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Abstract -- Blfurcarenone, 

Bifurcarla qalapaqensis, 

a C27 hydrqnone isolated from the brown seaweed 

was synthesized as its racemate, and shown to be 2. The 

structure 1, orlglnally proposed for bifurcarenone, was also synthesized, and found 

to be tifferent from the natural product. 

(-)-Bifurcarenone is an inhibitor of mitotic cell division isolated from the brown 

seaweed (Bifurcaria galapaqensis) harvested in Galapagos Islands.' It possesses a 

structurally unprecedented monocyclic diterpenoid moiety in combination with a 

hydroquinone C, unit. Fenicaletal. proposed 1 as its structure on the basis of 

chemical and spectral studies, although nothing is known about its absolute 

configuration.' We became interested in synthesizing (k)-1 because of the unique 

structure coupled with its bioactivity. Owing to the ambiguity in assigning the 

@)-geometry to the non-conjugated double bond of bifurcarenone only on the basis 

of its 13C NMR spectrum, we felt it necessary to develop a synthetic route which 

would enable us to prepare both (*)-1 and its (E)-isomer (i)-2 with no ambiguity 

concerning the geometry of the non-conjugated double bond. Our synthesis as 

described herein enabled us to assign not 1 but 2 (unknown absolute configuration) 

as the structure of bifurcarenone on the basis of the direct spectral comparison 

with the natural product. 

Our synthetic plan for bifurcarenone was quite straightforward. The target 

molecule was dissected intothreebuildingblocks : the cyclopentane part (i)-3, 

the aromatic part 4 (for the synthesis of 1) or 5 (for 21, and the commercially 

available C5 unit 6 (Fig.1). The first phase of the synthesis was therefore the 

t 
titerpenoid lt&il synthesis - 27. Part 26, K. Mcai and M. Rnnatsu. m 1987, 43. 3409-3412. Dedicated 

to the memory of the late Professor Edgar Lederar (5 June, 1908-19 October, 1988), whose monograph on 

chromatogralzhY was an indispensable reference BQurcB thmL@xt K @l.% Young days. 
it 
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1945 



1946 K. MORI and T. UNO 

OH 

OH 

Me 
EE = -kHOEt 

9 ($c 
OTBS 

OMOM Cl 
/ x+ 3 

OMOM 

5 
- 
= f OH 

k 

OMOM / c+ 3 

Cl 

Ye 
TBS = -Si-t-Bu 

he 

MOM = -CH20Me 

Fig. 1. Retrosynthetic analysis of bifurcarenone. 

preparation of 3, 4 and 5. The second task was the combination of the three 

building blocks to furnish (*)-1 or (*)-2. 

Preparation of the cyclopentane building block (3). As shown in Fig. 2, the 

building block (*)-3 was synthesized from the known bicyclic ketone 7.2f3 The 

Baeyer-Villiger oxidation of 7 yielded the lactone (*)-8, which was reduced with 

DIBAL to (*)-9.4 Treatment of the la&o1 (i)-9 with 1,3-propanedithiol in the 

presence of Et2AlCl yielded the dithiane alcohol (*)-1O.4 After protecting the OH 

group of (*)-lo as t-butyldimethylsilyl (TBS) ether, the resulting (*1-11 was 

treated with HgCl2 and CaC03 to give the aldehyde (i)-12.4 The trimethylsilyl 

(TMS)-protected cyanohydrin (*)-13 was prepared from (*)-12 by treatment with TMSCN 

and a catalytic amount of ~nI2.~ Removal of the TMS protective group of (i)-13 by 

treatment with methanolic citric acid6 to give (*)-14 was followed by re-protection 

of its OH group to give the ethoxyethyl (EE)-protected cyanohydrin (+)-3, the 

desired building block, in 32% overall yield from 7 in eight steps. 

Preparation of the aromatic building blocks (4 and 5). The synthesis of the 

aromatic building blocks 4 and 5 started from o-cresol 15 as shown in Fig. 3. 
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Fig. 2. Synthesis of the cyclopentane building block 3. 

Bromination of 15 to 16 was followed by its chromic acid oxidation to give the 

quinone 17. After reduction of 17 with Na2S204 to the hydroquinone 18, the OH 

groups of 18 were protected as methoxymethyl (MOM) ethers to give 19.7 Addition of 

c-BuLi to 19 effected transmetallationto give the carbanion, which was treated 

with CuI to give the arylcopper. Addition of ally1 bromide to the arylcopper 

yielded 20. Lemieux-Johnson oxidation of 20 afforded the aldehyde 21. 

The Homer-Fmmons reaction between 21 and trimethyl or-phosphonopropionate (22) 

gave a mixture of the a,8-unsaturated esters 23 and 24. These two were separable 

by Si02 chromatography. The less polar ester showed the signal due to C=CCH3 at 

6-1.93. When these three protons were irradiated, a distinct increase in the 

signal area at 6=6.07 (C--CR) was observed, indicating the presence of NOF: between 

CH3 and CH. Accordingly, the less polar ester was 23. The more polar ester 

exhibited NOE between C=CCH3 (6=1.95) and C=CCH2 f&=3.54), supporting the (F)- 

geometry of its double bond as depicted in 24. 

The two esters 23 and 24 were separately reduced to the alcohols 25 and 26. 

Treatment of the alcohols 25 and 26 with Ph3P and Ccl4 gave the desired building 

blocks 4 and 5, respectively. 

Synthesis of the proposed structure (1) of bifurcatenone. F&cause Fenicalet al. -- 
proposed 1 with a (z)-double bond as the structure of bifurcarenone, we first 

synthesized (+)-1 as shown in Fig.4. Alkylation of the carbanion derived from (i)- 
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Reagents: (a) Br2(99%)i (b) CrO3/AcOHt (c) Na2S204(38% from 16)# (d) MOMC~, 

MeO(CH2)20Na(57%)$ (e) n-BuLi,CuI,CH2 -CHCH2Br(66%): (f) 0s04,NaIOq/Et20-H20; 

('3) (MeO)2P(0)CHMeCOZMe(22),NaR/THF; (h) LAH/Et20(99% for 258 94b for 26)1 

(i) Ph3P/CC14(136% for 4; 72% for 5). 

Fig. 3. Synthesis of the aromatic building blocks 4 and 5. 

3 with @)-ally1 chloride 4 yielded (*I-27. Selective removal of the ES protective 

group of (*)-27 was achieved with HCl-CHC13. The resulting cyanohydrin was treated 

with 2% NaOH soln in the presence of ether to give (*I-26. WI avoid the migration 

of the non-conjugated double bond in the remaining course of the synthesis to give 

a conjugated ketone, the CO group of (*J-28 was tentatively reduced to furnish (*)- 

29. The OH group of (k)-29 was then protected as the pivaloyl (Pv) ester (*)-30. 

To attach the remaining C5 unit 6, (*j-30 was converted to the aldehyde (*I-32 

by first removing the silyl protective group of (*I-30 by short treatment with HI? 
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Fig. 4. Synthesis of the @I-iscmer (1) of (k)-bifurcarenone 

to give (il-31 followed by its Swern oxidation' to (e)-32. Addition of the dianion 

of 6 to (k)-32 yielded (k)-33. LAH reduction of (i)-33 gave (k:)-35 with an (s)- 

double bond. Swern oxidation of (i)-35 furnished (i)-36 in low yield. lkprotection 
of the MOM groups of (i)-36 to give (k)-1, however, was unsuccessful under several 
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Fig. 5. Synthesis of (i)-bifurcarenone (2). 

conditions (BBr3/CH2C12; HCl/MeOH; JiCl/CHC13; HF/MeCN), only yielding unidentified 

product(s). 

We therefore decided to remove the MOM protective groups at the stage of (i)- 

33. Treatment of (k)-33 with 6N HCl/THF (l:l)' gave (k)-34. To avoid the 

oxidation of the hydrcquinone moiety to guinone in the later stage of oxidation, it 

was necessary to protect the phenolic OH groups of (i)-34. When (k)-34 was treated 
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with TBSC~, only one of the two phenolic OH groups of fk:)-34 was protected to give 

a product (*j-37. The structure ft)-37 was tentatively assigned to it, considering 

the less crowded nature of the OH group at C-4' located meta to both the 

substituents. Reduction of 1*)-37 with LAH gave (k)-38, of which Swern oxidation 

furnished (*)-39. Deprotection of the silyl protective group of 121-39 with I-IF 

yielded the target molecule (~1-1. 

When its 'H NMR spectrum was measured, there were two apparent differences 

between the spectrum of (i)-1 and the literature data for bifurcarenone.' The 

natural bifurcarenone was reported to show the signals due to protons at C-l and C- 

4 at 6=3.34 (ZH) and 3.04 (2H), respectively.' Instead, our I*\-1 showed the 

signals at 6=3.22 (2H), 3.17 (1H) and 3.18 (1H). Moreover the 13C NMR spectrum of 

(*j-l was not completely identical with that reported for bifurcarenone.' We 

therefore reasoned that the natural product must be 2 or its antipode. 

