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Abstract - (l’R,ZR)-Isomer of biicarenone (1) was synthesized. By comparing its ORD spectrum with that of the naturai 

product, the marine Q7 hydroquinone isolated as an inhibitor of mitotic ceiI division was shown to be (l’S,2’S)-1. 

In 1980 Fenicai and his co-workers isolated biicarenone, an inhibitor of mitotic ceii division, from the brown seaweed 

(8ffurcarfa 9aalapauensls) harvested in Galapagos Isiamb Its structure was proposed as 2 on the basis of chemical and 

spectroscopic studies, without assignment of the absolute contiguration.l Our synthesis of (+)-3, however, reveaied its 

spectroscopic properties to be different from those of natural bifurcarenone? By synthesizing (zt)-1, we were able to show that 

the naturai product is either (l’R,2’R)-1 or its antipode. Herein we report a synthesis of (l’fQ’R)-1. This enabled us to assign 

(l’S,ZS)-1 for the structure of naturai bifurcarenone. 

Our synthetic plan for (l’R,ZR)-bihncarenone (1) is shown in Fig. 1. Optical resolution of a hemiacetai (+)-3 seems feasible via 

an acetai 4, which cau be derived from (+)-3 and (-)-menthol. Previous exampics are recorded on the resolution of racemic 

hemiacetals via their acetais with opticaiIy pure aicohois.3~4 The resolved acctaI3 can be converted to 5, the raccmate of which 

was an intermediate in our previous synthesis of (2)-l. Accordingiy, optically active 1 can be synthesized from optically active 5. 

Synthesis and Optical Resolution of the Hemiscstsi (k)-3 

The known lactone (*)-Gs served as the starting material of the present synthesis, hire in our previous synthesis of (2)-l. As 

shown in Fig, 2, LAH reduction of (&)-6 gave a dioi ( A)-7, which was treated with 1 eq of hityi chloride to give (&)-8 as the 

major product in 58% yield born (*)-6. Another monotrityl ether (+-)-9 and b/s-trityi ether (+)-lo were aiso obtained as 

by-products. Swem oxidation6 of (2)-S furnished an aidehyde (2)-l 1 in 98% yield, which was treated with 80% AcOH to give 

the desired hemiacetai (+)-3 together with its dimer (k)-12. 

Four diastereomers (4a-4d) of the acetai 4 was provided by heating (2)3 and (+)-12 with (-)-menthol in the presence of 

pTsOH in benzene at reflux. The ratio of these four diastereomers was estimated to be 4&4b:4Wd = 43:32:19:7 by ‘H NMR 

analysis at 250 MHz (see JZxperimentai). Fractional recrystaiiization of the crude mixture was repeated eight times to give pure 45, 

m.p. g5.5-s650C, in 14% yield from (k)-11. The structure 4a was given to this acctai by its X-ray crystallographic anaiysis as 

shown in Pi 3. The mother iiquor was further purified by SiO2 chromatography to give pure 4b, m.p. 66.567.5”C, the structure of 

+Diterpenoid Total Synthesis - 23. Part 27, Mori, K and Uno, T. Tetrahedron 1999, 45,1945-1958. The cxperimmtal part of 

this work was taken from a part of the forthcoming doctoral dissertation of Uno, T. The X-ray crystaiiographic work was done by 

Xido, M. 

IResearch Feiiow on leave from Otsuka Pharmaceuticsi Co., Ltd. (1987-1989). 
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Fig.1. SynttWic plan for (IY?, T/?j - biftmamnone ( 1). 

which was aho solved by its X-ray CrystaUoSrapbic auaiy& (Fii 3). Tbc structures of tkc remaiuiug two aeetals, 4~ and 4d, were 

determiucd by their derivation from 4b and 42, respeetivcty, by equilibration under acidic condition. 

Tire pure acetal4a was then treated with 2~ HCI to give (lR$R)-3, wkick was redueed with LAH to give a diol (U&D?)-5 (Fit 

4). Tritytation of (lR,2R)-7 was wried out in the same mamrer as for (rt)-7 to give the monotrityl ether (tR,2f?)-8 together with 

by-products. The free OH group of 8 was then protected as t-butyklimetbylsilyl (TBS.) et&r. The re+mkiog (lR,2R)-13 was treated 

with Na/NHS to remove tbt trityf proteetivc group, &&g (lR,2R)-14. Swem oxidation of 14 yielded au aldcbyde (lR;LR)-16. 

Beyond this step, we followed the procedure developed by us for the syutke& of ( *)-1,2 aed (l&2/9-5 was prepared from lb. 

Tire overati yield of (l&2@5 from 4a was 34% in nine steps. 
Synthw+ta of (l’f?,2’ff)-Btfuroarenone (1). 

Accord&S to tire previously reported method for tire syntbesia of (zt)-1, we converted {IF@?)-5 to (l’R,2’ff)-1 as shown in Fii 

5. Tbc anion derived from 6 and IDA was alkylated with 18’ to give IQ. Selective removal of the EZE protective tgroup of 19 with 

HCI-CHC13 was folIowed by treatmeut witk 2% NaOH-Et30 to give a ketone 20. Tkis was reduced with NaBH4 to g&e 21, tire 

bydroxy group of which was protected by acylation with pivaloyl chloride to fumisk 22. Deprotcction of the silyl ether of 22 
yielded 23, Swem oxidation of which gave ae aldcbyde 24. Addition of tire d&ion derived from ~metbyl-l-bum-~oi to 24 
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O-(-)-Menthyl = 6-(-)-Menthyl 

4a 4b 4c 4d 

Tr = Ph3C- 

Rcagentsz (a) H(91%); (b) TrCl(64%); (c) (COCl~ DMSO. QN (98%); (d) 80% ASH ; (~1 (-)-Menthol P-TsOH 

Fig.2. Synthesis and optical resolution of the hemiacetal (k) - 3 

4b 

Fig.3. Structures of 4a and 4b n 
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Rcagcnw (a) 2N HCVationc (98sb); (b) LW (86%); (c) TrCl(6(48); (d) TB!X& imibubWDMp (!JWQ (c) N-3 

(98%); (9 (CXXI), DMSO. Et3N (97%); @‘lWSCN, ?kI$ (h)citric acidh@eOH [SO% from (u22R)-r& 

(f) Et0CH~Cl-x~ PPTS/CH$zl2 @4%) 

Fig.4. Synthesis of the key chiral building block 5 . 

f’umkkd 25. Removal of the MOM protectiw groups of 25 was followed by partial silylation with TBSCl to give 26. LAH 

rcdudion of 26 cffcctcd both reduction of the triple bond to an (E)-double bond and removal of the pivaioyl pro&&z group to 

f&r&b 27. Swcm oxidation of 27 afforded 26, which was dcsilyktcd with HP to give (l’RJ’R)-biicarenone (1) in 6.W yield in 

ckvcn steps brom 5 or 0.16% overall yield in twenty six steps from 6. 

