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Abstract: Ihe total synthesis of (-)-perlplar~~~e-B 1, the ma,or sex excltant and 
attractant *eromone of the Amerxan cc&roach was accomplished start1nq from (+I- 
d~hydroluronene 2 Intramolecular alkylatux of the subtrtuted a-phenylthuxcrylate 
10 gave rise to the (E)-cyclodecene 11. Second key reactlon was the reductive 
ellmlnatxn of vlclnal ~enylthurbenzoate 14 to provide the mn]uqated tiens 15. 
Overall yield of 1 thrcuqh 28 steps was 0.5 3. 

INTRODUCTION 

In 1952, Roth and Willis discovered that virgin females of American cockroach, 

Periplaneta americana L., produce an extraordinarily potent sex pheromone.' Since then, a 

large number of biological studies as well as extensive efforts to isolate and identify 

its active components have been performed.2 Early attempts to isolate the pure material 

encountered difficulties as the pheromone is extremely active (threshold <lo-' ug) and the 

insect stores it only very minute amount. In 1974, Persoons et al. succeeded in isolating -- 

two active components, periplanone-A (ca. 20 ug) and -B (ca. 200 ug) from more than 75,000 

virgin females after efforts to improve the method for massive rearing of cockroach and 

extraction of material.3 They characterized periplanone-B spectroscopically and assigned 

a ten-membered germacrenoid structure i (stereochemistry unknown) tentatively.4 The 

relative stereochemistry of (i)-periplanone-B 1 was determined through Still's first total 

synthesis of 1 together with possible diastereomers 5 and its absolute configuration as 

Fig. I 

t 
Synthesis of medium- d macro-cyclic cnmpavds part 6: part 5, see T. ?Cit..xhara ard K. Tori, Tetrahedmn 40, 2935 

(1984). 

t 
Pheromone Synthesis part 102: part 101, see K. Nori, 6. G. Hazra, R, J. Pfeiffer, A. I(. Cupta and 8. S. Lindqren, 

lstrahE3rm in the mess. 

ti 
rb3sear& fellow on leave fm .lapm Tbbacm Inc. in 1964-19%. 
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shown in 1 was established by the combination of X-ray analysis and chiroptical studies of 

a resolved synthetic intermediate. 6 The second total synthesis of (k)-1 was reported by 

Schreiber and Santini in 1984' and more recently two additional syntheses of (t)-1 were 

published.8rg Nevertheless, there have never been any paper on chiral synthesis of 1 and 

therefore chiroptical data of 1 was not sufficient (e.g., optical rotation of 1 is not 

known yet). 

In connection with our continuing interest in the synthesis of optically active 

pheromones and medium-ring systems, we started our research to afford the substantial 

amount of 1 in optically active form for obtaining complete chiroptical data and for the 

biological study. In our preliminary communication,'0 we reported the total synthesis of 

natural (-)-periplanone-B via the route without differentiation of protective groups of - 

two hydroxyl groups starting from (+)-dihydrolimonene 2" readily available in large 

quantity. Here, we wish to describe the improved synthesis of t-)-l in detail. 

STHATEX_X 

Our synthetic planning was based on using two key processes a and b. The process a 

is intramolecular alkylation of a substituted a-phenylthioacrylate D to provide the (E)- 

cyclodecene derivative C exclusively.12 The other key process b is reductive elimi- 

nation13 of vicinal phenylthio-benzoate B to furnish the conjugated diene system of the 

intermediate A. The precursor for cyclization should be obtained by the extension of two 

carbon unit to both termini of the keto acetal 3 which could be derived from (+)-dihydro- 

limonene 212b (Scheme I). 

syNTHSSIs 

Overall synthetic route to (-)-periplanone-B 1 is shown in Scheme II. 

Ozonolysis of (+)-dihydrolimonene 2 was followed by reductive workup with Me2S in 

methanol in the presence of p-TsOH to give a keto acetal 3 (84 %). Optical purity of 2 

was determined as follows: Ozonolysis of 2 followed by oxidative workup with Jones' 

reagent gave a keto acid 25, which was purified as the acetal methyl ester 26a. Alkaline 

hydrolysis provided an acetal acid 26b, which was converted to its (g)- and (S)-l-(1- 

naphthyl)ethylamide 27a,b using DCC. Hplc analysis showed optical purity of 26b (2) to be 

98 % e.e. (Scheme III) 

The methyl ketone 3 was methoxycarbonylated with CO(OMe)2 and NaH in refluxing diox- 

ane and the resulting enolate was directly quenched with methyl bromoacetate to give the 

crude keto diester 28 (q-y.) Decarbomethoxylation under Krapcho's condition14, however, 

gave the desired keto ester 29 in only 34 % yield along with acid-cleavage product 38. 

(Scheme Iv) 

SPh 
n 3 

schere I synthl3tic Plan 
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2J : R=H quant. 

[DJ : R=MTPA] 

a) 03, MeOH, -20'; Me2S, p-TsOH. b) (Me0)2CO, NaH, dioxane, refIuxf24 h; CH2=CHCH2Br, 

refIuxl2 h. c) 5 % KOH in 40 % MeOH aq., 90'12 h. d) LAH, Et20. e) MEMCI, EtN(&-Prj2, 

CH2C12, 40"/2O h. ft OsO4-NaI04, Et20-H20, rt/4 h. gf Ac20-Py. h) 75 % AcOHaq., 40°fl 

h. i) LDA, PhSCH2C02Me, THF, -7O"/lO min. j)Ac20-AcONa, 130°/30 min. k) 1 % MeONa in 

MeOH, rt_/l h. 1) g-TsCl, Py, O--S“/7 h. m) NaN(TMS12, DME, reflux, 50 min. n) PhCOCl, 

DMAP, Py, THF, rt124 h. o) TMSCl-NaI, YeCN, -8*/ 40 min. pf Na-naphthalene, THF, -TO"/6 

min. qf PCC, MoIecular sieves 3A, CH2C12, rtll h. rl LiNfTMS12, PhSSOZPh, THF, -10”/~5 

min. s1 NaIO4, MeOH-H20, rt/20 h. t) CaC03, BHT, toluene, refIuxi4 h. u) &-BuDOH, KH, 

THF, rt/l h. v) LiNfTMS)2, THF, -70"/30 min; Mo05*HMPA*Py, -22'/15 min. w) &- 

Bu(Me)2SiCl, imidazole, DMF, 40°/16 h. x) Me3S+I-, E-BuLi, THF, -5O/30 min. y) n-HuqNF, 

THF. rt/30 min. 

SC- 11 Overall @tltbtiC scheaae of (-)-lperiplarxme-B 
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26a . R-Me -* 27a - : R=-NH, p 

b : R-H fi - 

b: 

a) 03, MeOH; Jones' reagent, acetone. bl ethylene glycol, p-TsOH, benzene; MeONa, MeOH. 

c) KOH, BtOH. dl @)-, (S)-naphthylethylamine, DCC, CH2C12. 

Scbsae III Determination of optical purity of 2. 

Thus, the enolate anion derived from 3 was trapped with ally1 bromide and the crude 

product was treated with aq. methanolic KOH under reflux to give an olefinic ketone 4 in 

62 % yield. Remieux-Johnson oxidation" of ‘I, LiAlH4 reduction, acetylation and subse- 

quent workup with 6N HCl aq. gave an aldehyde 31 (84 $1. Condensation of 31 with lithium 

enolate of methyl phenylthioacetate, dehydration with hot Ac20-AcONa and methanolysis of 

the resulting diacetate with MeONa-MeOH provided a diol ester 32 (79 8). Selective mono- 

tosylation of primary OH in 32 was essential, but conventional method using p-TsCl- 

pyridine gave the undesired ditosylate 34 and furan 35 predominantly. While, the diol was 

selectively monotosylated with p-TsCl, DMAP and Et3N in CH2Cl2 at -15'+ togive an un- 

stable monotosylate whose secondary OH was immediately protected as THP ether to give 33, 

the precursor for cyclization. The yield of this selective monotosylation was greatly 

dependent on the reaction scale. Selectivity was very high at 5 g scale and the yield of 

33 was more than 80 % (highest 84 $1. The reaction, however, gave more side products, 34 

and 35, at preparative scale (more than 20 g) and the yield of 33 became lower than 50 %. 

Although the synthesis was continued further and the cyclized product 36 was obtained in 

moderate yield, some modification should be done for the preparative scale synthesis. 

Thus, different protective groups should be used for discriminating two hydroxyl groups of 

37. A protective group for the secondary OH must be stable during mild acid hydrolysis of 

dimethyl acetal and selectively removable at later stage. MEM group was the candidate. 