Synthesis of (*I-bifurcarenone (2). With our experience in synthesizing (*)-I, the 

synthesis of (k)-2 from (i)-3, 5 anr? 6 was straightforward as shown in Fig. 5. The 

overall yield of 1*)-2 was 1.2% in twenty steps from 7. In the case of f*\-2, the 

'p NMR signals due to protons at C-l and C-4 appeared at 6=3.34 (lit.' 3.341 and 

3.05 flit.' 3.04). The IR, ‘H NMR and 13C NMR spectra of (i,-2 were completely 

identical to those of (-)-bifurcarenone obtained by purification of the crude 

sample kindly sent to us by Prof. Fenical. 

In conclusion, the first total synthesis of (i)-bifurcarenone (2) was 

accomplished, resulting in the revision of the geometry of the non-conjugated 

double bond in the proposed structure 1. A chiral synthesis of 2 is now in 

progress, and will be reported in d.ue course. 

EXPERIMENTAL 

Al1m.p were llnm IR spectra were measured as films ~1 a Jaeco IRA-102 spedmmetarunless 

otherwise stated. 1HNMRspedraWare recordedWithTMSaS~iIlbIlX¶l standardat MHzcm a JB3L JNH R(-100 

spctromet~unlessothenvisestated. Montlz1~~and126~%~spctra- recoldedUlaJEC&JtWOSX- 

5oospectrometer. Mass spectra were recorded cm a JB.JL DX-303 spectrometer at 70 eV. Merck Kieaelgel6oWL 

7734 was used for SiO, wlumn du-omatcqraphy. 

~InuYul-4-neS. aR* 6R*)-1,6-Di lb a soln of 7 (30.0 g, (x297 ~101) in C5Cl2 (700 ml) 

wasaddedm-ch loroperhanzoic acid (SC%, 51.0 g, 0.236 mol) & the mixture wae heated under reflra for 20 h 

~~omli;;g,aaolnof101Na~~aq~300ml~xasslowly~addedtommixture. !lt~cRzQ2solnW~washedwith 

losNacFIacIandbine,dried(MgSo4)andancentrated5n- 

g). 
_- 'Ihe residue was dlranatcqra~- sio2 (500 

Eluticm with hexane-Acoet (1O:l) gave 32.5 g (9W of S aa white, grarular crystals, w MS-15O"cr unax 
2960 (8). 1740 w, 1470 (In), 1450 (m), 1390 (In), 1370 hl), 1290 (s), 1260 (a), 1210 (s), 1050 (81, 760 (8) cm-l, 

4 (60 MAz, '=4) 0.98 (3S. S), 1.00 (3& s), 1.5-2.0 (6H, ml, 2.20 (1A. d, 5113 Hz), 2.30 (1~. d, J-13 HZ). 360 

(2b 8). (Found: C, 71.30; H, 9.52. Cal= for ~10~1602: CI 71.391 A, 9.59%). 
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(~*,6R+)-l,6-DimeW1yl-3-oxabicyclo[4,3,0lnonan-4wl 9. lb a soln of 8 (21.0 g, o.l25 mol) in dxy tol- (700 
ml) was added dropwise DIBAG LO M in toluene, 140 ml, 0.140 mol) at O'C under AL After stirrina -i&tat 
mDnn temp. the reaction mixture was quenched hy adding ice-water. The organic layer was d&d 04gS0~) and 
cc+xentrated. The residue was chromatcgra~ ever Si% (4ClO g). Eluticn with hexane-Acxt (lO:l-4:l) gave 21 g 
(99%) of 9. $j6 l.51161 vmax 3400 (8). 2950 (6). 2870 (s), 1450 (s), 1370 W, 1350 (81, 1110 (8). 1070 (81, 1020 
(81, 980 (61, 860 (6) cm-'1 6 (CDC13) 0.86, 0.94 and 0.98 (total 6H. each s), 1.1-2.3 (8H. m), 3.2-3.7 (2H, m), 
3.80 (1A. OH), 4.90 and 4.98 (total 1H. each dd, J-3, 8 Hz). (Found: C, 70.56; H, 10.54. Calc for ClOHl802: C, 
70.55; H, 10.66%) 

(l'R*,2W)-2-(1',2'-Dimethyl-2' lcyclopentylmethyl)-1,3-dithiace lo. lb a soln of 9 (55.0 g, 0.323 
ml), L3Wthiol EO.0 ml, 53.9 g, 0.498 mol) in dry CS2Cl2 (1 1) was added dropwiss 8t2Alcl (1 M in 
hexaw, 500 ml, 0500 mol) at O'C under AL After stirring overnight at room temp. the reaction mixture was 
gwnched with 15% N&H aq (80 ml). 'Iheorganic soln was dried (Mgsoq) and umcentratedin- Ihe rasidue was -- 
aWra&ed - SiO2 (700 g). El&ion with h--A&Et (50:1-4:1) gave 54 g (64%) of 10, I@ 15612; vmax 
3420 (81, 2960 (s), 2890 (s), 1470 (ml, 1450 cm), 1420 (m), 1380 (m), 1270 (m), 1240 (ml, 1020 (8). cm-l; 6 (60 

MHz. cCl4) 0.89 (3H, 81, 0.96 (3H. s), 1.2-2.0 (10H. ml, 2.58 (1H. OH), 2.5-2.9 (4H. ml, 3.35 (ZH, s), 3.88 (1H. 
t, 5x7 Hz). (Found: C, 59.911 A, 8.90. Calc for Cl3H24OS2: C, 59.95; H, 9.29%). 

~l~*~2~*~-2-~2'-t-Butyldirnethylsi~~yl-~,2'~m~yl~l~lm~l)-l,3~~i~ 11. Amixtureof10 
(46.0 g, (x177 mol), imidazole (31.0 g, 0.455 mol) and t-euMe2Sicl (34.0 g, 0.226 mol) in DMF (500 ml) was stirred 
overnight at room temp Ihe react&m mixture wa8 poured into water and extracted with ether. Ihe extract was 
washed with waterandtrine. driad 04gSO4) and ccmcentratsd invacuo. Ihe residue was chromatcgra@edover SiO2 -- 
(2 kg). Elution with hexane-AcOEt (l:O-2O:l) gave 63.8 g (98%) of llas white, granular crystals, m.p. 39.0- 
39.5OC; vmax 2960 (s), 2900 cm), 2870 (m), 1460 (8). 1250 (~1, 108U W, 840 (s) cm_18 6 (60 MHz, CCl4) 0.02 WH, 
81, 0.88 (12H. s), 0.95 (3H. 81, l-O-2.1 (10H. ml, 2.68 (4H. m), 3.30 (2H. .a), 3.87 (1H. t, 556 Hz). (Found: C, 
60.40; H, 9.85. Calc for C+3@2Si: C, 60.90; H, 985%). 

~1'R*,2'R*~-2-~2'-t-Butyldim_ethylsil~e~yl-~,2'~im~l~l~~l~a~ld~ 12. Amixtureofllo(M 
g, 80.1 mmol), HgC12 (90.0 g, 331 mmol) and MC03 (36.0 g, 360 mm011 in MeCN (500 ml) and water (200 ml) was 
heated under reflux for 4 h. After cooling, the precipitate was filtered through a celite pad and washed 
thoraqhlywith MetX 'Ihe filtratewasconcentrat&, andthe residue was extracted with ether. The extract was 
washed with brine, dried (Na2S0,) and concentrated invacw. -- Ihe residue was chromatcgra~ over SiO, (150 g). 
Elution with hexana-A&Et GU:l) gave 18 g (79%) of unstable 12, vmax 2960 (s), 2940 (61, 2860 (6). 2740 (ml, 1720 
(8). 1460 (s), 1380 (ml, 1250 (s),1080 (8). 1010 (m), 840 (8). 770 (8) cmmli 6 (60 MHz, CC141 0.00 (68, s), 0.88 
(12H. s), 1.10 (3H, s), 1.40-1.90 (6H. ml, 2.28 (2H. d, J=3 Hz), 3.28 (lH, d, J=9 Hz), 3.42 (18. d. J=9 Ha). 9.80 
(lH, t, J=3 Hz). 'Ihis was immediately used for the next step. 