Absolute Conf@rmIlon of Eifurcarenone (1) 

To establish the absolute configuration of the natural product, we measured the ORD spectra of both the natural and the 

syntbctic bicarcnonc.s. As shown in Fig. 6, (1’/?,2’R)-1 showed an ORD spectrum antipodal to that of the natural biicarcnone 

(1). The absolute c&iguration of biicarenone was therefore determined to be 1’$,2’S. 
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Reagents: (a) L.DA.18 (74%); (b) HCUCHU~; (c) 2% *OH/Et20 (76% from la); (d) NaH4 (98%); (c) t-BucoQ 

(%%); (f) (cBu)~NF (86%); (g) (COCI)2, DMSO, Et3N (95%); (b) Imthyf-I-butW-ol, *R~-HMPA (90%); (I? 6N 

H-, (j) TF~C~, imidw.oWDMF (76%); (k) LAH (83%) (I) (COC& DMSO, Et3N (95%); (m) 10% HF/MeCN (S@@. 

Fig5 Synthesis of (1’ R , 2’ R) - bifmamone ( 1 ). 

250 300 350 400 (nm) 

Fig.6. ORD curves of the natural and synthetic bifurcarenone ( in MeOH ) . 
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EXPERIMENTAL 

A8 mps were unmrrwbxl. IR spectra were measured as films on a Jaseo IRA-102 spectrometer unless otherwise stated. lH 

NMB spectra were recorded with TMS as an internal standard at 100 MHz on a JBOL JNM PX-100 spectrometer unless other&e 

stated. 250 MHZ lH NMB spectra were recorded on a Bruher AC 250 spectrometer. Optical rotations wue measured on a Jasco 

DIP 140 polarimeter. OBD spectra were measmed on a Jaseo J-20C spectrotxkimeter. Mass spectra were rem&d on a JBOL 

DX-303 spectrometer at 70 eV. Merck Kiese&el60 Art. 7734 was used for SiO, column chromatography. 

Im*.2R~~-2-HydroxymsmY~L2-dBnemylcyc&pentaneethanol7. To a stirred suspension of LAH (l2.5 S, 0.329 mmol) in 

ether (@IO ml) was added a soln of 6 (50.0 S, 0297 mot) in ether (200 mot) at (PC. After stir@ ovemi& at room tcmp, the 

Mction~Wllll~byaddingwatar(125ml),15%NaOHaq((125mI)aadwatsr(n5ml). Thecthersohrwasdried 

(MgsO4) and mneenkated h vaooo. The residue was ehromatographed owr SiD3 (1 Lg). Ablution with r&xan~AeCBt 

(2&l-0:1) gala 468 g (91%) of 7. This web recrystallized horn o-hexaneBt~0 to ~iw mlorkss needles, m.p. 67.067% umax 

(KBr) 3350 (s), 2!WJ (s), 2880 (s), 14&l (m), 1450 (m), 1380 (m), 1360 (m), 1050 (s), 1030 (s), 990 (m) cm-l; C (CDCQ 0.92 (3H 6). 

098 (3H, s), 13-1.9 (SH, m), 1.91(2H, s, OH), 3.44 (lH, d, J= 11 Hz), 352 (lH, d, J= 11 Hz). 3.6-3.9 (2H, m). (Pounds C, 69.6% 

H 1163. Calc for ClOH&3z C 69.n; y lL70%). 

f~*.2~*~-1,2-Dlinethyl_2-12-tr~h~y~e~xyethy~cyolopentanemetano/ 8. A mixture of 7 (100 S, 0580 mol), 

kphe-nylmethyl chloride (162 & 0.5Sl mot), Bt3N (97.6 ml, 70.9 S, 0.700 mot), DMAP (0.1 g. 0.S mmol) in DMP (1.5 9 WM airred 
overnight at mm temp. The reaction mixture was poured into water and extraeted with ether. The extract was washed with water 

and brine, dried (hQSO4) and mneentnted /II vacua. The residue was ehromatographed over Si02 (2 kg& Bhttion with 

r+h~A~Bt (ml) first yicldcd 10 (38 II, lO%), yma~ (KBr) 3070 (m), 3050 (m), 3ooo (m), 2930 (s), 28M (6)). 1610 (m), UC0 

(s), 1460 (s), l390 (m), 1230 (m), 1210 (m), 1190 (m), 1160 (m). 1080 (s), 1060 (s), 1040 (s), 990 (s), 910 (6) ati+ 8 (CDCbJ 0.70 

(3H s), 0.99 (3H s), 1.1-1.9 (9H, m), 27-3.2 (4H. m), 7.1-7.6 @OH, m). Further elution afforded 8 (153 S, 64 %). This wu 

reaystallizcd from ~hexaneBt30 to give colorless plates, m.p.ll7.0-ll7SC; umax 36% (s), 3450 (a), 3110 (m), 3080 (m), 30~ 

(m), 2980 (s), 2900 (s), 1600 (m), Wo (s),1450 (s), l390 (m), U20 (m). 1220 (s), 1180 (m), 1160 (m), 1070 (6). 1040 (6). lUZO(s), 900 

(m), 770 (s), 760 (s), 750 (s), 700 (s)= -l; 2 (CDC$) 0.7l (3H, s), OS5 (3H, s), 1.1-1.9 (9H, m), 3.0-3.3 (2H, m), 3.40 (lH, d, J- 11 

Hx), 3.44 (lH, d, J= 11 Hz), 7.1-7.6 (JSH, m). (Pound: C, S3.f!& H, 8.25. Calc for Q$i3403z C, J34.01; H, 827%). Third fraction 

afforded 9 (9 & 4%); umax (CHCS) 3610 (m), 3oM (s), 2960 (s), 2880 (I), 1600 (w), lSO0 (m), 1450 (s), I.220 (s), 1060 (6)). 780 (6) 

cm-‘; 6 (CDC9 O&5 (3H s), 1.05 (3H, s), 1.0-2.0 (9H, m), 292 (2H, s), 33-3.6 (2H, m), 7.1-7.6 (lSH, m). Further clution 

afforded 7 (11 & 10%). 

llF)*.2R~I-l,2-Dlmsthyl-2-(2-tr~h~y~ethoxyethyl~cyclopentanecarbaldehyde 11. To a sohr of oxalyi chloride (31.6 ml, 46 

& 0.36 mol) in CH3Cl3 (1.3 1) was added dropwise DMSO (51 ml, 56 g, 0.72 mol) at -70°C. After stir-&~ for 10 min at -7U’C, to this 

was added a sohr of 8 (100 S, 0.24 mol) in CH3Cl3 (100 ml) and the mirture was stirred for 15 min. Then Bt3N (302 ml, 147 g, 1.45 

mol) was added dropwise and the tcmp was gradually raiwd to room temp. The reaction mixture was poured into water and 

extracted with CH$$ The extract was washed with water and brine, dried (MgSO4) and mneentrated Ih vacua. The residue 

was chromatographed over Si% (2 Lg). Bhttion with rkhexane-A&Et (l&l) gave 98 S (98 %) of 11. ‘his was rcaystallized from 

*hexaneBt20 to give mlorless prisms, mp. 144.0-145MC; umax (KBr) 3lZO (m), 3100 (m), 2980 (s), 2950 (s), 2900 (s), 2830 (m), 

