Ar-H ) 9.99(s, 1H, NH)LCMS: m/z 405.5 (NH+2). Anal. Calcd.
for C,gH16F2045: C, 74.43; H, 4.75; N, 3.47. Found: C, 74.40; HJ14 N, 3.45%.

Procedure for synthesis of (62)-3,5-bis(4-fluoropheyl)-6-(1-hydroxyethylidene)cyclohex-2-en-1-one (30

A mixture of 4,4difluoro chalcone (2.44 g, 0.01mol) and acetylaget(l.00 g, 0.01 mol) in ethanol (25 mL) was
refluxed for 6 h in the presence of 0.4 mL of 10%MH. The reaction mixture was cooled to room teieupee and
the solid product obtained was filtered and reatliged from ethanol to get yellow crystals. Yie@B%; mp 108-
110 °C. IR (KBrymaxin cm?): 3431 (OH), 2893(CH)624 (C=0), 1224 (C-FfH NMR (DMSO-d;, 400 MHz):3
1.96 (s, 3H, CH), 2.01 (s, 1H, OH), 2.95( dd, 1H,H 3.25 (dd, 1H, H), 4.27 (t, 1H, CH), 6.56 (s, 1H, CH), 7.05-
7.62(m, 8H, Ar-H ). LCMS: m/z 326.9 (M1). Anal. Calcd. for gH1¢F,0,: C, 73.61; H, 4.94. Found: C, 73.58;
H, 4.92%.

Procedure for synthesis of 2-[3,5-bis(4-fluorophery4,5-dihydro-1H-pyrazol-1-yl]-4,6-bis(4-fluoro
phenyl)pyrimidine (11)

A mixture of 4,4difluoro chalcone (2.44g, 0.01mol) and aminoguarednydrochloride (0.65 g, 0.005 mol) in 25
mL ethanol was refluxed for 24 h in the presencseagfium ethoxide (2 mL). The reaction mixture wasled to
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room temperature and refrigerated overnight. Thid pooduct obtained was filtered and recrystatliZeom ethanol
to get yellow coloured powder. Yield: 49%; mp 27252C. IR (KBr,vmax in cmi): 3051 (Ar-H), 2951 (CH),
1602, 1506 (Ar C=C), 1228 (C-FX{ NMR (DMSO-d;, 400 MHz):5 3.93 (dd, 2H, Pyrazoline GH 5.91 (dd, 1H,
Pyrazoline CH), 7.13-8.28 (m, 17H, Ar-H)CMS: m/z 524 (M). Anal. Calcd. for GH,oF4N4: C, 70.99; H, 3.84;
N, 10.68. Found: C, 70.95; H, 3.86; N, 10.65%.

Procedure for synthesis of 4,6-bis(4-fluorophenylyrimidin-2-ol (12)

A mixture of 4,4difluoro chalcone (2.44 g, 0.01mol) and urea (60.01 mol) in ethanol was refluxed for 18 h in
the presence of sodium ethoxide (2mL). The reaatiixture was cooled to room temperature and refaigel
overnight. The solid product obtained was filteegdl recrystallized from ethanol to get off whitdocwed powder.
Yield: 54%; mp 220-222 °C. IR (KB¥max in cm'): 3224 (OH), 1604 (C=N), 1228 (C-FH NMR (DMSO-d;,
400 MHz):5 7.04-8.27 (m, 9H, Ar-H ), 11.89 (s, 1H, OH)CMS: m/z 284.0 (M). Anal. Calcd. for GgH1oF.N,0:

C, 67.60; H, 3.55; N, 9.85. Found: C, 67.56; H6318, 9.83%.