(1~*,2~*)-3-~2~~-~tyl~m~ylsil~e~yl-l',2'~ime~l~cl~~l~-2~i~i~ile 14. lb a soln of 
12 (18.0 g, 63.3 mmol) and trimethylsilyl cyanide (95%, 10 ml, 71 mmol) was added 7mI2 (cat am-t) with ica- 

Cmlillg. After stirring overnight at xtxm temp, the reaction mixhxe was paved into water and extracted with 

ether. 'Ihe extract was washed with water and brine. dried Rua2SO4) and axlcentrated inMcuotogive2Ogof -- 
crude 13. A mixture of 20 g of crude 13 and citric acid (0.50 g, 2.6 mmol) in MeoH (100 ml) was stirred owx'nisht 

at room temp Ihe reaction mixture was oxcentrated. Ihe residue was dissolved in ether, washed with water and 
brine, dried (~gso~) and concentrated in vacua. 'Ihe residue was chromatographed over SiO2 (100 g). 8lutia with -- 
hexane-AcU8t (10~1) gave 16 g (81% from 12) of 14, as a di asbreomeric mixture, I$~ l.4651; vmax 3480 b), 2960 
(s), 2880 (8). 2860 (s), 2x0 bw), 1480 (8). 1390 (ml, 1260 (s), 1080 (81, 840 (EL 78~ (8) cm-'; 6 (al3) 0.06, 
0.12 and 0.13 (total 6H. each s), 0.91 and 0.95 (total 9H. each 81, 0.98 (3H. s), 1.02 (3H, s), 1.4-1.8 (78, m), 

1.9-2.4 (ZH, m), 3.26, 3.32, 3.42 and 3.65 (total 2H. each d, J=lO Hz). 4.4-4.7 (1 HI ml. (Found: G 65.33; 8, 

10.58; N, 4.27. Calc for Cl7H3302NSi: C, 65.53; H, 10.68; N, 4.50%). 

(l~~,2R*)-3-(2'-t-~tyldimethylsiloxymethyl-l',2'-dim_ethylcyclopentyl~-2-~ethoxyethoxy~proPionit~ile 3. A 
mixture of 14 (12.3 g, 395 mmol), ethyl vinyl ether (3.4D g, 40.4 mmol) and pprs (0.5 g) in cH$lr, (100 ml) was 
stirred for 3 h. 'Ihe reaction mixture was diluted with Q&$12, washed with satNariaJ3 solnandbrine, dried 

04g8D4) and concentrated in vacua. ?he residue was chromatografied over Siq (150 9). Elutim with heMne-- -- 
(40:1) 13.4 (88%) of 3 as a gave g diastereom eric mixture, ~$2 1.4524; vmax 2960 (a), 2880 (s), 2200 (VW). 1470 
(s), 1390 (8). 1250 (s), 1080 (s), 940 (m), 840 (81, 780 (8) cm-'t 6 KDC13) 0.06 (68, 81, 0.89 (3H. 81, 0.92 (9H, 
s), 0.95 and 0.97 (total 3H, each s), 1.1-1.45 (6H, m), 1.5-1.8 (6H, m), 1.8-2.0 (2H, ml, 3.35 (E-I. d, J=ll Hz), 
3.39 (lH, d, J=ll As), 3.5-3.8 (2H, m), 4.30 and 4.55 (total lH, each m), 4.85 (lH, m). (Found: C, 65.76) H, 

10.67; N, 3.62. Calc for C2lH4103NSi: C, 65.74; H, 10.77; N, 3.65%). 
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2-W*- 18. 'pb a soln of 16 (398 g, 150 mol) in 80s A&R (11) was added dropwise a soln 

of Qo3 (165 g, 165 mol) in water (500 ml) with ics-aolins ovsr 3 h. ~ftar stirring for further 2 h at O’C, ths 
reactionmixture*aspxxadintowaterandextracted withaiCl3. 'IheextractwaswashedwithsatNaSo.+solnand 

~driedM304)and unosntxate3 in vacw to give 245 g of crude17, 6 (60 Mfk, CCl4) 2.21 WI, d, J-1 AZ), -- 
6.44 (lA, dd, J-1, 2 Hz), 7.02 (lH, d, J=2 Rz). To a soln of crude 17 (245 g) in 951 EtOA (2 1) and water (500 
ml) was &dedpxticmwiseNa2S~4 0OOg, 1~5 mu11 at60°C-lhandths reacti- mixture was stirred at60°C 
for furtherlh. After cooling, the reactionmixture was CcmaMzatad. l¶leresiduewasdissolvedinai2Cl2, 
washad with waterandlxins, dried 049SO4) and concentratsdinvacuo. lWresiduewasduumatogra@ad~Si~ -- 
(3 kg). Eluticm witbheaane-~uxt Wkl-lo:11 gave 116 g (38%) of lR.lkis was recrystalliaedfromCH$l2togive 
colorless plates np 117-118°C~ vmax 3650 (81, 3550 (s), 3350 (s), 1590 (ml, 1480 (s), 1420 (8). 1320 (a), 1180 
(s), 1100 (m), 1000 (m) cm-$ 6 (CDC13) 2.27 (3H. 8). 3.80 (Xi, OH), 5.16 (1H. OH), 6.60 (lH, d, J=3 Hz), 6.81 
(18, d, 513 AZ). (Found: C, 41.39; H, 3.50. Calc for C7H702Br: C, 41.411 R, 3.48%). 

3-Bmnno-2,5-bis(~koluens 19. To a soln of MeOCHzQI24lNa [m from 23.5 g (LO3 mol) of Nal in 
MeCQi2+Cfi (eOa ml) was added dropwiss a soln of 18 Ml.0 g, 0.246 mol) in MaOQi2C$CR (200 ml) at -lO+'C lb 
this was added droprise MaQ+!l (59.6 g, 0.740 mol) at-lO-@Candths reactian mixture was stirreaovernightat 
xwnn temp 'Ihe reacticn mixture was CQLcentrateb The residue was diluted with ice-water and extra&ad with 
ether. 'Ihe extract was washed with water and tbine, dried (M-4) and ~tra~inva,.xc. The residus was -- 
chromatcgra*ed over SiO2 (500 g). Zlution with haxans-A&Et (2o:l) gave 4L2 g (57%) of oily 19, $2 15268: 

- 2960 (8). 1600 (a), 1570 (81, 1480 (s), 1400 (5). 1310 (In), 1220 (8). 12Co W, 1160 W, low) ts1, 1040 (s), 
970 (8). 860 (S), 830 (6). 760 (s) cm-12 6 (CW13) 2.34 (3H, s), 3.48 (3H, s), 3.65 (3H. s), 5.02 (2H. s), 5.10 
(2B. 8). 6.82 (lli, d, J=3 Hz), 7.09 (1H. d, J=3 Hz). Wound: C, 45.321 H, 5.12. Calc for CllHl504Br: C, 45.38; H, 
5.19%). 

3-Allyl-2,5_bis(meUkxymetbc&til- 20. A soln of 2-W in n-bexane (159 M, 120 ml, O.l91 mol) was added 
dropwise to a stirred and moled s&n of 19 (4L2 g, 0.141 mol) in dry Et20 (700 ml) at -5O-40°C undar Ar. Ihe 
mixture was stirred for 30 min at -5O-4O'C Tb the stirred mixture was added m1 (13.0 g, 68.3 mmol) at -5o- 
-40-C The mixture was stirred for 2 h at -5O-4O'C 'IYJ the stirred mixture was added dropwise ally1 bromide 
(14.7 ml, 20.6 g, O.l70 mol). 'Ihe mixture was stirred overnightatroum temp. Ths mixture was pxradintoice- 
water and extracted with ether. The sxtract was washed with water and brine, dried (MgSO4) and wncank-ated&l 
-2 Ihe residue was chromatcgram over SiO, (300 g). Slution with haxana-AcoEt (2&l) gave 315 g (88%) of 
20, nA5 1.50951 vmax 2960 (8). 2850 (ml, 1640 (III), 1600 (s), 1500 cm), 1480 (a), 1440 (ml, 1400 (s), 1320 (s), 
1220 (s), 1180 (s), 1160 (s), 1080 (s), 1040 (s), 980 (s), 920 (81, 860 (s) cm-l8 6 (CDCl3) 2.28 (SH, s), 3.40 
(2H. ddd, J=7, 2, 2 Hz), 3.47 (3H. s), 3.60 (3H, 81, 4.90 (2H, 81, 4.9-5.1 (2H, m), 5.11 (2H, s), 5.96 (lH, ddt, 
J-8, 10, 7 Hz), 6.70 (2H, m). (Found: C, 66.67; H, 7.85. Calc for Cl4H2004: C, 66.64; H, 7.99%). 

[2,5-Bistmethoxymethoxyk3~etbyl~yllacetaldehyde 2L A mixture of M (20.0 g, 79.3 mmol), OsO4 (u)o g, 3.93 
mmol) and kaIO4 (34.4 g, 161 mmol) in ether (400 ml) and water (400 ml) was stirrsd for 6 h at room tamp The 
mixture was diluted with water. lb the ether soln was added 10% Na2S aq soln. Ihe precipitate was filtered 
through a celite pad and waked thomughly with ethar. The ather soln wa8 washed with water and brine, dried 

@+=4)and wncantratad in xwxo to give 20 g of unstable 21, 6 (60 MHz, CCl4) 2.24 (3H, s), 3.40 (3H. s), 3.48 -- 
(3A, s), 3.52 (2H. d, J=2 Hz), 4.79 (2H, s), 5.03 (2H, s), 6.6-6.9 (ZH, m), 9.68 (1H. t, J=2 Hz). This was 
employed fur the next step without furthar purification. 

