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ABSTRACT

The synthesis of various 3-[4-styryl-(2,2'-bipyn6-yllcoumarins (7a-f); 3-[4-styryl-(2,3'-bipyridin)-6-yl]
coumarins(8a-f) and 3-[4-styryl-(2,4'-bipyridin)-6-yllcoumaring9a-f) have been carried out by the reaction of
appropriate 3-(5-arylpenta-2,4-dienoyl)coumariig3a-f) with 2-pyridoyl methyl pyridinium iodide sa(®), 3-
pyridoyl methyl pyridinium iodide sa{6) and 4-pyridoyl methyl pyridinium iodide sdB) respectively in the
presence of ammonium acetate in refluxing acetid. dthe synthesized compounds were fully charasdrby IR,
"H-NMR, *C-APT and Mass spectral data. The synthesized congsowere screened for in vitro antimicrobial
activity using Broth micro dilution method.

Keywords: Bipyridine, styryl bipyridine, Krohnke reactiomtamicrobial activity, Broth dilution method.

INTRODUCTION

Coumarins are important oxygen heterocycles andtramen for their varied biological properties swahantitumor
[1], anti-inflammatory [2] and antibacterial [3] tadties. Coumarin derivatives especially pyridydwmarins have
been reported to have important biological actgitike CNS depressant [4], antifungal [5], motbgding activity

[6], fish toxicity [7], MAO inhibitor [8], antibadtrial agents [9] and antitubercular [10]. During 6terature survey
we came across some bipyridines derivatives whate tbeen reported to possess wide applicatiortsirfigld of

bioinorganic chemistry [11], supramolecular cheryigi2] and polymeric material [13]. Bipyridine deatives

exhibit wide range of physiological activities suzhanticancer [14], cardiotonic [15], DNA bindipgpperties [16]
and antibacterial properties [17]. Similarly, certatyryl pyridine derivatives are also reportedhave varied
biological activities like anthelmentics [18], anitrobial[19], plant growth regulators[20], inhibis of choline
acetyl transferase[21] (CNS depressant) and haeeesting applications like liquid crystals[22]0bensors[23],
activators in detection of leukocytes in body fR[@4]. In view of the aforementioned propertiescotimarins,
bipyridines and styryl pyridine moieties, it wastight worthwhile to synthesize a hybrid moleculeoiporating all

these moieties in a single scaffold so that oneesguect better biological properties. Keeping tiigective in mind
and in continuation of our work on synthesizing eewweterocyclic substituted coumarins[25], herédnwie report
the synthesis of some styryl bipyridine substitutedmarins using Krohnke’s reaction.

MATERIALS AND METHODS

All the melting points are uncorrected. All reacsowere performed with commercially available reagend they
were used without further purification. Organic v&oits were purified by standard methods and stanest
molecular sieves. All the IR spectra (KBr disc) eeecorded on Shimadzu FT-IR 8400-S spectrométeNMR
and**C APT spectra were recorded on Bruker Advance 4@@tsometer operating at 400 MHz fét-NMR and
100 MHz for**C-APT. The chemical shifts} is reported in ppm using chloroform-d as a sdhemd calibrated
standard solvent signal. Mass spectra were recasdefihimadzu QP 2010 spectrometer. Elemental enalas
carried out on Perkin- EImer 2400 C-H-N-S-O Analy&eries-ll. Column chromatography was performeth wi
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silica gel 60—120 mesh (Merck, Mumbai, India.). tle compounds were routinely checked for comptetibthe
reaction on silica gel 60 F254 TLC plates and tkpiits were visualized by exposure to a UV lamginie vapour
or KMnQ, reagents.

Starting precursors 3-acetyl coumarir{a-c) [27] and pyridoyl methyl pyridinium iodide sals 5 and6 [28] were
prepared using the reported procedures.

3. 1. General procedure for the synthesis of 3-(5dpenta-2,4-dienoyl)coumarins(3a-f)

In a 100 mL round bottom flask, an appropriate 8tgccoumarins (0.01 mol) and appropriate cinnamiayde
(0.01 mol) were taken in 50 mL of ethanol. Catalyimount of piperidine (1.0 mL) was added and #action
mixture was stirred for 10 minutes at room tempaetThe reaction mixture was then refluxed on whaéth for 4
hours. It was then allowed to cool to room tempegtA solid product separated out was filtered wHished with
cold ethanol and dried. It was recrystallized frethanol.

Compound 3a R=R=R.=H, Yield: 52%; Mp: 182-184°C (lit.[29] mp 184°C)

Compound 31 R =OCH, R, = R2 = H, Yield = 85%; mp 208-210°C (lit.[30] mp4’C)
Compound 3¢ R=R=H, R;=Br Yield 54%; mp: 235-236°C (lit.[29] mp 237°C)
Compound 3d R=R;=H, R= OCH; Yield = 82%; mp 198-201°C (lit.[30] mp 199-201°C)
Compound 3e R=R:= OCH;, R;= H Yield = 86%; mp 220°C (lit.[30] mp 217-219°C)

Compound 3t R=H, R = Br, R = OCH;;
Yield = 82% mp 199-201°C [ Molecular Formula: &H1sBrO,
Analysis % C % H
Found 61.29 3.65
Calculated 61.33 3.68
Vmax 1720 (C=0O stretching od-lactone of coumarin), 16270, unsaturated carbonyl group), 1595
IR (cm?) (aromatic C=C), 740 (C-H bending vibrations @disubstituted benzene ring), 2933 (aliphatic G-H
stretching), 3064 (aromatic C-H stretching),
H-NMR (3, ppm) 3.94 (3H, singlet, OC}), 7.40-8.16 (12H, multiplet, eight Ar-H + four dileic protons), 8.56 (1H,
(CDCly) singlet, G-H of coumarin)

2. 2.General procedure for the synthesis of 3-[43gtyl-(2,2'-bipyridin)-6-yljlcoumarins (7a-f), 3-[4-styryl-(2,3'-
bipyridin)-6-yljlcoumarins (8a-f) and 3-[4-styryl-(2,4'-bipyridin)-6-yl[coumarins (9a-f).