Versatility of MEM was proved by the following experiment. The alcohol 14 was converted 

to MEM ether 13 in usual manner. Mineral acid hydrolysis did not give the alcohol 14 in 

good yield because labile benzoate was also hydrolyzed partly. While, MRM group was 

cleanly cleaved to give 14 under Rigby's procedure16 with slight modification using TMS- 

NaI at -10' in 86 % yield. (Scheme V) 

3 28 29 (34%) 30 

a) (MeO)pZO, NaH, dioxane, reflux/24 h; BrCH2aD2Me, reflux/l h. b) NaCl, DMSO-H20, 140'/9 

h. 

schepni 

t Reactron temperature we.5 crltrcal for the selective monotosylatxm and side rextum could Mt be 
suppressed at hrgher than -5'. Using DMAP WAS also essential to accelerate the redctlon at low temperature- 
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The olefinic ketone 4 was reduced with LiA1H4 and treated with MEYCl-EtN(i-Pr)2 in 

CH2C12 to give a MEM ether 5 (q-y.1 Olefin cleavage was carried out in the same manner 

as before(vide w) gave the acetal 6 with different protective groups (76 %I. Dimethyl 

acetalgroup was selectively hydrolyzed with 75 % AcOH aq. at 50' for 60 min to give the 

aldehyde 7, which was condenced with PhSCH2CO2Me and dehydrated to give the ester 8 (70 

$1. Both cleavage of acetate and tosylation of the primary OH was very simple process to 

give the precursor 10 for cyclization. Cyclization was effected by adding a soln of 10 in 

DME to a refluxing soln of NaN(TMSl2 in DME over 50 min to give the cyclodecene 11 (51 

%I.+ Crude mixture of cyclized products was reduced with LiAlH4 toafford the alcohol 12 

(56 % from 101. Benzoylation of 12 with C6HgCOCl-DMAP in pyridine followed by the treat- 

ment with TMSCl-NaI at -loo gave the substrate 14 for the second key step, reductive 

elimination to the conjugated diene. Lithium-ammonia reduction of 14 was entirely non- 

chemoselective and gave a mixture of 14, the diene 15 and overreduction product, the 

dihydroderivative of 15, (ca. 1:1:2) even using limited amount of lithium. Alternatively, 

treating 14 with freshly prepared sodium naphthalenide in THF at -70' for 5 min gave 

cleanly the dienol 15 as a sole product (86 %I.++ Both reagents were employed by Sowerby 

and Coates for the preparation of isolated exo-methylene group from vicinal phenylthioben- 

0 
OAC OH 

9 Me0 Me 

“b*c - c& d’e’f ..a g’h - 
4 - 2. 

A-PI, 
32 - 

r 

0 TflP I OTS 

9. Inin 
OTS 

Me02C 

sPh 

R 

c”r, OR 

+ 

OTIIP 

i 

PhS "-ocPh 1 
K 

37 * _. R=MEM or MOM 
12 11 - 

a) DsD4-NaI04, Et20-H20. bl LAH, Et20. cl Ac20, PY; 6~ HCl aq. dl LDA, PhSCH2C02Me, 

THF, -70°/10 min. e) Ac20-AcONa, 1400/l h. f) MeONa, MeOH. gl p-TsCl, DMAP, Et3N, 

CH2C12, -15'13 h. h) DHP, PPTS, CH2C12. i) NaN(TMS12, DME, reflux/50 min. j) MEMCl, 

!ZtN@-Prb2, CH2C12. k) TMSCl, NaI, MeCN. 

SChepeV 
t longer reaction perxd caused lowerng the yield of the desued product 11 ~&ably because the non- 

enol~zable ester group of the product 11 was degraded by base. Shorter reactxa time than 30 min caused the 

formatux of the dlmer. We also examuvzd to use several other bases and solvents such as KN(TMSI2, L1N(THS)2, 

?HF, dnxane etc. but all these comblnatlons gave much wax-se result. DetilllS on model study of the cycl1za- 

tlon step 1s descrbzd I” ref. 12~ 

*Qnck removal of th~o@wnol from the quenched renctbn muture was crucial to get the plre product, 

because the presence of ttuo@wnol for ca. M nnn at room temperature caused lsomerxatlon of (E)-dxne to 

(Z)-dlene and radical p3lymerrzatum to reduce the yzld of the desrred ~cduct Detaled pzccedure for the 

xwlatlon of (E)-dlene 1s described ln experimental. 
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zoate.13 Nonetheless, there has not been known to prepare the conjugated diene system 

efficiently using these reagent. Ours is the first example to apply sodium naphthalenide 

reduction for the formation of labile conjugated diene successfully. 

PCC-MS-3A oxidation'? of 15 afforded the dienone 16 (68 $1, the Schreiber's inter- 

mediate, in optically active form: Ia1g2 -362' (~~1.22, "-hexane). 

Regioselective sulfenylation of 16, oxidation with NaIOq and pyrolytic elimination 

were carried out in the same manner as reported'r' to give the volatile trienone 18 (32 

$1. Stereoselective epoxidation of 18 provided the epoxy dienone 19 as a major product 

containing ca. l/8 of a-epoxy isomer after chromatography (55 $1. Direct introduction of 

carbonyl group at C-10 by Schreiber's procedure' using selena-Pummerer rearrangement19 was 

unsuccessful by our hands. Instead, a-hydroxylation of 19 with Mimoun's reagent,20 Mo05. 

HMPAspyridine by Vedejs' procedure2' gave the ketol 20 cleanly.+ Recrystallization from fi- 

hexane-i-Pr2C gave pure 20 free from a-epoxy isomer (69 %). Silylation of 20 gave crystal- 

line 21. Stereoselective epoxide formation with dimethylsulfonium methylide and subsequent 

desilylation with n-Bu4NF afforded (-l-periplanol-B 23 (75 % from 20). Hplc analysis of 

its (lJ)- and (S)-MTPA ester proved that the optical purity of 23 is 99.90 % e.e. Finally, 

oxidation of 23 with PCC-MS-3A" gave (-)-periplanone-B 1 (88 $1, m.p. 57.0-57.5O, [a1g2 

-553O (c=O.113, c-hexane). (Lit." la1g2 -667O, see experimental section) Spectral data 

of the synthetic (-)-1 (IR, MS, 500 MHz 'H NMR, 125 MHz 13C NMR, UV) were in accord with 

structure. 1 H NMR spectra of the synthetic and natural periplanone-B3b were COmpletely 

identical. Synthetic (-)-1 showed potent excitant and attractant activity against male 

cockroach and as active as (?)-periplanone-B (threshold IO-' vg). Detailed result on 

biological study of (-1-l will be reported elsewhere. 

In summary, the total synthesis of (-l-periplanone-B was accomplished in 28 steps 

starting from (+)-dihydrolimonene. The key step, ten-membered ring formation proceeded 

very smoothly to give the desired (El-cyclodecene 11 in good yield. The other key react- 

ion, preparation of the conjugated diene was executed via reductive elimination cleanly to 

afford the dienol 15. Substantial amount of (-)-1 was obtained as a pure crystalline 

product. Overall yield of (-1-l was 0.5 %. 

EXPWIUENTAL 

All bps ard m&e were uncorrected. UV spectra were recorded on a Hitachi U-3200 spectro#xxtometer. IR spectra were 
measured as films for oils or a8 KBr discs for solids on a Jaecu IRA-102 spectraeter. vhlees otherwise stdted, lH NMR 
spectra were reaxded with Tp(S as an internal standard at 60 WHz cm a Hitachi R-24A spectrometer or at 90 l4Hz on a 
Hitachi RH-90 spectrometer. 500 MHz 1~ H?4R and 125 t4Hz lk! Nt4R spectra were measured with TMS a8 an internal st.ankrd as 
C6D6 soln cm a Btier M-500 spectrometer. @tical rotations were measured on a Jaeco DIP 140 po1arimete.r. CD speara 
were measured on a Jasco J-2oC polarimetee. (;Lcklaes spectra were recurrkl cn a JLaL DK-x0 qzectrometer at 70 ev. nerck 
Kieselqel 60 (particle size 0.063-a200 mm) oz F\rji-Davis BW-820 MH were llsed for SiO, column chromatography, unless 
otherwlee stated Neutral alumina (Woelm) were used foe AIs3 column chromatography. 

(R)-3-(l-k4ethylethyl)-6-oxchept~~l dimethylacetal 3. A mixture of (R)-(*)-limonene [l.la3 +11X7* (c=l.98, EttoH); 200 g. 
I.47 mall and platinum oxide ((16 g) in UeCH @Xl ml) wee stirred vigoraurly below 20’ tier 1 atom of hydrogen. H@rc+- 
nation was monitored by c;Lc After the etarting material wee disappeared ka. Ll eq. of hydrcqen Wee abeorbed). the 
reaction muture wee filtered. me filtrate contains (+)-dihydrolimonane 2 with emall a-t of tetrah~ derivative in a 
ratio of 94:6. ?b the filtrate wes added 01~12 (200 ml) and the mixture wee ounized at ca. -40’ until 2 was nzt detected 
cm TLC After flashing off the excess - with nitrogen for 30 min. the reaction mixture wee omled to -60’. lb this 
was added slowly Re2S (300 ml, eOe mol) and tJaen a eoln of p-TeC#i (20 q) In !leCH (100 ml) below -50’ cwer 30 min. ‘Ihe 
mixture was stirred for 34l min at -60° and then at ambient temp for 5 h. ‘Ihe reactiar mixture wee neutralized with exceas 
NafuJ3 soln, axcentxated to c-3. 300 ml ard extracted with ether. TVw extrsct was washed with water and brine, dried over 
ngso, and concentrated in va- ?he residue wee dietllled ovex K2003 to give 3 (266 g, 838 t). &a 99’/L6 ‘lbrr~ # -- 
1.4370) [ala* +l.OB” (c-1.30, Et2018 vmdx (film) 2960 (a), 2920 (sh), 2840 cm), 1715 (~1, 1465 (m), 1385 (ml, 1365 (61, 
1190 (ml, 1165 (ml, 1125 (8). 1055 (6) cm-‘, d (60 r4Hz. CClq) 0.80 (6H. d. 557 Hz), l.O-LB (6H. m), 2.00 OH, 81, 2.30 
(2H, m), 3.13 (3H. s), 3.15 (3H, s), 4.22 (lH, t. J-6 Hz). (Found: C, 66.57; H, 10.96. Calc for C12H2403: C, 66.631 H. 
11.18 8). 

