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Abstract - (i)- A~thrographol ( l a )  and related compounds were synthesized and their 

inhibitory activities against Slipoxygenase were investigated. The l'(Z)-isomer (1 b) of 

arthrographol was found to be three times active than arthrographol itself. 

Aahrographol ( la)  was isolated as an antibiotic and a chitin synthase inhibitor from the metabolites of 

~ r t h r o g r ~ h i s ~ i n i c o ~  and Aspergillus o r y ~ a e . ~  Recently, arthrographol was found to be a potent 

inhibitor3 of 5-lipoxygenase which is the first enzyme in the course of the biological transformation of 

arachidonic acid to leukotrjenes causing inflammation and allergy. We describe here syntheses of(*)- 

atthrographo14 (la)  and its isomers ( l b  and 2) and their inhibitory activities against Slipoxygenase. 

Figure 1 
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Treatment of 3.4-diiydroxybenzaldehyde (3) with benzyl bmmide gave a dibenzyl derivative (5) in high 

yield (97.4 %) . Baeyer-Villiger oxidation of 5 with m-chloroperbenzoic acid (m-CPBA) afforded 3.4- 

dibenzyloxyphenol(7.82 %) which was converted into a Mannich base ( 9 , n  %) by the action of 

dimethylamine - formaldehyde. 

3:R1=~;R2,R3=0H 5 : R 1 = ~ ; R 2 , R 3 = 0 ~ n  7: R' = H; Fi2, R3 = OBn 

4: R', R3 =OH; R2 = H 6: R', R3 = OMOM; R2 = H 8: R', R3 = OMOM; R2 = H 

9: R' = H; R2, R3 = OBn 

10: R', R3 = OMOM; R2 = H 

1 1 : R 1 = ~ ; R 2 , R 3 = 0 ~ n  

12: R', R3 = OMOM; Ft2 = H 

13: R', R3 = OH; R2 = H 

14: R', R3 = OEE; R2 = H 

15: R' = H; R2, F13 = OBn; R = CH,OH 19a: R' = H; F12, R3 = OBn ( I 'E,  3 'E )  

16: R' = H; R2, R3 = OBn; R = CHO 1%: R' = H; F12, R3= OBn ( I1Z,3 'E)  

~ o ~ : R ' , R ~ = o E E ; R ~ = H ( I ' E , ~ ' E )  
17: R', R3 = OEE; R2 = H; R = CH20H 

20b: R'. R3 = OEE; R2 = H ( I1Z,3'E ) 
18: R', R3 = OEE; R2 = H; R = CHO 

Scheme 1 
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Reaction of 9 with etho~~carbon~lmethyldimeth~lsulfonium bromide5 in the presence of potassium 

carbonate gave a dihydmbenzofuran derivative (1 1,593 %). Reduction of 1 1 with lithium aluminum 

hydride gave an alcohol (1 5,943 %) which was subjected to Moffat's oxidation to produce an aIdehyde 

(1 6 ,618  %). Wittig reaction of 16 with triphenylphosphonium E -butene ylide led to the formation of a 

mixture of 1'(E ), 3'(E )- (19a) and l'(Z ), 3'(E )diene (19b. 70.6 %) in a ratio of 1 : 1 on the inspection 

of its l ~ - m  spectrum. Althogh the reason is not clear, all trans-isomer was obtained as a sole product 

after cleavage of benzyl groups of the mixture (19s and 19b) with Me2S-BF3.W. During this 

deprotection procedure, considerable amounts of the products might be decomposed (-30 % yield). 

Therefore, we employed more readily removable pmtective group than benzyl one in the synthesis of 

arthrographol. Protection of the hydmxyl p u p s  of 2,4dihydmxybenzaldebyde (4) was performed by the 

action of methoxymethyl chloride (MOM-CI) - N,N-diisopmpylethylamine and then the resulting 

methoxymethyl derivative(6) was converted into a dihydmbenzofuran derivative (1 2) according to the 

similar procedures used in the synthesis of 1 1. Removal of methoxymethyl groups of 1 2  followed by 

reprotection of the resulting bydroxyl groups with ethyl vinyl ether1 pyridiniump -toluenesulfonate (PPTS) 

yieldedanethoxyethyl derivative (1 4).6 Compound (1 4) was transformed into a mixture of 1'(E ), 3'(E 