2720 (m), 17M (s), 1600 (m), 1490 (6). 1450 (s), 1380 (m), 1zM (m), 1080 (s), 1030 (m), 900 (m), 780 (m), 760 (a), 750 (6). 710 (6) 

em-‘; 6 (CDC&) 0.64 (3H, s), OS6 (3H, s), 0921 (8H, m), 28-3.2 @J-I, m), 7.0-7.4 (l5H, m), 9.55 (lH, 6). (Pound: C, S4.B. H, 

7.79. CdC for C@I32%: C, 84.42; fi 7.82%). 

ltR.8R,1’R,2’S.6’R~-~S-Dhnethyl-2-[6~-methyl-2’-Il_methylethyl~cyc&hexy~xy]-3-oxabicyc&~4.3.O~onane 4a. A sohr of 

(*)-11 (56.0 & 0.~36 mol) in SO% AeCH (400 ml) was stirred for 4 h at 7rC. AtIer cooling. the precipitate was Ntertd The 

filtrate was mneentrated /o vacuo. The residue WBS mixed with ~hexanc (11). The preeipitatc was filtered off and the filtrate was 

mncentrated fn vacoo. The residue was extracted with ether. The extract was washed with water and brine, dried (M&04), and 

mnecntrated h vacua to give 27 S of (*)-3 and (2)12 as a diastercomeric mixture. (+)-3 showed the following properties: 
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ymax 3400 (s),2980 Oh2890 @I, 1460 (s),1380 (s), I330 (4, 1270 (m). I.220 (ml, 1180 (ml, 1080 (4, 1000 (s), 970 (m), 950 (m), 
900 (m), 840 (m),730 (4 cm -l; 6 (CDCi3) 0.92 (3H, s), 1.00 and 1.82 (total 3H, each s), 1.218 @I-I, m), 2.95 (lH, OH), 3.5-4.1 

(W, m), 4.9 and 4.78 (total lI-I, each s). (+)-I2 showed the following properties: umax (KBr) 2950 (s), 2870 (s), 2738 (m), urn 

ts),a90 61, urn (4, 1330 (s), 1280 (ml, 1260 (4, 1120 (s), 1100 (4, 1080 (4, 1040 (s), 1020 (s), 980 (s), 950 (s)ud; 6 (cDcl$ 
0.9-1.0 (~33, m), LO-l.2 (61-L m), 131.45 @I-I, m), 1.45-1.8 @I-I, m), 20-22 (2H, m), 3.4-3.6 @I-I, m), 3.8-4.0 @I-I, m), 4.6-4.7 @I-I, 

m). MS:& 322 &I+), 153 (100). 

The mixture of crude (*)-3 and (1)-12 (27 g) and (-)-menthol (30 g, 0.19 mol) and pTsOHH20 (0.1 g) in benzene. (788 ml) 

was heated under reflux for 2 h with axeotropic removai of water by a Dean-Stark apparatus. After cooIing, the reaction mbture. 

was washed with sat NaI-ICe, soin and brine, dried (I$SO&) and concentrated in vaouo. Tho residue was chromatographed over 

SiO2 (1 kg). Eiution with n-hexanc_AcOEt (2o:l) gave 39 g (93% from 8) of a mixture of 40, 4b, 4o and 4d (42:32:l9:7 as 

determined by its 250 MHZ ‘H NMR spectrum in which 2-H of 411 appeared at 6 4.47, that of 4b appeared at 6 4.q that of 4e 

appeared at g 4.37 and that of 4d appeared at 6 4.28). This was fractionagy recrystaihzed from MeOH to give 5.9 g (14%) of pure 

40 as colorleas needles. m.p. 85.5-86TC, [a@ -182 (c= 1.02, acetone); umax (KBr) 2978 (s). 2870 (s), 2738 (m), 1450 (s), l380 (s), 

l360 (s), 1330 (s), 1280 (m), 1250 (m), I.240 (m), 1180 (m), 1120 (s), 1100 (s), 1030 (s), 1000 (s), 960 (s), 920 (m), 860 (m), 840 (m) 
an-‘; 8 (Uo MHz, CDCl3) 0.78 (3H, d, J=7 HZ), 0.84 (3H, s), 0.91 (6H, d, J=7 Hz), 1.82 (3H, s), 1.0-1.4 (5H, m), 1.4-1.7 (9H, m), 

28-2.15 (w, m), 2.35 @I-I, m), 3.35-3.55 (2H, m), 3.98 (U-I, ddd, J=3,1O,l2 Hz), 4.47 (lH, s). (Found: C, 77.80, H, 11.77. Caic 

for C&$602: C, 77.86, H, 11.76%). The mother liquor was puritied by Si02 chromatography (n-hexane-AcOEt LO-28OCkl). The 

earlier fractions were concentrated and the residue was recrystagized from MeOH to give pure 4b as colerless needles, m.p. 

66.5-67TC [a]$ -134” (c= 1.0, acetone), umax (RBr) 2958 (s), 2870 (s), 2748 (m), 2670 (m), 1460 (s), 1380 (s), l37O (s), ~30 (s), 

U’KI (m), 1220 (m), 1180 (m), 1120 (s), 1080 (s), 1040 (s), 1020 (s), 1000 (s), 988 (m), 880 (m), 840 (m) cm-l; 6 (2.50 MHz, CDClj) 

0.79 (3H, d, J=7 Hz), 0.84 (3H, s), 0.88 (3H, d, J=7 HZ), 0.92 (3H, d, J=7 HZ), 0.95 (3H, s), 1.0-1.4 (5H, m), 1.4-1.7 (9H, m), 

28-2.3 (3H m), 3.39 (lH, dt, J=4,11 Hz), 3.50 (U-I, dt, J=3,l2 HZ), 3.81 (lH, dt, J= l2,4 Hz), 432 (IH, s). (Found: c, 77.80; H, 

11.44. Cahz for C,$-13602: C, 77.86; H, 11.77%). 

Equilibration of 40 to a mixture of 40 and 4d. A soln of 4a (5 mg), (-)- menthol (1 mg) and p-TsOH (cat. amount) in benzene 

(2 ml) was heated under reflux for 2 h. After cooling, the reaction mixture was washed with sat NaHC03 soln and brine, dried 

(Na2S04) and concentrated h vacua. The residue was chromatographed over SiO2 (2 g). Elution with o-hexane-AcOEt (2&l) 

gave 4.2 mg (84%) of a mixture of 4a and 4d (41 as determined by its 250 MHz lH NMR spectrum in which ZH of 4a appeared 

at 6 4.47 and that of 4d appeared at 6 4.28). 