In a 100 mL round bottom flask equipped with a demser, guard tube and magnetic needle, an apptepri
pyridoyl methyl pyridinium iodide sal or 5 or 6 (0.003 mole) in glacial acetic acid (15mL) was také&o this
ammonium acetate (0.03 mole) was added with sgjrainroom temperature. Then a solution of an appatgp3-
(5-arylpenta-2,4-dienoyl)coumariBa-f (0.003 mole) in glacial acetic acid (15 mL) wagled with stirring at
room temperature and reaction mixture was furttieresl for 1 hour at room temperature and therusesftl for 8
hours at 140°C. It was then allowed to come to reemperature and was poured into ice-cold watemfZh A
crude solid obtained was extracted with chlorof@Bx 30 mL). The organic layer was washed with 5% sodiu
bicarbonate solution (8 20 mL), water (% 20 mL) and dried over anhydrous sodium sulphake femoval of
chloroform under reduced pressure gave crude rahtehich was subjected to column chromatographyngisi
silica gel and chloroform-petroleum ether (60-8D)¥] as an eluent to give compounttsf, 8a-f and 9a-f The
compounds were recrystallized from chloroform-hexan

The structure of all the eighteen synthesigzatf), (8a-f), (9a-frompounds were confirmed by théit-NMR, **C-
NMR, IR, elemental analysis and representative rapsstral data given below.

3-[4-Styryl-(2,2'-bipyridin)-6-yljlcoumarin (7a): White solid; yield = 68% ; mp 205-209°C; Anal. Gald-or
CoH1gNL,0,: C, 80.58; H, 4.51; N, 6.96%. Found: C, 80.56:460; N, 6.95%. IR (KBryma, cm?); 1715 (C=0O
stretching ofd-lactone of coumarin), 1581 (aromatic C=C stretghinl477 (aromatic C=N stretching), 3023
(aromatic C-H stretching), 690 and 735 (C-H ouplaine bending vibrations for mono substituted bapzgng),
'H NMR (400MHz, CDC}, §): 7.23-8.61 (16H, multiplet, aromatic protons exc€s-H and G-H), 8.78 (1H,
doublet of doublet, J= 0.8 Hz and J= 4.8 Hg-id), 8.97 (1H, singlet, §H). **C NMR (100MHz, CDC}, 3) :
114.53(CH), 116.44(CH), 117.42(CH), 118.91(C), #2QCH), 121.27(C), 123.61(CH), 124.73(CH),
126.04(CH), 126.44(C), 127.20(CH), 128.92(CH), ©0Z9CH), 132.44(CH), 133.91(CH), 134.41(CH),
134.67(C), 136.16(C), 142.97(CH), 146.79(C), 148331, 150.07(CH), 151.71(C), 154.67(C), 159.94 (60D
coumarin). The mass spectrum of compound showédpdbk at 402(18%) (m/z%) along with some other
fragments peaks at 257(23%), 77(12%), 57(11%), @@%d) etc. The appearance of molecular ion peal0at 4
mass unit supports the structure of compound 7a.

8-Methoxy-3-[4-styryl-(2,2'-bipyridin)-6-ylJcoumari n (7b): White solid; yield = 75% ; mp 193-196°C; Anal.
Calcd. For GgH,N20s: C, 77.76; H, 4.66; N, 6.48%. Found: C, 77.75;4H65; N, 6.46%. IR (KBrymax cm'l);
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1719 (C=0 stretching od-lactone of coumarin), 1586 and 1470 (aromatic Ga@ C=N stretchings), 3028
(aromatic C-H stretching), 742 and 693 (C-H bendinlgrations of mono substituted benzene ring), 2932
(aliphatic C-H stretching)*H NMR (400MHz, CDC}, 5): 4.04 (3H, singlet, OCH), 7.15-8.63 (15H, multiplet,
aromatic protons excepts@H and G-H), 8.77(1H, poorly resolved doublet of doublet;-8), 8.97 (1H, singlet,
CsH). ®C NMR (100MHz, CDCJ, 8) : 56.28(OCH), 113.82(CH), 117.46(CH), 120.24(C), 120.30(CH),
121.29(CH), 121.75(CH), 123.90(CH), 124.39(CH), #B%C), 126.44(CH), 127.14(CH), 128.63(CH),
128.83(CH), 133.51(CH), 136.40(C), 136.90(CH), 582CH), 146.52(C), 146.94(C), 149.16(CH), 150.89(C)
155.79(C), 156.79(C), 159.81 (CO of coumarin).