)- (20a) and l'(Z ), 3'(E)-diene (20b) (49.4 %, ma : 20b = 1 : 9)7 by a series of similar reactions used 

in the synthesis of 19. Deprotection of the mixhlre (20a and 20b) with MeOH-H20-AcOH (50 : 50 : 1) 

gave a mixture of (*I-arthrographol ( la)  and its isomer (lb) which was separated by highperformance 

liquid chromatography (hplc). Treatment of the mixhue ( la  and lb)  with diphenyl disulfides gave (*)- 

atthrographol (la). The 1 ~ - n m r  (400 MHZ) and mass spectra of synthetic arthrographol were identical 

with those of natural arthrographol. While synthetic anhrographol and its isomer (2) showed similar 

inhibitory effect against Ilipoxygenase to that of natural (-)-atthrogmphol (ICw = 2.0 pglml), I'(Z ), 3'(E 

)-isomer 2 (ICw = 0.7 pglml) was found to be three times active than arthrographol itself. 

EXPERIMENTAL 

Melting points were determined using a Yanagimoto Melting point Apparatus Yanaco MP and are 

uncorrected. IH- and 13~-nmr were recorded on a JW)LJNM-GSX 400 spectrometer in CDCb 

containing tebamethylsilane as an internal standard unless otherwise stated. Masss spectra were taken on a 

HlTACHI M-2000 double-focusing spectrometer. High performance liquid chromatography (hplc) was 

nm on a Waters 600E system instrument. 
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3,4-Dibenzyloxybenzaldehyde (5) A mixture of 3.4-dihydroxybenzaldehyde (3) (20 g, 145 

mmol), K2C03 (40 g, 290 mmol) and benzyl bromide (49.6 g, 290 mmol) in acetone (300 ml) was stirred 

at 80 OC for 6 h. After filtration of the reaction mixture, the filtrate was poured into Et2O. The organic 

layer was washed with brine, and dried over MgS04. After evaporation of the solvent, crude material was 

recrystallizedfrom AcOEt-hexane to give 5 as pale yellow needles (44 g, 97.4 %). mp 84 - 85 "C (lit.,9 

mp 90 - 92 T ) .  

2,4-Dimethoxymethyloxybenzaldehyde (6) A solution of 2,4diiydroxybenzaldehyde (4) (20 g, 

145mmol),MOM-Cl(35 g, 435mmd) and N,N-diisopropylethylamine (56.2 g, 435 mmol) inTHF (180 

ml) was stirred under ice-cooling for 1 h, and then the stimng was continued at room temperature for 24 h. 

The reaction mixture was filtered and the filtrate was concentrated in v ~ l o .  The residue was dissolved in 

AcOEt and washed with brine. The AcOU layer was dried over MgS04. After evaporation of the 

solvent, the residual oil was p d ~ e d  by column chromatography on silica gel eluted with hexane-AcOEt (5  

: 1) to afford 6 (303 g, 92.4 %) as a colorless oil. EIms m lz: 226 (M)+(100), 181 (M-CzH50)+(52). 

I H - N ~ ~  8: 3.49.3.53 (3H, each, s), 5.22.5.29 (2H, each, s), 6.75 (lH, dd, J=2.2,8.8 Hz), 6.83 (lH, 

d, J=2.2 Hz), 7.81 (lH, d, J= 8.8 Hz), 1035 (lH, s, CHO). Anal. Calcd for CllH1405: C, 58.40; H, 

6.24. Found: C, 58.54; H, 6.28. 

3,4-Dibenzyloxyphenol(7) A solution of 5 (18 g, 56.5 mmol) andm -CPBA (15 g, 60.9 mmol) 

in AcOEt (200 ml) was stirred at room temperature overnight, and then AcOEt (300 ml) was added. The 

mixture was washed with satd. NaHC% and brine, and dried over MgS04. After evaporation of the 

solvent, the residue was dissolved in THF (50 ml) and then 15 % NaOH (50 ml) was added. The mixture 

was stirred at room temperature for 30 min. The resultant solution was acidified with 15 % HCl to pH 2 at 

0 "C and extracted with AcOEt. The extract was washed with brine and dried over MgSO4. After 

evaporation of the solvent, m d e  product was collected by precipitation from CHCl3 - hexane. Purification 

of the crude product by column chromatography on silica gel eluted with hexane-AcOEt (2: 1) afforded 7 

(14.2 g, 82.0 %) as pale yellow fine needles. mp 99 - 100 'C ( AcOEt - h e m e )  (lit.,lO mp 110.5 - 

11 1.5-C). 