Equllibra tion of 4b to a mixture of 4b and 4o. A sohr of 4b (5 mg), (-)- menthol (1 mg) and p-TsOH (cat. amount) in benzene 

(2 ml) was heated under reflux for 2 h. Subsequent work-up as described for the preparation of 4d yielded 4.6 mg (92%) of a 

mixture of 4b and 4c (11:9 as determined by its 250 MHz lH NMR spectrum in which 2-H of 4b appeared at 6 4.32 and that of 4d 

appeared at 6 4.37). 

ffR,BRI-f,B-Dimethyl-2-oxab~cycfof4.3.Olnonan-2-ol(lR,6R)-3. A sohr of 4s (20 g, 64.8 mmol) in 2N HCl(50 ml) and acetone 

(700 ml) was stirred overnight at room temp. The mixture was extracted with Et20. The extract was washed with water and brine, 

dried (Na2SO4) and concentrated in vacua. The residue was chromatographed over SiO2 (600 g). Elution with n-hexane-AcOEt 

(2&l) gave 10.7 g (98%) of (lR,6R)-3, m.p. 69-98oC, [a], l5 -0.28” (c= 1.09, n-hexane); The IR and NMR spectra of (l&6@-3 were 

identical with those of (*)-3. (FourI& c, 7036; H, 10.66. CaIc for Cl&802: c, 70.55; I-& 10.66%). 

ItR.2RI-2-Hydroxymethy/-7,2-dlmethyloyolonot (lR,2f?)-7. To a stirred suspension of LAH (2.9 g, 78 mmol) in 

ether (500 mi) was added a soin of (1!?,6ff)-3 (ILO g, 65.0 mmol) in ether (50 ml) at 0°C. After stirring overnight at room temp, the 

reaction mixture was quenched by adding water (29 ml), 15% NaOH aq (2.9 ml) and water (8.7 ml). The ether sohr was dried 

(MgSOq) and concentrated h vacua to give 9.6 g (86%) of (1~,2@-7. This was recrystaiiized from rrhe.xane-Et20 to give 

colorless needies, m.p. 80.5-81.o”c; [&I -19.2” (c = 1.05, Mc0I-I); The IR and NMR spectra of (lR,2@-7 were identical with those 

of (*)-7. (Found: C, 69.57, H, 11.33. Caic for Cl#I2802: C, 69.n; H, 11.70%). 
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fgzRI-f2-Dbnethy~-~~~tfbb~y~ef~xyemyOcycbp~t8nemema~~ (lq2R)g. In the same mammr as de&bed for 

(*)-a 8.0 g of (lfi#?)-7 gave 12.4 g (64%) of 14. This was reuystahizad from rthexan~Bt20 to give colorlcu plateq m.p. 

lMO-1tXWC; [& -9.6 (c- 1.14, MeOH); The W and NMB spcxtra of (lm)g were identical with those of ( f )-8. (Foundz C, 

83.7Q H, 832 Cak for t&@3402z C, 84.01; H, 8Z7%). 

lIR.2RI-l-t-6utyMimethyh/~xymethy/-~2-d~ethy/-2-fZ-trbheny~e~xyethy/)cyobpentune f3. A !nLxtum of (lR,ZI?)-8 

(11~ g, 27.0 mmol), imidazott (4.10 & 602 mmol), t-BuMe$Xl(4fo g 29.9 mmoi) sod DMAP (cat. amount) in DMF (ZOO ml) 

was stirred ovomight at room temp. The reaction mixture was poured into water and extracted with ether. The extract was wasbed 

with water and brine, dried (MgSO4) and ax~ceutrated h vuouo. The residue was chromatogrrphed over SKI.2 (300 g). Blution 

with n-hexane-AcCBt (S&l) gave 14.2 g (99%) of 13. This was rtaystattized from &mxane to give colorhxs neadka, lap. 
8LM(lsOC, [a]g -9.V (c= 156, CHCQ umax (KBr) 30% (m), 2950 (s), 2930 (s), 2870 (s), 2850 (s), 1498 (s), 1470 (6). 1450 (E), 

LzO (s)t LOxI (s), loaa(s)* 860 (s), 840 (s), no(s) cm-l. , g (CDCl3) 0.05 (6H, s), 0.69 (3H, s), 0.80 (3H, s), 0.93 (9H, s), 1518 (8H, 

m), 29-3.4 (W, m), 3.34 (1H. d, J-10 Hz), 337 (lH, d, J-10 Hz), 7275 (l5H, m). (Bounds C, 79% H, 9.18. Caic for 

C35H480$k C, 79.49; H, 9.15%). 

IW.2RJ-2ir-Buty~~emyh~x~e~y~~Z~~e~~yc~pent~ee~not 14. To a sohr of Na (3.G8 g, 0.W mol) in r&t&g 

ammoaia(500ml)waaaddsdaaolnof13(U.7g259mmol)inether(70ml)ovuMminandthc~ewasatirredfor15h. To 

this were added NH4Cl(20.6 9) and ctlter (100 ml) with kgorous &ring and the ammonia was evaporated. The residue was 

diluted with water and extracted with ether. The extract was washed v&b brine, dried (MgSO4) and concentrated R, vaouo. The 

residue was chromatographcd over SiC2 (300 g). Bhrtion with okxan~AcOEt (~1-10~1) gave 73 g (98%) of 14 as an oil, na 

L4592 [u$6 -7.7 (c = 1.21, MeoH); umax 3329 (s), 2950 (s), 2810 (s). 1460 (s), 1380 (m), 1360 (In), 1250 (5). 1080 (a), 1WO (m), 

838 (s). 778 (s) cm-l; 6 (CDCl3) 0.93 (6H, s), 0.89 (3H, s), 0.92 (lZH, s), 1~21.8 (9H, m), 336 (lH, d, J== 10 Hz), 3.41 (U-I, d, J=lO 

Hz), 3.6-3.9 (2H, m). (Found: C, 6739; H, 11.77. Cak for C16H340$3i: C, 67.M; H, 1299%) 

f~,2R~-2-t-&rtyMiinethyhbxymeli;hyl-le 15 To a soin of ox&i chloride (35 ml, 5.1 

& 40 -01) in CH$$, (300 d) was added dropwise DMSO (5.6 ml, 6.2 & 80 mmol) at -7OYZ. After stirring for 10 min at -7O’C, to 

this was added a adn of 14 (100 g, 0.X mot) in CH2Ct2 (30 ml), and the mixture was stirred for 15 min. Then Et3N (202 ml, 147 g, 

1.45 mot) was added dropwise and the temp was graduatly raised to room temp. The reaction mbrture was poured into water and 

extracted with CH$$ The extract was washed with water and brine, dried (MgSO4) and mncentratod In vacua. The residue 

was chromatographcd over SiO2 (200 g). Elution with okxane-AcCEt (l&l) gave 6.9 g (97 56) of 16. r@ 1.4610; [a@ -29” 

(c= 1.U. M&H); ~max @Br) 2960 (s), 2908 (s), 2758 (m). 1728 (s). 1460 (s), 1380 (m), I.268 (s), 1080 (s), 1010 (m), 840 (s), 788 (s) 

cm-‘; 6 (CDQ3) 0.02 (6H, s), 0.88 (9H, s), 0.90 (39 S), LlO (3H, s), 1.40-1.90 (6H, m), 231 (lH, dd, J=3, 15 Hz), 240 (lH, dd, 

J-3, l5 Hz), 3.28 (lH, d, J-10 Ha), 3.42 (lH, d, J-10 Hz), 9.85 (IH, t, J-3 Hz). (Found: C, MS, H, 7.79. Chic for 
cL9Hn02: C, 84-42 H, 7.82%). 

