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ABSTRACT

The present paper describes the synthesis of the title compound, which is a hybrid scaffold of our earlier reported
work on 2,5-diaryltetrahydrofuran, utilizing an inexpensive commercially available vanillin as starting material, in
over all eight steps. The newly synthesized title compound, displayed excellent to moderate activity towards the
bacterial strains tested.

Keywords: Pyridazine, Synthesis, Stetter reaction, 1,4-DiketoBenzyltrimethylammonium dichloroiodate,
Vanillin.

INTRODUCTION

The pyridazine ring is often encountered as a stratcomponent of compounds possessing biologictvity:
analgesic, inflammatory, antisecretory, antiul@idepressants, anxiolytics, sedative-hypnotioticanvulsants,
antiplatelet, antithrombotics, antitumor, cardidtsn vasodilatators, antiarrhythmics, antidiabetatitubercular
agents [1-7] and also as antibacterial [8], anti#mignsive [9] or antihistaminic [10] activities leaall been reported.
This heterocycle is also useful for the preparatibther heterocycles [11f-conjugated organic materials with
desirable electronic properties [12] and self-asdedthsupramolecular architectures [13].These pheotogical and
technological properties of pyridazines encourafe tlevelopment of methods for their synthesis and
functionalization [14]. They are also used as midiates for drugs, agrochemicals and other aatieipproperties
[15-21]. The present paper describes the synthesig-{2-[(4-chlorophenyl)sulfanyl]ethoxy}-3-methoxy-[6-
(3,4,5-trimethoxyphenyl)-3- pyridazinyllbenzonigjlfrom commercially available vanillin as startingaterial in a
few high yielding steps utilizing milder reactiooraitions (Schem&). The title compound is a hybrid scaffold of
our earlier reported work on 2, 5-diaryltetrahydirain [21-25]. The newly synthesized title compounds
evaluated against two Gram positive and two Gragatiee bacteria and also tested against two furegiss.

MATERIALSAND METHODS

Chemical and solvents used were purchased eitber fluka or Merck. All the reagents were of anabftigrade.
Thin-layer chromatography (TLC) was performed oll&ck AL silica gel 60 F254 plates and visualizedier UV
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light. The IR spectra were recorded on a PerkingEIRT-IR spectrometer. THeél NMR spectra were recorded in
CDCl; on a Varian EM-360 spectrometer (400MHz). @ NMR spectra recorded in CD@n a Varian EM-360
spectrometer operating at 100MHz. All the chemidaifts were reported id (ppm) using TMS as an internal
standard. The mass spectra were recorded on Agdarntrap MS. All the reactions were carried outenargon
atmosphere.

Experimental methods

3-Methoxy-4-hydroxy-5-iodo benzaldehyde (2)

A mixture of vanillin1 (10 g, 65.72 mmol), benzyltrimethylammonium dicbliodate (BTMAC}I) (25 g, 71.83
mmol), and CaCg(46.90 g, 469.0 mmol) in dichloro methane (160 byl MeOH (70 mL) was stirred for 5 hours
at room temperature. After the completion of steytimaterial checked by TLC, the mixture was filterand
precipitate was washed with dichloromethane (2 x25. The combined organic solvent was successiwelghed
with 0.5 N sodiumthiosulphate solution (200 mL) dnthe (200 mL), dried over anhydrous Mgs®ltered, and
concentrated under vacuum to dryness. The titldymts were purified by silica gel chromatographing$exanes-
ethyl acetate (8:1-6:1) as eluent to afford 5-iedoillin. Yellow solid, m.p. 183-184C, Yield: 17.53 g, 96%; IR
(KBr): vmax 3186, 2847,1666, 1459, 1259, 854, 670'ctil NMR (400 MHz, CDCJ): 6 3.98 (s, 3 H), 7.34 (s, 1 H),
7.81 (s, 1 H), 9.73 (s, 1 H),10.04 (s,1 FC NMR (100 MHz,CDCJ)): & 55.84, 82.45, 109.34, 129.67, 134.93,
146.85, 152.12, 188.92. EI-MS: m/z (rel.abund.%§ 2M+, 100).

