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ABSTRACT

The 2,5-diaryl tetrahydrofuran class of compounds extensively studied PAF receptor antagoniststi@nother
hand, hydroxamic acids and hydroxyl ureas are thestnpotent 5-lipoxygenase inhibitors knownnumber of
monofunctional and dual functional 5-lipoxy-geng8eLO) inhibitors and PAF receptor antagonist haeen
reported. A number of hydroxyureidyl derivativegliafryl tetrhydrofurans have been synthesized puesly, which
show dual 5-LO inhibitors and PAF receptor antagmici activities. The present paper describes thehgsis of
titte compound, applying green methodologies, frmmmmercially available 5-iodovanillin and 3,4,5ar&thoxy
benzaldehyde as starting materials (Scheme 1). tifleecompound and its intermediates have beenesweé
against five bacterial strains such as three Graasifive, Staphylococcus aureuBacillus sphaericus, Bacillus
megaterium and two Gram negative, Pseudomonas qyuiidterobacter aerogenes. Compouifli.e., the title
compoundlisplayed excellent activity against Gram-positdaeteria: Staphylococcus aureus, Bacillus sphaesicu
Bacillus megaterium and Gram-negative bacteria:gfobacter aerogenes.

Keywords: PAF, 2,5-trans diaryl tetrahydrofuran, 5-iodo vhnjl 3,4,5-trimethoxy benzaldehyde, Gram positive
and Gram negative bacteria

INTRODUCTION

Leukotrienes (LTs) are potent lipid mediators proetliby the oxidation of arachidonic acid by 5-lipggnase (5-
LO) [1]. LTB,, C4 D4 and E play major roles in inflammatory and allergic respes [2,3]. For example LT,Ba
potent chemotactic agent for neutrophils and esiitigpis an important mediator of inflammation [4LTB,, C,,

D, and E are potent branchoconstrictors, as well as the skacting substance of anaphylaxis [5]. Platelet
activating factor (PAF) generated and released agyninflammatory cells, as well as by renal andlizar tissues
under appropriate immunological and non immunolaigétimulation.This unknown substance was termed platelet
activating factor. Investigations in to the phacalagy of PAF accelerated when synthetic prepamatioecame
available. Systemic effects of intravenous injections of PARrw according to species and include
bronchoconstriction (guinea pigs), increased vascuylermeability (rats and guinea pigs) and pulmpnar
hypertension (rabbits). And Leukotrienes (LTs) pogent lipid mediators produced by the oxidatioracdchidonic
acid by 5-lipoxy-genase (5-LO) [5]. LT BC,, Ds4, and B were played major roles in inflammatory and alierg
responses [6, 7].

Platelet-activating factor (PAF) is a potent inflmattory phospholipid mediator with a wide variety lblogical
activities [6, 7].It is generated and released by many inflammateils,cas well as by renal and cardiac tissues
under appropriate immunological and non-immunolalgtimulation [8] and it appears to play a pathadal role
during immune and inflammatory responses in a nunabedisorders [9]. Since both PAF and leukotrieaes
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released simultaneously from leukocytes and uptualaeactivation, act synergistically in many togical models,
a single compound which effectively inhibits theiaas of both PAF and leukotrienes may offer certherapeutic
advantages in terms of efficacy and pharmacodyramier agents which inhibits either mediator alf®. The

2,5-diaryl tetrahydrofuran class of compounds ateresively studied PAF receptor antagonists [11].tle other
hand, hydroxamic acids and hydroxyl ureas are tbst motent 5-lipoxygenase inhibitors known [12]némber of
monofunctional and dual functional 5-LO inhibitcead PAF receptor antagonist have been reported $1.3A

number of hydroxyureidyl derivatives of diaryl teydrofurans have been synthesized previously, whliw dual
5-LO inhibitors and PAF receptor antagonistic dtidg [15-20]. We report here the synthesis and-lzandterial
activity of the title compound and its intermedsat&#om commercially available 5-iodovanillin and 8, 5-
trimethoxy benzaldehydé&¢hemel utilizing green methodologies.

MATERIALS AND METHODS

The uncorrected melting points of compounds wekertan an open capillary in a paraffin bath. Alagents used
were commercial and laboratory grade, melting powére determined in open capillaries and are wectad. IR
spectra were recorded on potassium bromide disksRerkin-Elmer 383 spectrophotometer NMR spectra were
obtained on Varian 500 MHz instrument and Variaf ®Hz, with TMS as internal Standard and chemitéfts

are expressed id ppm solvent used in CDEKR DMSO-dg and Mass spectrum on a Hewelett Packard mass
spectrometer operating at 70 ev, purity of the coummgls were checked by TLC, which is performed \EittMerck

pre coated silica gel plates (60 F-254) with iodiisea developing agent. Acme, India silica gel180 mesh for
column chromatography is used. All compounds wengfipd by column chromatography using ethyl acetat
hexane.