Procedure for synthesis of 2,2'-disulfanediylbis[4-(4-fluorophenyl)pyrimidine] (13)

A mixture of 4,4difluoro chalcone (2.44 g, 0.01mol) and thiou(@&6 g, 0.01 mol) in ethanol was refluxed for
22 h in 25 mL of ethanolic KOH solution. The reaatimixture was cooled to room temperature and &eptnight.
The solid product obtained on acidification withetic acid was filtered and recrystallized from ethlato get
yellow crystalline solid. Yield: 51%; mp 198-200°GR (KBr, vyax in cm?): 1597 (C=N), 1228 (C-F}H NMR
(DMSO-d;, 400 MHz):5 7.29-8.43 (m, 18H, Ar-H)LCMS: m/z 598.7 (N+1). Anal. Calcd. for GH;gF4N,S,: C,
64.20; H, 3.03; N, 9.36. Found: C, 64.14; H, 3819.32%.

2.2. Biological evaluation

2.2.1. Antimicrobial activity

The antimicrobial activity of synthesized compounsas carried out using agar well diffusion methddhe

bacterial strains were collected from differenteitfous status of patients who had not administeaey
antibacterial drugs for at least 2 weeks with thggestions of an authorized physician, in Kirargdistic health
centre of Chitradurga, Karnataka state, India. Bustrains were procured from the culture mainthiaeNational
College of Pharmacy, Shimoga. Thevitro antimicrobial activity was carried out against R4ulture of four
bacterial strains Gram positivBacillus subtilis, Streptococcus haemolytius Gram negative Pseudomonas

aeruginosa, Klebsiella pneumoniae. Two fungal strains wereAspergillus niger and Candida albicans. The

compounds were tested at 40 pg/mL concentratiomstglaoth bacterial and fungal strains. DMSO wasduss a
vehicle. Ciprofloxacin and Fluconazole were usedtasdard drugs for comparison of antibacterial amifungal
activities respectively. The zone of inhibition wammpared with standard drug after 24 h of incuvatit 37C for

antibacterial activity and 72 h at%5for antifungal activity.

Table 1: Antibacterial activity of the synthesizedcompounds

Zone of inhibition in mm (MIC in pg/uL)
Antibacterial strains

Compound Bacillus subtilis  Streptococcus haemolytius ~ Pseudomonas aeruginosa  Klebsiella pneumoniae
1 22 (40) 21 (30) 22 (30) 21 (30)
2a 20 (30 21 (30 19 (30 19 (30
2b 22 (40) 21 (30) 20 (40) 21 (40)
3a 18 (40) 19 (30) 20 (30) 19 (30)
3b 20 (30) 20 (30) 20 (30) 20 (30)
3c 20 (30) 18 (30) 19 (30) 19 (30)
4 21 (40) 21 (30) 21 (30) 21 (30)
5 19 (30) 19 (30) 19 (30) 20 (30)
7 22 (40) 22 (40) 22 (30) 22 (40)
8a 17 (30) 18 (30) 18 (30) 18 (40)
8b 20 (30) 22 (40) 20 (20) 19 (20)
9 17 (20) 18 (30) 18 (30) 17 (30)
10 22 (30) 22 (30) 22 (30) 22 (30)
11 22 (30) 22 (30) 20 (30) 21 (30)
12 20 (40) 19 (40) 20 (30) 20 (40)
13 19 (40) 19 (30) 19 (40) 18 (40)
Control 0 0 0 0
Ciprofloxacin 23 (20) 23 (30) 22 (20) 22 (20)
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Table 2: Antifungal activity of the synthesized corpounds.

Zone of inhibition in mm (MIC in pg/pL)
Antifungal strains

Compound Aspergillusniger  Candida albicans
1 18 (30) 20 (30)
2a 19 (30) 19 (30)
2b 22 (30) 22 (30)
3a 20 (30) 20 (30)
3b 20 (30) 20 (30)
3c 20(30) 19 (30
4 20 (30) 20 (30)
5 19 (30) 19 (30)
7 22(40) 22 (40
8a 18 (30) 18 (30)
8b 20 (30) 18 (30)
9 17 (40 18 (40
10 22 (40) 22 (40)
11 21 (30) 20 (30)
12 20 (40) 19 (40)
13 19 (30) 19 (30)

Control 0 0
Fluconazole 22 (30) 23 (20)

The MIC of all synthesized compounds was determimg@ micro dilution method. The respective clihistain
was spread separately on the medium. The wells we@ted using a stainless steel sterilized corkerbonder
aseptic conditions. The synthesized compounds férelit concentrations viz. 10, 20, 30, 40 and $0was
dissolved in DMSO and later loaded into correspogdiells. The zone of inhibition was compared vatAndard
drug after 24 h of incubation at 8C for antibacterial activity and 72 h at°@5for antifungal activity. The results
are recorded in Tableand2.