3-Methoxy-4-(bromoethoxy)-5-iodo benzal dehyde (3)

To a stirred solution of §CO; (14.17 g, 102.0 mmol) in 2-MeTHF (125 mL) was adidiop wise a solution of
compound? (25 g, 85.0 mmol) in 2-MeTHF (50 mL) at room temgtare. The reaction mixture was stirred for 30
min and then 1,2-dibromoethane (24.57 mL, 275.0 hnvas added drop wise. After the addition, thectiea
mixture was stirred at 80 °C for 4 hours. The reactvas quenched with water and extracted withrigpyl acetate.
The organic layer was washed with water (2 x 10Q followed by brine solution (2 x 50 mL), dried oVdgSQ;,
filtered and evaporated iracuo to yield 3. Yellow solid; m.p.73-75 °C, Yield: 25.40 g, 81%; IKBIr): vy 3448,
2965, 1675, 1476, 1447, 1280,1160, 1034 cthl NMR (400 MHz, CDCJ): 6 3.70 (t, 2 HJ = 6.0 Hz), 3.90 (s, 3
H), 4.40 (t, 2 HJ = 6.0 Hz), 7.41 (s, 1H), 7.82 (s, 1H), 9.8 (s,1H% NMR (100 MHz,CDCJ): & 29.96, 56.09,
72.49, 92.15, 111.16,133.15, 134.40, 152.54, 18EBMS: m/z (rel.abund.%) 384 (M+, 100).

3-Methoxy-4-(4-chlorophenyl thioethoxy)-5-iodo-benzaldehyde (4)

To a stirred solution of compour®(15 g, 37.0 mmol) in 2-MeTHF (75 mL) was added™ecothiophenol (5.97 g,
41.0 mmol) and NaOMe (2.45 g, 45.0 mmol). The rieactixture was stirred at room temperature forhl@nd
then the solvent was removed. The residue was i@driby flash column chromatography (silica gel, 3:1
hexane/ethyl acetate) to afford compouhdPale yellow crystalline solid; m.p. 65 °C, Yieltl5.0 g, 88%; IR
(neat):vmax 3447, 2831, 1695, 1451, 1382, 1266, 1136, 1038,837%, 660 cm; ‘H NMR (400 MHz, CDCJ): &
3.35 (t, 2 HJ =6.2 Hz), 3.88 (s, 3 H), 4.22 (t, 2 Bl= 6.2 Hz), 7.31 (m, 4 H), 7.38 (s, 1H), 7.84 (kl),19.82
(s,1H). *C NMR (100MHz, CDCJ): 6 33.45, 55.95, 71.14, 92.41, 110.97, 128.59 (31B).77 (3 C), 133.90,
134.45 (2 C), 152.53, 189.35;. EI-MS: m/z (relathdo) 447 (M+, 100).

I-[ 4-(2-(4-chl or ophenylthi oethoxy)-3-iodo-5-methoxyphenyl] prop-2-en-1-ol ( 5)

To a stirred solution of compourt(15 g, 33.0 mmol) in 2-MeTHF (75 mL) was addedylimagnesium bromide
(5.97 g, 45.0 mmol) and the reaction mixture wasest at room temperature for 5 hours. The reaatixture was
guenched with saturated aqueous NacCl solution amdated with isopropyl acetate. The organic layas washed
with water (2 x 25 mL) and saturated NacCl, drie@roMgSQ, filtered and evaporated iracuo to afford carbinol
derivative5 as a yellow viscous liquid The crude compound was utilized as such in the step without further
purification.

I-[ 3-Methoxy-4-(4-chl or ophenylthioethoxy)-5-i odophenyl ] -prop-2-en-1-one (6)

N-Bromosuccinimide (0.93 g, 5.24 mmol) and )X (0.33g, 6.28 mmol) were added to a stirred smiudf alcohol

(2.5 g, 5.24 mmol) in acetonitrile: water (17.5/Tk). The reaction mixture was heated td®dor 2.5 hours. The
reaction mixture was extracted with cyclopentyl inyétether. The combined organic layer was washeth wi
saturated solution of NaHG@nd dried over MgSp The solvent was evaporated under vacuum, andesidue
thus obtained was purified by column chromatograpiilica gel using isopropyl acetate/heptane$) @s eluent.
Evaporation of the solvent yielded the vinyl ket@éale yellow crystalline solid, m.p. 89 °C, Yield52 g, 82%;
IR (KBF): vmax 3447, 2942, 1669, 1578, 1476, 1404,1272, 1155, 10822, 875 cm; *H NMR (400 MHz, CDCJ):
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§3.32 (t, 2 HJ = 8.0 Hz), 3.9 (s, 3 H), 4.2 (t, 2 Bi= 8 Hz), 5.92 (dd, | H] = 2.0 Hz, 8.0 Hz, CH=C}), 6.39 (dd,
1 H,J = 2.0 Hz, 16.0 Hz, CH=C}l, 7.11(dd, | HJ = 8.0 Hz, 16.0 Hz, CH=C}}, 7.31 (m, 4 H), 7.47 (s, 1 H), 7.9
(s, 1H). ®°CNMR (100MHz, CDCJ): & 32.84, 42.33, 51.82, 56.20, 70.03, 93.10, 1121¥8.01, 130.20,
130.73,133.70, 134.54, 151.30, 151.70, 194.50. BI-M/z (rel.abund.%) 475 (M+, 100).