2,4-Dimethoxymethylorgphenol (8) Compound (6) was treated as mentioned above to afford 8 

(79.2 %, a colorless oil). EIms mlz: 214 (M)+(70), 45 (C2H50)+(100); HRms: found, mlz 214.0862 

M+; calcdforC13H21N05,214.0832. I H - N ~ ~  8: 3.48.3.52 (3H, each, s), 5.09.5.18 (2H, each, s), 

5.64 (lH, hr s, OH), 6.65 (IH, dd, J=2.9, 8.8 Hz), 6.83 (lH, d, J=2.9 Hz), 6.85 (IH, d, J= 8.8 Hz). 
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4,5-Dibenzyloxy-2-dimethylaminomethylphenol (9) To a mixture of 7 (1 1.0 g, 35.9 mmol), 50 

% MqNH (3 1.6 g, 0.36 mol) and Hz0  (50 ml) in THF (50 ml), a solution of 37 % HCHO (29.1 g, 0.36 

mol) in H20 (50 ml) was added slowly at room temperature. The mixture was stirred for 2 hand allowed 

to stand overnight. The reaction mixture was extracted with AcOEt and the combined extract was washed 

with brine, dried over MgS04. The organic solvent was evaporated in vonro to leave an oil which was 

purified by silica gel column chromatography eluted with CHQ-MeOH (10 : I) to afford 9 (9.39 g, 72.0 

%) as a yellow-orange powder. Recrystallization from hexane gave colorless fine needles. mp 58 - 59 "C. 

EIms m lz: 363 (M)+(1.9), 91 (M-C7H7)+ (100). I H - N ~ ~  8: 2.29 (6H, s, N(CH3)2), 3.50 (2H, s ), 

5.02 (2H, s), 5.10 (2H. s), 6.51 (IH, s), 6.51 (IH, s), 7.287.45 (10 H, s). Anal. Calcd for 

C23H25N03: C, 76.00, H, 6.93; N. 3.85. Found: C, 76.14; H, 6.93; N, 3.93. 

4,6-Dimethoxymethyloxy-2-dimethylaminomethylpbenol (10) Compound (8) was covered 

into a Mannich base (1 0) according to the p m d u r e  mentioned above. (91.1 %, a reddish oil). EIms 

mlz: 271 (M)+(95), 226 (M-C2H50)+(99); HRms: found, m/z 271.1383(M+); calcd forC13H21NO5, 

271.1418. l ~ - N m r  8: 2.33 (6H, s, (CH3)2N), 3.48.3.53 (3H, each, s), 3.60 (2H, s, CHfl), 5.07, 

5.21 (2H, each, s), 6.40 (IH, d, J=2.9 Hz), 6.81 (IH, d, k2.9 Hz), 7.27 (lH, s, OH). 

5,6-Dibenzyloxy-2-ethoxycarbonyl-2,3-dihydrobenzofran (11) A mixture of 

ethoxycarbonylmethyldimethylsulfonium bromide (2.06 g, 9 mmol) and K2C03 (1.24 g, 9 mmol) in DMF 

(10 ml) was stirred at room temperature for 5 h and then compound (9) (1.09 g, 3 mmol) was added to the 

mixture. The reaction mixture was stirred at 60 - 70 "C for 4 h. After cooling, the mixture was filterd and 

the fdtrate was diluted with AcOU The AcOEt solution was washed with brine, dried over MgS04 and 

then the solvent was evaporated in vocuo to leave an oil which was pded by silica gel column 

chromatography eluted with haxane-AcOEt (5 : 1) to afford a pale yellow oil. The product crystallized 

upon the addition of hexane was collected by filtration to give 1 1 (0.72 g, 593 %) as colorless fine 

needles. mp 68 - 69 "C. Elms m lz: 404 (M)+(6.9), 91 (M-C7H7)+(100). l ~ - N m r  8: 1.30 (3H, t, J=7.0 

Hz), 3.26 (lH, dd, k7.0, 15.4 Hz), 3.44 (lH, dd, J=10.6, 15.7 Hz), 4.25 (2H, q, J=7.0 Hz), 5.04 

(2H, s), 5.10 (2H, s), 5.1 1-5.16 (lH, m), 5.59 (IH, s), 6.79 (IH, s), 7.287.44 (10 H, m). Anal. Calcd 

for C25H2405: C, 74.24; H, 5.98. Found: C, 74.47; H, 6.01. 