Table 3: DPPH Radical scavenging assay of synthesizcompounds

Compound % DPPH scavenging

1 4.46 £0.12
2a 44.85 +0.32
2b 51.23+0.45
3a 19.€8 +0.2:
3b 17.76 £0.16
3c 27.30+0.34
4 16.28 +0.1
5 28.57 +0.31
7 59.29 +0.24
8a 16.14 +0.2
8b 17.14 +£0.22
9 21.66 £0.32
10 36.56 £ 0.37
11 20.58 +0.15
12 78.10 +£0.42
13 56.42 +0.32
Ascorbic acid 94.56 + 0.34

2.2.2. DPPH radical scavenging assay

The DPPH assay was based on the reported methp®Bf8&fly, the DMSO sample of compounds at&mL and

it was diluted to 4 mL using methanol. To this lofll,1-diphenyl-2-picryl-hydrazyl (DPPH) solution methanol
was added. The mixed solution was incubated at r@onperature for 30 min. The absorbance of staBlEDwas
read at 517 nm using UV-Visible spectrophotometed ¢he remaining DPPH was calculated. Ascorbic acid
(50ug/mL) was taken as standard. The free radical sng activity was expressed as follows:

_[Ac-As]
“[Ac-Ab]

DPPH scavenging activity (%) X 100
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WhereAc was the absorbance of the contis for the sample andb for the blank (MeOH+DMSO). Each sample
was assayed at 5@/mL and all experiments were carried out in tdate and the % radical scavenging activity is
shown in Table.

RESULTS AND DISCUSSION

3.1. Chemistry

Chalcones possess high reactivity due to the pcesehthe carbonyl group conjugated with the doudaded. This
instance suggests that the nucleophiles can retitthalcones at both the carbonyl group and théidobond. The
reactions with binucleophiles leading to the broadge of cyclized compounds are of particular egef11]. The
synthesis of 4,4difluoro chalcone and its various derivatives werecomplished according to the reaction
sequences illustrated in Schefné.

4,4-Difluoro chalcone 1 was synthesized by the base-catalyzed Claisen-mifithcondensation of 4-
fluoroacetophenone and 4-fluorobenzaldehyde (ScHgnlhe structure was confirmed by its IR spectruhere it
showed a characteristic peak for a conjugated cgttwyoup at 1662 cth TheH NMR displayed two doublets at
8 7.73 ppm and 7.90 ppm due to Hand H protons. The coupling constad) of H, and H is 15.6 Hz which is
characteristic toH)-isomer of the chalcone.

o]
CHO
HsC NaOH/
+
EtOH
F

Scheme 1: Synthesis of 44lifluoro chalcone.

One of the most convenient method for the synthefsgg/razolines is the reaction @ff-unsaturated ketones with
hydrazine hydrate and its derivatives (Sch&n@2, 13]. The formation a2a,b and3a-ccan be rationalized on the
basis of two reaction pathways. The first routeolmgs the initial formation of a hydrazone followdy a
subsequenb- endo trig. ring cyclization, which according to Baldwin’s rglés an unfavourable reaction. The
second reaction pathway involves a Michael additbmydrazine on chalcong, followed by a5-exo-trig. ring
cyclization and dehydration. This is an allowedgass according to Baldwin’s rules [14]. Howevergda the
symmetry of the chalcone, the products obtaineéither of the mechanisms are the same in all teesca

/R

_ATNHNH,

. O O
2a: R=4-NO,
N 2b 1R =2,4-(NO,),
1 o)
F F > .