I-[ 3-Methoxy-4-(4-chl or ophenylthioethoxy)-5-i odophenyl] -4-(3,4,5- trimethoxyphenyl)butane-1,4-dione (8)

A mixture of compound (5.0 g, 10.5 mmol), 3,4,5-trimethoxybenzaldehyd@.4 g, 12.2 mmol), 3-benzyl-5-(2-
hydroxyethyl)-4-methyl-thiazolium chloride (0.55 2,1 mmol) and triethylamine (2.2 ml, 14 mmol) yclopentyl
methyl ether was stirred at 70 °C for 6 hours. Téction mixture was then acidified with 10% 10% |H@d
extracted with dichloromethane. The organic layas washed with 10% HCI, water and saturated Naldtiso.
The organic layer was dried over Mgsfitered and evaporated vacuo to yield 8. Yellow solid, m.p.115-117 °C,
Yield: 6.2 g, 89%; IR (KBr)vmax 3470, 2931,1651, 1458, 1403, 1272, 1125, 1098,685";"H NMR (400 MHz,
CDClg): 6 3.33 (t, 2 HJ = 7.3 Hz), 3.41 (m, 4 H), 3.84 (s, 3 H), 3.9294), 4.26 (t, 2 H) = 7.3 Hz), 7.26 (m, 4
H), 7.34 (s, 2 H), 7.52 (s, 1 H), 8.02 (s, 1 HC NMR (100 MHz,CDC)): & 32.30,33.30, 55.89, 56.19, 60.77,
71.05, 92.17, 105.57, 111.70, 128.95, 130.72, B31131.70,132.20, 133.95, 134.27, 151.53, 151.82.94,
196.25, 197.10.; EI-MS: m/z (rel.abund.%) 671 (M®0).

[ 3-(4-(2-(4-chlorophenyl thio)ethoxy)-3-i odo-5-methoxyphenyl ] -6-(3,4,5-trimethoxyphenyl ) pyridazine (9)

To a stirred solution of compoui(5 g, 7.45 mmol) in EtOH (75 mL) was added hydnaziydrate (1.66 g, 52.15
mmol) and the reaction mixture was stirred at sefemperature for 3 h. The reaction was quenchéd water and
extracted with isopropyl acetate. The organic layas washed with water and saturated NaCl, drieat MgSQ,
filtered and evaporated wacuo to yield 9 as yellow syrupy oil, which was utilized in thexhstep without further
purification. Yield: 69%.

[ 2-(2-(4-chlorophenyithio)ethoxy)-3-methoxy-5-(6-(3,4,5-trimethoxyphenyl ) pyridazine-3yl )benzonitrile (10)

A mixture of compoun® (4.1 g, 6.2 mmol) and CuCN (0.83, 9.2 mmol) inlopentyl methyl ether (30 mL) was
refluxed for 5 h. The reaction mixture was cooledréom temperature, diluted with water and extrhoigéth
isopropyl acetate. The organic layer was washel wétter and saturated NaC1 solution, dried over ®lg8ltered
and evaporated irvacuo to yield 10 as a yellow oily residue. The residue was purifteg flash column
chromatography (silica gel, 3:1 hexane/ethyl aegtat yield10 as a white amorphous solid. Yield: (2.21 g, 64%);
m.p. 88°C; IR (neatyomax 3459, 2951, 2224, 1600, 1458, 1403, 1272, 11293,1858 crit; 'H NMR (400 MHz,
CDCly): 6 3.35 (t, 2 HJ = 7.8 Hz), 3.92 (s, 3 H), 3.98 (s, 3 H), 4.026(¢]), 4.46 (t, 2 H) = 7.8 Hz), 7.28-7.24 (m,
2 H), 7.38-7.34 (m, 2 H), 7.45 (s, 2 H), 7.68 ()1 8.05 (br.s, 2 H), 8.29 (s, 1H}C NMR(100MHz,CDC)): &
38.70, 56.09 (3C), 56.20, 71.05, 102.70, 105.57),(4Q1.70,123.8, 125.65 (3C), 137.82, 128.38 (220.10
(3C),131.70,132.20, 133.95, 134.27, 139.2,151.53,8 (2C), 157.94 . EI-MS: m/z (rel.abund.%) 584+( 100).