Methyl (Z)-4-[2,5-bis(methoxymathoxy)-3;mathyl&enyll-2-metbyl-2-kkenoate 23 and methyl @j-4-[2,5-biscmethoxy- 
mettwxy)-3-methyl&enyll-2-metbyl-2-butenoate 24. 60% NaH in mineral oil D.@J g, 9W mmol) was washad with z- 
pentane, and NaH was suspended in dry lW (400 ml). To this suspension was added dropwise at room tsmp a soln of 
trimethyl #ws~onate (15.4 g, 789 mmol) in TnF (50 ml) tir Ax. The stirring was continued fur 30 min 
at - terns m the stirred and oooled mixturs at -7O'C was added dropwise a soln of 21 (20 g) in TiiF (20 ml) 
over 5 min. After stirring for 30 min at -70°C, the mixture was quenched by addi~ sat NH4Cl Soln and extracted 
with ether. The extract was washed with brine, dried (MgS04) and concentrated in vacua. The residue was -- 
chromatcqra#=d over Si02 (400 g). Elution with hexana-A&JFX (1O:l) first yielded the (Z)-isomer 23 (5.5 g, 21%). 
na5 1.5086; umax 2980 (s), 2850 (81, 1720 (s), 1640 cm), 1600 (s), 1480 (~1, 1440 (s), 1400 (III), 1360 (III), 1320 

(m), 1220 (8). 1160 (s), 1130 cm), 1080 (8). 1040 (s), 980 (61, EM) (ml cm-18 6 (400 MHZ, CBCl3. JEUL JNM GX-400) 
1.93 (3H. dq, J=2, 1 Hz), 2.28 (3H. s), 3.47 (3H. 81, 3.57 (3H. 81, 3.77 (3H. s), 3.84 (ZH, dq, J=l. 7 Hz), 4.90 
(2H, s), 5.10 (ZH, s), 6.07 WI, tq, J=7, 2 Hz), 6.70 (1H. d, J=3 Hz), 6.75 (1H. d, J=3 Hz). Nuclear Overhauser 
enhancement difference spsctroscopy (NEEDS) cm 23 gave the following results : presaturaticn of the methyl 
ms at L93 Pam resulted in an NOE of ths vinyl proton at 407 ppn 8 TLC (Merck Kieselgel 60 F-254 Art 5715, 
develop& with h==ne-==4:1) Rie.51. (Famd: C, 62.611 H, 7.38. @dC fOr Cl7H24%: C, 62.95; H, 7.46%). 'Iha 
next fraction afforded the mixture of 23 ard 24 (2.7 g, 11%). Further elutim afforded the (El-isomer 24 (6.3 g, 

25a). '-'a0 1.51341 vmax 2960 (~1, 2850 (ml. 1720 (~1, 1640 (ml, 1600 (61, 1480 (s), 1440 (s), 1400 (m), 1360 cm), 
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1260 W, 1200 (s), 1160 (81, loao w, 1040 (s), 980 (s), 860 (8) cm-l; 6 wx Mris, czclj) L95 (3H. ag. ;M, 1 

Hz), 2.28 (3A, s), 3.47 (3H. s), 3.54 (28, d, J=8 Hz), 3.58 (3H, s), 3.73 (3H. s), 4.91 (2H, s), 5.10 (2H, 81, 

6.64 W?, d, J=3 Hz), 6.76 WI, d, J==3 Hs), 6.88 (lH, tq, J-8, 1 Hs.). WEZ6 m 24 :~satw&iooofthemetbyl 

&zotons atL95 ppn resulted in ancxx of the Inethylene Faotons at 3.54 m, TLC OwrdK Kieselgel 60 F-254 Art. 

5715, hexsne--=4:1) Rf=O.45, @cund: C, 62.89; H, 734. Qllc far Cl7H24%: C, 6295r H, 7.46%). 

4-[2,5-Bis(meWnqmstboxy)-3-r&hylFhenyll-2-mathyl-2-butarl-ol 

(a) Pz)-isomer 25. Tbastinxd euspensim of LAH (2M) g, 527 mmol) in ether (100 ml) was added a solo of 23 

(17.2 g, 53.0 mmol) in ether (100 ml) at O°C After stirring for 1 h at mom temp, the react&m mixWre was 

guenched by adding water (20 ml), 15% NaO8 aq (2.0 ml) and water (6.0 ml). Ihe ether soln "as dried (MgsO4) atld 

cmcentrated invamo. Ihe residue was chromakqra#~ed over SiO, (300 g). Elutioc with h -- exIlffAcaEe (1O:l) gave 

15.6 g (99%) of 25, cd2 1.5170; vmax 3450 (s), 2960 (s), 1600 (s), 1480 (s), 1440 (m),1400 cm), 1320 Cm), 1220 

(m), 1160 (s), 1080 (s), 1040 (s), 980 (s), 860 (m) cm-lr 6 (COC13) 1.84 (3H, d, 5~2 Hz), 2.28 (3R, 81, 3.41 (ZH, 

d, J=8 Hz), 3.49 (3H, s), 3.60 (3H, 8). 4.21 (28, 81, 4.91 (ZH, s), 5.11 (2H, s), 5.41 (lH, dt, J=2, 8 As), 6.70 

(lH, d, 533 Hz), 6.73 (lH, d, J-3 Hz). (Found: C, 64.991 H, 8.41. Calc for C16H2405: C, 64.841 A, 8.16%). 

(b) (E)-isomer 26. In the same m- as described above, 62 g of 24 gave 5.3 g (94%) of 26, I@ 161671 wax 

34M (81, 2950 (~1, 1600 (s), 1480 (8). 1400 cm), 1320 (ml, 1220 (ml, 1190 cm), 1160 (s), loB0 (s), 1040 (s), 980 

(s), 860 (8) cm-li 6 (CDC13) 1.70 (lH, OH), 1.79 (JH, s), 2.28 (3H. s), 3.41 (2H, d, J=8 As), 3.48 (JH, s), 3.60 

(3H. s), 4.05 (2R, s), 4.91 (2H. s), 5.11 (28, s), 5.58 UH, dt, J=2, 8 Hz), 6.68 (lH, d, J=3 Hz), 6.73 (lH, d, 

J=3 As). Wound: C, 64.79; A, 7.76. Calc for Cl6H2405: C, 64.841 H, 8.16%). 

3-~4~loro-3lnethyl-2-hutenyll-2,5-bis~methcrxymethoucy~t 

(a) (Zkisomer 4. A mixtcre of 25 (3.62 g, 12.2 mmol) and PFh3 (3.20 g, 12.2 mmol) in Cc14 (100 ml) was heated 

under reflux for 20 h. The mixture was ccckcentrated. 'Ihe residue was filtered thrcqh Si02 (M g) usins CFICl3 to 
remnve the Ph3FQ. Iha filtrate was ccmcentcated & vaccc. The residue was duomato9ra@ed over SiO, WO g). 

Eluticm with hexans-A&Et (5&l-20~1) gave 3.3 g (86%) art, 42 15180; vmax 2970 M, 1600 (s), 1480 W, 1400 

cm), 1320 (8). 1260 (III), 1220 (m), 1190 (ml, 1160 (s), 1080 (s), 1040 (s), 980 (s), 860 (8) cm-lr 6 (CDC13) 1.84 

(3H. d, J=2 Hz), 2.28 (3H, s), 3.42 (2H, d, J=8 Hz), 3.48 (3H. 81, 3.60 (3A, s), 4.04 (2H, S), 4.90 (2R, s), 5.10 

(ZH, s), 5.70 (lH, dt, J=2, 8 Hz), 6.65 (lli, d, J=3 Hz), 6.74 (1H. d, J=3 As). (Found: C, 60.611 H, 7.21. Calc 

for C16H23O4Ck C. 6LO4r H, 7.36%). 

(b) (El-isomer 5. In the same marmsr as described above, M g of 26 gave 2.3 g (72%) of 5, d2 15170; vll~ 

2960 (I?), 1600 (s), 1480 (s), 1440 (ml, 1400 (ml, 1320 (ml, 1260 (ml, 1160 (s), 1080 (s), 1040 (81, 980 (s), 860 

(s) cm-l1 6 (CDC13) 1.86 (3H, d, J=2 Ha), 2.28 (3H, s), 3.42 (2H, d, J=8 AZ), 3.47 (3H, s), 3.60 (3H. 81, 4.07 

(2A, s), 4.90 (2H. s), 5.10 (ZH, 81, 5.70 (lH, dt, J=2, 8 Hz), 6.60 (IA, d, 5~3 Hz), 6.74 US, d, J=3 Hz). (Found: 

C, 61.11; A, 7.16. Calc for C16H2304Cl: C, 61.04; H, 7.36%). 