7—N
NH,NH, H,0O
—'>
RCOOH F F
3a:R=H
3b :R=CHg
3c:R=C3H;

Scheme 2: Synthesis of pyrazoline derivatives.
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Pyrazoline derivativea and2b were synthesized by the reaction of chalcbmgth substituted phenylhydrazines
in glacial acetic acid under reflux condition. Faetmore, hydrazine hydrate reacted withn the presence of
different aliphatic acids resulted in the formatioh pyrazoline moiety containingl-aliphatic chain3a-c The
structure confirmation of compoun@s,b and3a-c was supported by elemental analyses,"HRNMR as well as
mass spectraThe IR spectra of compounga,b and3a-c showed a band near 1600 taccounts for the formation
of C=N bond. The formation of 2-pyrazoline ring wasfirmed by the appearance of ABX systemHMNMR due
to geminal-vicinal coupling between protong End H; at C-4 and K at C-5. H, which appeared as doublet of
doublets around 3.0-3.2 ppm is the proton trans tQ Bind geminal to bl (Jag =17- 18 Hz, d = 3-6 Hz). H; is the
proton cis and vicinal to fiand appeared as doublet of doublets araui®d7-3.9 ppm. While, kl appeared as
doublet of doublets arourid5.3-5.9 ppm @k =11-12 Hz) [15, 16]. Further, the structures efnpounds3a and3b

were confirmed by single crystal XRD and are giverFig.1(3a, 3b) 3a Triclinic, P1, a = 6.2141 (9) A, b =

6.7802 (8) A, c = 17.9857 (9) A, V = 670.39 (13) AZ = 2; 3b: Triclinic, P1, a = 7.1447 (1) A, b = 17.2332 (3)
A, c=18.4871 (4) A, Vv =2173.86 (7PA z = 6] [17, 18].

Usually, condensation of chalcone with malonordtahd ethyl cyanoacetate in refluxing ethanol enghesence of
ammonium acetate affords the cyanopyridine dereatiSchem®) [19]. Similarly, treatment of chalcorewith
ethyl cyanoacetate and malononitrile in absoluteamdl in presence of ammonium acetate afforded yatsd
cyanopyridine derivatived and 5 respectively The structures of them were confirmed by recordhmegr spectral
data. IR spectra showed intense bands at 3400-@58&orresponding to N-H stretching for both the coomps.
The 'H NMR spectra substantiated the results of the iRlyais and exhibited a singlet &t12.82 ppm for NH
proton in compound and a singlet a3 7.01 ppm for two protons of NHn compounds. The mass spectra also
supported the proposed structure (The detailedrgbeata are given iBxperimental section).

o
CN
CN CH,,CO,Et
[ NH,08 O O
NH,
Q CN
N
SN CH,(CN), |
e X
1 NH ,OAC
F F
F
NH ,OAC
AcOH

F
Scheme 3: Synthesis of pyridine derivatives.

Symmetrical 2,4,6-triarylpyridines were synthesibgtheating a mixture of chalcones and ammoniunage@ the
presence of a catalytic amount of acetic acid B6QGor 4 h under solvent-free conditions [20]. $amty, chalcone
1 treated with ammonium acetate in glacial acetid afforded the 2,4,6-triarylpyridin@ (Scheme3). The same
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product was also obtained by one-pot condensafididadifluoro chalcone, 4-fluoro acetophenone and ariamon
acetate in glacial acetic acid which was reporeetier from our group [21]

The reaction of binucleophiles like ortho phenyldiaenine withao,p-unsaturated carbonyl compouncksn afford
2,3-dihydro-H-1,5-benzodiazepine derivatives in the absencedgbt [22]. Same methodology was applied to
obtain 1,5-benzodiazepine derivative(Schemed4). The identity of this compound was confirmed bgans of
spectral analysis. Formation @ was indicatedby the presence of an absorption band at 3350 éon N-H
stretching in IR spectrum as well as singlet for pidton a 5.88 ppm intH NMR spectrum. Further, the structure
of compoundr was confirmed by single crystal XRD and are givefkrig.1(7) [MonoclinicP2,/n, a = 12.9151 (4)
A, b=6.0438 (3) A, c=21.2851 (7) A, V = 1660@2) A, Z = 4][23].

