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Abstract ---- An efflcwnt total synthesis of (+)-spsrcqen-M 1 (13-desoxy&omenone) 
1 wds achieved ln 20 steps from ethyl (1&2g)-5,5-ethylenednxy-2-hydroxycyclchexane- 
carboxylate 3 1” 8.3% overall yield. The optIcally active 3 with 98.4% e.e. was 
easily abtauxl I” 74% ywld by the reducuon of the correspxdrq keto ester 4 with 
baker's yeast. 

INTROWCl'ION 

Sporulation of fungi is an essential phenomenon for their own reproduction and deeply 

concerned with bio-production of important metabolites. In 1984, Marumo and his co- 

workers isolated 3 mq of an oily sporoqenic substance from the culture broth of Asnerqil- 

lus oryzae,' - which is one of the most important fungi in Japanese fermentation industry to 

produce Japanese sake (rice wine), shoyu (soy-sauce), miso (fermented soybeans1 and indus- 

trial enzymes, such as acylase, amylase and protease. They named it sporoqen-A0 1 and 

determined its structure as depicted in 1,2 which was identical with 13-desoxyphomenone, 

already isolated as a crystalline fungi- and phytotoxic elemophilane sesqulterpene from 
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SCHEME I 

a) Ac20, pyridine (quantitative); b) LiAlHd, THF (95%); c) PhCH(DEt)2, e-TsDH, 

CHICLE (87%); d) NBS, AIBN,benzene (83%); e) LiAlHd, THF (83%); f) Amberlite IR- 

120, H20 (99%); g) DHP, E-TsOH, CH2C12 (90%); h) NaH, HC02Et, THF; i) LDA, MeI, 

THF-HMPA; j) p-TsCl, pyridine then BnSH (74%); k) t-BuOK, BrCH2CH2m2Et, t-BuDH; 

1) KOH, H20-diethylene glycol (69%); m) ethylene glycol, Q-TsOH, benzene; n) 

LIOH, H20-MeOH; o) BnBr, NaHC03, DMF (53%); p) DMSO, tCXXl)2, Et3N, CH2C12 (87%); 

q) Li/NH3, t-BuOH; r) p-TSOH, MeOH; s) Ac20, AcONa (56%);t) MeLi, ether; u) KOH, 

H20-MeOH (55%) 
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Hansfordia pulvinata by Tirilly et al in 1983.3 This fungal metabolite showed signifi- - 2 

ant Qhilaspore formation-stimulating activity at a dose of 4.4 ugfdisc. A5 detailed in 

the previous paper on the first synthesis of 1,4 we were interested in synthesizing sporo- 

gen-A0 1 to afford a sufficient amount for the biological study. Here, we wish to de- 

scribe the short and efficient total synthesis of the natural enantiomcr of eporogen-70 1 

1. 

sYNTHBTIcPLAN 

He selected the octalone A, which was used in the synthesis of (*)-petasitol 2 by 

Yamakawa et al - _'I 5 as the key intermediate. Addition of a three-carbon unit and formation 

of epoxide ring should give 1. Problems were how to prepare A stereo- and regioselective- 

ly from the ketone 8 and to obtain B in optically active form. We reported the simple 

preparation of ethyl (lR,2S)-5,5-ethylenedioxy-2-hydroxycyclohexan~ar~xylate 3 with 

98.4% e.e. in 740 yield6 by asymmetric reduction of the corresponding keto ester 4' with 

baker's yeast. Using 3 as the starting material, reduction of ester to methyl group, 

regioselective htrdUCtiOn of methyl group and inV9rSim of $-hydroxyl group were neces- 

sary to give B. 

OXIDATION-KEDDCT IONKODTEToTEEccrocTAIx)NE~ --- 
Scheme I shows overall route to the protected octalone 13a (= A). Hanessian's 

fission of benzylidene group of 5 with NBS' and the following reduction with LiA1H4 gave 

the methylcyclohexanol 6 in high yield. Acid hydrolysis of 6 gave the ketol 7a. 

Mitsunobu inversion of the intermediate 3, 6 or 7a, however, did not yield the desired 

inversion product at all. Several attempts on the inversion of B-OH to ~_oH were unfruit- 

ful and thus we turned to use the oxidation-reduction process. As the alcohol7a might 

racemize during oxidation-reduction step, inversion was carried out at a later stage. 

Formylation of the protected ketone 7b, followed by treatment of its dianion with methyl 

iodide gave site-selectively alkylated product , which was converted to the benzylthio- 

methylene ketone 8" in 74% yield. Second alkylation with several electrophiles including 

methyl vinyl ketone was fruitless, but only that with ethyl 3-brOmOQrOQanOate gave the 

desired QrCdUCt. Successive manipulation of protective groups gave the substrate 10 for 

the following oxido-reductive inversion. Suer-n oxidation" of 10 was followed by dis- 

solving metal reduction to afford Cleanly the u-oriented alcohol 15 as a sole product. 