2,3-Dihydro-5,7-dimethoxgmethyloxy-2-ethoxycarbonylbenzofuran (12) Compound 10  

was converted into a dihydrobenzofuran (1 2) according to the procedure mentioned above. (57.5 %, a 

pale yellow oil). Elms m lz: 312 (M)+(88); HRms: found, m/z 312.1 188(M+); calcdfor C 1 5 H 2 0 ,  
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312.11%. l ~ - N m r  8: 130  (3H, t, J=7.0 Hz) 3 3 4  (lH, dd, J4 .2 ,  16.1 Hz, H-3). 3.47,3.51(3H, each, 

s), 3.52 (IH, dd, J=10.6, 16.1 HZ, H-3). 4.25 (ZH, q, J=7.0 Hz), 5.20 (lH, dd, J=6.2, 10.6 Hz, H-2). 

5.07.5.21 (ZH, each, s), 6.60 (lH, d, J=2.9 Hz), 6.71 (IH, d, J=2.9 Hz). 

2,3-Dihydro-5,7-dihydrox~2-ethoxycarbonylbenzofran (13) A solution of 1 2  (7.42 g, 

23.8 mmol) and 12 N HCI I MeOH (3 ml) in THF (25 ml) was stirred under ice-cooling for 5 h. The 

reaction mixture was diluted with AcOU and the organic layer was washed with sat& NaHCC& and brine, 

dried over MgS04. The solvent was evaporated in vacua to leave a reddish oil which was purified by 

silica gel column chromatography eluted with hexneAcOEt (I : I) to afford white crystals. 

ReqstallizationfmmAd3.u-hexane gavel 3 (3.08 g, 57.7%) as colorless prisms. mp 175 - 176 "C. 

EIms: m lz: 224(M)+(83), 151(M-C02Et)+(100); HRms: found, mlz 224.0734(M)+; calcd for 

CllH1205.224.0676. l~ -~mr(ace tone-dg  8: 1.26 (3H, t, J=7.0 Hz) 3.25 (IH, dd, J4.7,  15.7 Hz, 

H-3). 3.48 (IH, dd, J=103, 15.7 Hz, H-3), 4.20 (ZH, q, k 7 . 0  Hz), 5.14 (lH, dd, k6.7, 10.3 Hz, H- 

Z), 6.21 (1H. d, k2.2 Hz), 6.24 (IH, d, k2.2 Hz), 7.74, 8.00 (lH, each, s, OH). 

5,7-Bis(l-ethoxyethyloxy)-2-ethoxycarbonyl-2,3-dihydrobenzofran (14) A solution of 

ethyl vinyl ether (12.6 ml, 1338 mmol) in CH2C12 (10 ml), 13 (3.0 g, 1338 mmol) in THF (20 ml) and 

PFTS (251 mg, 1 mmol) was stimd at mom temperature for 0 5  h. The mixture was diluted with AcOU 

and the organic layer was washed with satd. NaHC03 and dried over MgSO4. The organic solvent was 

evaporated in vacua to leave a yellow oil which was purified by silica gel column chromatography eluted 

with hexane-AcOEt (4 : 1) to afford 1 4  (4.61 g, 93.5%) as a colorless oil. EIms mlz: 368 (M)+(0.9), 224 

(MCqHg0 x 2)+(100); HRms: found, mlz 368.1795(M)+; calcdforClgH2807,368.1820. 1H-Nmr 

(acetone-&) d: 1.151.18 (m, CH3 x 5). 3 3 2  (IH, dd, 54.2, 16.1 Hz, H-3). 3.51-3.66 (3H,m), 3.76- 

3.91 (ZH, m), 5.16-5.22 (ZH, m), 5.49 (IH, m, H-2). 6.56 (IH, br s), 6.63-6.67 (lH, m). 