RESULTSAND DISCUSSION

The present paper describes the synthesis ofttaectimpound, which is a hybrid scaffold of ourlearreported
work on 2,5-diaryltetrahydrofuran [21-25], utilizinan in expensive commercially available vanillis starting
material. The synthesis of titte compour&theme 1) was accomplished in a few high yielding stepsnfreanillin

by modifications of the previously described prages [21,25]. lodination of vanillin was carriedtday using a
mild iodinating reagent such as benzyltrimethylamimm dichloroiodate (BTMAGI) [26] in the presence of
sodium bicarbonate and methanol at room temperdturé hours resulted in 5-iodovanillia Alkylation of 5-
iodovanillin [21] with 1,2-dibromo ethane in presenof K.CO; in 2-MeTHF at 80°C for 4 hours afforded
compound3. Conversion of compoun8 to compound4 was achieved by treatment of p-chloro-thiophemol i
presence of NaOMe in 2-MeTHF at room temperaturel®hours. Grignard reaction of compouhavas carried
out using vinyl magnesium bromide in 2-MeTHF atnmotemperature for 3 hours resulted in carbinol coumal 5.
Oxidation of carbinob with NBS/NH,CI [27] in acetonitrile: HO at 8GC for 2.5 hours resulted in the formation of
vinyl ketone6. 2-Methyl tetrahydrofuran was used as the chofc#lvent during the conversion of compouhtb
compound5 (in three steps), 2-Methyl tetrahydrofuran (2-Mdd)Hs derived from renewable resources such as
corncobs and bagasse, when used as an organometalient, 2-MeTHF offers both economical and
environmentally friendly advantages over tetrahfultan. Conversion of vinyl ketoné to 1,4-diketone8 was
achieved by Stetter reaction using thiazolium gatg21] in presence of triethyl amine in cyclopgmhethyl ether
(CPME) at 70°C for 6 hours. Cyclisation of the diketoBewas carried out using hydrazine hydrate in EtOH at
reflux for 3 hour resulted in compourd which was utilized in the next step as such withfotther purification.
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Displacement of the iodo group of compowghdith CUCN in presence of tetra butyl ammonium éadin CPME as
solvent at reflux temperature gave crude compdihavhich was purified by column chromatography usiiiga
gel (60 — 120) with heptane — isopropyl acetateclaent to afford the title compountD. The synthesis of
compoundLO is outlined inScheme 1.

Eat Al

d MeO | e MeO
- f
Ho FF
5 6
OMe
MeO ‘

S
O/\/ \©\
10 CN
Cl

Scheme 1: Experimental conditions: a) BTMACI,l, NaHCO3;, MeOH:DCM, r.t., 5 hours; b) 1,2-dibromoethane, K,COs;, 2-MeTHF, 80
°C, 4 hours; c) para-chlorothiophenol, NaOMe, 2-MeTHF; r.t., 12 hours, d) Vinyl magnesium bromide, 2-M€eTHF, r.t., 3 hours; €)
NBS/NH,CI, Acetonitrile/H,0, 80 °C, 2.5 hours; f) 6, 7: 3,4,5-Trimethoxy benzaldehyde, Thiazolium catalyst, EtsN, cyclopentyl methy
ether, 70°C, 6 hours; g) NH,NH,.H,0, EtOH, reflux, 3 hours; h) CUCN, TBAI, cyclopentyl methyl ether, reflux.
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Anti- Bacterial Activity

The anti-bacterial activity of the title compounaéswdetermined by the disc diffusion method with Aioidlin and
Cefaclor as the reference antibiotics [28]. The Igesynthesized title compound was examined, respyt
against two Gram positive and Gram Negative pathegéz., Saphylococcus aureus, Staphylococcus pyogenes,
Escherichia Coli and Pseudomonas aeruginosa bacterial strains. The test results indicated thattitte compound
showed excellent activity towardsscherichia Coli and Pseudomonas aeruginosa and displayednoderate activity
againstSaphylococcus aureus and Staphylococcus pyogenes. Further structural activity relationship on thedetit
compound to develop a lead motif is in progressunlaboratory.

Antifungal Activity

The antifungal activity of the title compound wasted against two different fungi such/Zsperigillus niger and
Candida albicans by disc diffusion method [28], the title compoundsvfound to be moderately active against the
fungi species tested.

CONCLUSION

We have synthesized a new pyridazine scaffoldzirij an inexpensive commercially available vanifim starting
material, in over all eight steps using milder agifficient reaction conditions. .The newly synthesiztitle
compound showed excellent activity towarBscherichia Coli and Pseudomonas aeruginosa and displayed
moderate activityagainstStaphylococcus aureus and Saphylococcus pyogenes and displayed moderate activity
against the fungi species tested
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