6-bromo-3-[4-styryl-(2,2'-bipyridin)-6-yljcoumarin (7c): White solid; yield = 65% ; mp 196-199°C; Anal. Cal
For G7H1/BrN,O,: C, 67.37; H, 3.56; N, 5.82%. Found: C, 67.37;3t85; N, 5.80%. IR (KBryna, cm?); 1723
(C=0 stretching ob-lactone of coumarin), 1579 and 1468 (aromatic Gw@ C=N stretchings), 3060 (aromatic
C-H stretching), 750 and 688 (C-H bending vibrasiaf mono substituted benzene rin). NMR (400MHz,
CDCls, 8): 6.94-8.59 (15H, multiplet, aromatic protons exic€s-H and G-H), 8.77 (1H, doublet of doublet, J=
0.8 Hz and J= 4.8 Hz,¢GH), 8.93 (1H, singlet, §H).”*C NMR (100MHz, CDC}, 5) : 113.81(CH), 117.46(CH),
120.24(C), 120.30(CH), 121.29(CH), 121.75(CH), 3®B8CH), 124.39(CH), 125.45(C), 126.45(CH),
127.14(CH), 128.63(CH), 128.83(CH), 133.51(CH), .48§C), 136.90(CH), 142.68(CH), 146.51(C), 146.94(C
149.16(CH), 150.89(C), 155.79(C), 156.06(C), 15f3#6L59.82(CO of coumarin).

3-[4-(2-Methoxystyryl)-(2,2'-bipyridin)-6-yllcoumar in (7d):White solid; yield = 67% ; mp 209-212°C; Anal.
Calcd. For GgH,oN,Os: C, 77.76; H, 4.66; N, 6.48%. Found: C, 77.74;4t65; N, 6.46%. IR (KBrymax cm'l);
1727 (C=0 stretching od-lactone of coumarin), 1592 and 1472 (aromatic Ga@ C=N stretchings), 3068
(aromatic C-H stretching), 2928 (aliphatic C-H sthéng). *H NMR (400MHz, CDC}, &): 3.95 (3H, singlet,
OCHg), 6.95-8.61 (15H, multiplet, aromatic protons gxc€-H and G-H), 8.78(1H, poorly resolved doublet of
doublet, G-H), 8.97 (1H, singlet, gH). **C NMR (100MHz, CDCJ, 8) : 56.31(OCH), 113.93(CH),
114.01(CH), 117.27(CH), 119.41(C), 120.34(CH), 5ZQCH), 123.44(CH), 123.56(CH), 124.51(CH),
125.14(C), 126.10(CH), 127.90(CH), 128.66(CH), ¥38CH), 133.86(CH), 134.37(CH), 134.84(C), 136.13(C
142.80(C), 143.06(CH), 146.69(C), 146.95(C), 14833, 150.04(CH), 151.67(C), 154.60(C), 159.82 (60
coumarin).

8-Methoxy-3-[4-(2-methoxystyryl)-(2,2'-bipyridin)-6-yllcoumarin (7e):White solid; yield = 74% ; mp 122-
125°C; Anal. Calcd. For gH,:N,04: C, 75.31; H, 4.79; N, 6.06%. Found: C, 75.304,7; N, 6.04%. IR (KBr,
Vmax CMY); 1736 (C=0 stretching d¥-lactone of coumarin), 1582 and 1470 (aromatic Gn@ C=N stretchings),
3062 (aromatic C-H stretching), 2930 (aliphatic Gstretching)H NMR (400MHz, CDC}, §): 3.95(3H, singlet,
OCHg), 4.03 (3H, singlet, OC}), 6.94-8.59 (14H, multiplet, aromatic protons e{c€-H and G-H), 8.77(1H,
poorly resolved doublet of doubletg@H), 8.93 (1H, singlet, £H).”*C NMR (100MHz, CDC}, §) : 55.64(OCH),
56.47(0OCH), 111.49(CH), 116.47(CH), 119.62(CH), 120.71(CH)21.22(CH), 121.53(C), 122.92(CH),
123.79(CH), 124.62(CH), 125.61(C), 127.31(CH), 128CH), 128.57(C), 128.87(CH), 129.58(CH),
132.18(CH), 136.86(CH), 139.49(C), 141.96(C), 1823H), 149.31(CH), 151.03(C), 154.03(C), 154.87(C),
155.92(C), 156.02(C), 160.20(CO of coumarin).

6-Bromo-3-[4-(2-methoxystyryl)-(2,2'-bipyridin)-6-ylJcoumarin (7f): White solid; yield = 70% ; mp 229-232°C;
Anal. Calcd. For gH;BrN,Os: C, 65.76; H, 3.75; N, 5.48%. Found: C, 65.74;3t%,3; N, 5.47%. IR (KBrvmax
cm'); 1733 (C=0 stretching ob-lactone of coumarin), 1595 and 1479 (aromatic G#@ C=N stretchings),
3058 (aromatic C-H stretching), 2934 (aliphatic Gstretching)™H NMR (400MHz, CDC}, 8): 3.95 (3H, singlet,
OCHg), 6.95-8.59 (14H, multiplet, aromatic protons ec€;-H and G-H), 8.77(1H, doublet of doublet J=
0.8Hz and J= 4.8Hz, &H), 8.89 (1H, singlet, §H). *C NMR (100MHz, CDC}, ) : 56.32(0CH), 111.45(CH),
114.10(CH), 119.66(CH), 120.14(C), 120.43(CH), B21C), 122.60(CH), 123.20(CH), 123.56(CH),
124.54(CH), 124.92(CH), 125.21(C), 127.48(CH), DB8CH), 128.41(C), 129.62(CH), 134.24(CH), 134.60(C
139.40(C), 142.02(C), 143.17(CH), 146.99(C), 14833%), 150.12(CH), 151.73(C), 154.35(C), 159.73 (60D
coumarin).