5,6-Dibenzyloxy-2-hydrorymethyl-2,3-dibydro~nzof~ran (15) Compound (1 1) (1.93 g, 

4.77 mmol) in THF (20 ml) was added dropwise to a stirred suspension of L i H 4  (1 g, 26.4 mmol) in 

THF (10 ml) under ice-cooling. After 0.5 h, Hz0 (1 ml), 15 % NaOH (I ml), and Hz0 (3 ml) was 

added slowly in that order under stirring, and then MgSOqwas added and stirring was continued for 0.5 h 

at room temperature. The mixture was fdterd and the filtrate was evaporated in vacua to give 1 5  (1.63 g, 

943 %) as a colorless oil, which crystallized upon cooling as white crystals, was used in the next step 

without further purification. mp 145 - 146 "C. Elms m lz: 362 (M)+(15), 91 (M-C7H7)+(100). 1~-NRU 

6: 1.86 (1H. t. J=5.9 Hz. OH). 2.90 (1H. dd. J=7.7. 15.4 Hz). 3.14 (1H. dd. k9.5. 15.4 Hz). 3.68- 
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3.74 (lH, m), 3.78-3.83 (lH, m), 4.854.88 (lH, m), 5.04 (2H, s), 5.10 (2H, s), 6.48 ((lH, s), 6.80 

(lH, s), 7.27-7.44 (10H. m). Anal. Calcd for C23H2204: C, 76.23; H, 6.12. Found: C, 76.09, H, 

6.13. 

5,6-Dibenzyloxy-2-formyl-2,3-dibydrobe~ran (16) A solution of 15 (3.12 g, 8.61 

mmol), N,N '-dicyclohexylcarbodiimide (7.10 g, 34.4 mmol) and 1M H3PO41DMSO (4 ml) in DMSO (40 

ml) was stirred at room temperature for 3 h. The reaction mixture was diluted with CHCl3 (50 ml) and 

filterd. The filtrate was diluted with AcOEt (200 ml) and then washed with brine, dried over MgS04. The 

organic solvent was evaporated in vacuo to leave a pale yellow oil which was purified by silica gel 

columnchromatography eluted with CHC13-AcOEt (91) to afford 1 6  (1.92 g, 61.8 %) as white crystals 

which was used in the next step without further purification. mp 44 - 45 "C. Elms m lz: 360 (M)+(ll), 91 

(MC7H7)+(100); HRms: found, m/z 360.1333(M)+; calcd for C23H20Q1, 360.1352. 

5,7-Bis(l-ethoxyethyloxy)-2-hydroxymethyl-2,3-dihydroknzofuran (17) Compound (1 4) 

was reduced with W H 4  to give an alcohol (1 7) according to the procedure mentioned in the case of 

reduction of 1 1. (90%. a colorless oil). Elms m lz: 326 (M)+(1.4), 182 (M-C4HgO x 2)+(73); HRms: 

found, m/z 326.1730(M)+; calcdforC17H24Qj. 326.1716. l ~ - N m r  6: 1.17-1.24 (m, CH3 x 2). 1.44- 

1.51 (m, CH3 x 2). 3.01 (lH, m, H-3). 3.21 (lH, m, H-3). 3.51-3.85 (6H, m), 4.884.94 (lH, m), 5.20 

(lH, dd, J=5.1, 10.2). 5.40-5.48 (IH, m), 6.56-6.86 (2H, m). 

5,7-Bis(l-ethoxyethyloxy)-2-formyl-2,3-dihydrobemofuran (18) A solution of (COC1)2 

(0.95 ml, 10.2 mmol) in CH2Cl2 (30 ml) and DMSO (1.59 ml, 20.4 mmol) in CH2Cl2 (20 ml) was stirred 

at -78 OC for 10 min and then 1 7  (3.03 g, 9.28 mmol) in CH2Cl2 (20 ml) was added to the stirred solution. 