Experimental methods

Synthesis of 4-benzyloxy-3-iodo-5-methoxy-benzhalatie:

To a stirred mixture of 5-iodovanillin (83 g, 0.2980l) and potassium carbonate (206 g, 1.5 mol)imethyl
formamide (800 mL), cooled to 5-10, was added benzyl bromide (40 ml, 0.328 mol) @vperiod of 20 min. The
reaction mixture was stirred at room temperaturedfo min. The reaction mixture was diluted with ara2.5 L)
and extracted with isopropyl acetate (1.5 L). Orgdayer was separated and washed with water (B0« 18L)
followed by brine solution, dried over MggJiltered and concentrated iracuoto give crude compound, which
was purified by flash chromatography eluting wittixane-ethyl acetate (90:10) to afford compo@ras a white
solid. Yield 84%; m.p. 57-58; '"H NMR (CDCk, 200 MHz,5 ppm): 3.93 (s, 3 H), 5.14 (s, 2 H), 7.26 — 7.86 Tm
H), 9.83 (s, 1H).

Green procedure: NaOH (17.90 mmol) in water (9.0 mL) was added taeigorously stirred solution of benzyl
bromide (1.2 eq.) and 5-iodovanillin (0.83g, 2.98810l) in [bmim][PF] (4.15 mL) at room temperature for 10 h in
sealed tube. The course of the reaction was felibtoy TLC (eluent: n-hexane/ethyl acetate, 90:T@g reaction
mixture was extracted with cyclopentyl methyl et#ME (5 x 3 mL) and the combined organic phase® weed
over MgSQ, filtered and evaporated wacuoand the residue was passed through a small flashmattography.
After partial evaporation of the solvent, the commpad?2 precipitated from the CPME solution. Yield: 82%.

Synthesis of 1-(4-benzyloxy-3-iodo-5-methoxy-phemgh-2-en-1-o3:

To a solution of vinyl magnesium bromide (1 M in FH(305 mL, 305.7 mmol), cooled to & was added a
premixed solution of compoun? (50 g, 135.8 mmol) in dichloromethane (400 mL) oaeperiod of 30 min and
allowed to attain room temperature and stirredifér. The reaction mixture was cooled t6@and quenched with
15% aqg.NHCI solution. The reaction mixture was concentrategacuoand the obtained residue was extracted
with isopropyl acetate (2 x 250 mL). The organigelawas washed with water (2 x 150 mL) and bridatsm (2 x
100 mL), dried over MgS§) filtered and concentrated iracuoto get crude compoung, which was purified by
flash column chromatography eluting with hexandsdetcetate (85:15to0 afford compouBdas a white solid.
Yield: 77%; m.p. 77-7€; *H NMR (CDCk, 200 MHz,5 ppm): 3.87 (s, 3 H), 4.99 (s, 2 H), 5.10 (hi.£ 5.4 Hz, 1
H), 5.41 — 5.21 (m, 2 H), 6.04 — 5.93 (m, 1 H),%(d,J = 3.6 Hz, 1 H), 7.43 - 7.32 (m, 4 H), 7.59 Jd; 5.6 Hz, 2
H).

Green procedure: Vinyl bromide (1.358 mmol) in 2-MeTHF (3.5 mL) waslded to a stirred mixture of Zinc
(1.358 mmol) in 2-MeTHF (2.5 mL) and after stirrify 1 h, compoun@ (0.5 g, 1.358 mmol) in 2-MeTHF (2.5
mL) was added. The mixture was stirred at room tmampre for 5 hours, and then saturated aqueougCNH
solution (5 mL) was added. After 0.5 h the reactiurture was filtered to remove the remaining zib@% methane
sulphonic acid (10 mL) was added and organic layas separated. The aqueous layer was extractedsmidii
portions of 2-MeTHF; the combined organic extragtese dried over MgS©and concentrated ivacuoto afford
compound3. Yield: 81%;
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Synthesis of 1-(4-benzyloxy-3-iodo-5-methoxy-phgmgpenones:

To a stirred solution of compourd(26 g, 0.065 mol) in dichloromethane (300 mL) wdsled manganese dioxide
(228 g, 2.62 mol) portion wise for 1 h. The reactimixture was stirred over night at room tempemtunder
nitrogen atmosphere. The reaction mixture wasréittehrough celite and the filtrate was concentrédtevacuoto
obtain crude compound (28 g). Purification by flash chromatography, glgtwith hexanes-ethyl acetate (95:5)
gave the compound as a white solid. Yield 85%; m.p. 83-84 IR (KBr): 3079, 3001, 2936, 1746, 1663, 1554,
1459, 1405, 1273, 1164, 1023,787, 744 ctii NMR (CDCk, 200 MHz, § ppm): 3.93 (s, 3 H), 5.12 (s, 2 H), 5.96
(dd,J=1.4,10.6 Hz, 1 H), 6.45 (dd,= 1.4,16.8 Hz, 1 H, ), 7.19 — 7.05 (m, 1 H), 7426 (m, 3 H), 7.54 (d] =
1.6 Hz, 1 H), 7.58-757 (m, 2 H), 7.95 @Mz 1.8 Hz, 1H), *C NMR (CDCL, 200 MHz, & ppm): 56.01, 74.58,
92.29, 112.45, 128.22, 128.44, 130.2, 131.89, B34162.50, 188.05; HRMS: ;@4,s0;Nal Calculated m/z is
416.9963 (M +Na).

Green procedure: Under air, a reaction tube was charged with CsO® r{®l %), compound (0.26 g, 0.656
mmol) and toluene (4 mL). The mixture was heatedenrair at 110°C for 10 h, and then cooled to room
temperature. The mixture was concentratedaicuoand the residue was purified by flash column clatmgraphy
on a silica gel to give the desired product compouryield: 94%.