3-[4-Styryl-(2,3"-bipyridin)-6-yljlcoumarin (8a): White solid; yield = 72% ; mp 152-155°C; Anal. Gald-or
CoH1gN,05: C, 80.58; H, 4.51; N, 6.96%. Found: C, 80.57;450; N, 6.94%. IR (KBryma, cm?); 1730 (C=0
stretching ofd-lactone of coumarin), 1591 and 1475 (aromatic Gsd C=N stretchings), 3056 (aromatic C-H
stretching), 745 and 683 (C-H bending vibrationsmmino substituted benzene rinty). NMR (400MHz, CDC},

d): 7.20-8.47 (14H, multiplet, aromatic protons gxc€s'-H, Cs’-H, C;-H, C,”-H), 8.65 (1H, doublet, J=0.8Hz,
Cs'-H), 8.74 (1H, poorly resolved doublet of doublgg;’-H), 9.02 (1H, singlet, £H), 9.41 (1H, poorly resolved
doublet, G"-H).**C NMR (100MHz, CDC}, §) : 114.50(CH), 116.44(CH), 117.42(CH), 118.91(C30.43(CH),
121.27(C), 123.61(CH), 124.73(CH), 126.07(CH), #26C), 127.20(CH), 128.92(CH), 129.04(CH),

200



Dinker I. Brahmbhatt et al Der Pharma Chemica, 2016,8 (15):198-206

132.36(CH), 133.91(CH), 134.41(CH), 134.67(C), 186C) 142.97(CH), 146.71(C), 148.53(CH), 150.07(CH)
151.71(C), 154.67(C), 159.84(CO of coumarin).

8-Methoxy-3-[4-styryl-(2,3'-bipyridin)-6-ylJcoumari n (8b): White solid; yield = 74% ; mp 196-199°C; Anal.
Calcd. For GgH,oN,Os: C, 77.76; H, 4.66; N, 6.48%. Found: C, 77.73;4t65; N, 6.46%. IR (KBrymax cm'l);
1717 (C=0 stretching od-lactone of coumarin), 1592 and 1463 (aromatic Ga@ C=N stretchings), 3027
(aromatic C-H stretching), 738 and 694 (C-H bendiilgrations of mono substituted benzene ring), 2945
(aliphatic C-H stretching)H NMR (400MHz, CDC}, 8) : 4.04(3H, singlet, OC#), 7.15-8.46 (13H, multiplet,
aromatic protons excepts€H, Cs-H, C;-H and G--H), 8.66(1H, doublet, J= 1.2Hz s€H), 8.73(1H, doublet of
doublet J= 1.6Hz and J= 4.8Hzg), 9.00 (1H, singlet, £H), 9.40 (1H, poorly resolved doublety.@H).*C
NMR (100MHz, CDC}, 8) : 56.30(0OCH), 113.95(CH), 117.27(CH), 120.17(C), 120.40(CH2058(CH),
123.59(CH), 124.53(CH), 125.12(C), 126.08(CH), 2P{CH), 128.76(CH), 128.90(CH), 133.84(CH),
134.39(CH), 134.83(C), 136.11(C), 143.09(CH), 1263, 146.92(C), 148.52(CH), 150.05(CH), 151.65(C),
154.58(C), 159.84(CO of coumarin).

6-Bromo-3-[4-styryl-(2,3'-bipyridin)-6-ylJcoumarin (8c): White solid; yield = 64% ; mp 204-206°C; Anal. €al
For G7H1/BrN,O,: C, 67.37; H, 3.56; N, 5.82%. Found: C, 67.35;3t85; N, 5.81%. IR (KBryna, cm?); 1726
(C=0 stretching ob-lactone of coumarin), 1589 and 1424 (aromatic Gm@ C=N stretchings), 3027 (aromatic
C-H stretching), 749 and 690 (C-H bending vibrasiaf mono substituted benzene rint). NMR (400MHz,
CDCls, 6): 7.20-8.46 (13H, multiplet, aromatic protons gxcé€s-H, Cgs-H, C-H and G--H), 8.63(1H, doublet,
J=1.2Hz, G-H), 8.74(1H, doublet of doublet J= 1.6Hz and J8H%k, G-H), 8.94 (1H, singlet, £H), 9.38 (1H,
doublet, J= 2.0Hz, £H).**C NMR (100MHz, CDC}, §) : 117.24(C), 117.66(CH), 118.12(CH), 120.47(CH),
121.06(C), 123.59(CH), 125.92(CH), 126.08(C), 12{CH), 128.91(CH), 128.97(CH), 131.13(CH),
134.04(CH), 134.37(CH), 134.67(C), 134.97(CH), D36C), 141.37(CH), 146.80(C), 148.44(CH), 150.18JCH
151.12(C), 152.75(C), 154.76(C), 159.71(CO of couma

3-[4-(2-Methoxystyryl)-(2,3"-bipyridin)-6-yllcoumar in (8d):White solid; yield = 68% ; mp 192-196°C; Anal.
Calcd. For GgHooNOs: C, 77.76; H, 4.66; N, 6.48%. Found: C, 77.73;4:64; N, 6.48%. IR (KBryma, CMY);
1714 (C=0 stretching od-lactone of coumarin), 1596 and 1468 (aromatic Ga@ C=N stretchings), 3062
(aromatic C-H stretching), 2934 (aliphatic C-H stteng). 'H NMR (400MHz, CDC}, 8): 3.96(3H, singlet,
OCHg), 6.96-8.46 (13H, multiplet, aromatic protons etc€s-H, Ce-H, C-H and G--H), 8.61(1H, poorly resolved
doublet, G-H), 8.73(1H, poorly resolved doublet of doublet;-8B), 9.00 (1H, singlet, £H), 9.41 (1H, poorly
resolved doublet, £H). *C NMR (100MHz, CDCJ, §) : 55.55(0OCH), 111.04(CH), 116.42(CH), 117.17(CH),
119.00(C), 120.85(CH), 120.89(CH), 122.26(C), 128@&), 124.69(CH), 125.45(C), 126.53(CH), 127.32jCH
128.94(CH), 129.00(CH), 130.04(CH), 132.28(CH), 4®4CH), 134.83(C), 136.16(C), 142.87(CH), 146.74(C
148.55(CH), 149.97(CH), 150.50(C), 151.36(C), 1643, 159.72 (CO of coumarin).