After 1.5 h, TEA (6.5 ml, 46.4 mmol) was added and the stirring was continued for 15 min. The reaction 

mixhue was allowed to warm up to room temperature in 1 h. Water (10 ml) was added to the mixture and 

then organic layer was washed with brine, dried over MgS04. The organic solvent was evaporated in 

vncuo to leave a yellow oil which was purified by silica gel column chromatography eluted with Et2O to 

afford 18 (1.88 g, 62.4 %)as a pale yellow oil which was used in the next step without further 

purification. Elms m lz: 324(M)+(2.2), 18 (M-C&gO x 2)+(100); HRms: found, m/z 324.1554(M)+; 

calcdforC17H24@j, 324.1560. l ~ - N m r  8: 1.17-1.48 (m, CH3 x 4). 2.98 (lH, m, H-3). 3.24 (lH, m, 

H-3). 3.21 (1H. m, H-3). 3.51-3.85 (6H, m), 4.W.94 (lH, m), 5.20 (lH, dd, J=5.1, 10.2), 9.86 (lH, 

br s, CHO). 

5,6-Dihenzyloxg-2,3-dihydro-2-(1',3'-pendienyl)beofuran (198 and 19b) Amixture 
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of NaH (60 % in oil, 102 mg, 2.55 mmol), 2-butenyl triphenylphosphonium bromide (1.0 g, 2.55 mmol) 

in THF (10 ml) was stirred at room temperature. After 15 min, compound (1 6) (610 mg, 1.69 mmol) in 

THF (5 ml) was added and the stirring was continued for 5 h. Satd. NHqCl(10 ml) was added to the 

mixture and then it was extracted with AcOEl. The AcOEt solution was washed with brine, dried over 

MgS04. The organic solvent was evaporated in vacw to leave a yellow oil which was purif~ed by silica 

gel column chromatography eluted with haxane-AcOEt(9 : 1) to afford amixture of the isomeric dimes 

(19a) and (19b) (475 mg, 70.6 %) as colorless crystals. mp 42 - 43 'C (mixture of 19a and 19b). EIms 

mlz: 398 (M)+(6.0), 91 (M-C7H7)+(100). Anal. Calcd for CnH26qj: C, 8138; H, 6.58. Found: C, 

81.08, H, 6.58. 

5,7-Bis(l-ethoxyethyloxy)-2,3-dihydro-2-(1',3'-pentadienyl)benzofnran (20s and 2Ob) 

Compound (1 8) was converted into a mixture of the isomeric dienes (2Oa : 20b = 1 : 9) according to the 

procedure mentioned above. (49.4 %, a colorless oil). Elms m lz: 362 (M)+(2.5), 218 (M-@&)+ 

(100); HRms: found, m/z 362.207qM)+; calcd for C21H3005.362.2080. 

5 , 7 - D i h y d r o x g - 2 , 3 - d i h y d r o - 2 - ( 1 ' , 3 ' - p e n ~ r a n  (Isomeric dienes ( la)  and 

(lb)) The mixture of 20a and ZOb (420 mg, 1.16 mmol) in MeOH (5 ml) and AcOH-MeOH-Hz0 (1 : 

50 : 50,30 ml) was stirred at room temperature for 3 h. Satd. NaHC03 (50 ml) was added to the mixture 

and it was extracted with AcOEl(50 ml). The AcOEl solution was washed with brine, dried over MgS04, 

The organic solvent was evaporated in v ~ l o  to leave a pale yellow oil which was purified by silica gel 

column chromatography eluted with haxane-AcOEt (3 : 1) to afford a mixture of the isomeric dienes ( la)  and 

( I  b) as colorless needles ( 230 mg, 90.9 %). mp 86 - 89 "C (CH2Q2-hexane). 

Isomerization to the l'(E) ,3' (E)-Isomer ( la)  The mixture of the dienes ( l a  and lb)  (70 mg, 

031 mmol) and diphenyl disulfide (13 mg, 0.06 mmol) in THF (5 ml) was heated under reflux for 16 h. 

The solvent was evaporated and the residue was purified by column chromatography on silica gel eluted 

with hexane-AcOEt (3 : 1) to afford (E ), (E )-la as colorless needles (66 mg, 95.8 %). mp 114 - 116 "C 

(AcOEl-CH2CI2-hexane) (lit.,l mp 124 - 126 "C). 

Separation of 2,3-dihgdro-5,7-dihydrorg.2-(1',3'-pentadienyl)benzofnran ( l a  and lb) 

The mixhlre ( l a  and 1 b) was separated by hplc (Shodex-SILSE 10 x 250 mm, hexane-AcOEt = 3 : 1) 

to give la  (retention time: 163 min) and 1 b (retention time: 17.4 min). 