{t’R,2’RJ-3-l~-t-Buty~~ethyhUoxymethyt-l~,2’-dlmethy~ycbpentylJ-2-hydroxypropene~trile 17. To a sobt of 15 (6.0 g, 

2l.l mmoi) aad ~~~ cyanide (95%,3.4 ml, 24 mmoi) was added ZnI2 (cat. amount) with ice-coo& After stirring 

overnight at room tcmp, the reaction mixture was poured into water and extracted with ether. The extract was wasbed with water 

and brine, dried (NarsO4) and concentrated in vaooo to give 75 g of crude 16. A mixture of 75 g of crude 16 and citric acid 

(050 g, 26 -1) in MeOH (100 ml) was stirred overnight at room temp. The reaction mixtnre was concentrated. The residue 

was dissolved in ether. The ether soln was washed with water and briuc, dried (MgSOq) and concentrated in vacua. The residue 

was chromatographed over SiO2 (100 g). Elution with *hexanc-AcOEt (Z&l) gave 5.23 g (89% from 15) of 17 as a diaatercomeric 

mixture, ng 1.4662; [a&5 -11.7”(c= 1.14, MeOH); tmax 3450 (s), 2960 (s), 2880 (s), 2860 (s), 2250 (VW), 1460 (6). X390 (m), Twl 

(6). 1080 (s), 840 (s), 780 (s) cm-l; 6 (CDCl3) 0.06, 0.12 and 0.U (total 6H, each s), 0.91 and 0.95 (total 9H, each a), 0.98 (3H, a), 
1.92 (3H, 6). lAL8 (6H, m), 1.9-24 (Z-I, m), 260 (lH, OH), 326,332 3.42 and 3.65 (total W, each d, J- 10 Hz), 4.4-4.7 (1 H. m). 

(Found: C, 65.68; H, 10.43; N, 4.24. Calc for CL7H3302NSi: C, 65.33; H, 10%; N, 4.27%). 

l~R,2’R~-3-12’-t-Buty~~mVMimethyhlbxymethyl-l:2’-dlmethylcyctopentyl)-2-~ethoxyethoxy~propanenltrlle 5. A mixture of 17 
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(3.98 g, 125 mmol), ethyl vinyl ether (1.28 g 16.3 mmol) and PPTS (cat. amount) in CH2C12 (70 ml) was stirred for 3 h. The 

reaction mhdure was diluted with CH2c12, washed with sat NsHC03 soln and brine, dried (MgSO4) and concentrated in vacua. 

The residue was chromatographed over Sio;! (100 g). Blution with &exam+AcOEt (40~1) gave 4.02 g (84%) of 5 as a 

diastereomeric mixture, nig 1.4519; [# -5.Y (c= 133, MeOH), umax 2960 (s), 2940 (s), 2890 (s), 2860 (s), 2240 (WI), 1470 (s), 

1390 (s), 1250 (s), 1080 (s), 940 (m), 840 (s), 780 (s) cm-‘; 6 (CDC13) 0.02, 0.03, 0.11 and 0.12 (total 6H, each s), 0.89 (3H, s), 0.90 

and 0.93 (total 9H, each s), 0.98 and 1.01 (total 3H, each s), 1.1-1.45 (6H, m), 1.5-1.8 (6H, m), 1.8-2.0 (2H, m), 3.35 (lH, d, J= 11 

Hz), 339 (lH, d, J=ll Hz), 3.5-3.8 (2H, m), 4.30 and 4.55 (total lH, each m), 4.85 (lH, m). (Found C, 65.63, H, 10.46; N, 354. 

Calc for C2lH4103NSi: C, 65.74; H, 1O.n N, 3.65%). 

~l’R,2’R,4E)-2-(2*t-Butyldhnethyloiloxymethyl-l;2”dlmethylcyclopentylmethyl)-2-eth~xyethoxy-6-~2,5-b~(methoxy- 

methoxy)-3-methylbhenylJ-4-methy/-4-hexenenitrile 19. To a solu of 5 (5.30 g, l3.8 mmol) in THF (100 ml) and HMPA (2 

ml) was added dropwise at -50-4VC an LDA sohr which was prepared from diisopropylamine (232 ml, 16.5 mmol) and n-BuL.i 

(1.50 M 11.0 ml, 16.6 mmol) in THF (10.8 ml). After stirring for 1 h at -5O--tO”C, a sohr of 18 (4.30 g, 13.8 mmol) in THF (10 ml) 

was added, and the mixture was stirred for further 40 min at 0°C. The mixture was poured into sat NH4Cl sohr and extracted with 

ether. The e&act was wsshed with brine, dried (Na2SO4) and concentrated h vacua. The residue was chromatographed over 

Si02 (150 g). Elution with n-hexane-AcQEt (2Orl-10~1) gave 6.80 g (74%) of I9 as a diastereomeric mixture, ng 1.4970; [a]g 

+0.73’ (c= 1.52 MeOH); umax 2980 (s), 1600 (s), 1480 (s), 1390 (s), l.328 (m), 1260 (s), 1160 (s), 1080 (s), 1040 (s), 988 (s), 860 (s), 

840 (s), 780 (s) cm-l; 8 (CDCl3) 0.00-0.03 (6H, m), 0.83 (3H, s), 0.87 (3H, s), 0.88 (9H, s), 1.0-1.4 (6H, m), 1.5-2.0 (8H, m), 1.85 

(3H, s), 2.28 (3H, s), 21-3.0 (2H, m), 3.239 (6H, m), 3.48 (3H, s), 3.60 (3H, s), 4.91 (X-I, s), 5.10 (2H, s), 5.15 (lH, m), 5.53 (lH, t, 

J=7 HZ), 6.68 (lH, d, J=3 Hz), 6.73 (lH, d, J=3 Hz). This was employed in the next step without hvther purification. 

(l’R,2’R,4E)-l-~2’-t-Butyldime~y~hylslloxymethyl-l;2’-dimethylcyclopentyl)-e-[2,6-bis(methoxymethoxy)-3-methyl- 

phenylj-4-methyl-4-hexen-Z-one 20. A mixture of cont. HCI (2 ml) and MgS04 (10 g) in CHCl3 (200 ml) was stirred for 1 h 

at room temp. The mixture was tiltered and the filtrate was added to 19 (6.00 g, 9.13 mmol). After stirring for 2 h at room temp, to 

this was added K2CO3 (4.0 g), and the mixture was concentrated h vacua. To the residue were added a soln of 2% NaOH aq 

(200 ml) and ether (200 ml). The mixture was stirred for 2 h at room temp. The ether sohr was washed with water and brine, dried 

(Na2SO4) and concenuated in vacua. The residue was chromatographed over Si02 (100 g). Elution with n-hexane-AcOEt (50~1) 

gave 3.90 g (76%) of 20, nh6 1.5014; [a@ +3.4’(c = 1.08, MeOH); umax 2958 (s), 1710 (s), 1600 (s), 1480 (s), 1328 (m), 1250 (m), 

1160 (s), 1080 (s), 1040 (s), 980 (s), 860 (s), 840 (s), 780 (s) cm-‘; 6 (CDCIS, 0.03 (6H, s), 0.88 (3H, s), 0.90 (9H, s), 0.97 (3H, s), 

1.4-1.8 (6H, m), 1.73 (3H, d, J=2 Hz), 2.28 (3H, s), 2.38 (IH, d, J= 15 Hz), 2.50 (U-I, d, J= 15 Hz), 3.11(2H, s), 3.31 (lH, d, J= 10 

Hz), 3.37 (U-f, d, J=lO Hz), 3.41 (2H, d, J=8 Hz), 3.47 (3H, s), 3.60 (3H, s), 4.91 (2H, s), 5.12 (W, s), 5.39 (U-I, dt, J=Z, 8 Hz), 

6.70 (lH, d, J=3 Ha), 6.73 (lH, d, J=3 Hz). (Found: C, 68.07; H, 9.32 Cak for cj2H5406Si: C, 68.28, H, 9.67%). 