8-Methoxy-3-[4-(2-methoxystyryl)-(2,3'-bipyridin)-6-yllcoumarin (8e):White solid; yield = 76% ; mp 199-
201°C; Anal. Calcd. For £H,:N,0,: C, 75.31; H, 4.79; N, 6.06%. Found: C, 75.304,8; N, 6.04%. IR (KBr,
Vmaxe CMY); 1718 (C=0 stretching d¥-lactone of coumarin), 1590 and 1470 (aromatic Gn@ C=N stretchings),
3058 (aromatic C-H stretching), 2936 (aliphatic Gtretching)*H NMR (400MHz, CDC}, 8): 3.96(3H, singlet,
OCHg), 4.04 (3H, singlet, OC}), 6.96-8.47 (12H, multiplet, aromatic protons gtc€s-H, Cs-H, C;-H and G--H),
8.61(1H, poorly resolved doubletsEl), 8.73(1H, poorly resolved doublet of doubleg;-8), 8.98 (1H, singlet, £
H), 9.41 (1H, doublet J= 1.6Hz,@H)."*C NMR (100MHz, CDC}, 5) : 55.54(OCH), 56.31(OCH), 111.03(CH),
113.92(CH), 117.02(CH), 120.21(C), 120.38(CH), 8BQCH), 121.06(CH), 123.56(CH), 124.49(CH),
125.14(C), 125.34(C), 126.55(CH), 127.31(CH), 188CGH), 130.00(CH), 134.42(CH), 134.99(C), 142.99jCH
146.93(C), 147.38(C), 148.57(CH), 149.98(CH), 181®, 154.48(C), 157.45(C), 159.82(CO of coumarin).

6-Bromo-3-[4-(2-methoxystyryl)-(2,3'-bipyridin)-6-ylJcoumarin (8f): White solid; yield = 72% ; mp 162-167°C;
Anal. Calcd. For gH;9BrN,Os: C, 65.76; H, 3.75; N, 5.48%. Found: C, 65.753tF3 N, 5.46%.IR (KBrymas CmM

1); 1722 (C=0 stretching d3-lactone of coumarin), 1597 and 1474 (aromatic Ge@ C=N stretchings), 3053
(aromatic C-H stretching), 2925 (aliphatic C-H stheng).'H NMR (400MHz, CDC}, 8) : 3.96(3H, singlet,
OCHs,), 7.23-8.50 (12H, multiplet, aromatic protons etc€s-H, Ce-H, C,-H and G.-H), 8.59(1H, doublet,
J=0.8Hz, G-H), 8.74(1H, poorly resolved doublet of double§;-8), 8.91 (1H, singlet, &£H), 9.39 (1H, poorly
resolved doublet, £H).”*C NMR (100MHz, CDGC}, 3) : 55.53(OCH), 111.64(CH), 116.47(CH), 119.62(CH),
120.71(CH), 121.22(CH), 121.53(C), 122.92(CH), Z¥28CH), 124.62(CH), 125.61(C), 127.31(CH),
128.12(CH), 128.57(C), 128.87(CH), 129.58(CH), 182CH), 136.86(CH), 139.49(C), 141.96(C), 142.62JCH
149.31(CH), 151.03(C), 154.03(C), 154.87(C), 156392156.02(C), 160.20 (CO of coumarin).
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3-[4-Styryl-(2,4'-bipyridin)-6-yllcoumarin (9a): White solid; yield = 62% ; mp 208-211°C; Anal. Gald-or
CoH1gN,05: C, 80.58; H, 4.51; N, 6.96%. Found: C, 80.57;450; N, 6.94%. IR (KBryma, cm?); 1729 (C=0
stretching ofd-lactone of coumarin), 1587 and 1452 (aromatic Gs#d C=N stretchings), 3029 (aromatic C-H
stretching), 757 and 688 (C-H bending vibrationsmafno substituted benzene rirtg) NMR (400MHz, CDC},

8): 7.13-8.06 (14H, multiplet, aromatic protons exc€s-H, C,-H, Cs-H and G-H), 8.66(1H, poorly resolved
doublet, G-H), 8.81(2H, poorly resolved doublety@H and G--H), 9.04 (1H, singlet, £H).*C NMR (100MHz,
CDCls, 8) : 116.43(CH), 117.55(CH), 119.47(C), 121.32(Ct4.72(CH), 124.82(C), 125.86(CH), 127.20(CH),
128.71(CH), 128.92(CH), 128.98(CH), 129.05(CH), #22CH), 133.99(CH), 136.00(C), 142.97(CH),
146.38(C), 146.74(C), 150.43(CH), 151.73(C), 15897154.36(C), 160.37 (CO of coumarin).