t me stereochemistry at C-2 of 20 could be assqned BS s by the 500 MHZ ‘H NMR XEI~YS~S. me large 

coupl~rq COnstents of J2,3ax-J3ax,4 =ll.l Hz lnduxted axial-axle1 relatxxshlps of each set of H-2 and H-3, 

ad H-3 and H-4, respectively. l%e canpar~sca of 23 (perlplanol-B, S102, 20% EtCbk-n_-hexane, Rf 0.2) with lo- 

E-perlplanol-B (Rf 0.3) cbtalned by NaEUi4 reduction of 122 on TLC also supported this assrgnment 
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Determinsticm of mica1 mity of 2 A pxtion (ca 6 ml, oxrespading to 1 g of 2) of the above ozcmizsd mixture we8 
oarentrated, and oxidized with Jones' reagent in aceeOne (10 ml). lb this was added ether and the resulting sue-ion wes 
fllterei Ths filtrate wes concentrated and psrritioned with ether and water. lhe 0-c layer wds extracted with set 
Naln33 soln ZUKI 8.g layer ~(1s washed with ether. lhe ag layer wes acidified to @i 6 ti reextractsd with ether 3 times. ‘Il~e 
extract wds dried over Nm4, and onantrati in WI- to give crude ketn acid 25 (a91 g). Tu this were sdded ethylene -- 
glyml (1.2 g) and pTarrl (15 mg) in benzene (10 ml) and heated with omti- azeotrcpic drying Wght.. ?he reaction 
mixture was washed successively with set NaUX3 soln, water, and brine, dried - l49S34 ard -trat.& in vacua The -- 
residue wes treated with None (28 8 in Neat 1 ml) in N&X (10 ml) for 3 h and then mncentratad tn remwe HeCtL ‘I%is wds 
chromatcqraphed crver Siq (25 g) to afford 0.62 g (35 U from 2) of e we methyl (R)-6,6-eehylenedic3-(l-methylethyl)- 
heptanobte 26e. t-$2 1.4482~ [.]a6 +4.S” (cl.47, CXl3); umax (film) 2960 (s), 2890 (6). 1735 (s), 1460 (6). 1435 (8). 1375 
(8). 1335 (8). 1250 (~1, 1220 (8). 1190 (8). 1165 (81, 1120 (8). 1050 (8). 945 (ml, 855 (8). 7135 (WI cm-It 6 (90 MHz, 
CDCl>) 0.85 (3H. d, J=6.6 Hz), 0.87 (3H. d, J=6.6 Hz), 1.30 (3H. s), 1.2-1.7 (6H. m), 2.22 (ZH, t, 516.2 Hz), 3.66 (3H. s), 
3.92 (QH. s); NS m/z 229 (101. M+-Me), 213 Ot, I(+-Neo), 197 (5). 143 (5). 109 (6). 87 (1001, 69 (81, 55 (7). 42 (40). __ 
HRMS Found: 229.1432, 21X14886. C&c for C12HZ104: 229J440, for Cl2 2, -,. H 0 . 213.1490. A soln of 26e (a5 g, 21 mmol) in 4 8 
KCWEtCH web heated under raflux for 1 h The -led mixture wes ccncentrated to remove ethanol and then diluted with 
water. The soln wds acidified to pH 6 with N-WI and extracted with ether. l%e extract wds dried oyer ngSJ4 and oncan- 
trated in vs.cuo e0 afford a41 g (87 t) of d cnde 26h T0 e soln of Xb (5O mq) in dry CH2C12 (a3 ml) were added @1-l- 
(I-netithyl)ethylamin (94 mg) and CCC (SO mg), end the mixture wds stIrred for 1 h ‘Ihe reaction mixture wds filtered. 
washed with water and brine, &led cr?er MgSJ4, and used directly for Hplc aMlysis (shimadzu K-2, O~lumn: PAxleceil@ 5O-5 
(25 cm x 4.6 mm); Solvent: n-he (3:l); flow rate: a77 ml/mini Detector: SFWl, 254 run): Rt 2OD3 “1” (97.55 8). Rt 
16.78 min (245 t). An (&&thylethylamIde drivative of 266 wes prepsred and ~aly-zed in the same manner to show d 
diasterecmer ratio of 252:97.4& l?~ optical plrlty of 26b wes therefore 9tL2 u ea. 

(R)-3-(l-Methylethyl)-6-oxo-Wacenal dimethylacetal 4. To d stirred suspension of NaH (6OI mineral 011 dispersion, 55.8 
g, 1.40 mol. washed with dry psntane) in dry di- (700 ml) were added dimethyl mtcnste (200 ml, 2.09 mol) and dry Mecx1 
(4.7 ml, 0.11 mol) and the mixture was stlrred vigoraraly under reflu ‘Ib this was added d soln of 3 (150 g, a69 mol) in 
dry dioxane aver 4 h ud the mixture wds reflwed with vigorous stirring overnight Tb the resulting party suspsnsia, wes 
added dropwise ally1 bromide (67.7 ml, a78 mol) over 30 min and the mixture wes stirred under reflex for 90 min ?he 
cooled reaction mixture we8 diluted with ice-water, neutrali& to pH 7 with acetic acid and mncentrated in vacua to -- 
remove dloxane. The resickx wds pzund into cold water and e%trdcted with ether. ‘Ihe extract we.8 washed with set NaHcT)3 
eoln and brine, dried over NgS34 and ccncentrated The residual brown oil wes added to d soln of tZXi (45 g, aB?I mol) 1” 
water (800 ml) and NeQi (500 ml) and the mixture was stirred waler raflux for 2 h The ozoled mixture (-10’) wds neutre- 
lized to @i 6-7 with A&+. concentrated in vdcuo to remove Ne0i end extrdcted with ether. The extract web washed with -- 
water, s& NaHco3 soln ard brine, dried over Ng934 and carcentrated l%e residue wds distilled c~er Kfi to give 4 (110 
g, 62 \), b.p. 128-130’=/0.35 Toerr .d1.5 1.44868 IoI#-~ ~0.70’ (c=l.22, Et2011 vmdx (film) 3100(w), 2960 (8). 2910 (~1, 
1715 (9). 1645 (m), 1470 (9). 1440 (s), 1415 cm), 1390 (81, 1370 (61, 1195 (a), 1125 (8). 1070 (s), loo0 cm), 960 (ml, 915 
(ml, 820 (WI cm-l r d (CC14) 0.85 (6H. d, J=7 Hz), 1.0-1.9 (6H. ml, 2.1-2.6 (6H. m), 3.20 (3H. a), 3.22 (3H. s), 4.32 (1H. 
t, J=6 Hz), 4.8-5.2 (ZH, m), 5.7 IlH, m). (Pound: C, 69.841 H, 10.73. Calc for C15H2S03: C, 70.271 H, 11.01 t). 

~3R,6RS~-6-~2-He~~yet~e~~~-3-~l-me~yle~yl~-~e~l dimethylacetal 5. Tn d stirred suspension of LiAlH4 (7.3 
g, ai mol) in dry ether wils added droprise a soln of 4 ClOO g, a39 mol) in dry ether (100 ml) below 10’ ard the mixture 
wds stirred for 1 h ?b this wd* added carefully water (7.3 ml), 15 a Nsai 130111 (14.6 ml) and water (7.3 ml) and the 
mixture w&s filtered thraqh e celite psd. ‘l%e slurry was washed with l?IF (100 ml) and the combined filtrate wss dried 
over NgS04 and concentrated ‘me residue wbs dissolved in dry tiluene ard ~centrated to remove water thoroughly. Tn e 
soln of crude alcohol (102 g) and diiso~opylethylam~ne (71 g, a55 mol) III dry 0f2C12 (MO ml) wds added NEnCl (63 g, a51 
mol) et once ti the mixture wds stirred under reflux for 24 h lhe cooled reaction mixture wbs washed with water and 
brine, dried over MgS34 and cuxantrated to give 5 (13X.3 9, 99.48). This was jure enough (‘IV, NNR ti IR) using for the 
next step Analytical sample wes obtained by Florlsil chromatcqra#~y. 5: “a4 1.4498~ [els4 +3.5O (~O.30, n_-hexane)r vma~ 
(film) 3100 (WI, 2950 (s), 2900 W, 2850 (m), 1640 (WI, 1465 cm), 1385 (ml, 1370 cm), 1225 (WI, 1200 (ml, 1120 (81, 105O 
(s), 10M)(m), 915 (ml, 850 IV) cm-% K (60 WZ, ~~14) ~80 WI, d, J=7 Hz), a97-250 (12H. m), xl5 (6H. 61, X23 (3H. s), 
3.3-3.8 (SH, m), 4.28 (IH, t, J-6 Hz), 4.55 (2H. 81, 4.6-5.1 (2H. m), 5.6 (IH, ml. (Found: C, 65.7% Ii, 10.83. Calc for 
C19H3S05: C, 65.86; H, 11.05 %I. 