0]
SaaeRI SRS
+ —_—
1
F Sadiloane
F F

Scheme 4: Synthesis of 1,5-benzodiazepine derivativ

CH4COCH,COOR

8b:R=CyHs

N CH4COCH,CONHC gHs ‘
1
F F 9
0

CHsg
CH4COCH,COCH4
10
F

F
Scheme 5: Synthesis of cyclohexenone derivatives.

The reaction of chalcones with acetoacetic esteksown to lead to three structurally diverse typkesompounds,
depending on the experimental conditions employédu: catalyst plays a major role in directing thect®n to
different end products. While chalcorietreated with acetoacetic esters in presence osichbeatalyst, the
intermediate Michael addition product formed whichturn converted into cyclohexenon8g, b through the
intramolecular cyclocondensation of the methyl grawiginating from acetoacetic acid esters and kéwne
function of the initial chalcone [24, 25]. Similgraceto acetanilide and acetyl acetone reacted ahitiiconel to
afford cyclohexenone derivativésand 10 respectively (SchemB). Structural analysis of the newly synthesized
cyclohexenone8a,b, 9and 10 established by IR, NMR and mass spectral investigat Further, the structures of
compounds8a, 8b and 10 were confirmed by single crystal XRD and are givanFig.1(8a, 8b, 10)8a
Orthorhombic,Pca2;, a = 17.3774 (5) A, b = 9.0629 (3) A, ¢ = 22.2238A, V = 3500.02 (19) A, Z = 8; 8b:
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Monoclinic; P2,/n, a= 11.062 (2) A, b = 11.675 (3) A, ¢ = 13.854 (3)\A= 1787.0 (7) R, Z = 4; 10: Monoclinic;
P2./c, a= 17.663 (2) A, b = 6.2371 (6)A, c = 15.2357 (16)A= 1598.9 (3) & Z= 4][26-28].

F

. HCl
HN NH,
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\/\/ \,/\/

|
,I\/\/\/\/\
1 I

N N2

‘\’\—\ N4 5
/\/\—_ [
/% N\
[ N-
a\ /
1= N\

11

Figure 1: The molecular structure and numbering scheme for th compounds 3a, 3b, 7, 8a, 8b, 10, 11 and 13 wdteplacement ellipsoids
drawn at the 30% probability level for 2a, 2b, 7 &8a and 50% probability level for 8b, 10, 11& 13.

Chalconel was condensed with amino guanidine hydrochlorideeurbasic condition to obtain pyrazoline
derivative. But in this case, the pyrazoline camitag -C(NH,)=NH group further reacted with one more molecudle o
the chalcone to form pyrazolyl-pyrimidine derivai¥l (Scheme6). The structure was confirmed by spectral as
well as single crystal XRD data. The absence diaayl stretching frequency in the IR spectrunibfrevealed the
cyclization of the chalcong The'H NMR spectrum showed a doublet of doublets 893 ppm integrating two
protons due to Ckprotons. Even though a chiral centre present imterest carbon, the expected two doublets of
doublets might have merged in this case. One maoubldt of doublet observed &5.91 ppm due to CH protons of
pyrazoline ring as the neighbouring two protonsemeon-equivalent. The mass spectrum showed a mateiom
peak at 524 (M) confirming the proposed structure. The structuas further confirmed by single crystal XRD data
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(Fig.1(11)) L Triclinic, P1, a = 10.1020 (1) A, b = 10.1106 (1) A, ¢ = 12.388pA, V = 1169.94 (2) A, Z = 2]
[29].

Similarly, chalconel treated with urea and thiourea under basic candito obtain pyrimidine derivatives. But,
during the condensation of chalcodewith thiourea, instead of thiopyrimidine its dinssd productl3 was
obtained. The structure of pyrimidine derivatiiesand 13 were established on the basis of their spectral. ddie
'H NMR spectrum of compounti3 showed a singlet a 11.89 ppm which was readily assigned to the praton
hydroxyl group. But in théH NMR spectrum of compounti3, signals appeared could be accountedofuy 18
aromatic protons, which indicated the dimerisecbgiiimidine derivative. Their IR and mass spectrarev
conclusive in assigning the structures. The strectvas further confirmed by single crystal XRD détay.1 (13))

[13: Triclinic, P1, a=9.3371 (2) A, b = 11.3093 (3) A, ¢ = 13.1¢8%A, V = 1354.64 (6) A Z = 2] [30].