Annulation was executed by Woodward's" and Piers"' procedure to give the octalone 13a. 

This route required 23 steps from 3 with only 4.8% overall yield, because extra protec- 

tions were necessary for selective introduction of alkyl groups and the oxido-reduction 

process. Thus, we re-examined the synthetic scheme from 3 to the octalone A especially on 

site-selective alkylation and the inversion of OH group. 

IMPROVED ROUl'lI m THR OCT- A VIA CYCLOPP.OPYL DERIVATIVE 17 --- -- - 
We focused on the inversion of OH group first and employed the cyclopropyl carbinol 

17 as the candidate for Mitsunobu inversion.' Preferred conformations of C and D for the 

inversion are depicted in Fig II. Apparently, quasi-equatorial OH in 17 is more favorable 

than axial OH in 7a to form bulky phosphonium transition state and moreover, carbon 

bearing OH in 17 is more electronically activated by adjacent cyclopropane ring. Thus, 

the cyclopropyl intermediate 17 should be a much better substrate for the inversion both 

sterically and electronically. Preparation of 17 and its conversion to the octalone 13b is 
shown in Scheme III. The hydroxy ester 3 was converted to the protected alcohol 14 in 

nearly quantitative yield which on tosylation gave an unstable tosylate. Direct con- 

version of the tosylate into the hydroxy ketone 16 with strong acid (35% HC104-Et20) was 

accompanied with by-products derived from THP group. Thus, stepwise hydrolysis was re- 

quired to give the crystalline 16 in excellent yield. Treatment of 16 with t-BuOK in t- 

BuOH smoothly afforded the cyclopropyl ketone 17 in 79% yield. The first key step, 

Mitsunobu inversion of 17, and successive methanolysis of the resulting benzoate gave the 

desired epimer 18 in 80% yield from 17. The coupling constants of C4-proton in 17 were 

10, 6 and 4 Hz, while those in 18 was 5, 3 and 2 Hz in 'H NMR spectra. This result 

demonstrated that our conformation analysis on 17 and 7a was correct and the reaction 

proceeded with complete inversion. Birch reduction of the protected cyclopropyl ketone 19 
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a) DHP, pp~s, (3~~Cl~ (quantitative); b) LiAIHq, ether (98%); c) p-TsCl, pyridine, 

DMAP; d) PPTS, MeOH; e) 35% HCIOq aq, ether (85%); f) t-BuOK, t-BuOH (78%); g) 

Ph3P, PhC02H, (=NC02Et)2, benzene; h) LIOH, MeOH (80%); i) g-BuMe*SiCl, imida- 
zole, DMF (quantitative); j) Li/NH 3, &-BuOH; k) MeI, HMPA-DME (83%); 1) TMSI, 

(_TMS)2NH, CH2Cl2; m) methyl vinyl ketone, BF3*OEt2, I-PrOH, CH3NO2 (56% or 68%); 

n) pyrrolidine, benzene (79%) 
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and trapping the enolate with methyl iodide'l gave the site-selectively methylated cyclo- 

hexanone 20 in 83% yield. 

The second key-step of our synthesis was how to introduce a four-carbon unit for 

regio- and stereoselective annulation. In the previous route (vide supra), methylene- 

blocking group had to be used for the reqioselective methylation. As we have obtained 20 

already, direct 1,4-addition reaction without protection of methylene group would be 

feasible with a more highly substituted enol or enolate. Michael-type addition under 

Lewis acid catalysis developed by Duhamel et al." was the candidate. -- Thermodynamically 
more stable TMS enol ether 21 was prepared by treating 20 with TMSI-(TMS)2NH in C!H2C12 at 

ambient temperature.16 Starting material 20 was entirely recovered under House's standard 

procedure.17 Treating 21 with methyl vinyl ketone in the presence of BF3*OEt2 and I-PrOH 

in nitromethane gave the diketone 22 as a sole addition product in 56% yield (efficiency, 

68% based on the unrecovered 20) along with the recovered 20 (16%). Cyclization of 22 

with pyrrolidine gave the octalone 13b in 79% yield. Recrystallization gave enantio- 

merically pure 13b. This scheme required only 13 steps from 2 (10 steps shorter) and the 

overall yield of 13b was improved to 22.3%, 5 times as high as that in the previous 

synthesis (vide supra and the reference4). Optical purity of 13b was confirmed by HPLC 

analysis of the corresponding (R)- and (S)-MTF’A esters 13d and 13e respectively derived 

via the hydroxyoctalone 13~. It was shown to be 100% e.e. - Thus, we entered the final 
stage of the synthesis. 