(3~6RS)-~Acetnxy-6-(2-methxye~ethxy~-3-~l-metJ1ylethyl~-rnnsna 1 dimethylacetal 6. m a suspension of oso4 (4 9, 
162 mmol, 3 mol %I and t&IO1 (227 q. 1.06 mol) in ether (1 1) arid water (1 1) wes && ths olefin 5 (11% g, 0.5313 mol) 
and the mixture web stirred-vigor-ly for c-s. 7 h until 5 wds mt detected on TLC. me reactum mixture wes filtered 
thrcugh e celite pad ard ths precipitate wss washed thorwghly with ether. (3rganic layer wss separated and the aq layer 
was extracted with ether. The combi& ether layer we8 washed with excess 10 t Na2.S solh &q layer containing black 
precipitate wds filtered and the filtrate was extracted with ether. The OMnbined ether layer wes washed with brine, &led 
over MgSO4 and mncentrared. ‘Ibe residue wss dissolved in dry toluene and evaporated in V~CUO to remwe water. A soln of -- 
crrrk aldehyde (175 g) in dry ether (200 ml) W.WI added droprise to e stirred suspension of LiNH4 (13.2 g. 0.35 mol) I” dry 

ether (800 ml) below 10’ and the mixture was stirred for further 30 rnu~ me usual workup gave a uude alcohol (163 g). A 

mixture of the crude alcohol and “20 (90 ml, a94 mol) in mldine (5CXl ml) was allowed to stand overnight l?m reaction 
mixture w.ss concentrated in “(I-, poured into water and extracted with ether. me extract was wasbed with wdter, sat -- 
CuW4 soln. water, sst NaNa soln and lxine, dried over MgSI4 ard -txated to give 6 (lW.6 g. 76 8). Rus wds &ure 
enxgh (I& NHR and TLC) and used for the next step withcut further plrificatiub Analytical sample wds obtained by SD2 
chromatogra@y. 6: na2 1.4438; loIs +53’ (c=a64, Etph YIWU (film) 2930 (s), 2’XXJ (sh), 28x) (ah), 1740 (s), 1455 (m). 
1385 (ml, 1370 (m), 1240 (s), 1195 (ml, 1120 (s), 1045 (8). 985 1s). 845 (w), 780 (WI cm-l , 6 (60 MHz. Ccl41 0.85 (6H. d, 
J-7 Hz), 1.1-1.8 (12H. ml, 1.98 OH, s), 3.20 (6H. s), 3.30 OH, 8). 3.3-3.6 (5H. m), 4.00 (2H. ml, 4.20-4.45 (1H. deformed 
tl, 4.64-4.72 (2H. ml. (Found: C, 60.93; H, 10.21. Calc for C20H4007: C, 61.19; H, 10.27 %L 

nethyl (2EL,~BRS~-ll-acstoxy8-~2-mathaxyethoxymethcoly~-5-~l-me~yl~yl~-2-~enylthio-2-undecen~te 8. A soln of 6 

(90.9 g, CL263 mol) in 75 N ACOH eoln (450 ml) was stirred at #)* for 1 h ard pxred onto ics. Ihe mixture wss neutralized 
with cold NsUi soln (172 g in 500 ml of water) ad than with p-dared Nyp+ to c& 133 7.C-7.5 u-&x ice-omling, then was 

extracted with ether. me extract wan wastxd with weter, set t&WC03 aoln. water ard brine, dried over ngsI4 and once”- 

trated to give the ald+de 7 (81.7 g, gusntitative yield): umex (film) 2950 (s), 2900 (a), 2720 (WI, 1740 Is), 1720 (ah), 
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1460 (ml, 1390 (m). 1365 (m). 1240 (s), 1X0 cm), 1110 (8). lo40 (al, 995 (8). 9#) cm), 850 (w) cm-l, 6 (60 NHZ, ~14) 0~313 
(6H, br.d, J=6 Hz), 1.1-1.9 (lOI+, ml. 1.99 OH, s), 2.15-2.40 (2H, ml, 3.60 (3H. s), 3.3-3.7 (SH, m), 4.00 (ZH, ml, 4.63- 
4.70 (ZH, each kA, 9.S2 IIH, t, J=2.5 HA. ?he crude aldehyde wds dissolved in dry toluene, concentrated in va- e0 -- 
remwe water thoroughly Md used for the neXr step withcut further prriflcaticn. 7b d soln of m wepared from L-Pr2Nli 
(39.1 ml, a279 mol) and n-L*rLi (1.72 N in +XWZ, 161 ml, a277 mol) in dry ‘R(F (920 ml) wss added e s0l.n of FMa1-Ne 
(50.2 g, a299 mol) in dry TWF (100 ml) below -60’ under AK atnmos*re and the mixture we8 stirred for m min. m this 
was added dropwise d soln of 7 In dry l?iF (50 ml) below -60’ and the mixture wds Stirred foe 30 min. me reaction mixture 
wds quenched with excess 8dt NH4CI soln end uncentrated in V.ZINOL l?~ residue wss poured into cold water and extracted -- 
with ether. me extract wds washed with water & brine, dried over WgSI4 and ancentrated. The residue we8 mixed with 
anhydrous NaW (15.6 g, a183 mol) and Acp (500 ml, 5.3 mol) and the mixture was stirred dt a 130’ for 40 min. TW 
cooled reaction mixture wds parred cntn ice, nsut.ra1ized With aq Na(lH (256 g, 7.15 mol in 500 ml of water) and then 
extracted with ether. Ihe extrxt wss washed with brine, dried over MgSJ4 and concentrated. ‘Ihe crude ~cduct (156 g) wds 
cbromatoqra&ed Over Siq (8M) cj). Eluticm with c-h- ‘IW (95:5) gave FhSZYifiWe, +exsne-nlF (9:l) gave diacetace 
(by-product by the replacement of MM grcup with acetyl group during dehydration) (23 g, 21 t). F\rrther elution with n- 
hexane-N (f&2-7:3) gave 82 g (70 \ fra 5) of 8, na2 l.YXSl [mla2 -632’ (c=oJ395, EXp)r umex (film) 29M (e), 290 
(sh), 2870 (61, 1735 (a), 1715 (a), 1600 Iv), 1580 (w), 1475 (ml, 1450 cm), 1435 (ml, 1380 (WI, 1360 (ml, 1245 (6). 1130 
(m), 1105 (ml, 1040 (6). 740 cm), 695 (WI cm-l! 6 (60 MHz, @X4) 0.86 (6% d, J-7 tk), l.l-1.S (1OH. m), 1.92 (3H. s), 22- 
2.6 (2H, m), 3.23 (3H. s), 3.3-3.7 (4H, ml, 3.50 l3H. s), 3.7-4.1 (3H. ml, 4.55 (ZH, br.s), 7.10 (SH, br.s), 7.25 (1H. m). 
(found: C, 63.241 H, 8.39. Calc for C27H4207S: C, 63.50; H, 8.29 8). 

w ~2~,5R,BRS~-1l-h~xy-S-~2-me~e~e~y~-5-~l-me~yle~yl~-2-phenylth~o-2-undecenoate 9. A solll Of 8 
(81.7 q, 0.161 mol) and 1 t NaoMe in dry NsUi (812 ml) wds stirred at - temp for 1 h ‘me CextlOn mixture wds neutra- 
lired with 2N NC1 to pH 7 and me-1 wds removed in vecu& ‘I?x residue wds paxed into water ard extracted with ether. -- 
l%s extract wds washed with brine, dried Over MqSI4 and concentrated to give 9 (75.4 ql. tilytic.91 sample wss &mined by 
SiC$ chromatcqra*y. 9: na2 1.51911 [ala2 -5.13’ lc+.SS, Et2C0; vmdx (film) 3450 0x.m). 3070 (w), 2950 fs), 2890 Is), 
172O Is), 1605 (w), 1585 (w), 1480 cm), 1440 (ml, 1385 (w), 1365 (ml, 1250 (8). 1200 (ml. 1100 (a). 1040 (6). 850 (w), 740 
cm). 695 (m) cm-l i 6 (60 NHZ, ccl41 0.87 (6H. d, J-7 Hz), U-1.8 (IOH, m), 2.12 (1H. br.8, -OH), 2.3-2.6 (ZH, ml, 3.26 
OH, s), 3.3-3.8 l7H. ml, 3.53 f3H. s), 4.58 (2H. br.s.1, 7-O-7.5 (6H. ml. (Found: C, 63.67; H. 8.61. Calc for C25N4Oo6S: 
C, 64.07; H, 8.60 t). 

