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Abstract  : The synthesis of  (±)-trans-2-[3-methoxy-4-(cldorophemylthloethoxyphe~yl)- 
5-cyanophenyl]-5-(3,4,5-trimethoxypheayl)tetrahydrofuran from commercially available 
aoetov~illone and 3,4,5-trimethoxybenzaldehyde is described. © 1999 Elsevier Science Ltd. 
All fights reserved. 

Keywords : Platelet-activating factor, 2,5-transdiaryltetrahydrofuran, Acetovsnmone. 

Platelet-activating factor (PAF) is an optically active unsymmetrically substituted D- 

glycerol derivative. 1,2 Prior to structure elucidation, PAF was first discovered as a pow- 

erful platelet stimulating agent which caused platelet aggregation and release of 

histamines) This unknown substance was termed platelet activating factor. Investigations 

into the pharmacology of PAF accelarated when synthetic preparations became available. 2 

System effects of intravenous injections of PAF vary according to species and include 

bronchioconstriction (guinea pigs), increased vascular permeability (rats and guinea pigs) 

and pulmonory hypertension (rabbits)) 

Binding of PAF to its specific receptor is thought to be the first step necessary to 

display its biological functions. 4 Hence the design of specific PAF receptor antagonists 
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could lead to  a mechanism-based therapy for asthma, inflammation, acute allergy, 

ischcmia and toxic shock. 

Lignans of the 2,5-diaryltetrahydrofuran series have been identified as competitive 

PAF-receptor antagonists. 5 The most potent compound in the initial series possessed a 

2,5-trans-diaryl stereochemical relationship. Further structure activity studies indicated that 

more potent PAF antagonists contained an electron withdrawing group on one but not 

both aromatic rings. These features are incorporated in the present work in which a 

metabolically stable "cyano" serves as the electron withdrawing functional unit and a 

trimethoxy aryl ring is appended at C-5. 6"8 

Examples of some of the trans-2,5-diaryltetrahydrofurans synthesized so far are 

CMI-392, 9 CMI-206,1° MK-287,11,12 L-659,989,13 L-652,731.14 All the above mentioned 

trans-2,5-diaryltetrahydrofurans were prepared from commercially available 5-iodovanillin 

and 3,4,5-trimethoxyacetophenone. We report here the synthesis of the title compound 

from comereially available acetovanillone [1-(3-methoxy-4-hydroxyphenyl]ethanone and 

3,4,5-trimethoxybenzaldehyde. 

Synthesis 

Compound 8 was obtained in three steps from compound 4 following the procedure 

as previously described. 11 Compound 3 was prepared by alkylation of 2 with 1,2- 

dibromoethane in 50% yield. Compound 4 was prepared by alkylation of 3 with para- 

chlorothiophenol in 86% yield. The synthesis of compound 8 is outlined in Scheme-I. 

A general synthetic route is shown in Scheme-II. The 1,4-diketone (10) was synthe- 

sized in five steps from compound (4) and 3,4,5-trimethoxybenzaldehyde (9), following 

the procedure of Biftu et al., 11 reduction of the diketone (10) with NaBH 4 in CH3OH 

and THF gave the 1,4-diol (11) which was cyelized with orthophosphoric in benzene at 

reflux temperature to give an equilibrium mixture of cis and trans isomers of 2,5-diaryl 

tetrahydrofuran (12).9The geometrical isomers (12) (almost 1:1) were carried to the next 

step without further purification. Displacement of the iodo group of compound (12) with 

CuCN in DMF at reflux temperature gave diastereoisomers isomers which were separated 

by column chromatography using silicagel with hexane - ethyl acetate as eluanL to afford 

the title compound (13). 9 
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zene, reflux; d) CuCN, DMF. 
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EXPERIMENTAL 

IH NMR spectra and 13C NMR spectra were recorded on a Varian Gemini 

spectrometer instrumental 200 MHz with TMS as an internal reference. IR spectra 

were recorded on a Nicolet Fourier Transform spectrometer. Mass spectra were re- 

corded on a 7070H or VG Autospec Mass Spectrometer using LSIMS technique. 