~l’R,2’R,4E~-l-~2’-t-Butyldfmethylsiloxymethyl-l:2’-dimethylcyclopentyl)-3-[2,5-bio~methoxymethoxy)-3-methyl- 

phenyl-4-methyl-4-hexen-2-o/ 21. To a sohr of 20 (2.95 g, 5.24 mmol) in MeOH (50 ml) was added NaBH4 (400 mg, 10.6 

mmol) at room temp. After stirring 3 h at room temp, the reaction mixture was concentrated. The residue was diluted with 

ice-water and extracted with ether. The extract was washed with brine, dried (Na2SO4) and concentrated in vacua. The residue 

wss chromatographed over SiO2 (80 g). Elution with &sxane-AcOEt (28~1) gave 2.90 g (98%) of 21 as a diastereomeric mixture, 

nh7 1.5011; [alA -5.9” (c= 1.95, MeOH); umax 3528 (s), 2960 (s), 1600 (s), 1470 (s), 1400 (m), 1250 (s), 1160 (s), 1880 (s), 1040 (s), 

980 (s), 860 (s), 840 (s), 770 (s) cm-‘; 6 (CDCl3) 0.02 and 0.04 (total 6H, each s), 0.87 (3H, s), 0.90 (9H, s), 0.92 (3H, s), 1.219 (9H, 

m), 1.75 (3H, s), 2.0-2.2 (2H, m), 2.27 (3H, s), 3.2-3.5 (4H, m), 3.48 (3H, s), 3.60 (3H, s), 3.84 (lH, m), 4.91 (2H, s), 5.10 @-I, s), 

5.40 (lH, t, J-7 Hz), 6.70 (2H, m). (Found: C, 68.u); H, 10.00. Calc for C32H5606: C, 68.04, H, 9.99%). 

fl’R,2’R,4E~-l-(2’-t-Butyldlmethylsfloxymethyl-l:2’-dimethyloyc~openty~)-6-[2,6-b~a(methoxymethoxy)-3-meMyl- 

phenyll-4-methyl-4-hexen-2-y/ p&a/ate 22. To a sohr of 21 (2.80 g 4.96 mmol) and DMAP (cat. amount) in pyridine (25 ml) 

was added t-BuCOCl(l.30 ml, 1.27 g, 10.6 mmol) at (PC. After stirring overnight at room temp, the mixture was poured into water 

and extracted with ether. The ether sohr was washed with 2~ HCl, sat Cut304 soln, water, sat NaHC03 aq and brine, dried 

(MgSO4) and concentrated h vacua. The residue was chromatographed over SiO2 (70 g). Elution with *he.xane-AcOEt 
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(2OMO:l) gave 3.10 g (%%) of 27. as a diasteWomeric mixhW+ r# 1.4825; [# -3P(c= las, MeoH); - 2980 (s), 1Ro (I), 

1600 (m), 1480 (s), 1400 cm), 1280 cm), 1260 (m). 1160 (a). 1080 (s), 1040 (s), 980 (s), 860 (s), 840 (s), 780 (I) an-l; 6 (CDC$) 0m 

@H. 6, 0.82 (3h s), 0.86 (3% s), 091(9H, s), 1.16 (9H, E), M-18 (SH, m), 1.77 (3H, s). 220 (2H, m), 228 (3H, s), 3.25-3.4 (4H, 

m), 3.47 (3H, a), 3.59 (3H, s), 4.90 (2H. s), 5.09 (2H, 6). 5.11 (lH, m), 532 (lH, 1, J-8 Hz), 6.64 (IH, d, J=3 Hz), 6.72 (IH, d, J-3 

Hz). @und: C, 6U8i Y 9.74. C&k for Q7H64C+ C, 68.47; & 9.94%). 

fI’R,2~,4~~l-fl~~-~-Dbnsthyl-2’-hydroxymethybyCb~~tyn-B_126-bh(ms(hox~~thoxyJ-S-m~~ybh~y~-4~~~y~ 

4-hex en-Z-y/ plvala te 23. A mixture of 22 (274 & 4.22 mmol) in a soln of (~-Bu)~NF in THF (1.0 M, l5 ml, I5 mmol) and 

THP(20ml)wasstirredforSh. Thercadionmixturcwasextractedwithe&r. Theextractwaswashedwithbriqdkd 

(Na$iO4) and concentrated h vacua. The residue was chr-phed owx SiO, (90 g). EMon with n&xaneAcOEt 

(2&1-l&1) gaw 1.95 g (86%) of 23 as a diastcrcomcric mixhq nk6 lJM4; @]F -8s (c - 1.10, MeOH); umax 3550 (a). 2960 (s), 

1720 (S), 1600 (S), 1480 (S), 1280 (8). 1160 (S), 1080 (S), l@t(l (E), %fJ (S) Cd; 6 (m$ 0.80 and 0.86 (total 3H, U&I s)), 0.88 and 

090 (toti 3H, each s), 1.17 (9H, E), 132.2 (9H, m), 1.76 (3H, s). 20-26 (2H, m), 2.28 (3H, E), 3.23.4 (4H, m), 3.48 (3H. s), 3.60 

(3H, s), 490 (a E), 5.08 (it-i, m), 5.10 (L?H, 6). 5.31 (lH, t, J-8 &ii?), 6.66 (U-i, d, J-3 Hz), 6.72 (lH, d, J-3 Hz). (pound: C, 

693 H, 952 Calc for C&H5@ C, 69.63; H, 9.43%). 

f~YR.4~-~~2~-Formyl-l:2~-dhnethybyc&pmty~-6_[~6-bk-~m~thoxym~thoxyJ-3~~mybh~y~-4~~m~4~~x~- 