Nethyl (2~,5~.8RS)-8-(2-methoxyethoxymethoxy~-5-~l-methyle~yl~-2-phenylthio-ll-~toluenesulfmylo-2-~~te la m 
e soln of 9 (75 q, al6 mall, EY3N (219, O.21 mol) ard DMF’ (4 9, a03 mol) in &y cti2C12 (3m ml) wds added s soln of r 
‘lx1 (36.6 g, al9 mol) in dry 03$1, (50 ml1 and the mixture we.8 stirred belov O” for 7 h ‘Ihe Ceactlm mixture wds 
“ashed WI* wdtw, sat m3 50117 and hrme, dried over f4g504 and concentrated to give 96.7 q (97 8) of 10. VmdX (film) 
3080 (w), 2960 (51, 2890 (5). 1725 (5). 1600 (ml. 15135 (ml, 1480 (m), 1440 (ml, 1365 (6). 1255 (81, 1190 Is). 1180 (~1, 
1100 (s), lo40 (s), 960 (m), 9x) (ml, em (ml, 745 (8). 690 (ml. 665 (ml cm-l, 6 (60 NHz. CC141 a82 (6H, d. J=7 Hz), l.l- 

1.9 (10% m), 2.39 OH, s), 2.15-2.7 (2H. m), 3.20 (3H. 61, 3.2-3.7 (SH, m), 3.50 (3H. 3). 3.7-4.1 (2H. m), 4.50 (2H. 
br.s), 7.13 (5H, br.81, 7.2-7.4 (lH, m), 7.25 (ZH, d, J=S Hz), 7.80 (ZH, d, J=S Hz). This wds used for the next step 
withzut further plrlficaticn 

r4ethyl ~lRS,2E,4S,7RS~-7-~2-m_ethoxyeth~e~~-4-~l-me~ylethyl~-l-~ylthi~2-~Cl~~n-l-yl~~lste 11. FGlr 
necked r0.d bottomed flask (2 1) wss ecnIi& with d m&xx1 stirrer, dn effxient oondenser ard tw0 sets Of pressure- . . 
equalizing dr0Fpinq funnel (200 ml) whose t&tom wss oavlected t0 the top of d short Lieblq-denser (ca. 10 cm of 
lenqth). me top of the refluxlnq ondenser wds oxnected with tw0 dropping funnels uunq three-way stnpoxk and silicon 
tubing to wlize the pessure of nit.xngm. Freshly peepdrsd NaNWMS)2 (7.2 g, 38 mmol) wss placed in this flask and 
dissolved in dry DIE I1 1) tier nitrogen flow. l%e soln was stirred under vigorcus reflex and to this was added dropwise 

a soln of 10 (20 q, 322 mmol) in dry DME (380 ml) over 4O-50 min and the mxture wss stirred for en additial 5 min. ‘Ihe 
reaction mixture wss cooled with ice-bath to ro3m temp. quenched with sst hli4Cl soln and carantrated in vdcuo to remove -- 
DNE Ths residue we.8 diluted with water Md extract& with ether. ‘Ihe extrdct wds washed with wster and brine, &id Over 
MgsO4 and ooncentrated t0 give crude 11 (10.7 q). This was chromatoqra@d over .SI~ (100 q, n_-hexane-Et-/l-7/3) to 
give pure 11 (7.3 q, 51 8). na2 1.52691 IllId -137’ (c-0.92, Et2O)r vmdx (film) 3070 (w), 2950 (s), 2SBO (81, 1730 (81, 
1650 (w), 1585 (w), 1460 (8). 1440 (s), 1390 lm), 1370 (ml, 1230 (al, 1200 (s), 1170 (51, 1140 Is), 1100 Is), 1050 (91, 985 
Is), 850 (w), 755 (ml, 695 (ml cm -1, d (60 MHz, Ccl41 0.7-1.0 l6H. m), 1.0-2.2 (12H. ml, 3.25 and 3.32 (total 3H. two s), 
3.3-3.8 (5H. ml, 3.53 and 3.58 (total 3H, two s), 4.49 and 4.52 (total 2H, two s), 5.45-5.95 (ZH, m). 7.27 (5H. br.6). 
(Found: C, 66.39; H, 8.46. Calc ‘or C25H3&S: C, 66.631 H. 8.50 8). 

(l~,2E,4S,7RS)-7-l2-Meth3xyethoxyme~)-4-(l-metylethyl~-l-~ylthlo-2-cycl~~l-methanol 12. To d stirred sus- 
psnsion of LiAlH4 (1.8 q, 47 mmol) in dry ether (300 ml) was added a 5010 of 11 (13.9 q, 3a9 mmol) I” dry ether (50 ml) 
wer 10 min with ice-cooling and ths mixture wss stirred for 1 h. ‘It, this wds added carefully water (1.S ml), 15 \ sW=UJs 
N&X (3.6 ml) xd water snd the mixture wds filtered. The precipitste was washed thoroughly with THF (100 ml). ‘i%Z 
combined filtrate was dried over ~gs04, passed through short column of florlsll and ccmcentrdted to give 12 (lL9 9, 99 8) 
es viscous gum. ‘Ihis was pue e-h (TLC) t0 use for the next step umdx (film) 3450 (81, MM (w), 2930 (8). 2870 (5). 
1650 (~1, 1583 (ml, 1460 (8). 1440 (81, 1385 (51, 1370 (s), 1305 fm), 1240 (ml. 12OJ (s), 1100 (s). 1050 (6). 985 (6). 920 

(ml, 845 (ml, 745 (9) cm-l J 6 (90 MHz, CDc13) 0.8 (6H, m), 1.1-2.0 (llH, ml, 2.45 (lli, m), 3.4 f5H. ml, 3.6 (4H. m). 4.7 

(3H. m). 5.4 (1H. d, J=l6 Hz), 5.7 (IH, ml, 7.45 (SH, mh MS: m/Z 317 (2 %. N+-NEMO), 2% (20, M+-WXX-420,. 255 (IS), 2O7 -- 
(20). 189 (35). 89 (100). 59 (SO), 44 (70). HR!,S found 317.1911, 298.1751. Calc for C2oH290S: 317.1939; for C2oH26S: 
2913.1755. 

Direct reduction of crude 11 -tairnng small amcunt of an acid derived by hydrolysis during cyclization gave better 

yield of 12. RNs, treatment of crude 11 (29 q from 56 q of 101 obtained by 3 batches of cyclnation) with LAlH4 gave 12 

(21 q, 56% from 10) after chromatcqra@y over SlO, (50 q, ;-h_-Etm7/3). 

(1~,2~4S,~)-7-~~-4-(~-methyiethyi)-i-Fhenylthio-2-cyclodecenc-l-metbyl mte 14. ltl s so1n Of 12 (34-o 9, 81 
mmol) and DKW (lo g, 80 mmo1) in dry pyrldine (130 ml) and dry ‘RfF (340 ml) was addal dropwlne bemoyl chloride (IS.6 ml, 

al6 ml) below loo and the mixture was stirred for 24 h et e- tern& ‘Ib this wds added methanol (16 ml. a4 roll ad ths 
mixture wss stirred for 3 h. * reacticm mixtuxe wds poured into ice-water and anCentKatUJ in Ve.cuO to remOve THF end -- 
midlne. ‘Ihe reeldue wds pxred into water and extracted with ether. 7he extract web washed with water and brine, dried 
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-= KISJ~ ad mvantrated lhe resictuc “(UI dissolved in dry toluane and caroentratad in MM triu to remwm “at81 ard -- 
pyrldine cunpletely. me crude bmL?.lxte ( homopsnaity “as checked by Rcl “as dissolved in dry acstmitrile WI0 ml). ‘Ib 
this “ere added t&I (25.5 g, 0.170 mol) Md thm ‘IXSZl (21.2 ml, 0.167 mol) at mca at -10. ard the mixture “6s stirred for 
45 min. ‘Ib thin “as sddd =t Pawa33 win and the mixture “a* diluted with water arxl extract& with ether. ?he -act_ 
“(18 rssbnd with sat N&Dj soln, watnr and tuine, dried over -4 and oarentratei Ttm residue (35 g) “aa chmmatcqra- 
@led oy(1z siq (200 g, ” -hsxarwr~/l-6/4) to give 27.9 gU8 % from 12) of 14, - (film) 3450 Nxr), 3070 (ml, 2950 
(8). 2880 (5). 1720 (s), 1605 (m), 1585 (m), 1450 (e), 1315 (s), 1260 (8). 1175 (8). 1115 (8). 1070 (s), 1025 (8). 990 (a), 
845 (“1, 780 (br.el, 750 (a), 710 (sl, 695 (6) cm-l t b (60 MHz, CC14) 0.6-1.0 (6H. ml, 1.0-2.2 (13H. ml, 3.60 (1H. m), 
4.18 (ZH, br.81, 5.1-6.1 (ZH, m), 7.0-7.6 (8H. ml, 7.8-8.2 (2H. m)$ 14s m/z 316 (1 a. M+-BzCW, 298 (15, l4+-BKXi-H2Ol~ 255 
(10). 189 (30). 145 (40). 122 (40). 105 (100). 91 051, 77 (551. HRiS Found 316.1906, 298.1804. Calc for C2OH28OS: 
316.1890, for C2@2#: 29al755. 