Melting points were determined with a Thomas - Hoover unimelt apparatus and are 

uncorrected. Thin-layer chromatography (TLC) was performed on GF25U (Anal. Tech) 

plates and silica gel glass-backed plates. Routine column chromatography was con- 

ducted using silica gel 60-120 mesh. 

l-[3-Methoxy-4-hydroxy-5-iodophenyl]ethanone (2) 

To the stirred solution of water (225 ml) containing NaOH (7.2 g, 0.18 mol) was 

added compound 1 (25 g, 0.15 mol) and heated to 88°C. To the above reaction mix- 

ture, iodine (38.8 g, 0.15 mol) was added in three portions and the mixture refluxed for 

3.5 h. The reaction mixture was cooled and then filtered to give the yellow crystalline 

solid (30.74 g, 75%) m.p. 185°C. 

IH NMR : 8 2.50 (s, 3H), 3.87 (s, 3H), 7.44 (s, 1H), 7.89 (s, 1H), 10.45 (s, 1H). 13C 

NMR : 8 25.80, 55.91, 82.39, 110.19, 130.00, 132.17, 148.30, 150.96, 194.85. IR (cm "1) 

: 3319, 3100, 2925, 1782, 1664, 1460, 1212, 1085, 1037, 846. MS (70 eV) : 292, 277, 

249, 122, 79, 43. HRMS : m/z calcd, for C9H903I 292.9462. found 292.9463. 

l-[3-Methoxy-4-(bromoethoxy)-5-iodophenyl]ethanone (3) 

To a stirred solution of K2CO 3 (14.17 g, 102 mmol) in DMF (125 ml) was added 

dropwise a solution of compound 2 (25 g, 85 mmol) in DMF (50 ml) at room tempera- 

ture. The reaction mixture was stirred for 30 min and then 1,2-dibromoethane (24.57 ml, 

275 retool) was added dropwise. Aider the addition, the reaction mixture was stirred at 

78°C for 3.5 h. The reaction was quenched with water and extracted with ethyl acetate. 

The organic layer was washed with water and saturated NaCl, dried over MgSO 4, fil- 

tered and evaporated in v a c u o  to yield 3 as a crude yellow solid (17.0 g, 50%)which 

was used without further purification, m.p. 78-80°C. 

IH NMR : 8 2.56 (s, 3H), 3.68 (t, 2H, J = 10 Hz), 3.91 (s, 3H), 4.35 (t, 2H, J = 10 

Hz), 7.5 (s, 1H), 7.9 (s, 1H). 13C NMR : 8 26.30, 29.42, 56.10, 70.30, 91.04, 111.85, 
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131.94, 134.02, 151.30, 151.92, 195.40. IR (cm "I) : 3461, 2954, 1672, 1475, 1448, 1280, 

I165, 1034, 859. MS (70 eV) : 398, 291,277, 177, 149, 121, 107, 65, 43. HRIvIS : m/ 

z calcd, for CnHI203BrI 399.9338 found 399.9336. 

l-[3-Methoxy-4-(4-ehlorophenylthloethoxy)-5-iodo-phenyl]ethanone- (4) 

To a stirred solution of compound 3 (15 g, 37 mmol) in THF (75 ml) was added 

4-chlorothiophenol (5.97 g, 41 mmol) and NaOMe (2.45 g, 45 retool). The reaction mix- 

ture was stirred at room temperatue for 8 h and then the solvent was removed. The resi- 

due was purified by flash column chromatography (silica gel, 3:1 hexane/ethyl acetate) to 

yield 4 as a pale yellow crystalline solid (15.0 g, 88%), m.p. 98°C. 