(l'R*,2'R*)-2-(2'-t-IAkyldirmthylsil oxymsthyl-1',2'Ylin&hylcyclcJpsntylmsthyl~-2-e~~2,5-bis~~- 

ms~)-3lnstbyl~lI-4-methyl-4~trile 

(a) ('&isomer 27. Tb a soln of 3 (360 g, 9.90 mmol) in TWP (40 ml) and RMPA (1 ml) was added dropwise at -50- 

4O'C an LM soln which was pre@ from dii sopropylamins U.70 ml, 12.l mmol) and @&i (I..59 M 7.50 ml, 11.9 

mmol) in WIF (10.8 ml). After stirring for 1 h at -5O-40°C, a soln of 4 G.60 g, 8.26 mmol) in 'ITiF (10 ml) was 
added, and the mixture was stirred for further 40 min at O'C. The mixture was pwred into sat NH4Cl Sole Md 

extracted with ether. 'Ihe extract was washed with brine, dried @qSO4) and ccncentrated in vamo. meresidue -- 
was chtomatographed over SiO2 (100 g). Elution wjth hsxane-AcOZt (2O:l) gave 3.86 g (70 2) of 27 as a 
diastereomeric mixture, nd2 1.4925; vmax 2980 (8). 1710 (ml, 1600 (s),1480 (8). 1390 (s), 1320 (s), 1260 (s), 

1160 (s), 1080 (s), 1040 (s), 980 (s), 840 (s), 780 (8) cm-$ 6 (COC13) 0.00 and 0.04 (total 6H, each 81, 0.84 

(3H, s), 0.88 (9H, s), 0.90 (3H. s), 1.0-1.45 (6H. ml, l-5-2.0 (llH, ml, 2.28 (3H. s), 2.1-2.5 (2R, m), 3.2-3.7 

(6H, m), 3.47 (3H, s), 3.58 (3H, s), 4.90 (2H, s), 5.10 (ZH, s), 5.20 (1H. m), 5.55 (lH, t, J=8 Hz), 6.66 (lHI, de 

J=3 Hz), 6.73 (1H. d, J=3 Hz). (Found: C, 66.66; H, 9.43; N, 1.99. Calc for C37H6307NSi: C, 67.131 H, 9.59; 

N,2.12%). 

(b) (Ekisomer 40. In the same manner as described above, 5.6 g of 3 and 4.6 g of 5 gave 6.1 g (63%) of 40 as a 

diastereomeric mixture, na2 1.4908; vmsx 2980 (s),1600 (s), 1480 (~1, 1390 (~1, 1320 cm). 1260 (8)~ 1160 (8). 

1080 W, 1040 (~1, 980 (81, 860 W, 840 (s), 780 W cm-'; 6 ('=X3) 0.00 (3S, 81, 0.02 and 0.04 (total 3H, each 

s), 0.81 (3~. s), 0.88 (9S, s), 0.90 (3H, 81, O-95-1.5 (6H, III), l-5-2.0 (8H. m), 1.89 (3H, 81, 2.28 (3H, 81, 2.3- 

3.0 (ZH, III), 3.2-3.9 (6H. ml, 3.48 (3H, s), 3.60 (3H, s), 4.91 (2H. s), 5.10 (2H, s), 5.15 (lH, m), 5.55 (lH. t, 

~=7 I&Z), 6.68 (Xi, d, ~3 Rz), 6.73 (lH, d, J=3 Hz). Wcumd: C, 66~331 H, 9.511 N, 2.29. -1~ for C37H63qNSi: C, 

67.131 H, 9.591 N.2.129). 
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(1’R*,2’R*)-l-(2’~-~~~~Bi~~~-~‘,2’-dimethyl~l~l~*~~,~*~~~-~- 
ms~l@snyll-4-nmulyl-4-bexen-z-als 

(a) (Z)-isomer 28. A mixhve of occ~o HC~ CO.5 ml) and 14g8O4 (5 g) in CX!l3 (100 ml) was stirred for 1 b at room 

terns the mirture was filtaredand the filtrate wss sddadto 27 (3.86 g, 5.83 mmol). Ihe mixture was stin-ed for 

lhat-tempand ooncentratedin- -- m the residue was added a soln of 2% M aq (50 ml) and ether (100 

ml). Ihemixturewasstirredforlhatrcomtemp meethersolnwaswaskdwitbwatezatxlbrins#drisd 

Wa2SO4) and cQlcen~ated~vaalo. 'Ihe residue was cbromatc9ra&edover SiO, (15OgL Elutkm Witbhewne-A&Et 

(4O:l) - 2.85 g (87%) of Za-2 I.4976; vl~x 2950 W, 1740 k& 1720 (s), 1600 (8). 1480 (S), 1320 (m), 1250 

(m), 1150 (s), 1080 (81, 1040 (s), 980 (8). 840 (s), 780 (8) cm-'; 6 WCl3) 0.04 (6S. 81, 0.88 (3H, s), 0.91 (9H. 

s), 0.98 (3~. s), 1.4-1.8 (61i. la), 1.56 (3A. s), 2.1-2.5 (ZH, m), 2.28 (3H. s), 3.25-3.5 (6H, m), 3.48 (3S. s), 

3.61 (3~, s), 4.92 (2~. s), 5.11 (2A. s), 5.41 Wi, t, J=8 Hz), 6.72 (2H. ml. (Pound: C. 68.311 H. 9.52. Calc for 

C32HsbogSi: C, 68.281 H, 9.67%). 

(b) (E)-isomer 43.. Intbssamemanner as described above, 6.l g of 40 gave 4.6 g (89%) of 4L Ix32 l.4966; - 

295O (81, 1710 (81, 1600 (8). 1480 (s), 1400 (ml, 1320 (m). 1250 (m), 1190 (ml, 1160 (s), 1080 (s), 1040 (sL 980 

(81, 860 (s), 840 (a), 780 (s) cm-l1 6 (COC13) 0.03 (6A, s), 0.88 (3H. s), 0.90 (9H. s), 0.97 (3H, s), 1.4-1.8 

(6H. ml, 1.73 (3H, d, 5x2 As), 2.28 (3A. 81, 2.38 (lli, d, J=15 Hz), 2.50 (1A. d, J=15 Hz). 3.12 (2S, s), 3.31 (1H. 

d, J=lO Hz), 3.37 (lH, 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 (2H. S), 

5.39 (lH, dt, 5~2, 8 AZ), 6.70 (1~. d, J=3 Hz), 6.73 (1H. d, J=3 Hz). (Pound: C, 67.84; H, 9.50. Calc for 

C32H54%Si: C, 68.28; 4 9.67%). 

(l'R*,2'R*)-l-(2'-t-E&y ldimethylsiloxymathyl-1',2'+ir&bylcycl~tyl~-6-~2,5-bis~~~-3- 

1mtbyl@mnyll-4~nstbyl-4-bsxen-2-ol 

(a) CZkisomer 29. lb a soln of 28 (280 g, 4.97 mmol) in MeaA (50 ml) was addsd -4 (280 mg, 7d0 mmol) at 

nxmtemp. Aftarstirringovernigbtatmomtem~ tbe reaction mixture was -ted. Iheresiduewasdiluted 

with waterandextracted withether. W extract was wasbed withbrine. dried (Na2sO4) and ancenWatsdi&vacco. 

'Ihs residue was cbromatcgraw over SiO2 (150 g). Eluticn with bexane-m WA) gave 2.45 g (87%) of 292 

1.4990; umax 3400 (s), 2950 (s), 1600 (s),1480 (s), 1400 (m), 1320 (m), 1250 (s),1160 (a), 1080 (s), 1040 (s), 

980 (8). 860 (8). 840 (8). 780 (8) cm-l8 6 (C!X13) 0.03 and 0.05 (total6H. each 81, 0.88 (3H. s), 0.90 (9S, s), 

0.93 (3A, s), 1.4-1.8 (9H. ml, 1.78 (3H, 81, 2.1-2.6 (2H, m), 2.28 (3H. s), 3.2-3.45 (4H. m), 3.48 (3S. s), 3.60 

(3H. s), 3.90 (1H. m), 4.91 (28, s), 5.10 (2H. s), 5.48 (lH, t, J=8 Hz), 6.71 (2H, m). (Found: C. 68.21~ S. 9.85. 

CX.c for C32H56O6Si: C, 68.O4; H, 9.99%). 

(b) (El-isomer 42. In the same manner as described above. ~- 4.6 g of 41 gave 3.6 g (78 %) of 42 as a 

diastereomeric mixhxe, njj5 l.4871; vmax 3420 (s), 2960 (s), 1730 (III), 1590 (s), 1470 (s), 1390 cm), 1250 (8). 

1150 (s), loB0 (8). 1030 (s), 980 (8). 850 (a), 830 (s), 770 (s) cm-'; 6 KlXl3) O.O2 and O.O4 (total 6H, each S), 

0.87 (3~. s), 0.90 (9H. s), 0.92 (31x. s), 1.2-1.9 (SH, III), 1.75 (3H, s), 2-O-2.2 (ZH, m), 2.27 (3S, s), 3.2-3.5 

(4H, m), 3.48 (3H. 81, 3.60 (3H. s), 3.84 (1H. m), 4.91 (ZH, s), 5.10 (2H. s), 5.40 (X-i. t. J=7 Hz). 6.70 (2H, m). 