Synthesis of 1-(4-benzyloxy-3-iodo-5-methoxy-pheigd,4,5-trimethoxy-phenyl)-butane-1,4-didnhe

To a stirred solution of 3, 4, 5-trimethoxy benzdigde (9.2 g, 47 mmol) and 3-benzyl-5 (2-hydroxyybt4-
methyl-thiazolium chloride (2.16 g, 8.17 mmol) ifMB (48 mL), under nitrogen atmosphere, was addgdea
mixed solution of compoundl (16.1 g, 40.86 mmol) in DMF (30 mL) followed byetladdition of triethylamine (8.4
mL, 61.29 mmol). The reaction mixture was heated’® °C for 3 h. Reaction mixture was cooled to room
temperature and diluted with water (150 mL) andisigid the pH to 2 - 3 with 5% aq. HCI solutiontretl for 30
minutes and extracted with dichloromethane (100.nTlle organic layer was washed with 5% aq. HCl,ewat
followed by brine solution, dried over Mggdiltered and concentrated wracuoto get the crude compound. The
crude compound was purified by flash chromatograploging with hexane-ethyl acetate (80:20-75:25afford
compoundb as a pale yellow solid. Yield 81%; m.p. 140-1Z:1IR (KBr): IR: 3433, 2943, 1692, 1681, 1584, 1463
1414, 1352, 1275, 1129, 994, 856, 731'chAd NMR (CDCk, 200 MHz,8 ppm): 3.40 (br.s, 4 H), 3.92 (s, 12 H),
5.12 (s, 2 H), 7.26-7.57 (m, 8 H), 8.08 (d= 1.8 Hz, 1H).*C NMR (CDCL, 200 MHz,3 ppm): 32.38, 56.06,
56.29, 60.9, 74.66, 76.73, 76.99, 105.65, 111.28,21, 128.33, 128.58, 131.63, 131.91, 134.3, I52153.07,
196.47, 197.23. HRMS: £H,,0;Nal Calculated m/z 613.0699 (M+Na).

Green procedure: To a stirred suspension of catalyst (0.21 g, 0.84othin [bmim] [PR] (0.5 mL) was added
Et:N (0.61 mmol), compound (0.16 g, 0.41 mmol) and compou#d (0.92 g, 0.47 mmol) at room temperature.
The temperature was raised to “@Dand stirred for 6 h. After completion of the réa, as indicated by TLC, the
product was extracted with cyclopentyl methyl etB&ME (4 x 5 mL). The organic phase was dried N&SO,
and concentrated under reduced pressure. The ebta#sidue was purified by column chromatographysitica-
gel (60 — 120 mesh) to afford compoumdyield: 95%;

Synthesis of 1-(4-benzyloxy-3-iodo-5-methoxy-pheig8,4,5-trimethoxy-phenyl)-butane-1,4-déol

To a stirred solution of compoudd(23 g, 38.95 mmol) in tetrahydrofuran (200 mL):thanol (8 mL), cooled to 5-
10 °C, was added NaBH1.62 g, 42.85 mmol) in four portions. The reactiixture was allowed to reach room
temperature and stirred for 30 min. After completaf the reaction (monitored by TLC), the reactiixture was
cooled to 10°C and quenched with cold water (3 mL) and stirred 20 minutes. The reaction mixture was
evaporated under reduced pressure to obtain bresidue which was dissolved in isopropyl acetate ditganic
layer was washed with water (2 x 50 mL) followedHlrine solution, dried over MgS(Xiltered and concentrated in
vacuoat 30C to afford compoun® as yellow oily liquid. Yield 95%*H NMR (CDCk, 200 MHz,8 ppm): 1.85
(br.s, 4 H), 3.83 (s, 3 H), 3.86 (s, 9 H), 4.68%pb2 H), 4.98 (s, 2 H), 6.56 (s, 2 H), 6.91 ($§)17.32 - 7.38 (m, 4
H), 7.57 (dJ = 7.0 Hz, 2 H)*C NMR (CDCk, 200 MHz,5 ppm): 35.06, 35.22, 55.94, 56.08, 60.77, 73.104g/4
92.66, 102.6, 110.31, 127.73, 128.04, 128.26, 1286.96, 140.38, 142.87, 152.67, 153.13; EI-M&(###): 616.6
(M+Na).

Green procedure: Compound5 (0.23 g, 0.389 mol) was dissolved in [omim}RE.25 mL), Sodium borohydride
(0.162 g, 0.428 mmol) was added slowly, with stigtiover a period of 0.5 h. The reaction was kefstir for 1 h
and then ice cold water was added (3 mL). Afterri@ the [bmim]PFk layer was separated from the aqueous layer
and extracted with cyclopentyl methyl ether (2 mBk). The combined extracts were dried over MgSitered,

and evaporated wacuq to yield the crude compourtdas a yellow oily liquid. Yield: 92%.
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Synthesis of 2-(4-benzyloxy-3-iodo-5-methoxy-phéng8,4,5-trimethoxy-phenyl)-tetrahydro-furan