~1RS.4S.5El-7-~sVlylene-4-~l-wthyleulyll-5-cycl~-lal 15 To a etirred suspension of freshly prepared Na sand (3.9 
9, 0.17 *tom) In dry lliF (700 ml) “dll added nwhhthalene (22 9, 0.17 mall dt - rmder Ar at.mxxphere and the mixture “ds 
stirred dt rcom temp for ca. 5 h until metallc aodium “m dissolved completely. ‘Ib the resulting dark green soln of acdium 
nwhtilenide “as added a aoln of 14 (123 g, 281 mm011 at OTIR below -70° and the mixture “a.8 stirred for 5 min. ‘Ib thx 
“ere added Bxce** sat M14Cl eoln at -70° and then ether and brine. Ozqanic layer “m separated and the aq layer “as 
extracted “ith ether quickly. ?he combined orgaruc layer “as washed with 5 t NSCH (x 2) and bruxz (x 2). dried over M-4 
4 oarentratgi. ?he residue “as quickly chromatogra@& over alumina Lwtivity gr& II, 100 gl. Elutim “lth +%AIW- 
Et& (95/S) gave na@thalene. Rusher eluticm with !+~_Q%w-E~CLNC (8/2) gave pxe 15 (5.0 g, 86 W a8 (1 1 to 1 muture of 
C-l epimers. I$~ 15118; [.ala2 - 253O (~1.85, n-hexdneh vmax (fllml 3375 (al, 3100 (“1, 2990 (wl. 1650 (ah), 1640 (wl, 
1615 (u), 1470 cm), 1450 (ml, 1390 I”), 1375 (w), 1180 (wl, 1060 (“), 995 (ml, 945 (v), 890 (m) cm-11 6 (500 MHz, C6D6) 
0.86 (6~. ml, 1.17-1.67 (9H. m), 2.20 (2.5H. ml, 2.30 (0.5H. ml, 3.45 (0.5H. be.m), 3.79 (O.SH, br.ml, 4.86 (1H. br.s), 
4.88 (0.5H, br.s), 4.92 (O.SH, br.s), 5.27 (O.SH, dd, J-16.0 HZ, 9.8 Hz), 5.40 (O.SH, dd, J=16.1 Hz, 9.8 Hz), 5.89 (IH, 
hrd, J-16.1 Hz)8 Glc (J-1 OX-300 Z-MS, column, Of-101 (fused silica) 50 m at 150’ + 4’/min, carrier gas, He, 1 ml/minr 
Rt 13.1 ml” (50 8). 13.3 min (50 a). tlS m/r 208 (7 \, M+), 190 (40, M+-H20). 147 (100). 91 (85). HRMS Found: 208.1812. 

Calc for C14H2e: 2081827. 

(4S,5E)-7-Methylene-4-(l-methylethyl)-5~yclc&cen-l-ne 16. 'Ib a stlrrd suspension of pee (24 g, 0.11 mol) a& finely 
pvdered molecular sieves 3A (60 g) in dry Q1$12 “ds added 15 W.0 g, 57.7 mmol) with ice-azolirq ard the mixture “a8 
stirred vigorously at room temp for 30 min. ‘Ib this “ds added ether (300 ml) and the precipitate “as crushed well. ?he 
mixture “ds filtered thrmgh cellte-Florisil @ and the slurry “a~ washed well with ether. ?he combined filtrate “as 
passed thrcugh start Florlsil column and solvent “(LB remOved in VIM The residue “as chromatogra+zd cwer alumlrn 
(activity gxade II, 
“62 1.5080; I.162 - 

i-hexane- EtCb%~95/5) to give pxe 16 (a16 g. 69 \l a.8 II syrup which crystallized in 0 refrigerator. 
362’ (c-1.22, +%nelr W (~-hew& hmax 237.0 nm (5 14,800). 221.2 nm (12,MX)lr (I) (PLO x 1O-3 

mol/l. Me% t-25’): [& Cx. “ml1 -23 (214). 0 (238). +3.5 (250). 0 (267). -1.4 (286)‘ VW (film) 3100 (“l, 2980 (5). 2900 
(s), 1715 (s), 1650 (vl. 1615 (u), 1465 (ml, 1430 (8). 1390 cm), 1365 (ml, 1330 (w), 1260 (“1, 1215 (“1, 1190 (ml, 1160 
(“1, 1120 (ml, 1100 (ml, 1055 (ml, 1025 (v), 985 (81, 880 (m), 870 (“l, 800 (m) cm-18 6 (500 tlHz, C&j 0.78 OH, d, 567 
Hz), 0.80 (3H. d, J-6.7 Hz), 1.21 (1H. ml, 1.33 (1H. ml, 1.46 (ltl, ml, 1.57 (1H. ml, 1.80-1.90 (3H. ml, 1.99 (1H. ddd, 
J=2.0, 7.2, 12.9 Hz), 2.10 (1H. dq, 512.7, 11.8 Hz), 2.27 and 2.29 (2H. two t, J-12.8 Hz), 2.54 (1H. dt, J-4.8, 12.9 Hz), 

4.82 (1H. brs), 4.85 (1H. bra), 5.24 (1H. dd, J110.4, 15.9 Hz), 5.90 (1H. d, J-15.9 Hz). n//c 206 (25 ., M’), 188 (40). 173 
(35). 145 (lC0). 91 (5.5). WAS rrunJ: 206.1651. Calc for C14H2$ 206.l671. 

~4S,SE~-7-Methylene-4-~l-methylethyl~-l~~~yl~ulfinyl-5-~l~-l~ 17. Tu d soln of haxamethyl&silazane (1.5 ml, 
7.0 mmoll in dry lliF (30 ml) “as added 15SN ~-i%Ll in n-hexane (4.5 ml, 7.0 mmol) at -10’ under Fu atomcephere and the 
mixture “as stirred for 10 min. % this “as added dropvlse d mln of 16 (I.10 g, 5.35 mmol) in dry ‘IW (2 ml) bt -70’ ard 
the mixture “de stirred for 1 h. Then, reaction tamp of the resulting enolate “as raised to -20. and this “ds added bt 
once to d aoln of @enylthi&enzene sulfonate (I.8 g, 7.0 mmol) in dry TWF (30 ml) dt rcom temp ard the mixture “d* stirred 
for 5 min. (me reaction temp “ds kept between -5’ to So ard 1” cx. 1 min after the *rim of the enolate reaction 
mxture became turbid). PJ this “d* added sat W4Cl soln ard the redcticm mixture “ds extracted with ether. l%e extract 
“as washed “1t.h 8dt NaH333 soln and brine, dried cwer H9SJ4 and cxxvxnt.rated. The crude sulfenylated poduct was revealed 
to cMtdin phenylthlobistrlmethylsilylamida as by-product. ‘Ihls “bs dissolved in d sol” of NaIO4 (3.1 g, 14 mmol) in MecH- 
Hp (5:l. 140 ml) and the mlxtue “as stirred vigxcusly for 22 h. The redctlm mixture “a.8 filtered and the precipltdte 
“as vashed with ether. ?he combined filtrate “d.e ccncentrdted in vdcuo and the residue “ds diluted with water and extrac- -- 
ted with ether. l%e extract “a.8 washed with brine, dried over MgSO4 ard mncentrated llz residue “bs chromatcqraphed 
Over neutral alumim (activity grade II, 50 g). Elutim with n-hexwe-Ste(lrc (6/4) gave l.C6 9 (59 al of a sulfoxide 17, 
vmd~ (film) 3100 (w), 3080 (“1, 2980 (8). 1700 (s), 1650 (“1, 1635 (“1. 1615 (ml, 1585 (wl, 1470 (m), 1445 (sl, 1420 (ml, 
1390 cm), 1370 (m), 1345 cm), 1330 (m), 1310 (m). 1230 (ml, lle0 cm), 1130 (m), 109U (5). 1055 (8). 985 (8). 895 (“1, 755 
(s), 695 (ml cm-l I S (60 MHz, Ccl41 0.7-1.1 (6H, ml, 1.1-2.8 (10H. m), 3.1-3.8 (1H. ml, 4.80 and 4.88 (2H. t”o br.s), 5.0- 
5.3 (lti, ml, 5.92 (IH, brd. J=16 Hz), 7.46 & 7.48 (5H. t”o bra). This “aft employed in the next 5tep without further 
pxificatim. 

G!z,6S,8S)-5-f4ethyle8-(l-methylethyl)-2,6-cyclodecddien-l-me 18. A mixture of the sulfoxide 17 (1.l g, 3_3 mmol). 2,6- 
di-i-tutyl-ccrresol (8tfr, 70 mg) and the -red anhvdmu, CaoO3 (700 mgl “as stirred vigoravlly under reflux for 6 h 
tirArawmosphercandthen ooncsntrated to ca. 5 ml under atomcmpherx psoure. ‘Ihc owled r-ctlon mixture “as 
filtered thrmgh celite ard the filtrate “aa diluted with n-haxane ‘mis “18 chrcmxatogra@xd over neutral alumina (actiwty 
grade II, 20 g) “lth +z.x~e-EtCUc (loO/C+9/1) gave feagiaur cmtdinlng 18 which cmt~ina the minor isomers (0.74 9, 54 
8). In amther small scale-run crude met “as chromatograFhed cover neutral alumina to give analytical sample of ia d4 
151161 Iala 4 -360’ (~0.63, n-hexanelr VW (fllm) 3100 (“1, 3040 (ml. 2960 (81, 2890 Is), 1695 (al, 1655 (“1. 1635 (m), 
1615 (ml, 1470 (WI). 1460 (ml,-1445 (ml, 1420 cm), 1395 (m), 1370 cm), 1315 (wl, 1180 (ml, 1170 (ml, 1120 (ml. loe0 (8). 985 
(8). 925 (ml, 895 (al, 845 (ml, 825 (ml, 805 (w), 730 (m) cm-‘8 b 6Cfl MHz. C&,. C&=7.24 P ae standard l OBS (3H, d. 
J=6.7 Hz), 0.89 (3H. d. J-6.7 Hz), 1.45 (1H. ml, 1.54 (2H. ml, 1.91 (1H. dd, J=l4.1, 5.0 Hz), 2.0-2.2 (2H. m), 2.57 (1H. 
dd, J-12.1, 6.7 Hz), 3.69 (1H. dd, 5512.1. 10.7 Hz), 4.80 and 4.87 (2H. two s), 5.32 (1H. dd, J-14.8, 11.4 Hz), 5.43 (1H. 
ddd, J-12.1, 11.4, 6.7 Hz), 5.78 (lH, d, J-14.8 Hz), 5.88 (1H. d, J-11.4 Hz); MS m/z 204 (10 a, N+), 186 (SO), 171 (60). 
169 (60). 143 (XXX, 130 (60). 91 (50). 77 (35). WU4S pbrmd: 204.1519. Calc for Ci4i2@J: 204.151C 
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(4S,5~9R,10R)-9,1~Ppoxy-7-meUlyl~-4-(I-methyleehyll-5-cyclodecen-lme 19. TU a Buspension of IOI (240 mg, 6.1 mm& in 
drv T+lF (40 ml) vhs added d 4.l7N a0ln of :-0X3X in tolwne (3 ml, 12 mm011 below -5' and the mixture was stirred for 5 
min Tb this Was edded droprise (1 s0ln of crude 18 (2% mg, 1.23 mmol) in dry 'RIP (10 ml) at 0' and the mixture ivds 
stirred for Ih mC reaction mixture wM poured into ice-water and extracted with&her. i%e extract ww washed with aq 
U*, water and brin,dried- Ngs3, Md -trated l% residue Was chromatcqrs~ over neutral alumim (activity 
grade II, 30 q). Elutiar with !+XAIIW erw (9/l-8/2) gave 149 mg (55 %I of 19, ".p >41O,(.l~L5 -3470 k-1.30, "- 
hexme) wnax (film) 3120 (w), 2990 (s), 2960 (8). 2910 (6). 1730 (s), 1655 Iv), 1620 (WI, 1475 ("), 1455 (m), 1420 (a), 
1375 (m). 1260 (w). 1190 (w). 1145 (m). 1090 (ml, 1070 cm), 1030 (ml, 985 (8). 900 (ml, 665 (w), 810 (8) cm-it * (500 NHz, 