OXVERSION OF THE OClWDNE 13b INTo SF’OFtOGEN-A0 1 -- 

The procedure reported by Marumo and Goto for the synthesis of simple analogs of 

sporogen-A0 118 was employed with some modification as to the introduction side chain and 

epoxide ring. 

13J 

SCHEME m 
a) LDA, CH3CH0, THF (92%); b) DMSO, SO3*Py, Et3N; c) DHSO, (COCl)2, Et3N, CH2C12 

(79%); d) DDQ, ether (83%); e) t-BuOOH, Triton B, THF (70%); f) TMSCH2MgC1, 

ether; g) H2S04, THFthen HF, CH3CN (88%) 
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Condensation of 13b with acetaldehyde in the presence of IDA afforded the ketol 23 in 

92% yield. One-step oxidation of 23 using DMSO-S03*C5H5N method" as reported by Marumo'8 
gave the dlene-dfone 24 in rather poor yield (< 30%) with concomitant formation of the 
dienone 25 as an unseparable mixture. Stepwise procedure using Swem's oxidation" (79%) 

and dehydroqenation with DDQ (83%) gave much better result to yield 24. Treatment of 24 
with s-butylhydroperoxide in the presence of Triton BzO afforded the epoxide 27 in 7b% 

yield. Although it was already known that carbonyl group in the side chain was converti- 
ble to exo-methylene group selectively in moderate yield (ca. 5O%),4 we applied Feteradn- 

Chan reaction2'~22 for giving spbrogen-A0 1 t In better yield. Addition of TMSCR2MgC123 

to 27 proceeded smoothly and selectively at O'C for 5 min to give the adduct 28, which 

without purification was treated with dilute sulfuric acid in THF2' and then HF in aceto- 

nitrile to give natural (+f-sporoqen-A0 1 1 in 88% yield through 3 steps. Recrystalliza- 

tion gave both chemically and optically pure (+1-l, melting at 104-105*C, whose spectral 

and chiroptfcal data were completely indistinguishable with those of authentic sample.' 

In conclusion, the efficient total synthesis of (+)-sporogen-A0 1 (13-desoxyphome- 

none) 1 was accomplished in 20 steps from ethyl ~~~,2~)-5,5-e~y~en~ioxy-2-hydro~~clo- 

hexanecarboxylate 3 in 8.3% overall yield. This enables us to afford sufficient amount of 
sporogen-A0 1 and other related elemophilane sesguiterpenea with remarkable phytotoxic 

activities, such as phomenone,24 phaseolinone,25 etc. Synthetic and biological studies on 

those analogs are in progress and will he reported soon. 

m (1~2S)-5,5athyle~2~~~~~~~ 3. A plixtum of sucms c300q) anddry ye!e(2OOg, 
*lent.91 Yeast Cal in water (2 1) wa8 stirred for 15 min at 30'C with aeratia lb this van a&led b adln of 4 (15 g, 658 

mm011 in EUX (30 ml) and the ferfllentdticm was ccmtinued cwunight at 3@C with stirnng at-d aeratiw 'Ihen q (SO g) 

and RX% WOml) ~a* addaa and the inirrure was filtenl through aelit.6 The filtrate ~a* oatumtgf with NaCi Md extracted 

with ROIL WA l&z ffltar oakc was vaabed tJnrcqbly with RMC 'he czombined RQXc eoln was wasbed with brine, dt%ef 

two4f aIT3 -tratgL 'Be residue was &rawtographgi cwer Siq (400 g). glutian with hexare-R0Ac (4:1-1:ll gsve l-2 g 
of rsmvtrad 4 and 9-10 g of 3, !A& 117-118*C/0.35 'itirrr & L4695t 1016~ +SLi" (eLO2. CXl3); "inax 3500 fsl, 2940 

W, 289O (81, X725 fsf, 1440 (ml, 1366 (m). 1275 fmf. 1186 (sf, 1140 (a), 1080 (a), 1035 isf, 993 tm), 943 fmfr 900 (a), 

864 cm), 815 (wf. 788 (u), 762 fm), 712 (m) cr~-~r 6 (60 Hi&, COC13) 1.27 13H, t, .7=7 Hz). 1.0-2.3 (6H. ml. 2.12 (133, ddd, 

J-11. 5 and 2 Hz), 3.03 (1% br.41, 3.6-4.5 (5H. ml, 4.10 (ZH, g, J-7 Hz). (Found: C, 57.37; H, 7.80. Calc for CllH1805: 

C, 57.38; H, 7.88W. 