To a stirred solution of compouitd22 g, 37.02 mmol) in toluene (220 mL) was addedm-phosphoric acid (10.7
mL, 185 mmol) slowly at room temperature. The riescmixture was heated to 80-86 for 6 h. The reaction
mixture was cooled to room temperature and dilutgd water (60 mL). The organic layer was washethwiater
(3 x 50 mL), 10% aqueous sodium bicarbonate (3 m2} followed by brine solution. The organic layeas dried
over MgSQ, filtered and concentrated imacuo to obtain crude compound, which was purified bgshi
chromatography eluting with hexane-ethyl acetafe1(®) to obtain compound (trans) as a white solid. Yield 53%;
m.p. 104-105C; IR (KBr): 3434, 2936, 2840, 1590, 1562, 15056241412, 1231, 1125, 1075, 1039, 1012, 902,
733 cm'; '"H NMR (CDCk, 200 MHz,5 ppm): 1.98 (m, 2 H), 2.46 (m, 2 H), 3.84 (s, 3 BIB8 (s, 9 H), 4.99 (s, 2
H), 5.18 (m, 2 H), 6.62 (s, 2 H), 6.96 (s, 1 HR5— 7.39 (m, 4 H), 7.58 (d,= 6.2 Hz, 2 H)*C NMR(CDCE, 200
MHz, & ppm): 35.42, 55.97, 56.04, 60.68, 74.35, 76.36),777.63, 80.15, 81.33, 92.72, 102.36, 110.18,2I27
127.83, 128.09, 128.34, 136.97, 138.77, 141.50,6B46152.56, 153.11; EI-MS (m/z, %): 576.6 (M +HRMS:
Cy7H,006Nal Calculated m/z is 599. 0906 (M+Na).

Green procedure: A mixture of compound (0.22 g, 0.37 mmol), catalytic amount of methanklsonic acid (10
mol %) in acetic acid was subjected to reflux foh.1Workup with water afforded compourd(trans) as solid
which was filtered off and purified by column chratography using ethyl acetate: petroleum ethel) @Zluent to
get pure product. Yield: 50 %

Synthesis of 2-benzyloxy-3-methoxy-5-[5-(3,4,54tiaxy-phenyl)-tetrahydro-furan-2-yl]-benzonitr8e

To a solution of compound (5 g, 8.68 mmol) in dimethyl formamide (50 mL) wadded cuprous cyanide (1.165 g,
13.02 mmol) and heated to 130-1%5for 3 h. The reaction mixture was cooled to raemperature and diluted
with isopropyl acetate (150 mL) followed by wat@0Q mL). The organic layer was washed with watex @0
mL) followed by brine solution, dried over Mg@Qiltered and concentrated Wracuoto obtain crude compourl
which was further purified by flash chromatograpgtyting with hexanes-ethyl acetate (75:25) to affoompound

8 as pale yellow solid. Yield 94%; m.p. 148-160IR (KBr): 3459, 2926, 2225, 1739, 1590, 14996441423,
1324, 1233, 1121, 1060, 1002, 856, 702'cttd NMR (CDCk, 200 MHz,8 ppm): 1.97 (m, 2 H), 2.46 (m, 2 H),
3.84 (s, 3 H), 3.88 (s, 6 H), 3.92 (s, 3 H), 5.1335m, 4 H), 6.61 (s, 2 H), 7.15 @= 7.8 Hz, 2 H), 7.35 — 7.39 (m,
3 H), 7.6 (d,J = 6.2 Hz, 2 H);*C NMR (CDCk, 200 MHz, 8 ppm): 35.39, 56.04, 60.71, 75.62, 80.08, 81.56,
102.36, 107.53, 114.12, 116.31, 120.89, 128.25,482836.15, 138.44, 140.54, 152.71, 153.17; EI{M%, %):
476 (M+1).

Green procedure: A mixture of CUCN (1.736 mmol), compourid(0.5 g, 0.868 mmol) in 1.0 mL of d-butyl-3-
methylimidazolium iodide (bmil) in sealed tube wasated at 100°C with stirring for 19 h. A completaversion
of compound7 was observed. Product was extracted using cyctgberethyl ether (CPME) as solvent, further
purification afforded compoungl Yield: 79%.

Synthesis of 2-hydroxy-3-methoxy-5- [5-(3,4,5-tthogy-phenyl) -tetrahydro-furan-2-yl]-benzonitride

To a solution of compountl (4 g, 8.42 mmol) in methanol (40 mL) under nitroggmosphere, was added 10%
palladium carbon (3 g) and hydrogenated under balfiressure at room temperature for 6 h. Afterpgetion of
the reaction (monitored by TLC), reaction mixturasafiltered through celite bed and the filtrate waacentrated

in vacuoto obtain compoun® as pale yellow solidYield; 92%; m.p. 149-15C; IR (KBr): 3254, 2940, 2842,
2226, 1593, 1505, 1462, 1416, 1342, 1293, 12379,11068, 1005, 917, 704 ¢m*H NMR (CDCk, 200 MHz,8
ppm): 1.92-2.06 (m, 2 H), 2.41 —2.53 (m, 2 H)A3 8 3 H), 3.88 (s, 6 H), 3.95 (s, 3 H), 5.17 2hJ), 6.10 (br.s, 1
H), 6.61 (s, 2 H), 7.11 (s, 2 HY*C NMR (CDCE, 200 MHz,5 ppm): 35.32, 56.01, 56.14, 60.64, 80.21, 81.43,
98.21, 102.37, 112.14, 115.84, 120.4, 136.02, B38.86.78, 148.07, 153.07; EI-MS (m/z, %): 386.1(\

Green procedure: Ether (0.4 g, 0.84 mmol) and concentrated hydrobrauid (47%, 1.68 mmol) in @-butyl-3-
methylimidazolium tetrafluoroborate (4.0 mL) wet@red at 115 °C for 6 h. The reaction time wased®gined by
TLC analysis. The reaction mixture was extractethwliethyl ether (4 x 5 mL). The combined etherasts were
concentrated under reduced pressure to obtain aam®o Yield: 87%.