2-y/ plvah te 24. To a soln of caalyl chloride (0.47 ml, 0.71 g, 55 mmol) in CH& (ISI ml) was added dropwise DMSO (0.79 

ml, 0.87 & 11.0 mmol) at -7WC. After stirriq for 5 min at -7WC, to this was added a soln of 23 (1.97 & 3.68 mmol) in CHH,Q, (5 

ml), and the mixture was stirred for I5 min. Then E?t3N (3.1 ml, 23 g, 22 mmol) was added dropwise at -70°C and the tcmp was 

gradually raised to room temp. The reaction mixture was poured into water and extracted with CH$l~ The extract was washed 

with water and brine, dried (Na#O4) and concentrated k~ vacua. The residue was chromatogmphed over Si% (50 g). Won 

with whexane-AcOEt (20~1) gave 187 g (95%) of 24 as a disterwmwic mixhue, I&’ 15020, [ag -6.7’ (c=27l, M&M); umax 

29@l (E), 2720 (m), 1720 (a), 1600 (s), 1480 (6). 1280 (s), 1160 (s), 1080 (s), 1040 (s), 980 (s) an-4 8 (cDcI3) 0.90 and 0.92 (total 3H, 

each E), 1.00 and l.Ct2 (3H, s), 1.15 (9H, s), U-L9 (8H. m), L73 (39 s), 2&23 (2H, m), 227 (3H, s). 3.32 (ZH, d, J-8 Hz), 3.48 

(3H, s), 3.60 (3H, 8). 4.90 (2H, E), 5.08 (2H, S), 5.15 (lH, m), 5.30 (lH, 1, J-8 Hz), 6.62 (lH, d, J-3 Hz), 6.71 (lH, d, J=3 Hz), 

958 and 9.63 (total lH, each s). (Pound: C, 69m, H, 9.09. Calc for CjlH4807: C, 69% H, 9.08%). 

f~R.2R4EJ-l-f~-(l,4-D1Rydroxy-4methyl-~~~~y~J-f;2~-d~eMylcycbpentyl]-6-[2,6~h~methoxymsthoxyJ- 

3-methybheny/,+4mefhyl-4-hexen-P-y/ plvakte 25. A soln of n-BuLi in r~hcxanc (150 hi, 8.50 ml, l2.8 mmol) was added 

dropwk to a stirred and cooled &II of 3-methyl-l-butyn-3-01 (4% mg, 5.82 mmol) in dry THF (40 ml) and HMPA (0.8 ml) at 

-WC under Ar. The mixture was stirred for 2 h at -30~2OY. To the stirred mixture was added dropwise a soln of 24 (1.70 g, 3.YB 

mmol) in dry THF (5 ml) at -60°C and the temp was gradually raised to room temp. The mixture was poured into sat NH@ soln 

and extracted with ether. The extract was washed with brine, dried (Na$O4) and conctntratcd Ih vacua. The residue was 

ciucmat0grapk.d OVCI SiO2 (50 g). Hution with mhexane-AcOEt (l&1-3:1) gave 1.78 g (90%) of 25 as a diastercomexic miaturq 

[a]# +O.W (c= 1.15, MeOH); - 3450 (s), 2960 (s), 1720 (s), 1600 (s), 1480 (s), 1380 (m), 1280 (m), 1160 (s), 1080 (m), 1040 

(s), 980 (s), 860 (m) an-‘; 6 (CDCl3) 0.9-1.10 (6H, m), 1.17 and 1.18 (total 9H, en& s), 1.4-1.9 (lOH, m), 1.52 (6H, E), 1.78 (3H, s), 

20-2.3 (2H, m), 2.29 (3H, s), 335 (2H, d, J-8 Hz), 3.49 and 350 (total 3H, each E), 3.61 (3H, s), 4.31 and 4.42 (total II-I, each d, 

J=6 Hz), 4.92 (W, s), 5.12 and 5.17 (total W, each E), 5.1-55 (2H, m), 5.6-5.8 (W, m). (Found: C, 7O.M; H, 8.88. Cak for 

cJ6Hs608: C, 70.10; H, 9X%). 

~l‘R,2’R,4~-3-(6-1-3utyMhnethyh~bxy-2-hydroxy-3-methybheny~-~2~-_11,4~~ydroxy-4~ethy~2-2_pentyny~- 

f’.2’-dhnethybycbpenty/]-4-methy/-4-hexen-2-yl plvalate 26. A soln of 26 (1.70 g, 276 mmol) in 6~ HQ (U ml) and THP 

(15 ml) was stirred for 3 h. The mixture was extracted with CHC$. The extract was washed with brine, dried (MgSO4) and 

conccntratcd to give 1.80 g of aude oiL A mixture of audc oil (1.8 g. ca. 26 mmol), imidazole (0.56 g, 8.2 mmol) and t-BuM@cI 

(0.63 g 42 -1) in DMF (50 ml) was stirred ovcmight at room temp. The reaction mixture was poured into water and extracted 

with ether. The extract was washed with water and brine, dried (Na.$Oq) and concentrated k, vacua. The residue was 

chromatographcd over SiO2 (50 g). Ablution with n-hcxane-AdIEt (6~1-3~1) gave 1.35 g (76% from 25) of 26 as a diastereomeric 
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mbture, [# +3.@ (c= 1.53, MeOH); umax 3450 (s), 2970 (s), 2940 (s), 2880 (m), 1720 (s), 1600 (m), 1480 (s), 1330 (s), 1280 (s), 

1260 (s), 1220 (s), 1160 (v’s), 1040 (s), 1000 (m), 950 (m), 880 (s), 860 (s), 840 (s), cm-l; 8 (CDU3) 0.16 (6H, s), 0.92 and 0.94 (total 

3H, each s), 1.00 (9H, s), 1.03 and 1.07 (total 3H, each s), 1.15 and 1.18 (total 9H, each s), 1.4-2.0 (lOH, m), 1.50 (6H, s), 220 (3H, 

s), 2.1-2.5 (2H, m), 3.1-3.4 (2H, m), 4.40 and 4.44 (total lH, each s), 5.0-5.4 (3H,m), 6.45 (lH, d, J=3 Hz), 6.48 (WI, d, J=3 Hz). 

(Found: c, 71.01; H, 9.79. &tC for r.&H62t,6S’: C, 70.98; H, 9.72%). 

Il~R,~R.2%4E)-6-~6-t-Butyld~e~yb~xy-2-hydroxy-3-methy~heny~-l-~2’-(~~4~-d~ydroxy-4~-methyf-2~-~entenyl)- 

P,2’-dimethy/cycfopenty/~-4-methy/-4-hexen-2-o/ 27. To a stirred suspension of LAH (187 mg, 4.93 mmol) in dry ether (20 

ml) was added a soln of 26 (400 mg, 0.62 mmol) in dry ether (10 ml) with ice-cooling. After stirring for 2 h at room temp, the 

reaction mixture was quenched by adding water, acidified with N HCI, and extracted with CHCl8 The extract was washed with 

water and brine, dried @v&$04) and concentrated in vacua. The residue was chromatographed over Si02 (30 g). Elution with 

*hexane.-AdlEt (4~1-21) gave 290 mg (83%) of 27 as a diastereomeric mixture, [o]A8 +0.37’ (c= 1.08, MeOH); ~max 3620 (m), 

3400 (m), 2990 (s), 2960 (s), 2900 (m), 2880 (m), 1600 (m), 1480 (s), 1380 (m), 1320 (m), 1260 (s), 1160 (s), 1040 (m), 860 (4 cm-l; 6 

(CDCQ 0.15 (6H, s), 0.90 (3H, s), 0.98 (9H, s), 1.05 (3H, s), 1.32 (6H, s), 1.4-1.9 (llH, m), 1.79 (3H, s), 216 (3H, s), 2.0-o-2.4 (W, 

m), 3.30 @-I, d, J=8 Hz), 3.7-4.2 (3H, m), 5.38 (U-I, t, J=8 Hz), 5.6-6.0 (2H, m), 6.4-6.5 (2H, m). (Found: C, 70.89; H, 10.03. Calc 

for Cy3H5605Si: C, 70.66, H, 10.06%). 