8-Methoxy-3-[4-styryl-(2,4'-bipyridin)-6-ylJcoumari n (9b): White solid; yield = 76% ; mp 191-193°C; Anal.
Calcd. For GgHooN,Os: C, 77.76; H, 4.66; N, 6.48%. Found: C, 77.74;4:65; N, 6.46%. IR (KBryma, CMY);
1724 (C=0 stretching od-lactone of coumarin), 1594 and 1456 (aromatic Ge@ C=N stretchings), 3046
(aromatic C-H stretching), 748 and 687 (C-H bendinlgrations of mono substituted benzene ring), 2932
(aliphatic C-H stretching)*H NMR (400MHz, CDC}, 8): 4.05(3H, singlet, OCH), 7.16-8.08 (13H, muiltiplet,
aromatic protons excepts€H, C-H, Ce-H and G-H), 8.69(1H, poorly resolved doublets-El), 8.82(2H, doublet,
J=4.8Hz, G-H and G~-H), 8.99 (1H, singlet, £H)."*C NMR (100MHz, CDGC}, §): 56.36(OCH), 114.09(CH),
117.47(CH), 120.41(C), 120.99(CH), 121.27(C), 12{GH), 122.08(CH), 124.61(CH), 125.10(C), 126.01jCH
127.27(CH), 128.72(CH), 129.03(CH), 134.04(CH), 18§C), 143.21(CH), 146.50(C), 146.82(C), 147.04(C)
150.50(CH), 151.81(C), 154.44(C), 159.84 (CO ofraun).

6-Bromo-3-[4-styryl-(2,4'-bipyridin)-6-yljcoumarin (9c): White solid; yield = 70% ; mp 263-266°C; Anal. Cal
For GH1BrN,O,: C, 67.37; H, 3.56; N, 5.82%. Found: C, 67.35:3th5; N, 5.80%. IR (KBryma, cm?); 1718
(C=0 stretching ob-lactone of coumarin), 1589 and 1460 (aromatic Gm@ C=N stretchings), 3058 (aromatic
C-H stretching), 748 and 698 (C-H bending vibrasiaf mono substituted benzene rint). NMR (400MHz,
CDCls, 6): 7.20-8.05 (13H, multiplet, aromatic protons exc€s-H, C»-H, Cs-H and G-H), 8.67(1H, doublet,
J= 1.2Hz, G-H), 8.82(2H, doublet, J=6.0Hz,,cH and G-H), 8.94 (1H, singlet, £H)."*C NMR (100MHz,
CDCls, 8) : 114.50(CH), 116.97(CH), 120.44(C), 120.98(Ct31.29(C), 121.50(CH), 122.10(CH), 124.61(CH),
125.04(C), 126.01(CH), 127.24(CH), 128.73(CH), 029CH), 134.04(CH), 136.16(C), 142.89(CH), 146.52(C
146.82(C), 147.04(C), 150.50(CH), 151.98(C), 1543)4159.89 (CO of coumarin).

3-[4-(2-Methoxystyryl)-(2,4'-bipyridin)-6-yllcoumar in (9d):White solid; yield = 65% ; mp 181-183°C; Anal.
Calcd. For GgH,oN,Os: C, 77.76; H, 4.66; N, 6.48%. Found: C, 77.75;4t65; N, 6.46%. IR (KBrymax cm'l);
1723 (C=0 stretching od-lactone of coumarin), 1597 and 1458 (aromatic Ga@ C=N stretchings), 3045
(aromatic C-H stretching), 2936 (aliphatic C-H s&theng). '*H NMR (400MHz, CDC}, 8): 3.97(3H, singlet,
OCHg), 6.96-8.08 (13H, multiplet, aromatic protons egtc€s-H, C-H, Ce--H and G-H), 8.63(1H, poorly resolved
doublet, G-H), 8.82(2H, doublet, J=6.0Hz ,EH and G--H), 8.98 (1H, singlet, £H).**C NMR (100MHz, CDCJ,

8) : 55.53(0OCH), 111.04(CH), 116.42(CH), 117.36(CH), 119.52(C20B5(CH), 121.24(CH), 121.73(CH),
124.68(CH), 125.04(C), 125.07(C), 126.38(CH), 12{CH), 129.01(CH), 129.05(CH), 130.10(CH),
132.33(CH), 142.89(CH), 146.54(C), 147.45(C), 180CH), 151.73(C), 153.97(C), 154.29(C), 157.46(C),
160.38 (CO of coumarin).

8-Methoxy-3-[4-(2-methoxystyryl)-(2,4'-bipyridin)-6-yllcoumarin (9e):White solid; yield = 78% ; mp 239-
241°C; Anal. Calcd. For £H2,N,0,: C, 75.31; H, 4.79; N, 6.06%. Found: C, 75.294H,7; N, 6.05%. IR (KBr,
Vimax CMY); 1716 (C=0 stretching d¥-lactone of coumarin), 1592 and 1476 (aromatic Gn@ C=N stretchings),
3023 (aromatic C-H stretching), 2934 (aliphatic Gstretching)'H NMR (400MHz, CDC}, §): 3.96(3H, singlet,
OCHg), 4.04(3H, singlet, OCH), 6.96-8.07 (12H, multiplet, aromatic protons gtc€s-H, C-H, Cs-H and G-H),
8.64(1H, poorly resolved doubletsE), 8.82(2H, doublet, J=6.0Hz,EH and G--H), 8.96 (1H, singlet, §H). °C
NMR (100MHz, CDC}, 3) : 55.54(OCH), 56.30(0OCH), 111.04(CH), 113.96(CH), 117.26(CH), 120.16(C),
120.38(CH), 120.86(CH), 121.26(CH), 121.93(CH), ®524CH), 125.07(C), 125.27(C), 126.42(CH),
127.35(CH), 129.04(CH), 130.07(CH), 143.05(CH), B86C), 146.94(C), 147.48(C), 150.44(CH), 151.74(C)
154.29(C), 157.46(C), 159.82 (CO of coumarin).