Synthesis of 2-(2-bromo-ethoxy)-3-methoxy-5-[5;8tdmethoxy-phenyl)-tetrahydro-furan-2-yl]-benzite 10:

To a mixture of compoun® (5.2 g, 13.5 mmol) and potassium carbonate (2.246g2 mmol) in dimethyl
formamide (36 mL) at room temperature was add Ihfachoethane (3.5 mL, 40.51 mmol) over a perio8®Mmin.
The reaction mixture was heated to 77%or 2 h and cooled to room temperature, dilutéith water (180 mL)
and extracted with isopropyl acetate (75 mL). Thgaaic layer was washed with water (3 x 25 mL)dokd by
brine solution, dried over MgSQfiltered and concentrated wacuoto obtain crude compountl0 which was
purified by flash column chromatography eluting twhexane-dichloromethane (1:1) to afford compoafdas
white solid. Yield 88%; m.p. 145-148; IR (KBr): 3434, 2944, 2228, 1590, 1462, 142351,31327, 1280, 1234,
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1126, 1059, 1011, 860, 701 ¢mH NMR (CDCh, 200 MHz,5 ppm): 1.88 — 2.08 (m, 2 H), 2.41-2.56 (m, 2 H),
3.65 (t,J = 6.7 Hz, 2 H), 3.84 (s, 3 H), 3.88 (br.s, 9 HA4(t,J = 7.0 Hz, 2 H), 5.14 — 5.24 (m, 2 H), 6.61 (s, 2 H
7.17 (s, 2 H)™C NMR (CDCE, 200 MHz,8 ppm): 29.02, 35.35, 56.03, 60.67, 73.15, 79.96641102.33, 107.14,
114.16, 115.94, 120.80, 137.08, 138.36, 140.94,5P4852.15, 153.13; EI-MS (m/z, %): 493.6 (M+1).

Green method: To a stirred mixture of kCO; (2.24 g, 16.2 mmol) in 2-MeTHF (25 mL) was addedpdwise a
solution of compound® (5.2 g, 13.5 mmol) in 2-MeTHF (5 mL) at room termrgtere. The reaction mixture was
stirred for 15 min and then 1,2-dibromoethane (8l5 40.51 mmol) was added. The reaction mixturs st#red
at 80°C for 6 hours, quenched with water and extractetti isopropyl acetate. The organic layer was wastié
water (2 x 50 mL) followed by brine solution (2 8 L), dried over MgSg) filtered and evaporated wracuoto
obtain crude compoundlO which was purified by flash column chromatography eluting hwitexane-
dichloromethane (1:1) to afford compoub@as white solid. Yield: 84%.

Synthesis of  2-[2-(4-chloro-phenyl)-ethoxy]-3-methd-[5-(3,4,5-trimethoxy-phenyl)-tetrahydro-furaayl]-
benzonitrile11:

To a stirred mixture of-chloro thiophenol (367 mg, 2.53 mmol) in dimetfigtmamide (1 mL) was added sodium
methoxide (165 mg, 3.04 mmol) and stirred at roemgerature for 5-10 min. To the above reaction unéa pre-
mixed solution of compount0 (1 g, 2.03 mmol) in DMF (10 mL) was added slowdy 20 min and stirred at room
temperature for 1 h. The reaction mixture was gbedcwith cold water (20 mL) and extracted with syl
acetate. The organic layer was washed with watemn{R), brine and dried over MgQ{filtered and evaporated in
vacuo at 35C to obtain crude compountil which was purified by flash column chromatographyting with
hexane-ethyl acetate (65:35) to afford compotiichs yellow solid. Yield 89%; m.p. 84-85; IR (KBr): 3421,
2940, 2222, 1717, 1590, 1462, 1421, 1327, 12784,12R29, 1006, 855, 7044 NMR (CDCk, 200 MHz,5 ppm):
1.98 (m, 2 H), 2.48 (m, 2 H), 3.35 {t= 7.3 Hz, 2 H), 3.84 (s, 6 H), 3.88 (s, 6 H), 428 = 7.3 Hz, 2H), 5.2 (m, 2
H), 6.61 (s, 2 H),7.15 (s, 2 H), 7.27 W7 9.2 Hz, 2 H), 7.32 (d] = 8.8 Hz, 2 H); EI-MS (m/z, %): 555.9 (M+1);
HRMS: GgH3gNOgNaSCI Calculated m/z: 578.1380 (M+Na).