IH NMR : 8 2.59 (s, 3H), 3.35 (t, 2H, J = 10 Hz), 3.89 (s, 3H), 4.20 (t, 2H, J = 10 

Hz), 7.31 (m, 4H), 7.50 (s, IH), 7.90 (s, IH). 13C NIVIR : 26.35, 33.45, 55.98, 71.13, 

92.12, 111.77, 129.05, 130.01, 132.31, 134.03, 134.75, 151.57, 152.00, 195.47. IR (cm "1) 

: 3446, 2931, 1679, 1458, 1399, 1277, 1163, II00, 1091, 1034, 863. FAB-Mass : 462, 

398, 384, 350, 340, 335, 306, 291, 277, 248, 235, 224, 209, 188, 177, 171, 157, 149, 

143, 136, 121, 108, 99, 91, 75, 63, 50, 43. HRMS : m/z calcd, for C17H1603SIC1 

462.9454, found 462.9456. 

l-[3-Methoxy-4-(4-ehlorophenylthioethoxy)-5-iodophenyl]-prop-2-en-l-one (8) 

To a stirred mixture of 4 (10.3 g, 0.22 mmol), dimethylaminehydrochloride (2.72 g, 

33 mmol) and paraformaldehyde (1.33 g, 44 mmol) in isopropyl alcohol (50 ml) was 

added concentrated hydrochloric acid (0.5 ml). The reaction mixture was heated under 

reflux for 1 h, a second portion of paraformaldehyde (0.62 g, 22 mmol) was added and 

the heating was continued for another 2 h. The hot reaction mixture was poured with 

vigorous stirring into acetone (100 ml) and the slurry was heated at 600C for 20 min. 

cooled and filtered. The solid was washed with acetone and dried to provide the hydro- 

chloride salt of 3-(N,N-dimethylamino)-l-[3-methoxy-4-(4-chlorophenylthioethoxy)-5-iodo- 

phenyl]propan-l-one (5) (7.5 g, 60.5%), m.p. 157-1580C. IH NMR : 8 2.49 (s, 1H), 

2.78 (s, 6I-1), 3.37 (m, 4H), 3.59 (t, 2H, J = 6.0 Hz), 3.84 (s, 3H), 4.15 (t, 2H, J = 6.0 

Hz), 7.38 (s, 4H), 7.54 (s, 1H), 8.01 (s, 1H). 13C NMR : 32.84, 33.18, 42.33, 51.82, 

56.28, 70.83, 93.10, 112.37, 128.01, 130.20, 130.73, 133.70, 134.54, 151.30, 151.78, 

194.59. IR (cm ~) : 3337, 3080, 2936, 2780, 1682, 1510, 1458, 1450, 1397, 1277, 1161, 

1089, 1036, 865. FAB MASS : 556, 474, 347, 303, 284, 277, 248, 247, 236, 232, 224, 
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210, 205, 177, 171, 149, 143, 136, 121, 108, 99,91, 77,63, 55, 50, 45, 44, 38, 36, 27. 

HRMS : ndz calcd, for C20H2403SIC12N 556.9336, found 556.9333. A mixture of hy- 

drochloride salt (7.5 g, 13 retool) and aqueous NaOH (1N, 75 ml) was shaken with ethyl 

acetate (4 x 10 ml). The combined organic extracts were washed with brine and dried 

(MgSO4) and evaporated in v a c u o  to give 3-(N,N-dimethylamino)-l-[3-methoxy-4-(4- 

chlorophenylthioethoxy)-5-iodo-phenyl]propan-l-one (6), (6.5 g, 92%). 1H NMR : 8 2.76 

(s, 6H), 3.35 (m, 4H), 3.56 (t, 2H, J = 6 Hz), 3.82 (s, 3H), 4.12 (t, 2H, J = 6 Hz), 

7.40 (s, 4H), 7.52 (s, 1H), 7.98 (s, 1H), 13C NMR : 8 33.20, 33.82, 42.58, 50.64, 56.22, 

71.24, 92.89, 113.10, 128.84, 130.30, 130.88, 133.40, 134.22, 150.07, 151.47, 195.26. IR 

(cm -1) • 3446, 2938, 1679, 1510, 1458, 1396, 1272, 1165, 1098, 1089, 1034, 867. FAB- 

MASS : 519, 474, 347, 304, 285, 248, 236, 224, 210, 205, 177, 171, 143, 136, 121, 109, 

107, 105, 99, 79, 77, 63, 59, 51, 45, 44, 38, 36, 27. HRMS • m/z calcd, for 

C20H2303SICIN 519.9364, found 519.9359. 