3.2. Biological evaluation

3.2.1. Antimicrobial studies

All synthesized compounds were screened for artBbat activity against Gram-positiv€Bacillus subtilis,
Streptococcus haemolytius) and Gram-negative bacter{Rseudomonas aeruginosa, Klebsiella pneumoniae). The
compounds were also tested agaimai fungal strainsAspergillus niger and Candida albicans using agar well
diffusion method [31, 32]. Further, their MIC vatugvere determined against these organisms by nditution
method [33] using DMSO as a solvent. Ciprofloxaeimd Fluconazole were used as standard antibiotics f
antibacterial and antifungal respectively.

Almost all the tested compounds were emerged a&geaatjainst all tested microorganisms. Even thadifferent
functionality present in the molecules, the highiraitrobial activity might be due to the presenddlaorine atom
in those molecules. However, this is a very prongigreliminary study and further evaluation is rexktb use them
for clinical use.

3.2.2.DPPH Radical Scavenging Assay

A rapid, simple and inexpensive method to measnti@xdant capacity of substances involves theafsthe free
radical, 2, 2-diphenyl-1-picrylhydrazyl (DPPH). DIRFs widely used to test the ability of compoundsatt as free
radical scavengers or hydrogen donors. Antioxidéessed on DPPH were also found extremely effedtiveell

systems. This simple test further provides infoioraton the ability of a compound to donate eledtroluring
antioxidant action [34]. The radical scavenging hatsm is based on the transfer of acidic H-atoomfthe
compoundo DPPH radical to form DPPH-H.

Among the tested compounagmpoundl2 showed good radical scavenging capacity while camgs2b, 7 and
13 exhibited moderate radical scavenging capacity withcentration of 5@/mL in comparison with the standard
ascorbic acid (5@/mL). Other compounds showed low activity. The djomdical scavenging capacity of
compoundl12 is due to the presence of acidic proton of hydrayypup attached to the pyrimidine ring. The
variation exhibited in DPPH scavenging capacityldde attributed to the effect of different moigesent in the
compounds.

CONCLUSION

Some functionalized derivatives of 4difluoro chalcone were prepared by condensing ithwhydrazine
derivatives, ortho phenylenediamine, ammonium aekteetic acid, ethyl cyanoacetate, malononitrile,
acetylacetone, esters of acetoacetic acid, acatoalcke, aminoguanidine hydrochloride, urea andutea. All
these derivatives were characterized by specthisamgle crystal XRD data. All the synthesizeddarcts were
screened for theim vitro antimicrobial and antioxidant properties. Majorit§ the tested compounds exhibited
significant antimicrobial activity and some of theshowed good DPPH scavenging activity. Hence thidyshas
widened the scope of developing easy method tohsgirte fluorinated functionalized derivatives asnpising
antimicrobial and antioxidant agents.

Acknowledgements
BN thanks the UGC for financial assistance thro8gt® and BSR one time grant for the purchase of @@ SS
thanks Mangalore University for the research ftaesi

1456
www.scholar sresear chlibrary.com



Badiadka Narayanaet al Der Pharma Chemica, 2012, 4 (4):1445-1457

REFERENCES

[1] K.L. Kirk, R. Filler, ACS Symp. Ser., 1996 639, 1.

[2] J. Patocka, J. Cab@SA Newslett., 1999 99, 16.

[3] F. McClureJ. Physial. Rev., 1933 13, 277.

[4] G.L.Waldbott, A.W. Burgstahler, H.L. McKinneyluoridation: The Great Dilemma, Lawrence, Coronado
Press, Kansad978

[5] C. Dollery; Therapeutic Drugs, Edinburgh, U399

[6] B.K. Park, N.R. KitteringhanDrug. Metab. Rev., 1994 26, 605.