Green Method: To a mixture of compoundlO (1 g, 2.03 mmol) and p-chloro thiophenol (367 @3 mmol) in
water (10 mL) was added,BO; (2.43 mmol) and stirred at room temperature fohlZhe reaction mixture was
guenched with cold water (20 mL) and extracted \igtpropyl acetate. The organic layer was washéd water
(15 mL), brine and dried over MgSiltered and evaporated irmcuoat 35C to obtain crude compourid which
was purified by flash column chromatography elutwith hexane-ethyl acetate (65:35) to afford compubiil as
yellow solid. Yield; 77%.

Synthesis of  2-[2-(4-chloro-phenyl)-ethoxy]-3-methd-[5-(3,4,5-trimethoxy-phenyl)-tetrahydro-furaayl]-
benzylamind2:

To a stirred mixture of aluminium chloride (193 mMg44 mmol) in cyclopentyl methylether (10 mL)oéed to 10
°C, was added lithium aluminum hydride (72 mg, In@®ol) followed by slow addition of a pre-mixed st of
compoundll (700 mg, 1.25 mmol) in 2-MeTHF (3 mL) for 10 mikfter being stirred for 4 h at room temperature,
the reaction mixture was cooled to 6& quenched with cold water and then with 10% heghllaric acid (~10 mL)
and extracted with cyclopentyl methyl ether (CPMEe ( 5 x 3 mL). The aqueous layer was made gl&ab pH
~9.0 utilizing 10% ag. sodium hydroxide solutiordaxtracted with iso propyl acetate, dried over KgSiltered
and evaporated imacuoto obtain crude compourik®, which was purified by flash column chromatograjghyting
with dichloromethane-methanol (96:4) to afford cempd 12 as viscous liquid. Yield 55%; m.p. 84-88 IR
(KBr): 3368, 2937, 1592, 1462, 1418, 1377, 13283121127, 1064, 1008, 825, 754 tmH NMR (CDCk, 200
MHz, 5 ppm): 1.98 (m, 2 H), 2.45 (m, 2 H), 3.28Jt 6.6 Hz, 2 H), 3.83 (s, 6 H), 3.87 (s, 6 H), 3(88 2 H), 4.17
(t, J=6.8 Hz, 2 H), 5.18 (m, 2 H), 6.62 (s, 2 H), 6(802 H), 7.23 (dJ = 8.6 Hz, 2 H), 7.32 (d] = 8.6 Hz, 2 H);
EI-MS (m/z, %): 559.9 (M+1).

Synthesis of (3)-trans-2-[-Methoxy-4-(4-chlorophkhipethoxy)-5-(N-methyl-N-hydroxyur-eidyl) metHydmyl]-5-
(3,4,5-trimethoxyphenyl)tetrahydrofurdh3):

To a stirred solution of compouri®? (385 mg, 0.68 mmol) in 2-Me-THF (5 mL) was addgghosgene (71 mg,
0.24 mmol) followed by triethylamine (0.14 mL, 1.68nol) at room temperature. The reaction mixture waated

to 50°C for 2 h. Reaction contents was cooled to roomptature, added triethylamine (0.35 mL, 2.47 mmol)
followed by N-methyl hydroxyl amine hydrochloride and stirred@m temperature for 16 h. The reaction mixture
was diluted with 2-Me-THF and washed with watetdaled by brine solution and dried over Mgg®ltered and
concentrated ivacuoto get crude compount3 which and was purified by flash column chromatpgsaeluting
with hexanes-ethyl acetate (1:1) to afford the tithmpound.3 as white solid. Yield 74%; m.p. 69-10 IR (KBr):
3429, 2928, 1721, 1646, 1592, 1531, 1462, 14198,18233, 1127, 1062, 1008, 822, 756 '¢ciH NMR (CDCl,
200 MHz,3 ppm): 1.97 (m, 2 H), 2.44 (m, 2 H), 3.12 (s, 3 BIR7 (t,J =7 Hz, 2 H), 3.82 (s, 3 H), 3.83 (s, 3 H),
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3.87 (s, 6 H), 4.16 (1] = 7 Hz, 2 H), 4.41 (d) = 5.5 Hz, 2 H), 5.17 (m, 2 H), 6.02 (s, 1 H), 6(41, 1H), 6.61 (s, 2
H), 6.91 (s, 2 H), 7.25 (br.s, 1 H), 7.31 (& 8 Hz, 2 H);**C NMR (CDCk, 200 MHz,8 ppm): 33.7, 35.4, 35.5,
38.8, 39.6, 55.6, 56.1, 60.7, 70.7, 81.1, 81.3,5,009.0, 118.4, 128.9, 130.6, 132.2, 134.3, 1385Q.1, 153.2,
161.5; EI-MS (m/z, %): 632.8 (M+1); HRMS3{E3;,N,O¢NaSCI Calculated m/z: 655.1856 (M+Na).