(Found: C, 68.04; H, 9.69. Ca1C for C32H56O6: C, 68.04; H, 9.99%). 

(1'R*,2'R*)-1-(2'~-~tyl~ylsil~~yl-l',2'-dimethylcyclopentyl~d-[2,5-bis~~~-3- 

metbylphenyll-4-metbyl-4-bexen-2-ylpivalats 

(a) (Z)-isomer 30. ‘Ib a soln of 29 cl.70 g, 3.Ol mmol) and DMAP (cat amount) in midins (25 ml) was addsd t- 

Scoxl (LO0 ml, 0.98 g, 8.12 mmol) at Ok After stirring overnight at rcom temp, tbs mixture was pcured into 

water and extracted with etbsr. Ihe ether soln was wasbed with WSCl, satCuS04 solo, water and lxine, dried 

(Mg904)d caIcen~tedinvacua -- ?he residue was cbmma~a&ed over SiO2 (100 g). Eluticn with besaoe-A&St 

uO:i) game l.92 g (98%) of 30 as a diastereolneric mixture, I$ l.48921 vmax 2980 (a), 1720 (s), 1600 h), 1480 

(s), 1400 (m), 1280 (m), 1250 cm), 1160 (s), 1080 (s), 1040 (s), 980 (s), 860 (s), 840 (8) Cm-'; 6 (COCl3) O-01 

(6H. s), 0.81 (3~. s), 0.86 (3H. s), 0.88 (9H, s), 1.17 (9H, 81, 1.3-1.7 (SH, m), 1.78 (3H. s), 2.1-2.4 (2S. m), 

2.28 (3H, s), 3.30 (2H. S), 3.37 (2H. d, J=8 Hz), 3.45 (3H, s), 3.58 (3H, 8L 4.88 (2H, 81, 5.08 (2H, S)r 5.20 

(lH, m), 5.38 (lH, t, J=8 Hz), 6.63 (1H. d, J=3 Hz), 6.71 (1H. d, J=3 Hz). (Found: C, 68.35; H, 9.67. CalC for 

C37H64qSi: C, 68.47; H, 9.94%). 

(b) (El-isomer 43. In the same manner as described above, --- 3.6 g of 42 gave 3.9 g (94 %) of 43 as a 

diaskreomeric mixture, d3 L4776; vmax 2980 (~1, 1720 (8). 1600 (m), 1480 (~1, 1400 (ml, 1280 cm), 1260 (III), 

1160 (s), 1080 (8). 1040 (s), 980 (s), 860 (81, 840 (s), 780 (8) cm-$ 6 K!OC13) 0.03 (6H, s), 0.82 (3H, s), 0.86 

(3~. s), 0.91 (98, s), 1.16 (98, s), 1.7-1.9 (SH, ml, 1.77 (3H. 81, 2.20 (2H, m), 2.28 (3S. SL 3.32 (2H, s), 3.35 

(2H, d, J=8 Hz), 3.47 (3H. s), 3.59 (3H. 81, 4.90 (2H. s), 5.09 (2H. s), 5.11 (1H. m), 5.32 (1H. t, J=8 Hz), 6.64 

(lH, d, J=3 Hz), 6.72 (lH, d, J=3 Hz). (Found: C, 68.41; H, 9.67. Calc for C37S6407Si: C. 68.471 A, 9.94%). 
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(1'R*,2'R*)-1-~1',2'-Dinethy1-2'~1~~1)*(2,~s~~)-3~1~1~~1-~ 

hexen-2-ylpivalate 

(a) (Z)-iswlar 31. A ndxtum of 30 (L90 g, 2.93 mmol) in 10% ag SF (5 ml) and MeCN (25 ml) was stirred for 2.7 

h. 'Ihereacticmmixbxewasneutralizedbyaddingsat~ solnandextractadwithe~ Iheextractwas 

washed with b&ne, &Ad (Na2SO4) and ccmcentrated invacu& me residue was dlromatcg!=a&ad oversiO2 (loo g). -- 
Slutkl with hexane-AcOEt (20:1-1O:l) gave L2 g (77%) of 31 as a diastereonreric mixture, 1+0 15065; vmax 3Kx) 

(s), 2980 (s), 2900 (III), 1720 (s), 1600 (m), 1480 (s), 1400 (III), 1280 (a), 1160 (s), 1080 (a), 1040 (81, 980 (8) 

cm-11 6 (CDC13) 0.85-0.90 (6H, m), 1.20 (9H, s), 1.4-1.7 (9H, m), 1.81 (3H. s), 2.30 (38, s), 2.2-2.5 (2A, I%), 

3.34 (2H, s), 3.40 (2H. d, J-8 Hz), 3.48 (3H, s), 3.61 (JA, a), 4.92 (2H, s), 5.11 (ZH, s), 5.25 (lH, m), 5.43 

US, t, J=8 Hz), 6.67 (lH, d, 513 Hz), 6.72 (lH, d, J=3 He). (Found: C, 69.491 A, 9.05. Calc for C3lA5007: C, 

69.631 H, 9.439). 

(b) (E)-isomer 44. In the same mannerasdescribedabwe,L8gof43gaveL3g(88%)ofUasadiastereonaric 

mixture, n 7 1.4880; vmax 3550 (s), 2960 (8). 1720 (s), 1600 (a), 1480 (8). 1280 (s), 1160 (s), 1080 (s), 1040 

(s), 980 (8) cm-l8 6 (CDC13) 0.80 and 0.86 (total 3H, each s), 0.88 and 0.90 (total 3H, each s), 1.17 (9H, s), 

1.2-2.2 (9H, m), 1.76 (JH, s), 2.0-2.3 (28, m), 2.28 (3R, s), 3.2-3.4 (4H, m), 3.48 (3H, s), 3.60 (3H, s), 4.90 

(ZH, s), 5.08 (Xi, m), 5.10 (ZH, s), 5.31 (lH, t, J-8 Hz), 6.66 (lA, d, J=3 HZ), 6.72 (lH, d, J=3 Hz). (Found: C, 

69.361 H, 9.23. Calc for C3lH5007: C, 69.63; H, 9.43%). 

(l'R*,Z'R*)-l-(2'~Fmmyl-1',2' _dimethylcyclopentyl)-6-(2,5-bis(mathoxymethoxy)-3-mathyl@enyll-4-z&hyl-4-haxan-2- 

yl pivalate 

(a) (Z)-isomer 32. Tb a soln of oxalyl chloride (0.33 ml, OA8 g, 3.8 mmol) in Cii2Cl2 (30 ml) was addsd dropwise 

DNSO (0.54 ml, 0.59 g, 7.6 mmol) at -70X After stirring for 5 min at -7O'C. to this was addad a soln of 31 (L2 

g, 2.2 mmol) in CH$l2 (5 ml) and the mixtura was stirred for 15 min. lhen Rt3N (21 ml, 15 g, 15 mmol) was 

added dropwise at -7O'C and the temp was gradually raised tc room temp Ihe reaction mixtuxe was pcaued into 

water and extracted withCHzQ2. Theextract was washedwithwaterandbrine, dried oYa2SO4) andaxlcspltrateak 

vacua The residue was chrumatcgra&ed - SiO2 (50 g). Elutia with hexane-AaXt (1O:l) gave L12 g (94%) of 

32 a mark mixture, n&O 15024; vmax 2980 (s), 2950 (8). 2900 (s), 1720 (s), 1600 (a), 1480 (s), 1280 

(s), 1160 (8). 1080 (8). 1040 (s), 980 (8) cm_lJ 6 (CDCl3) 0.95 (3H. s), 1.00 (3H, s), 1.20 (9A, s), 1.3-1.8 (8H, 

m), 1.78 (38, s), 2.1-2.5 (2H, m), 2.28 (3H, s), 3.37 (2H, d, J=8 Hz), 3.48 (3H, s), 3.60 (3R. s), 4.93 (2H, s), 

5.13 (2H, s), 5.20 (1H. m), 5.43 (1H. t, J=8 Hz), 6.62 (1H. d, J=3 Hz), 6.74 (18, d, J=3 HZ), 9.62 (18, 8). 

(Found: C, 69.97; H, 9.01. CSlC for C3lH4807: C, 69.89; H, 9.08%). 

(b) (E)-isomer 45. In the same manner as described above, 320 mg of 44 gave 280 mg (88 9) of 45 as a 

diastereomeric mixture, na3 1.4946; vmax 2950 (s), 2700 (m), 1720 (s),1600 (s), 1480 (s), 1280 (s), 1160 (8). 