~l’R,2‘R,2%4E)-~-f6-t-ButyMlmethylslloxy-2-hydroxy-3-methy~henyf)-l-~l~2’-dlmethyl-2’-(4Chydroxy-4’-methyl- 

2Cpentenoy/~cycfopenty/I-4-methyl-4-hexen-2-one 28. To a soln of oxalyl chloride (0.16 ml, 0.23 g, 1.9 nunol) in CH2C12 (5 

ml) was ad&d dropwisc DMSO (0.26 ml, 0.29 g, 3.6 mmol) at -7O’C. After stirring for 5 min at -7o”C, to this was added a soln of 

27 (I.30 mg, 0.232 mmol) in CH2Cl2 (1 ml) and the mixture was stirred for 15 min. Then Et3N (100 ml, 0.725 g, 7.19 mmol) was 

added dropwise at -7O’C and the temp was gradually raised to room temp. The reaction mixture was poured into water and 

extracted with CH2Cl2 The extract was washed with water and brine, dried (Na2SOd and concentrated In vacua. The residue 

was chromatographed over SiO2 (5 g). Elution with n-hexane-AcOEt @l-4:1) gave 70 mg (54%) of 28. [&‘5 0.00 (~~0.47, 

MeOH); urnax 3480 (s), 2960 (6). 2930 (s), 2900 (m), 2860 (m), 1710 (s), 1680 (s), 1640 (s), 1590 (s), 1460 (s), l380 (s), 1320 (m), 

1280 (m), .l250 (s), 1190 (m), 840 (s), 780 (s) cm-l; 6 (CDCl3) 0.20 (6H, s), 0.98 (9H, s), 1.1-1.3 (6H, m), 1.40 (6H, s), 1.4-1.9 (6H, 

m), 1.60 (3H, s), 2.05 (3H, s), 2.1-3.1 (6H, m), 3.50 (lH, OH), 3.70 (U-I, OH), 5.28 (lH, m), 6.60 (2H, m), 6.65 (lH, d, J=16 Hz), 

6.90 (lH, d, J= 16 HZ). (Fouu~: C, 71.01; H, 9.45. Chk for C33H5205S’: C, 71.18; H, 9.41%). 

(1’R,2%2~E,4E~-6-12,5-Dlhydroxy-3-methylphenyl~-l-[l:2’-dimethyl-2’-(4’-hydroxy-4’-methy/-2’-pentenoy/)- 

oyolopentyll-4-methyl-4-hexen-2-one (bifurcarenone) 1. A mixture of 28 (70 mg. 0.126 mmol) in 10% HF aq (1 ml) and 

MeCN (5 d) was stirred for 5 h. The mixture was neutralized by adding sat NaHC03 soln and extracted with CHCl3. The extract 

was washed with brine, dried (Na2SO4) and concentrated in vacua. The residue was chromatographed over SiO2 (30 g). Elution 

with n-hexane-AcOEt (32) gave 25 mg (45%) of 1, [d]h7 0.0” (c=O.42, CHC13); ORD (c=O.O54, MeOH, at 24’) [[a], u(nm)] 116 

(210), 505 (238), 218 (260), 268 (255) 0 (310), -125 (353), 0 (391); vmax (CHC13) 3450 (s), 2980 (s), 2950 (s), 1710 (s), 1680 (s), 1620 

(s), 1460 (s), 1380 (m), 1320 (s), 1280 (m), I.240 (m), 1180 (s) cm-‘; 6 (250 MHZ, CDCl3) 1.19 (3H, s), 1.20 (3H, s), 1.30 (3H, s), 1.33 

(3H, s), 1.62 (3H, s), 1.40-2.00 (6H, m), 2.23 (3H, s), 2.35 (U-I, m), 2.36 (IH, d, J= 16 Hz), 2.45 (lH, d, ~116 Hz), 3.05 (2H, s), 3.33 

(w, 4 J=7 Hz), 4.75 QH, OH), 5.44 (U-L t, J=7 Ha), 6.45 (lH, d, J=3 Hz), 6.56 (U-I, d, J=3 Hz), 6.67 (E-I, d, J= 15 Hz), 6.88 

(lH, 4 J= 15 Hz), 7.00 (1H, OH). The spectral data of I were identical with those of the natural 1. (Found: C, 73.47; H, 851. 

Calc for Q7H3805: C, 73.27; H, 8.65%). 

X-ray Analyele of 4a 

X-ray diffraction measurements were performed on a Rigaku AFC-66 diffractometer with graphite monochromated MoKa 

radiation. Crystal data and data collection parameters are given in Table 1. The intensities were measured in the o/26 scan mode, 

and corrected for Lorenta and pohuization effects, but not for absorption. 

The structure was solved by direct method using MULTAN.7 AU H atoms were found from the difference Fourrier maps. The 

retinement of atomic parameters was carried out by a block-diagonal least-squares method. Thermal parameters were refined 

anisotropicatly for all non-hydrogen atoms and isotropically for the hydrogen atoms. Atomic scattering factors were taken from ref. 



4204 K. MORI er al. 

8. A least-squares reBnement on the basis of 1445 obaervui refkxtion led to a final R 0 0.058. The PLUTO9 computex drawing of 

the two symmetrically independent mole&es is shown in Pii 3. 

X-ray Analyak of 4b 

X-ray diffraction measurements were performed on a Syntax R3 diffractometer. Data collcdion, reduction and refinement wm 

as described for 40. Crystal data and data collection parameters arc given in Table 1. Solution and refinement were also carried 

out as desaibed for 40. Of the. 72 H atoms, 54 were located near expected positions in a difference Four&r maps. Least- 

refinement on the basis of 2040 obsemed reflections led to a final R - 0.078. The PLUTO computer drawing of 4b is shown in Pig. 

3. Supplementary materials are available on request.10 

Table 1. Crystal Data for 4a and 4b 

y-$x$” 
cz35Q & 

-tvpe 
spacegap w421 ml 

d:“F 
b:A 

11299(3) 
22_109 (4) 

c, A 75w3) 

a, deg 90 
fL dee 90 
Y* deg 90 

CWl,A3 1893.1 

&cm3 1.08 4 

cl(calcd* cm-’ 0.7 

aranee*deg l-50 

TX). of un!qe r&ens 

1782 
cbsd 1995 
R-tabw 0.058 

7.634 (4) 

15320(s) 
16.694(7) 

90 

9240 (4) 
90 

1950.7 

4 
1.05 

0.7 

l-45 

2 
0.078 
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