RESULTS AND DISCUSSION

Some of the trans-2,5-diaryltetrahydrofurans sysittesl so far are CMI-392 [21], CMI-206 [22], MK-2823-24],
L-659,989 [25]L-652,731 [26]. We have earlier reported the sysithef the title compound using vanillin, vanillin
acetate and acetovanillone as starting materialerumon-green reaction conditions [27-31]. In héper, we wish
to report the synthesis of title compound applygngen methodologies, from commercially availabiedsvanillin
and 3,4,5-trimethoxy benzaldehyde as starting nadseScheme ). Benzylation of 5-iodovanillin was carried out
in [bmim][PF;] as RTILs (room temperature ionic liquid) in prese of NaOH and water, the presence of room
temperature ionic liquid and water makes the reacsiystem a greener method [32]. Conversion ofrgitie2 to
1,4-di-ketone5 (Scheme ] was accomplished in three steps from 5-iodovaniliitizing the green conditions
reported by us recently [33]. Conversion of aldeh®do carbinol3 was achieved using Barbier reaction conditions
over the Grignard reaction. Aldehyde was treated with vinyl bromide in presence of zimetal in 2-
Methytetrahydrofuran at r.t. for 5 hours. The reacis similar to the Grignard reaction but theaial difference is
that the Barbier reaction is a one-pot synthesieredss a Grignard reagent is prepared separatedyebaddition of
the carbonyl compound. Barbier reactions are nytidic addition reactions that usually take pladéhwelatively
inexpensive and water insensitive metals or matahpounds in contrast to Grignard reagents or ofghinon
reagents thus making the procedure part of greemistry. Oxidation of carbinoB was doneusing CsOH in
presence of air [34] in toluene at 1ADfor 10 hours resulted in the formation of vingténe4. Conversion of vinyl
ketone4 to 1,4-diketones was carried out by Stetter reaction using thiaaolicatalyst [27 - 31] in presence of
triethyl amine in [omim] [PE as ionic liquid. The Stetter reaction can be ganied in imidazolium type RTILs
(room temperature ionic liquids) as solvents [38ith thiazolium salts and triethyl amine as catalysn these
conditions the 1,4-diketones were isolated in ggiedds, usually higher than those obtained in itasrganic
solvents. Reduction of 1,4-diketoewas carried out in presence of NaBid [bmim]PFks as ionic liquid [36] at
room temperature for 1 hour to afford 1,4-dddh 92 % yield. Cyclisation of 1,4-didd was accomplished using 10
% of methane sulphonic acid in acetic acid at reflr 1 hour, to give an equilibrium mixture ofs andtrans
isomers of 2,5-diaryl tetrahydrofurdh The geometrical isomeiswere separated by column chromatography by
eluting ethyl acetate/hexanes (15:85) to get tha@rel@trans isomer7. Methane sulphonic acid is an efficient
organocatalyst, is considered to be natural produactis part of the natural sulfur cycle [37]. Rus&ind—\Von
Braun reaction of compound to compoundB was carried out using CuCN (2 eq) in presence-ofblityl-3-
methylimidazolium iodide (bmil) in sealed tube &@01C for 19 h. Product isolation was achieved bypdé
extraction using organic solvents. The copper gstainmobilized in ionic liquid media can be reussatinuously.
De-benzylation of benzyl etheB was carried out using conc; HBr (47%) inn-butyl-3-methylimidazolium
tetrafluoroborate at 115 °C for 5 h, resulted @ampound9 [38] . The advantage of this protocol for benzyl ether
cleavage and its effectiveness using only a modenatess of hydrobromic acid in presence of idgigd makes it
attractive as a green chemical method. Alkylatiboampoundd with 1,2-dibromo ethane in presence af0; in
2-MeTHF at 8(°C for 6 h resulted in compourid. Further alkylation of compouritD to compound 1 was carried
out using p-chloro thiophenol in presence @€K; in water at room temperature for 12 h. Reductiboampound

11 was achieved using LiAlHin presence of AlGlin 2-MeTHF at room temperature for 4 h to obtainiree 12 in
55% vyield. Compound.2 was treated with triphosgene followed bymethyl hydroxyl amine hydrochloride in
presence of BN in 2-MeTHF at 50C afforded the title compound in 74 % yield.

During the course of the synthesis of title commbwe have utilized 2-MeTHF as the choice of tHeestt instead
of tetrahydrofuran, 2-Methyl tetrahydrofuran is Bwog as a green alternative solvent, which is i from
renewable resources such as corncobs and baga¥ed, 2 offers both economical and environmentatlgrfdly
advantages over tetrahydrofuran. Furthermore, we lodilized isopropyl acetate as the choice of eals which
was preferred over ethyl acetate as an extractitvest since the relatively high solubility of Et@An water (and
water in EtOAc) due to which the aqueous wasteoistaminated with more organic material, thus making
difficult to dispose off and also the product cobkllost in the aqueous layer. Synthesis of comp&us, 8 and9
was carried out using room temperature ionic ligu{RTILS), these ionic liquid can be recycled, d@tiating
classical organic solvents entirely, thus making teaction medium a greener protocol. A detailegegrental
procedure for the synthesis of the title compoundluding green and non-green methods is given under
experimental methods section.