1080 (8). 1040 (s), 980 (8) cm-l, 6 (CDc13) 0.90 and 0.92 (total 3H. each s), LOO and LO2 (total 3N, each s), 

1.15 (9H, s), 1.3-1.9 (BH, m), 1.73 (3~, s), 2.0-2.3 (2H. m), 2.27 (3H. s), 3.32 (28, d, J=8 Hz), 3.48 (3H, s), 

3.60 (38, s), 4.90 (2H, s), 5.08(28, s), 5.30 (lH, t, J=8 Hz), 6.62 (lH, d, J=3 Hz), 6.71 (lH, d. J=3 Hz), 9.58 

and 9.63 k&al lH, each 8). (Found: C, 69.561 H, 8.93. Calc for C3lH&: C, 69.W; H, 9.08%). 

(1'R*,2'R+)-1-(2'-(1,4-~~4~yl-~~l)-l',2'_dimethyl~l~~l)*~2,5~iS~~)-3- 

methyl~ll-4-methyl-4-hexen-2ylpivalate 

(a) (Z)-isomer 33. A soln of ;-B&i in +exane cl.59 M, 4.60 ml, 7.31 mmO1) was added dropvise to a stirred and 

cooled soln of 3-methyl-l-tityn-3-01 6 (260 mg, 3.09 mmol) in dry 'RIF (25 ml) and HNPA (0.5 ml) at -SOY under A& 

'the mixture was stirred for 2 h at -5&C. PJ the stirred mixture was added dropwise a solnof 32 (Ll2 g, 211 

mmol) in dry lW (5 ml) at -6O’C and the temp was gradually raised to nxm temB zhe mixture Was m intO sat 

NH4C.l soln andextracted withether. Theextract was wa&adWith~ine, dried (Na2sO4)ard UXlWntKatedin- -- 
Ihe residue was chromatogra@d over SiO, (50 4). Slutian with hexane- x¶xt (lO:l-4:l) gave L29 g (99%) of 33 as 

a diastereomeric mixture 1 vmax 3480 (s), 2980 (81, 1740 (sh), 1720 (8). 1600 (S), 1480 (s), 1390 (s), 1280 (m), 

1240 (s), 1160 (s), 1040 (s), 980 (8) cm-18 6 (cDC13) 0.90-1.05 (6H. m), 1.21 (9H, s), 1.4-2.0 (98. m), 1.51 (68, 

s), 1.82 (3~, s), 2.1-2.5 (ZH, m), 2.30 (3H. s), 3.3-3.5 (2N. m), 3.49 (3H, s), 3.62 (3H. s), 4.10 (1H. OH), 4.92 

and 4.93 (total 2H, each s), 5.14 and 5.15 (total 2H. each s), 5.1-5.6 (ZA, m), 6.6-6.8 (2H, m). (Found: C, 

70.301 H, 8.92. Calc for C36H5608: C, 70.10; H, 9.15%). 

(b) (E)-isomer 46. In the same manner as described above, 980 mg of 45 gave 1.10 g (97 9) of 46 as a -- 
diastereomesic mixture, vmax 3450 (s), 2960 (s), 1720 (s), 1600 W, 1480 (8). 1370 cm), 1280 (m), 1160 (s), ~C@J 

(m), 1040 k), 980 (s), 860 (m) cm-li 6 (CDC13) 0.85-1.10 (6H, m), 1.18 (9H, S), 1.6-1.8 (9H, m), 1.53 (6H, s), 

1.77 (3H, s), 2.0-2.3 (2~. m), 2.29 (3H. s), 3.35 (2H, d, J=8 Hz), 3.49 and 3.51 (total 3H. each s), 3.61 (38. s), 

4.21 and 4.22 (total lH, each s), 4.92 (2H, s), 5.12 and 5.17 (total 2H, each s), 5.1-5.5 (ZH, m). 6.6-6.8 (2N. 

m). (Found: C, 70.04; H, 9.16. Calc for C36H5608: C, 70.10J H, 9.15%). 
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(l'k,2'R*,4+l-[2'-(1,4- Mhyd~q-4~l-2-pentyql)-l',2'+iWhyl~~loPntylP6-(2,~ 3- 

methy1&enylM-nWly1-4+exsn-2+pivalate3+ A soln of 33 cl.27 g, 2.06 mmol) in 6 N-IXl (15 ml) and 'Iw (15 

ml) was stirred for 3 h. 'Ihe mixbxs was extWtedwithcW1, The extract waswashedwithbrine, dried WgSD4) 

and ccncentrated to give l.40 g of cnlde 34, vmax 3400 (s), 2980 (s), 2880 W, 1720 (s), 1460 Wr 1280 (s), 1160 

(s), 1020 (s), 960 Wr 860 Wr 760 (8) cm -1. MS was employed for ths next step wittuxt further pnification. 

(1'~*,29~*)*(5-t-~utyl~2~~1~1)-1-r2'-(1,4 +&ydMW-4-lmvxy2-&entyny l- l)-1',2'- 

dimeth~lcyclopmtyll-4-maUlyl-4~2-yl~valate 

(a) (Z)-isomsr 37. A mix&z of uude 34 (L4 g, ca. u) mmol), imidazole (0.41 g, 6.0 mmol) and t-We2Sia 

(0.45g, 3.0 mmol) inDMF (50 ml) was stirredovarnightatroom tamp Ihe reactia‘l mixhne was m-into waw 

and extracted with ether. m exWact was washed withwaterandtzine. dried (Na2SD4) and amce&zatedinvacua -- 
Tha residue was dxomatogra&ed over SiO, (50 g). Eluticm with hexaos-A&St (6:1-4:l) gave 690 mg (52% from 34) 

of 37 as a diastereolaeric mixture, when 34 (110 mg. 0.208 mmol) was treated with excess t_BuMe2SiC!l (75 mg, a498 
mmol), only 37 (92 mg, 69%) was cbMned, - 3450 W, 2980 (8). 2950 (s), 2900 (8). 1720 (8). 1710 (sh), 1600 

(a), 1480 (s), 1380 (s), 1330 (a), 1290 (s), 1260 (8). 1160 (a), 1040 (8). 960 (s), 860 W, 780 (8) cm-'; 6 

(CDC13) 0.17 (6R. a), 0.8-0.9 (3H. mL 1.00 (9Ii. 8). 1.05 (3H, 81, 1.20 (9H. s), 1.51 (6H. a), U-2-1 WJH, III), 

1.81 (3~. s), 2.20 (3ii, s) 2.2-2.5 (ZH, la), 3.2-3.5 (3~. m), 4.40 (1H. m), 5.0-5.5 (2H. m), 6.40-6.55 (2H. ml. 

MS: m/z 642 (M+, 12%), 641 (15%). 640 (32%), 606 (5%). 522 (6%). 289 WO%, base peak). 

(b) (ElIisomer 47. In the same manner as described above -- , 400 mg of 46 gave 390 mg (94 %) of 47 as a 

diastarenaaric mixhne, vmax 3450 (81, 2980 (s), 2960 (a), 2900 (8). 2880 cm), 1720 (8). 1600 cm). 1480 (a), 1380 

ts), 1330 W, 1280 W, 1260 (6). 1160 (s), 1040 (81, lC00 cm), 960 (ml. 880 (s), 860 (8). 840 (s), 780 W cm-'; 

6 (CDU3) 0.16 (6H. S), 0.92 and 0.94 (Mai %I, SSCh S), im (m, dr I.03 and I.07 k0tdl ma Bach 8). Ll5 and 

1.18 (total 9H, each s), 1.4-2.0 UOR, ml, 1.50 (68, s), 1.82 (3A, s), 2.20 (3H, 81, 2.1-2.5 (2H. m). 3.1-3.4 (2H. 

ml, 4.40 and 4.44 (total 1A. each s), 5.0-5.4 (3H,m), 6.45 Wi, d, J=3 Hz), 6.48 (1H. d, J=3 Hz). (Found: C, 

7LOlr S# 9.45. Calc for C38H62D6Si: C# 7a98; H, 9.72%). 

(1'R*,2'R*,2~)-6-(5-t-~tyldin&hylsiloxy-2-hydzmxy-3~l~ l)-l-[2'-(1",4"-dih y&?xy-l--methyl-2"- 

&~kenyl)-1',2'-din&hylcyclop&yll-4n&hyl-4-hexen-2-ol 

(a) (Z)-isomer 38. m a stirred suspension of LdS (320 mg, 8.43 mmol) in dry ether (20 ml) was added a soln of 

37 (690 mg, l.D7 mmol) in dry ether (10 ml) with i os-ccoling. Afterstirringfor2hatrocmtemp,thereaction 

mixturewas~byaddingPrater,acidifiedwithN_AC1, andextracted withCfK!l3. 'Iheextract was washsd with 
water and brine, dried &+04) and ccmcentrated in va- 'Ihe residue was chromatcgra~ed over 8iO2 (30 g). -- 
Rlution withh exane-AcDZt (lO:l-2:l) gave 470 mg (78%) of 38 as a dia stereomeric mixture, vmax 3400 (s), 2960 Cl, 

1660 (5). 1600 (S), 1480 (8). 1380 (s), 1330 (s), 1260 (s), 12W (s), 1160 (8). 1030 (S), 860 (8). 780 (s) cm-1t 6 

(cDC13) 0.17 (6H. s), 0.93 (3H. s), 0.98 (9H. s), 1.08 (3H. s), 1.33 (6H, 8). 1.5-1.8 (l1H, m), 1.9-2.1 (2H, m). 