[7] B.K. Park, N.R.Kitteringham, P.M. O’NeilAnn. Rev. Pharmacol. Toxicol., 2001, 41, 443.

[8] C.WakselmanAnn. Pharm. Fr., 1999 57, 108.

[9] A. Strunecka, J. Patocka, P. ConnéttAppl. Biomed., 2004 2, 141

[10] V. Dinoiu, Revue Roumaine de Chimie, 2006 51, 1141.

[11] D.N. Dhar; The Chemistry of Chalcones and RelaCompounds, Wiley Interscience Publication, Néwwk,
1981

[12] D. Azarifar, M. Shaebanzade¥plecules, 2002 7, 885.

[13] S. Samshuddin, B. Narayana, B.K. SarojiniTM.. Khan, H.S. Yathirajan, C.G.D. Raj, R. RaghairanMed.
Chem. Res., 2011, DOI 10.1007/s00044-011-9735-9.

[14] J.E. Baldwin J. Chem. Soc. Chem. Commun., 1976 734.

[15] M.E. Elba, A.l. Darwish, N.M. Mamadd, Ind. Chem. Soc., 1997, 74, 202.

[16] S. Samshuddin, B. Narayana, Z. Baktir, M. Akkt.S. YathirajanDer Pharma Chemica, 2011, 3(6), 487.
[17] Z. Baktir, M. Akkurt, S. Samshuddin, B. Narawga H.S. Yathirajanicta Cryst., 2011 E67, 01292,

[18] H.K. Fun, M. Hemamalini, S. Samshuddin, B. &l@ma, H.S. Yathirajaf\cta Cryst., 2010 E66, 0582.

[19] A. Gupta, R. Sharma, L. Prakashindian Chem. Soc., 1994 71, 635.

[20] M. Adib, H. Tahermansouri, S.A. Koloogani, Bohammadi, H.R. Bijanzadefigtrahedron Lett.,, 2006 47,
5957.

[21] S. Samshuddin, B. Narayana, D.N. Shetty, RjHaaendraDer Pharma Chemica, 2011, 3(3), 232.

[22] R. Rodriguez, B. Insuasty, R. Abonia, J. QgapArkivoc, 2004, 67.

[23] Z. Baktir, M. Akkurt, S. Samshuddin, B. Narayga H.S. Yathirajanicta Cryst., 2011 E67, 01262.

[24] B.V. Ashalatha, B. Narayana, K.K. Vijaya RBhosphorus Sulfur Slicon, 2009 184, 1904.

[25]. T.V.Sreevidya, B. Narayana, H.S. Yathiraj@ent. Eur. J. Chem., 201Q 8, 174.

[26] H.K. Fun, M. Hemamalini, S. Samshuddin, Brédana, H.S. Yathirajar\cta Cryst., 201Q E66, 0864.

[27] G. Dutkiewicz, B. Narayana, K. Veena, HY&thirajan, M. KubickiActa Cryst., 2011, E67, 0336.

[28] J.P. Jasinski, J.A. Golen, S. Samshuddin, &alana, H.S. YathirajaActa Cryst., 2012,E68, 0638.

[29] H.-K. Fun, T.S. Chia, S. Samshuddin, B. Nareya.K. SarojiniActa Cryst., 2012 E68, 0807.

[30] R. Betz, T. Gerber, E. Hosten, S. SamshudlilNarayana, B.K. SarojinActa Cryst., 2012 E68, 0476.

[31] D. Greenwood; Antimicrobial Chemotherapy, Pa&idtaboratory Aspects of Antimicrobial Therapy, iBiare,
Tindall, London,1983

[32] C. Perez, M. Pauli, P. Bazergéeta Biologiae et Medicine Experimentalis, 199Q 15, 113.

[33] M. E. da Silva Barros, D. de Assis Santos, Hamdan,). Med. Microbiol., 2007, 56, 514.

[34] A.K. Tiwari, Curr. Sci., 2004 86, 1092.

[35] M.S. Blois,Nature, 1958 181, 1199.

1457
www.scholar sresear chlibrary.com