Scheme 1. Experimental Conditionsgreener conditions a) NaOH, HO, benzyl bromide, [bmim][P§; r.t., 10
hours; b) vinyl bromide, Zn, 2-MeTHF, r.t., 5 houc$ air, CSOH, toluene, 11%C, 10 hours; d¥a, 3-benzyl-5 (2-
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hydroxy ethyl)-4-methyl-thiazolium chloride, [bmiffiFs], Et:N, 80 °C, 6 hours; e) [bmim][P&, NaBH;, r.t., 1
hour; f) 10% methane sulphonic acid, Acetic acédlux, 1hour; g) CUCN, bmil, 108C, 19 hours; h) conc; HBr, 1-
n-butyl-3-methylimidazolium tetrafluoroborate, 126, 5 hours or b 10% Pd/C, MeOH, r.t., 6 hours; i) 1,2-
dibromoethane, ¥COs;, 2-MeTHF, 80°C, 6 hours; j) p-chloro-thiophenol,,&0;, H,0, r.t., 12 hours; k) AlG]
LiAIH 4, 2-MeTHF, r.t., 4 hours; I) triphosgene, 2-MeTHEEN, N-methyl hydroxyl amine hydrochloride, 5G, 2
hours.non-green conditions a) benzyl bromide, $CO;, DMF, r.t, 90 min; b) vinyl magnesium bromide (1l
THF), CHCI,, r.t., 1 hour; ¢) Mn@ CH,Cl,, r.t., overnight; d)4a, 3-benzyl-5 (2-hydroxy ethyl)-4-methyl-
thiazolium chloride, DMF, BN, 70°C, 3 hours; e) NaBk MeOH, r.t., 30 min; f) 0o-kPQ,, toluene, 80 — 85C, 6
hour; g) CuCN, DMF, 130-138, 3 hours; h) B 10% Pd/C, MeOH, r.t., 6 hours (also categorized green
condition) ; i) 1,2-dibromoethane,.€0;, DMF, 70 -75°C, 2 hours; j) p-chloro-thiophenol, NaOMe, DMF, ,ri
hour; k) AICk, LiAIH,4, THF, r.t., 4 hours; |) triphosgene, THF gt 50 °C, 2 hours ; N-methyl hydroxyl amine
hydrochloride, EN, r.t.,16 h.

e} o}
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Schemel: Synthesis and Antibacterial Activity of (ytrans-2-[-methoxy-4-(4-chlorophenylthioethoxy)-5¢N-methyl-N-hydroxyureidyl)
methylphenyl]-5-(3,4,5-trimethoxyphenyl) tetrahydrdfuran.
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Antibacterial Bioassay

The title compound and its intermediates have lmmaened against five bacterial strains such @ tliram
positive,Staphylococcus aureuBacillus sphaericus, Bacillus megateritand two Gram negativéseudomonas
putida, Enterobacter aerogenes, Pseudomonas Puitiddhe bioassay. The organisms were maintainecgar
slopes at 4°C and sub cultured for 24 hours baisee The agar plate well diffusion method was wsedescribed
by Desta [39]. A standardized inoculum 1-2’ &fw/mL 0.5 MC Farland standards was introduced ¢ surface
of sterile agar plate and evenly distributed theculum by using a sterile glass spreader. Simubiasly 8 mm
wells were cut from the plate using a sterile cbdter 100ul of extract at a concentration of 100 mg/mL was
introduced into each well. The agar plates werebated aerobically at 37°C. After 24 hours thebitlin zones
were measured with a ruler and compared with thetrab well containing only solventand 10 mg/ml
of streptomycin served as contréll the tests were conducted in triplicates. Theéadaf all the parameters were
statistically analyzed and expressed as mean +Th®results of the preliminary antimicrobial aittas are shown
in Table 1

The result revealed that compounds showed varyagreds of inhibition against the tested microorgiasi In
general, the best antibacterial activity was diggth by compoundg, 12 and 13. Compoundl13 i.e., the title
compounddisplayed excellent activity againStam-positive bacteria: Staphylococcus aureBiacillus sphaericus,
Bacillus megaterium and Gram-negative bacteria: éfobacter aerogenesyhile compoundst, 5, 9, 10and 12
showed good activity againgbram positive bacteria: Staphylococcus auremsd Bacillus sphaericusand
compoundsl0 and13 showed good activity again€§iram negative: Enterobacter aerogenésso, compoundd, 5
and12 displayed slight active againGram negative: Pseudomonas putidad all other compounds either showed
less active or inactive with both tBram positiveandGram negative bacteria

Table 1: Antibacterial activity of all the syntheszed compounds (2-13) (Inhibition zone in mm)

Gram positive bacteria Gram negative bacteria
Compound No. | Staphylococcus aureus Bacillus sphaericug Bacillus megaterium]  Enterobacter aerogerles  PseudaemButida
Zone of inhibitionsin mm

2 - 5 - 5 5
3 8 8 5 5 5
4 11 9 10 13 12
5 11 10 8 10
6 - - - 3 1
7 - 8 3 9 8
8 8 8 - - -
9 12 11 9 10 9
10 10 12 9 12 9
11 11 12 8 11 8
12 13 11 12 11 11
13 15 13 15 13 10

Note: Excellent activity = (inhibition zone > 12 mm); Gactivity = (inhibition zone 10 - 12 mm); Sligh#ictive = (inhibition zone 8 - 10 mm);
Inactive = (inhibition zone < 6 mm)

CONCLUSION

In conclusion, the present paper describes faoiléerto the synthesis of the title compound inwva liégh yielding
steps utilizing green methodologies from commelgiavailable 5-iodovanillin and 3,4,5-trimethoxyrzaldehyde
as starting materials. Compoud@ displayed excellent again@ram-positive bacteria: Staphylococcus aureus,
Bacillus sphaericus, Bacillus megaterium and Graggative bacteria: Enterobacter aerogenesile compounds
4, 5, 9, 10and 12 showed good activity again§€ram positive bacteria: Staphylococcus aurearsd Bacillus
sphaericus.
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