5,7-Dibydroxy-2,3-dihydro-2-[(1'(Z),3'(E)-~ntadienyl)]bemfman (lb) Pale yellow oil. 

Elms m lz: 218 (M)+(100), 163 (M-CqH7)+(67), 138 (M-CgHs)+(74); HRms: found, m/z 218.0948 
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(M)+; calcdforCi3H14qj. 218.0936. l ~ - N r n r  6: 1.82 (3H, br d, k6.6 Hz, H-5'). 2.95 (lH, dd, J= 

7.8, 15.4 Hz, H-3), 3.32 (lH, dd, J=8.8, 15.4 Hz, H-3) ,4.72, 5.16 (lH, each, br s, OH), 5.52 (lH, 

dd, k9.5, 103  Hz, H-1'). 5.65 (lH, ddd, k7.8, 8.8, 9.5 Hz, H-2), 5.86 (lH, dq, k6.6,  14.7 Hz, H- 

4'); 6.20 (lH, t, k10.3 Hz, H-Z'), 6.26 (lH, d, k2 .2  Hz, H-4). 6.27 (lH, d, k2.2  Hz, H-6). 6.39 

(lH, dd, J=11.0, 14.7 Hz, H-3'). 13c-Nmr6: 18.qC-5'). 37.8 (C-3). 79.8 (C-2). 102.6 (C-6). 103.6 

(C-4), 126.1 (C-37, 126.8 (C-1'). 128.1 (C-3a), 132.4 (C-Z'), 133.3 (C-4'). 140.1 (C-7a or C-7), 140.3 

(C-7 or C-7a), 150.4 (C-5). 

5,6-Dihydroxy-2,3-dihydro-2-[(1'(0, 3'(B-pentadienyllbemofnran (2) Themixtureof 

dienes (199 and 19b) (950 mg, 238  mmol), Me2S (9.5 ml, 129.4 mmol) and BFyEt20 (6 ml) in 

CH2CI2 (8 ml) was stirred at -20 OC for 3 h. The mixture was allowed to warm up to room temperature in 

1 h. Water (15 ml) was added to the mixture and it was extracted with AcOEt (15 ml). The AcOEt solution 

was washed with satd. NaHC% and brine, dried over MgS04. Evaporation of the soluvent gave a 

reddish oil which was purifted by column chromatography on silica gel eluted with hexane-AcOEt (2 : 1) to 

afford a solid. Recrystallization fmm AcOEt-hexane gave 2 (162 mg, 3 1.2 %) as colorless needles. mp 

129 - 130 "C. Elms m lz: 218 (M)+ (100); HRms: found, m/z 218.-M+); calcdforC13H14Q. 

218.0936. l ~ - ~ m r ( a c e t o n e - ~ )  6: 1.72 (3H, dd J=1.5,6.6 Hz, H-S), 2.80 (lH, dd, J=7.3, 15.4 Hz, 

H-3). 3.20 (IH, dd, k9.5, 15.4 Hz, H-3). 5.09 (lH, m, H-2). 5.68-5.79 (2H, m, H-1' and H-4'). 6.08 

(lH, br dd, 14.7, 103 Hz, H-3' ), 6.27 (lH, dd, k10.3, 15.4 Hz, H-27, 6.26 (lH, s), 6.64 (lH, s), 

7.D7.70 (2H, 2 lump, OH). 13c-Nmr 6: 18.1 (C-5'). 36.9 (C-3). 84.1 (C-2), 98.1 (C-4). 112.5 (C-7). 

117.2 (C-3a), 131 (C-1' and C-3'). 131.7 (C-2'). 132.6 (C-4'). 139.4 (C-7a), 145.5 (C-5 or C-6). 153.8 

(C-5 or C-6). 

Method of 5-Lipoxygenase Inhibition ~ s s a ~ l l  lnhibitionof5-lipoxygenasewasdetermined 

using crude enzyme prepared fmm rat basophilic leukemia (RBL1) cells. Arachidonic acid (100 pM) 

conversion to SHETE with CaC12 (ImM), ATP (1 mM) and the enzyme solution in 0.1 M Tris-HCI buffer 

(pH 7.5) was measured by reversed phase hplc analysis. The inhibitory activity was calculated according 

to the measurement of converted SHETE with or without a test compound in the assay system. 
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