C6D6)) 0.75 (3H. d. J=6.2 Hz). 0.78 OH, d. J=6.2 Hz), 1.29 (ZH, m), 1.36 (1H. m), 1.64 (1H. dd, J-16.7 Hz, 6.0 HZ), 1.85 

(lH. dd. J-16.7 Hz. 12.3 Hz), 2.09 (ltl, m), 2.35 (Ui, dd, J-12.7 Hz, 9.8 Hz), 2.52 (lli, dd, J-12.7 HZ, 3.5 HZ), 2.79 (1H. 

ddd. J-9.9 Hz. 4.7 Hr. 3.5 Hz), 3.03 (IH, d, .l=4.7 Hz), 4.74 (1H. s), 4.76 (lH, s), 5.10 (lH, dd, J-16.2 Hz, 10.3 Hz), 5.66 
UH, d, J-16.2 Hz). l%is was .3 crystalline wcduct, bwever, it8 Glc aralysis showed to h, a mixture of 19 and CSg,ls)- 

isomer (6.6:1). Clc (Ov-101. 50 m, at 150°+40/min Rt 2a5 min 113%. (z,lg)-isomer), 21.1 min (87 t, 19). NS m/z 220 (10 

8. N+). 202 (25), 177 (30). 159 (75). 131 (55). 95 (IOO), 91 (60). HRWS Found: 220.1494. Calc for C14H2002:220.1465. 
(z,lcIs_)-isow: NS, mlf. 220 (10 %, W+), 202 (18). 177 (24). 159 (58), 131 (50). 95 (100). 91 (55). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 20. TO a sol" of LiN(TNS)2 pre- 
pxed from (TN.S@i (0.26 ml, 1.23 mmol) ard l.72N c-B&i in +mx.ww (a71 ml, 1.23 mmol) in dry W (5 ml) Y- added 
drqwise d soln of 19 (180 mg, 0.82 mmol) in dry 7WF (2 ml) .9t -70. under Ar atcmos*re ati the mixture -0.9 stirred for 1 

h and then temp ~8s raid to -22' (cCl4dry ice bath temp). 
wepared by Vedejs' mekbaP 

m this ws added crystalline McD5-HHPA*C5H5N freshly 
(700 mg, L64 mmol) quickly and the mixture was stirred for 15 min. 'b this wds added 10 t 

Nnp3 sol", ether and brine successively and the ether layer was sepwated. w layer vbs extracted with ether. -"bined 

extract wds washed with brine, dried cwer NgSO4 ard amcentratd to give c&e crystals. Recrystallization fm +xane- 

L-PQO gave 134 mg (69 t) of pue crystalline 20, mp 1165-117.5'1 1.166 -389°(~3, ~~20)s ul~x 3340 (br), 3020 

(v), 2950 (s), 2860 lm), 1715 (s), 1610 (w). 1450 (ml, 1415 (m), 1385 (m), 1255 (ml, 1085 cm), 1040 (m), 1010 (ml, 980 (s), 
965 fs), 905 (ml, 805 (m), 760 (VI cm-l I 6 (500 Wk. C6D6) 0.70 f3H. d, J-6.6 Hz), 0.80 (3H. d, J-6.6 Hz), 1.34 (lH, ml, 

1.45 (IH, m), 1.49 (1H. ddd, J-12.5 Hz, 5.2 Hz, 1.5 Hz), 1.6 (1H. -OH), 2.18 (lH, dt, J-12.5 Hr. 9.8 Hz), 2.27 (1H. dd, 
J-13.1 Hz, 10.2 Hz), 2.49 (IH, dd, J-13.1 Hr. 3.3 Hz), 2.72 (1H. ddd, J-10.2 HZ, 4.6 Hz, 3.3 Hz), 3.37 (1H. d, J=4.6 Hz), 

3.61 (1H. br.t, J=9,8 Hr. 1.5 Hz), 4.70 (IH, bra), 4.73 (IH, bra), 4.93 (1H. dd, J-16.2 HZ, 10.3 Hz), 5.60 (1% d, J=16.2 

llz). This was pzxwed to be free from (r)S_,lE_)-isomer by spfftral data. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 21. lb a sol” of 

M (134 mg, 0.57 mmol) in dry ONF (5 ml) was a&W E-WNe)piCl II02 "g, a68 mmol) dt once and the mixture was stirred 

overniqht at 40'. 7%~ reaction mixture was diluted with cold rater an3 extracted with "-heuua 'Ik extract was vashed 

with w.ter and brine, dried over NgSU4 and concentrated. 'I% residue was chruomatcqra&xl over neutral alumina (activity 

grade II, 5 g, I-hexane-EtOAc) to give 203 "g (quantitative yield) of crystalline 21, m.p. 61.5-62.0°8 (a186 -301° 

(~-0.1134, n-hexane)f vmdx (KBr) 3070 (v), 2950 (8). 2925 (61, 2880 (s), 2850 (a), 1720 (8). 1610 (WI, 1460 (a). 1415 (m), 

1385 (m), 1360 (m), 1250 (s), 1090 (8). 1065 (9). 980 (81, 970 (61, 900 (m), 835 (9). 770 (8). 715 lm) cm-'r 6 (500 MHz. 

C606) 0.06 (3H. s), 0.07 (3H. 81, 0.72 (3H. d, J-6.7 Hz), 0.79 (3H, d, J-6.6 Hz), 0.91 (9H. s), 1.30 (IH. m), 1.59 (1H. "). 
1.74 (lH, ddd, J=Z.O, 5.2, 12.7 Hz), 2.35 (1H. dd, J-9.6, 13.0 Hz), 2.54 (1H. dd, J-3.6, 13.0 Hz), 2.57 (1H. de, J=12.7, 

11.1 Hz), 2.84 (lH, ddd, J-3.6, 4.4, 9.6 Hz), 3.61 (1H. d, J=4.4 Hz), 4.00 (1H. dd, J-2.0, 11.1 Hz), 4.74 (1H. br.s), 4.77 

(lH, br.s), 5.01 (1H. dd, J=lO.S, 16.1 Hz), 5.69 (IH, d, J-16.1 Hz11 MS: E/Z 293 (15 1, N+-t-6~). 275 (20, N+-t-Bu-H20), 

265 (5). 249 (7). 173 (13). 129 (27). 107 (35). 93 (301, 75 (100). 73 (67). HRHS Found: 293.1562. CalC for 

Cl6H2503Si:293.15738 m: 275.1444. Cslc for C16H2302.Si: 275.1468 

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

I(-)-Pariplanol-B t-tutyldimethylsilyl ether1 22. lb = stIrred suspensicm of Ne3S+I- (31 mg, a15 mmol) in dry 'MF (0.4 ml) 

wds &ded dropvise UN n-&&i in !+eune (a095 ml, 0.14 mmol) at -15'. Cooling bath ~(1s rwnwed and the mixture w.38 

stlrred for 10 min at rc& temp until the soln beceme clear, and then cooled to -loo. 'Ib this wd* added d soln of 21 (25.0 

"g, M71 ""01) in dry 'IWF (a5 ml) at -5' and the nixture w.s stirred for 10 min. T%e reaction mixture was diluted vlth 

water and extracted with ether. The extract ~a.8 washed with water and brine, dried - Nq904 and -trated i%e 

residue was chromatcqraphed over neutral alumina (activity grade II, 10 g, +exzuw- Et&?95/51 to give 19.6 mg I75 W of 

pure crysralline 22, ".p 45.5-47.5'1 (d)b - 3225' (c=O.O772, +exane)r vmdx LKBr) y)90 Iv), 2960 (6). 2940 (s), 2870 