A solution of free amine (6) (6.5 g, 12.5 mmol) and methyl iodide (1.16 ml, 18.7 

mmol) in ethyl acetate (37 ml) was stirred under n/trogen at room temperature for 2 h. 

The solid was filtered and dried in vacuo overnight at room temperature to provide 3- 

(N,N,N-trimethylammonium)- I -[ 3-methoxy-4-( 4-chlorophenylthioethoxy)-5-iodephenyl]- 

propan-l-one iodide (7) (8.2 g, 97%), m.p. 173-174. IH NIVIR : 8 3.10 (s, 9H), 3.18 

(m, 4H), 3.52 (t, 2H, J = 8.0 Hz), 3.82 (s, 31-1), 4.16 (t, 2H, J = 8 Hz), 7.32 (s, 41-I), 

7.38 (s, IH), 7.45 (s, IH). 13C NIVIR : 8 31.62, 32.34, 43.10, 50.89, 56.02, 70.21, 92.78, 

112.02, 128.00, 129.88, 130.82, 132.72, 133.676, 150.82, 151.21, 194.66. IR (cm "I) : 

3448, 2937, 2784, 1525, 1685, 1456, 1393, 1269, 1160, 1087, 1036, 869. FAB-MASS : 

661, 475, 448, 424, 420, 392, 385, 378, 364, 348, 317, 309, 277, 263, 249, 233, 202, 

191, 149, 143, 136, 131, 126, 108, 107, 99, 76, 60, 58, 36, 32, 31, 28, 27. HRblS : nd 

z calcd, for C21H2603SICIN 661.9343, found 661.9347. The compound 7 was sus- 

pended in water (82 ml) and ethyl acetate (72 ml) and heated under reflux with rapid 

stirring for 3 h. The mixture was cooled and the pale yellow organic layer was removed. 

Fresh ethyl acetate (65 ml) was added the mixture was once again heated under reflux 

for I h, and the process was repeated once again. The organic extracts were comb/ned, 

washed with brine, dried (MgSO4) , and evaporated to y/eld 8 as a yellow solid which 

was crystallised from hexane - ethyl acetate (5.46 g, 90%), m.p. 89°C. 
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tH NMR : ~ 3.32 (t, 2H, J = 8.0 Hz), 3.9 (s, 3H), 4.2 (t, 2H, J = 8 Hz), 5.92 (dd, 

IH, J = 2.0 Hz, 8.0 Hz, CH=CH2), 6.39 (dd, 1H, J = 2.0 Hz, 16.0 Hz, CH=CH2) , 7.11 

(dd, IH, J = 8.0 Hz, 16.0 Hz, CH=CH2), 7.31 (m, 4H), 7.47 (s, 1H), 7.9 (s, 1H). 13C 

NMR : 8 32.84, 42.33, 51.82, 56.20, 70.03, 93.10, 112.37, 128.01, 130.20, 130.73, 

133.70, 134.54, 151.30, 151.70, 194.50. IR (cm -1) : 3447, 2942, 1669, 1578, 1476, 1404, 

1272, 1155, 1092, 1022, 875. FABoMASS : 475, 460, 391, 329, 307, 289, 273, 259, 171, 

143, 10g, 77, 55, 27. HRMS • m/z calcd, for C1gH1703SClI 474.9631, found 474.9643. 

l - [3 -Methoxy-4- (4-chlorophenyl th ioethoxy) -5- iodophenyl ] -4 - (3 ,4 ,5 -  
trimethoxyphenyl)butane-l,4-dione (10) 