6-Bromo-3-[4-(2-methoxystyryl)-(2,4'-bipyridin)-6-ylJcoumarin (9f): White solid; yield = 68% ; mp 236-238°C;
Anal. Calcd. For gH1BrN,Os: C, 65.76; H, 3.75; N, 5.48%. Found: C, 65.74;3H,3; N, 5.46%. IR (KBrymax
cm?); 1720 (C=0 stretching o¥-lactone of coumarin), 1590 and 1460 (aromatic Ge@ C=N stretchings),
3058 (aromatic C-H stretching), 2925 (aliphatic Gretching)*H NMR (400MHz, CDC}, 8): 3.97(3H, singlet,
OCHg), 6.96-8.06 (12H, multiplet, aromatic protons etc€s-H, C-H, Ce--H and G-H), 8.62(1H, poorly resolved
doublet, G-H), 8.82(2H, doublet, J=6.0Hz ,EH and G--H), 8.91 (1H, singlet, £H).**C NMR (100MHz, CDCJ,
8) : 55.54(0OCH), 111.06(CH), 117.24(C), 117.65(CH), 118.14(CHR0B6(CH), 121.04(CH), 121.20(C),
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121.78(CH), 124.97(C), 126.10(C), 126.25(CH), 1Z{CH), 129.25(CH), 130.14(CH), 131.12(CH),
134.98(CH), 141.39(CH), 146.38(C), 147.60(C), 160CH), 151.17(C), 152.75(C), 154.41(C), 157.48(C),
159.72 (CO of coumarin).

In case of the compound®, 8b, 8eand9e, the number of non-equivalent carbon signals aleskis one less than
expected. This may be due to identical chemicdissbf two carbons which may appear at same pasitio

RESULTS AND DISCUSSION

2.1. CHEMISTRY:

In the present work, various 3-[4-styryl-(2,2'-hijgn)-6-yllcoumarins (7a-f); 3-[4-styryl-(2,3'-bipyridin)-6-
yllcoumarins (8a-f) and 3-[4-styryl-(2,4"-bipyridin)-6-yllcoumaring9a-f) have been synthesized by reacting
appropriate 3-(5-arylpenta-2,4-dienoyl)coumarinsufoarin chalcones3a-f) with 2-pyridoyl methyl pyridinium
iodide salt(4), 3-pyridoyl methyl pyridinium iodide salf5) and 4-pyridoyl methyl pyridinium iodide sa{6)
respectively underKrohnke’s reaction condition. The starting material 3-(5haenta-2,4-dienoyl)coumarins
(coumarin chalcones]3a-f) were prepared by the reaction of 3-acetyl coumsafila-c) with appropriate
cinnamaldehyde@a-b) in the presence of piperidine in ethar{@cheme-1).

Et.hanol
Plpendme

(la-c) (2a-b)

NH,0Ac/AcOH
A

NH,OAc/AcOH
A

Compounds R R | R, | Compounds R R R,
5a, 6a, 7a H H|H 5d, 6d, 7d H H | OCH
5b,6b,7b | OCH; | H | H 5e,6e,7e | OCH; | H | OCH;
5c¢, 6¢, 7c H Br| H 5f, 6f, 7f H Br | OCH

Scheme-1: Synthetic scheme for the compounds (7a{Ba-f) and (9a-f)
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2.2. BIOLOGICAL RESULTS:

2.2.1 ANTIMICROBIAL ACTIVITY

The newly synthesized target compouifda-f), (8a-f) and (9a-f) were evaluated for thein vitro antibacterial
activity against two Gram positive bacte8#aphylococcus aureyMTCC 96) andBacillus subtilisqMTCC 441)
and two Gram negative bactefacherichia coliMTCC 443) andsalmonella typh(MTCC 98). They were also
evaluated for theiin vitro antifungal activity agains€andida albicans(MTCC 227) andAspergillus niger
(MTCC 282) as fungal strains. Broth dilution methads used for the determination of the antibadtenal
antifungal activity as recommended by NCCLS [26Mgicillin, Chloramphenicol and Norfloxacin were dsas
standard antibacterial drugs, whereas Griseofidwith Nystatin were used as standard antifungal dAIgMTCC
cultures were collected from Institute of Microbiéchnology, Chandigarh and tested against abowdioned
known drugs. Mueller-Hinton broth was used as thi@nt medium for the test bacteria and Sabouiextrose
broth was used for the test fungi. Inoculum sizetlie test strains was adjusted t& OFU (Colony Forming Unit
per milliliter) per milliliter by comparing the tbidity. Each synthesized compound was diluted BRSO so as to
have the stock solution of 20Q@/mL concentration as a stock solution. The resuissewecorded in the form of
primary and secondary screening. The synthesizetpboonds(7a-f), (8a-f) and (9a-f) were screened for their
antibacterial and antifungal activity at the cortcation of 1000, 500 and 25@/mL for the primary screening. The
synthesized compound showing activity against nbiesain the primary screening were further screémadsecond
set of dilution at concentrations of 200, 100, 636 and 25:g/mL. The suspention of 14 from each well were
further incubated and growth was noted at 37°Crdte hour for bacteria and 48 hour for fungi. Tlosvést
concentration which showed no visible growth (tdity) after spot subculture was considered as tiv@nmum
inhibitory concentration (MIC) for each compound.

The investigation of the data summarizeqTiable-1) reveals that many compounds were found to beeaefijainst
Gram-positive bacteria while some of the compoundee found to be active against Gram-negative batt@nd
fungal species as compared to that of the staratanchicrobial drugs.