(s), 1790 (w), 1655 (w), 1615 (m), 1465 (3). 1390 (m), 1365 (a), 1250 (9). 1165 (m), 1090 (s),1035 (ml, 990 (9). 915 (3). 
895 (8). 850 (a), 835 (a), 815 (s), 770 (81, 720 (m) cm-11 6 (500 NHZ, C606) 0.04 (6H. s), 0.134 (3~. d, J-6.4 Hz), 0.85 

(3H. d, J-6.4 Hz), 0.91 (9H. 81, 1.40 (lH, "I, 1.53 (lH, dd, J-12.2, 4.9 Hz), 1.71 (1H. dt, J-10.4, 12.2 Hz), 1.79 (lH, "1, 

2.64 (1H. dd, J-11.4, 3.9 Hz), 2.65 (lH, d, J=6.0 Hz), 2.82 (lH, d, J=6.0 Hz), 2.86 (1H. dt, J-10.3, 3.9 Hz), 3.13 (1H. dd, 

J-11.4, 10.3 Hz), 3.22 (IH, br.d, J=3.9 Hz), 3.98 (lH, br.d, J-10.4 Hz), 4.87 (ZH, br.s), 6.02 (lH, dd, J=16.2, 2.2 Hz), 

6.03 (1H. d, J=16.2 Hz). NS: m/z 307 (5 %, M+-L-B"), 289 (6, N+-f-Bu-H20). 277 (20), 173 (15), 143 (25). 131 (20). 117 

(20). 105 (XX, 91 (20). 75 6%. 73 (45). tW4S Found: 307.1732. Calc for C17H2f13Si: 307.17291 Found: 289.1612 Calc for 

C17H2ei: 289.1624. 

(1S,3S,4E,SR,9R,l~)-8,~~-methyl~~lo,l~"~thyl~3-(l-"~thy1~thy1~-4-~~~-~-o~ ~(-)-FWiPla”=l-B1 23. ‘Ib 

a sol” of 22 (54 mg, al5 mmol) in dry 7WF (1 ml) was added a N sol" of "_-h4NF in THF (2 ml, 0.2 ""01) and the mixture was 
stirred for 10 "In. The laacticm mixture w.s diluted with kine and extracted with ether thra, times. 'Ihe combined 

extract was wasW with brine, dried over No2334 an3 ancentrated to give crystdlline 23 (39 mg, wntitative yield). 

Recrystallization from L-~rp~-heMne 9we we 23, ".p 116.0ar (.lp -462' (e3.135, EtP), v"M (KBr) 3xy) (a), 3070 

(VI, 3030 (VI, 2950 (s), 2925 (s), 2870 (8). 1800 (w), 1645 (m), 1610 (w), 1455 (m), 1415 (ml, 1385 (a), 1365 (81, 1280 

(m), 1265 (m), 1160 (ml, 1135 (ml, 1085 (m), 1055 (a), 1040 (m), 1015 (m), 980 Is), 950 (s), 915 (a), 895 (8). 835 (ml, 815 

(6). 790 (8). 715 (ml, 700 (m), 515 (8) cm -l, d (500 MHz, C6D6) 0.70 (1H. br.8, -OH), 0.818 (3H. d, J-6.7 Hz), 0.826 (3H. 

d, J-6.6 Hz), 1.26 (1H. dd, J-10.4, 5.8 Hz), 1.35 (1H. m), 1.44 (1H. q, J-10.4 Hz), 1.63 (1H. m), 2.40 (1H. d, J-5.9 Hz). 
2.60 (IH, dd, Jcl2.2, 4.0 Hz), 2.70 (lH, d, J=5.9 Hz), 2.76 (1H. dt, J-12.2, 4.0 Hz), 3.01 (lH, d, J=4.0 Hz), 3.04 (IH. t. 

J=l2.2 Hz), 3.58 (1% dd, J-10.4, 4.2 Hz), 4.86 (1H. br.s), 4.87 (1H. br.s.1, 5.90 (lH, dd, J-16.2, 2.2 Hz), 5.95 (lH, d, 

J-16.2 Hz). (Found: C, 71.67~ H, 8.42. Calc for C15H2203: C, 71.97; H, 8.86 8). 

Cptie.1 plrity of (-)-Pariplanol-B ‘Ibe optical plrity of 23 was determined by the Hplc wlysis of Its Nll'A ester - 
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praparrd by the acylaticm with (RM4TFACl or (gMTpAC1 in a dencribad manner, ?he WTPA ester was dn4lyzea on Hev1e 
6 

PacJwrd (HP) 1090 liquid chromatqra@~ qlm with d.i& array detector awl HP 3390A intqlrator. (Column: HP Hyparsil 
Silica Sum, 100 x W mmi Solvent: g-bwane-TiiF (9Q.5:O.Sh flow rate: 0.2 ml/mini &tected at 227 nm) Rt 23-(R)-MT&'~ 9.91 

min (99.95 *I, 13.67 min (0.05 \)I 23-(El-MTPA 9.91 min IO.05 $1, 13.67 cnin (99.95 8). The optical purity of 23 was 

therefore 99.90 8 Be 

~3S,4E,BR,9R,10S~-8,9-Epoxy-6-methylene-lO,10-methyleDxy-3-1l-methylethyl~-4_cycl~-~~ [(3S,&9R,lOS)-(-I-pari- 

p1--Bl 1. Pot (35 mq, 0.16 mmol) ~e.n diaaolved inti dry ~~2Cl2 (2 ml) in the m of pnrdered MS-3A @I mq). lb 

tis ~(15 &dazl crystalline 23 (20.2 nq, 0.061 mol), and the mixture was stirtxd at rum temp far 1 h 'Ib this was adds 
ether (10 ml) and the mixture was pass& thnxqh a &xx'+_ Florieil column. Ihe solvent was remDyed in VIM and the residue -- 
was chromatcqraphed over neutral alumina (activity grade II, 5 9, +1exaw-~~~5/15~ to qive crystallioe c-j-1 (19.6 rq, 

98 8). Recryetallizatim from n-twane gaw 17.6 mg 188 \) of pare? 1, m.hp 57fiS7.5°1 ICI@ -553* f-113, n-hexane) [In 

UJI Feliminary cnmmunioatim, we repsrted the optical rutdticn of (-I-peripl--B1 with higher value (+X7'). tater, we 

abtained more 1 (total a. 50 frq) ard carefully recrystallized fran "-hexane Pure sample was weighed dcixrately using 

micro-balance {Limit 0.031 mg). l?us, specific rotation reported here must !ze correct value.1; W Cr+exane ): ,&x 225.4 

rim (E 14.3Ml1 CD (c=6.l x 10-4 sol/l. g-ti, t=?.5*1: I& (& r&l -27 12731, -25 (39011 wnax IFf-IR (Nicolet @SK 

spxtrometer>, mrl 2960 (81, 2934 (mf, 2873 im). 1707 (sf, 1620 (w), 1451 (III), 1X43 (ml, 1018 (mf, 9B2 (ml, 911 In). 897 
cm). 845 cm), 814 (m) cm-' t 6 (500 HHz, CS2) 0.87 (3H, d, J-6.5 HZ), 0.91 (3H, d, J-6.5 Hz), 1.56 flH, ml, 2.04 (1H. m), 

2.06 (ltl, m). 2.55 (lH, m), 2.58 l2H, m), 2.63 (lH, d, J=6.0 HZ), 2.68 (1H. ddd, J=8.0 Hz, 6.0 Hz, 4.0 Hz), 2.84 (lli, d, 
J-6.0 Hz), 3.52 (lli, d. J-4.0 Hz), 4.87 (lti, bra), 5.02 (1H.br.s). 5.78 (iii, dd, J=16.0, 10.0 Hz), 5.91 (IH, d, J-16.0 

HZ): (500 MHz. C6D6f 0.70 13H, d, J=6.8 Hz), 0.72 OH, d. 5~6.9 Hz), 1.30 (lH, m), 1.94 (1H. dd, J-9.8, 5.7 Hz). 2.02 (1H. 

d, J=5.7 Hz). 2.05 flH. mf, 2.35 (lfl, dd, J-11.0, 9.8 Hz). 2.56 (Iti. dd, Jz12.2. 4.0 HZ). 2.63 IIH. d. J-5.7 Hz), 2.74 (lx. 

dt. J=10.2, 4.0 Hz), 2.86 (1H. dd. J=12.2, 10.2 HZ), 3.84 (II+, d, J-4.0 Hz). 4.78 (IH, bra), 4.81 IlH. br.s), 5.91 (IH, 
tikl, J=160, 9.0 Hz), 5.96 (1H. d, J-l&O Hz). Its lH tiMR spectrum (CS2) was identical vith that repx-ted for Mtural l.3 

"C NHR: 6 (125 IlHz, C6D6) 20.08 (q), 20.17 (q), 32.41 (d), 36.09 (t), 39.65 (t), 46.19 (t), 50.93 cd). 52.82 (d), 59.44 

(2C. d and s), 115.80 [f), 131.78 cdl, 134.97 Id), 141.87 (8). 209.09 (8). CLC (OV-101, 50 m capillary, at 150°+Qo/min; 

carrier gas, He, 1 ml/min) Rt 22.4 min (sirqle peak11 MS m/z 248 (10 \. W+), 230 (10). 187 (201. 159 (20). 145 (201, 133 

(25). 121 (30). 119 f25), 111 (35). 107 (35), 105 (45). &..80,, 79 (65). 77 (60). 69 f35), 55 146). 42 1731, 38 (100). 

t!RMS Fcurd: 248.1429. Calc foe C15H2$3: 2481413. 
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