A mixture of compound 8 (5.0 g, 10.5 mmol), 3,4,5-trimethoxybenzaldehyde (9) (2.4 

g, 12.2 mmol), 3-benzyl-5-(2-hydroxyethyl)-4-methyl-thiazolium chloride (0.55 g, 2.1 mmol) 

and triethylamine (2.2 ml, 14 mmol) in DMF was stirred at 65°C for 4.5 h. The reaction 

mixture was then acidified with 10% HCI and extracted with dichloromethane. The organic 

layer was washed with 10% HCI, water and saturated NaCI solution. The organic layer was 

dried over MgSO 4 filtered and evaporated in v a c u o  to yield (10) as a crude solid (6.2 g, 

89%) which was carried to the next step without further purification, m.p. 115-117°C. 1H 

NMR : 8 3.33 (t, 2H, J = 7.3 H_z), 3.41 (m, 4H), 3.84 (s, 3H), 3.92 (s, 9H), 4.26 (t, 2H, J 

= 7.3 Hz), 7.26 (m, 4H), 7.34 (s, 2H), 7.52 (s, 1H), 8.02 (s, 1H). 13C NMR : 8 32.30, 

33.30, 55.89, 56.19, 60.77, 71.05, 92.17, 105.57, 111.70, 128.95, 130.72, 131.38, 131.70, 

132.20, 133.95, 134.27, 151.53, 151.87, 152.94, 196.25, 197.10. IR (cm "l) : 3470, 2931, 

1651, 1458, 1403, 1272, 1125, 1093, 858. FAB-MASS : 671,307, 289, 251, 195, 176, 171, 

165, 154, 143, 136, 120, 107. HRMS : m/z calcd, for C2sOTHzsSIC1 671.0367, found 

671.0395. 

•-•3-Meth•xy-4-(4-•h••r•ph•ny•thi•eth•xy)-5-i•d•pheny•]-4-(3•4•5-trimeth•xypheny•)- 
1,4-butane diol (11) 

To a stirred solution of compound 10 (5 g, 7.4 mmol) in THF (25 ml) and metha- 

nol (2 ml) was added sodium borohydride (0.33 g, 8.6 retool) in three portions at 10°C. 

The reaction mixture was stirred at room temperature for 2.5 h, cooled in an ice-water 

bath, quenched with water and the aqueous layer was extracted with ethyl acetate. The 

organic layer was dried over MgSO 4, filtered and evaporated to afford the compound 

(11) as a foam (4.5 g, 88%) which was used directly in the next step. 1H NMR : 6 1.86 
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(m, 4H), 3.10 (t, 2H, J = 8.0 Hz), 3.80 (s, 3H), 3.86 (s, 9H), 4.12 (t, 21-1, J -- 8.0 I-Iz), 

4.68 (m, 2H), 7.22 (m, 4H), 7.30 (s, 2H), 7.45 (s, 1H), 7.82 (s, 1H). 13C NMR : 8 

34.72, 35.20, 56.12, 56.20, 61.85, 72.10, 93.17, 106.57, 118.20, 129.12, 131.22, 131.82, 

132.10, 132.70, 133.95, 134.27, 149.20, 150.72, 151.53, 151.92, 152.92. IR (era -1) : 3402, 

2937, 1462, 1410, 1274, 1127, 1110, 862. FAB-MASS : 675, 305, 290, 242, 225, 211, 

197, 194, 182, 179, 171, 167, 165, 152, 143, 136, 121, 107, 105. HRMS : m/z ealed, for 

C28H3207SIC1 674.0283, found 674.0292. 

(± ) - t rans -2 -13-Methoxy-4 (  4 - eh lo ropheny l t h ioe thoxy ) -S - iodopheny l ] -5 - (3 ,4 ,5 -  

trimethoxyphenyl)tetrahydrofuran (12) 

To a stirred solution of compound 11 (4.5 g, 6.2 retool) in benzene (45 hal) at 

room temperature was added dropwise orthophosphorie acid (2.3 ml) in benzene (45 ml) 

over 30 rain. The reaction contents were refluxed for 1 h. The reaction was quenched 

with 1N NaOH and benzene (45 ml) was added. The organic layer was washed with IN 

NaOH solution, water and saturated NaC1 solution, dried over MgSO 4, filtered and 

evaporated in vacuo to afford an oily compound 12 (1:1, cis and trans mixture) which 

was used directly in the next step (4.5 g, 84%). 1H NMR : 8 1.96 (m, 2H), 2.45 (m, 