2.2.2.  ANTIMICROBIAL EVALUTION

The compoundg7a-f), (8a-f) and (9a-f) were screened for thein vitro antibacterial and antifungal evaluation
against various bacterial and fungal pathogensrothldilution method. Ampicillin, Chloramphenicéorfloxacin,
Griseofulvin and Nystatin were used as standardgdrihe values of MIC are summarizedable-1.

Table-1 : In vitro Antimicrobial activity of compounds (7a-f), (8a-f) and (9a-f)

Minimum Inhibitory Concentration (MIC, ugmL™)
Gram +ve bacteria Gram —ve bacteria Fungi
Compound Bs Sa. Ec. St An. Ca
MTCC441 | MTCC96 MTCC443 | MTCC98 MTCC282 | MTCC227
7a 250 250 250 200 250 >1000
7b 100 250 100 250 250 500
7c 250 200 250 62.5 1000 500
7d 100 125 200 125 1000 1000
7e 125 100 125 200 >1000 >1000
7f 250 250 200 250 >1000 500
8a 250 250 200 250 500 1000
8b 125 200 125 125 >1000 >1000
8c 100 250 125 250 250 500
8d 250 250 200 100 1000 >1000
8e 250 100 250 200 >1000 250
8f 200 200 200 500 500 >1000
9a 200 200 200 250 >1000 500
9b 200 125 250 200 500 >1000
9¢c 100 250 200 200 1000 500
od 250 200 250 125 >1000 1000
9e 200 250 125 62.5 >1000 >1000
of 200 125 125 200 >1000 500
Ampicillin 250 250 100 100 - -
Chloramphenicol 50 50 50 50
Norfloxacin 100 10 10 10 - -
Griseofulvin - - - - 100 500
Nystatin - - - - 100 100
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The assessment of antimicrobial screening dataleteat all the compounds exerted significanthitbry activity
against gram positive and gram negative bactersang®unds7b, 7d, 8cand 9¢c (MIC=100, xg/mL) exhibited
excellent activity toward Gram-positive bacteBiacillus subtilisas compared to Ampicillin (MIC=25@g/mL) and
showed equipotent activity to Norfloxacin (MIC=10@g/mL). Against Gram-positive bacterBacillus subtilis
compounds7e and 8b (MIC=125, ug/mL) showed activity higher than that of AmpicilliMIC=250, ug/mL).
Compoundsf, 9a, 9b, 9eand 9f (MIC=200, ug/mL) displayed better activity than Ampicillin (MI@50, ug/mL)
toward Gram-positive bacteriBacillus subtilis Compoundsra, 7c, 7f, 8a, 8d, 8and 9d (MIC=250, ug/mL)
showed equipotent activity to Ampicillin (MIC=25@,g/mL) toward Gram-positive bacteriBacillus subtilis.
Compounds7e and 8e (MIC=100, ug/mL) were found to be more effective against Grarsipee bacteria
Staphylococcus auretsan Ampicillin (MIC=250,ug/mL). Against Gram-positive bacter&taphylococcus aureus
compoundsrd, 9b and 9f (MIC=125, ug/mL) showed activity higher than that of AmpicilliMIC=250, ug/mL).
Compounds7c, 8b, 8f, 9aand 9d (MIC=200, ug/mL) showed good activity against Gram-positive bdat
Staphylococcus aureuss compared to Ampicillin (MIC=250ug/mL). Against Gram-positive bacteria
Staphylococcus aureusompoundra, 7b, 7f, 8a, 8c, 8d, 9@and9e (MIC=250, ug/mL) showed equipotent activity
to that of Ampicillin (MIC=250ug/mL).

Moreover, Against Gram-negative bacteEacherichia coli compounds7b (MIC=100, ug/mL) showed activity
comparable to Ampicillin (MIC=10Qyg/mL). Against Gram-negative bactealmonella typhicompoundscand

9e (MIC=62.5, ug/mL) showed excellent activity as compared to Amildici(MIC=100, ug/mL). Whereas
compounds8d (MIC=100, ug/mL) showed equipotent to Ampicillin (MIC=10@,g/mL) toward Gram-negative
bacteriaSalmonella typhi.

Furthermore, againgandida albicangungal pathogen, however compoudel (MIC=250, ug/mL) showed better
inhibition action as compare to the standard druge&sfulvin (MIC=500,:g/mL). Whereas compound®, 7c, 7f,
8c, 9a, 9and9f (MIC=500, ug/mL) showed activity comparable to Griseofulvin (MA&D0, «g/mL) against fungal
pathogenCandida albicansNone of the tested compounds showed better BctgainstAspergillus nigerthan
standard drugs.

Majority of the synthesized compounds were actigairgst Gram-positive bacteriaz. Bacillus subtilis(MTCC
441) andStaphylococcus aureu@ITCC 96) Gram-negative bacterigiz. Escherichia coli(MTCC 443) and
Salmonella typh{MTCC 98). Some of the synthesized compounds wauned sufficiently potent to inhibit fungal
pathogerviz. Candida albicangMTCC 227).

CONCLUSION

Present study described successful hybridizatiaiegty of three bioactive moieties, pyridyl sukgdtd coumarin,
bipyridine and styryl pyridine in single scaffollhe target compounds were synthesized in good fglddopting
Krohnke’s protocol. Majority of the compounds wéoend to be active againStaphylococcus aureandBacillus
subtilis Antimicrobial screening results revealed that poomds7b, 7c, 7d, 7e, 8c, 9and9e were found to be the
most proficient members of the series. Reviewirggahtimicrobial data, it is worth mentioning henattcoumarins
bearing bipyridine and styryl entities as substitutserve as promising lead scaffolds for furtheneyation of new
antimicrobial agents.
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