2.17 (3~, s), 2.5-2.8 (2H, m), 3.4-3.7 (2H, m), 3.9-4.3 (2H. ml, 5.2-5.3 (2H. m), 5.35 (1H. m). 6.47 (2H. mLR8: 

m/z 560 CM+, 4%), 558 (6%), 542 (lO%), 524 (100%. base peak), 305 (18%). 289 (56%). 

Tb,- (IV-isoper 48 -- In the same manner as described above, 150 mg of 47 gave 90 mg (69 %) of 48 as a 

diastereomeric mixture, uma~ 3620 cm), 3450 cm), 2960 (s), 1600 (s), 1480 (s), 1380 (m), 1320 cm), 1200 (s)r 1020 

(m), 850 (s) cm-lt 6 (CDC13) 0.15 (6H. s), 0.90 (3H, s), 0.98 (9H. s), 1.05 (3H, s), 1.32 (6A. 81, l-4-1.7 (llS, 

m), 1.79 (3H. s), 2.16 (3H, s), 2.0-2.4 (2A, ml. 3.30 (2H, d, J=8 AZ), 3.7-4.2 (3H. m), 5.38 (lH, t, J=8 HZ), 5.6- 

6.0 (2H, III), 6.4-6.5 (2H. m). (Found: C, 70.471 A, 10.00. Calc for C33S56058i: C, 70.66; H, 10.06%). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2"-pMzzwylkyclopsntyll-4w&hyl-4-hexen-2-ons 

(a) (Z)-isomer 39. lb a soln of oxalyl chloride (0.24 ml, 0.35 g, 2.8 mmol) in CS2C12 (16 ml) was add& dropwise 

DMSD (0.40 ml, 0.44 g, 5.6 mmol) at -70°C After stirring for 5 min at -7O*C, to this was added a soln of 38 (200 

mg, 0.357 mmol) in CS2Cl2 (5 ml) sod the mixture was stirred for 15 min. lhen Et3N cl,60 ml, Ll6 g, ll.5 mmol) 

was added dropwise at -7O'C and the temp was gradually raised tc room tems T&z reaction mixhze was pourad into 

water and extracted with CH2Cl2. zhe extract was washed with water and brine, dried (Na2sO4)andcanoentrated& 

vacua. Ihe residue was chromatogra~ over Si* (10 4). Eluticm with h--A&Et (l&l-4:l) gave 140 mg (71%) 

of, vmax 3500 (a), 2980 (81, 1710 (81, 1680 (s), 1640 (s), 1620 (s), 1590 (s), 1460 (s), 1450 (s), 1380 (s), 

1260 (81, 1190 (s), 1040 (s), 840 (8). 780 (8) cm-1l 6 0x13) 0.20 (6H, s), 0.97 (9H. 81, 1.18 (3H. s), 1.19 (3H, 

s), 1.38 (3H. s), 1.40 (3H. 81, 1.5-1.9 (9H, m), 2.03 (3H, s), 2.1-2.4 (2H. ml, 2.7-3.0 (2H. m), 3.0-3.1 (2H, m), 

5.10 (lH, m), 5.28 (1H. m), 6.60 (ZH, m), 6.68 (1H. d, J=15 Hz), 6.91 (1H. d, J=15 Hz). (Pound: C, 71.54; H, 9.30. 

Calc for C33H52D5Si: C, 7l.18; H, 9.41%). 

(b) (EMsonnet 49. In the same manner as described above, 190 mg of 48 gave 120 mg (64%) of 49, vmax 3480 (8). 

2980 fs), 2950 (s), 2900 (ml, 2880 cm). 1720 (s), 1680 (s), 1640 (s), 1600 (s), 1460 (s), 1380 (8). 1320 (m), 1260 

(8). 1200 cm), 840 (s), 780 (8) cm-'; 6 (CDC13) 0.20 (6H. s), 0.98 (9H. 81, 1.1-1.2 (6A, ml, 1.40 (6A, s), 1.4-1.9 

(6H. m), 1.60 (3~, s), 2.05 (3H. s), 2.1-3.0 (4H. m), 3.03 (2H. s), 3.30 (la, bf.8). 4.90 (1~. br.8). 5.28 UH, 

m), 6.60 (2H. m), 6.65 (1H. d, J=l6 Hz), 6.90 US, d, J=16 Hz). (Found: C, 71.03; A, 9.45. Calc for C33H5205Si: 
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c, 71.181 H, 9.41%). 

~1'R*,2'R*,2"E~d-~2,~~3~1~1~-1-~1',2'~y1-2'-~4"~4"~1-2"~~~~- 
cycloEantyll-4~l-4-hexen-2-ate 
(a) (Z)-isomer 1. A mixtore of 39 (100 mg, CUE0 mmol) in 10% HF ag (2 ml) and MeCX (10 ml) was stArred for 5 h. 
Ihe mixture wasneutralizedbyaddiagsatNaHO33 eolnandextractedwithCRCl3. llle axtract Was washed with 
b&w, dried CNazso,, and oxcentrate5 in vacua. The rasidue was chromatogra&ed ovar SiO2 (5 g). Elutia~ with -- 
hexana-ABEt (5:1-2:l) gave 34 mg (43%) of 1, - K!HCl3) 3450 (81, 1no (81, 1660 (a), 1620 (S), 1460 (a), 1320 
(a), 1180 (91, 1140 (6) cm-$ 6 (500 MHz, CDC13) 1.19 (3R, a), 1.21 (3R. 81, 1.32 (3A, s), 1.35 (38, ~1, 1.55 
(lH, m), 1.66 (3A, d, J=l Re), 1.70-1.80 13A, ml, 1.88 (lH, OR), 1.93 (1A. ml, 2.23 (38, s), 2.33 (lli, d, J-17.5 
Hz), 2.35 (Xi, m), 2.52 (X-l, d, J=l7.5 Hz), 3.17 (lH, d, J=15 AZ), 3.18 (lA, d, 5315 AZ), 3.22 (28, d, 517 RI), 
5.38 (iii, OR), 5.42 (18, t, J= 7Az), 5.70 (lH, OH), 6.43 (lA, d, 553 Hz), 6.53 (lH, d, J=3 Zz), 6.68 (1R. d, 5115 
Hz), 6.87 (1H. d, 5115 Hz); 13C-NMR (126 MHz, CDC13) 6 16.4, 20.1, 20.4, 21.4, 24.2, 29.4, 30.2, 30.9, 34.5, 37.4, 
47.0, 48.3, 48.5, 60.0, 71.1, 114.1, 115.8, 122.8, 126.0, 126.8, 126.9, 129.9, 146.1, 149.0, 153.0, 205.4, 208.8. 
(Found: C!, 73.28~ H, 8.53. Cab for C27R3805: C, 73.27; A, 8.65%). 

09 m-isomer 2 In the came manoer as described above, 100 mg of 49 gave 23 mg (29%) of 2, vmax K!IiCl3) 3450 
(s), 1710 (s), 1680 (s), 1620 (a), 1460 (a), 1380 (ml, 1320 (a), 1180 (8) cm-l, 6 (500 MHz, CDC13) 1.19 (3H, s), 
1.21 (3H, 81, 1.30 (3H, 81, 1.32 (3H, s), 1.55 (lA, m), 1.62 (38, s), 1.65 (lH, OH), 1.70-1.80 (3R. m), 1.99 UH, 

m), 2.23 (3H. 81, 2.36 (lH, ml, 2.37 (lH, d, J=16 Hz), 2.46 (1H. d, J=16 Hz), 3.05 (2H. s), 3.34 (ZH, d, 517.5 
Hz), 4.55 (lH, OH), 5.45 (lH, t, 5~7.5 Hz), 6.45 (lH, d, J=3 Hz), 6.56 (la, d, J=3 Hz), 6.67 (lH, d, J-16 Hz), 
6.88 (lH, d, J=16 AZ), 7.00 (lR, OH); 13C-NMR (126 MHZ, CDC13) 6 16.2, 20.1, 20.2, 21.1, 28.3, 29.4 (3C). 34.1, 
36.4, 46.0, 46.9, 56.9, 60.4, 71.2, 112.9, 115.4, 122.5, 125.1, 127.5 (20, 131.6, 145.3, 150.0, 153.8, 206.3, 
209.2; 'Ihe spectral data of (fI-2 ware identical with those of the natural 2. (Fame: C, 73.441 H, 6.97. Calc 

for C27R3&: C, 73.271 R, 8.65%). 
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