2H), 3.35 (t, 2H, J = 7.1 Hz), 3.82 (s, 3H), 3.84 (s, 3H), 3.88 (s, 6H), 4.11 (t, 2H, J = 

7.1 Hz), 5.17 (m, 2H), 6.61 (s, 2H), 6.92 (s, 1H), 7.26 (d, 2H, J = 8.4 Hz), 7.33 (d, J 

= 8.4 Hz, 2H), 7.35 (s, 1H). 13C NMR : 8 32.30, 33.30, 33.92, 35.67, 55.84, 56.19, 

60.77, 71.05, 92.17, 105.57, 111.70, 128.95, 130.72, 131.38, 131.70, 132.20, 133.95, 

134.27, 151.53, 151.87, 152.94. IR (era "1) : 3469, 2944, 1456, 1418, 1124, 1072, 1268, 

646. FAB-MASS : 656, 642, 626, 531, 513, 499, 474, 417, 239, 223, 211, 209, 197, 

195, 167. HRMS : m/z calcd, for C2sH3006SIC1 656.0482, found 656.0487. 

(±)-trans-2- [3-methoxy-4-(4-ehl o rophenyl th ioethoxy)-5-eyanophenyl] -5-(3 ,4 ,5-  

trim ethoxyphenyi)tetrahydrofuran (13) 

A mixture of compound 12 (4.1 g, 6.2 retool) and CuCN (0.83, 9.2 retool) in DMF (40 

ml) was heated with stirring at 130°C for 5 h. The reaction mixture was cooled, diluted with 

water and extracted with ethyl acetate. The extract was washed with water and saturated 

NaC1 solution, dried over MgSO4, filtered and evaporated to give a mixture of cis and trans 

isomers of 2,5-diaryltetrahydrofuran. The diastereoisomers (13) (almost 1:1) were separated 

by column chromatography using silica gel with hexane - ethyl acetate (1:1) as eluant, to af- 
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ford the title compound. The title compound waspurifed by flash column chromatography 

(silica gel, 2:1 hexane / ethyl acetate) to give an oil (2.6 g, 76%).1H NMR cis : 8 1.99 (m, 

2H), 2.34 (m, 2H), 3.20 (t, 2H, J -- 7.6 Hz), 3.72 (s, 3H), 3.75 (s, 3H), 3.81 (s, 6H), 4.20 

(t, 2H, J = 7.6 Hz), 4.92 (In, 2I-I), 6.58 (s, 2H), 7.21 (s, 2H), 7.30 (m, 4H). trans : 8 1.99 

(m, 2H), 2.49 (m, 2H), 3.36 (t, 2H, J = 7.2 I-Iz), 3.82 (s, 3H), 3.84 (s, 3H), 3.89 (s, 6H), 

4.26 (t, 2H, J = 7.2 Hz), 5.20 (m, 2I-I), 6.61 (s, 2H), 7.16 (s, 2H), 7.27 (d, 2H, J = 8.1 Hz), 

7.32 (d, 2H, J = 8.1 Hz). 13C NMR : 8 35.63, 35.72, 39.12, 39.84, 55.82, 56.21, 60.97, 

70.92, 81.24, 102.56, 109.17, 118.78, 129.12, 130.82, 132.26, 139.24, 139.67, 152.27, 

153.54, 161.82. IR (cm -1) : 3459, 2951, 2224, 1465, 1422, 1128, 1062, 1272, 648. FAB- 

MASS : 555, 543, 541, 525, 414, 373, 355, 237, 218, 210, 197, 195, 187, 182, 180, 179, 

167, 143, 136, 121, 107. HRMS : m/z calcd for C29H3006SC1N 555.0391, found 555.0395. 
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