Oetermi~tiar of the gxical wity of 3 Hvdroxy dstar 3 was cewert& to the correepcn&ng (s)- and (SPMTPA esters. Wrc -- 
~aiytical mditzcns are: colunu! meal phase, Fltclezsil* W-5, 4.6sm x 2Scmr Kluant ~-hexaneWlO:lt Flow rate 13 
ml/tin (50 kg/cm2), Detector W 254~11; C~PWIFA ester of 3, Rt 20.1 mm (0.9W, Rt 235 min WU8h ($)-HIT% ester of 3, 
Rt 2%1 min P3g.21). Rt 235 min KWW. ltmmfore+ the optical purity of 3 was det8rmined to be 98.4- es. 

9 (lrt2S)-2-aoetoxrf,f~l~~~~l~~ A mixture of 3 (28.0 g, 122 mmol). AC20 123 g, 225 WUWA) 

arc3 4-tj,_~ifwXhylami~idine (ZOO mg) in p,Tidine (36 ml) van stxred cwarnightat mom tamp 'ihe reaction mixture we4 

gwxched with water 8d extracted vith ether. ?he extract uam ratshed with ice-2N Xl (x31, w.tcT, satNnWS33 eoln Md 

brine, dried fMgS34) ard arcantrat& to give 311 g Qu~titx.ive) of acetata As analytical sample was obolinsd by 

recrysUllizaticm from huans-ether, m.@ ~53.5-S4.2~C~ [ola3.2 +37.7* WL07, csi31; umax 3O2O (ml, 3Ko fsf, 2980 fin), 

2920 fm), 2900 (ml, 1727 (sf. 1480 fm). 1406 (mf. 1440 fm). 1383 (mf. 1370 fn). 1340 (rf. 1333 fm). 1290 (a), 1280 110). 
1252 (a). 1220 (m). 1197 (81, 1143 (m). 1107 (u), 1083 (s), 1058 (in). 1042 (9). 1021 (m), 970 (ml. 950 (m), 918 fm), 905 

(ml, 868 (I), 829 (VI, 768 (~1, 702 (m) cm-l , & (60 HHs, CDC13) 1.20 (3H, t, J-7 Hz). 1.2-2.2 16H, 11, 1.96 (3% a), 2.70 

tlli, ID, hhu-18 Hz). 3.6-4-O (4H, III), 4.02 (2H. q, 517 Hz). 5.30 (lH, br, hhw”7 Hz). (Found: C, 57.49; H, 7.38. Catc for 

Cl3H20O6: C, 57.36) H, 7.40%). 
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rss,chroaaeographed ".,ef SiO, (zoo g). Slutim with (~2c12-ueo~ (99:1-95:5) gsve 11.13 g (95W of dial. "&3s2 1.48221 

l01~~~ +35.l' (c~L67. -3)s vm.w 3430 (.)r 2950 (IX), 2900 (0). 1440 (ml, 1360 (ml, 1340 (m), 1310 (m). 1290 (ml, 12B 

~~1, 1210 cm), 1146 (e), 1100 (0). 1077 (a), 1057 W, 1030 (a), 993 (ml. 963 (ml. 920 (m). 880 (m). 856 (ml. 830 (ml. So0 

car), 76~ cm), 703 trn), 6~0 (m) cm-18 6 (60 MHZ, wC13) 1.1-2.3 (7H. ml, 3.91 (4N. mP). 3.4-4.3 (3H, ml. NwS: m_/s Pound: 

lSalo4a QIlc for c$Ip$4: lS&loILL 

(~~~)~6-~ylaaU~2~1-1,3diara-1,2.3,4,~5,6,7,S,8s~~~aa 5. A mixture c.f the dial (lL8 
g, 627 mwl), &ciitaW2 (12.4g. 689 mmol) Md e (100 I& in Qi2Cl2 (150 ml) WU Wed fOr 3 h et rmm temP * 
reactian mi,xt- wee diluted with ether (400 ml), waehezl v1t.h sat NxWJ3 eoln axl brine. dried CW4) ti cmcmUeted. 

'~hc residue wee &romatqra~ - Si+ (403 g). ~ut.icm with hexane-R~X~ (19:1-7:)) gave 15.1 g (S7W of 5. w 63s 

64°C~ l01~~ +56V (cLu3, osx3h "- #wr, w, 3050 w, 2970 (01, 2940 (8). 2860 La). 2790 (m). 2700 w. 1960 (VI, 
1820 (u), 1497 (m), 1460 (m), 1450 (a), 1440 Cm), 1430 cm), 1393 (a), 1378 (m). 1363 cm). 1355 (e), 1340 (m). 1324 (m), 

1316 (ml, 1305 (m), 1279 (m), 1260 cm), 1235 (m), 1215 (ml, 1173 (m), 1145 (81, 1123 (81, 1100 (91, 1085 (8). 1060 (a), 

1040 (a), 1027 (a), 1ooB (61, 983 (61, 966 (8). 948 (ml, 934 (ID), 900 (u), 885 W. 842 (ml. So5 (m), 768 (m). 762 (I& 7% 

(8). 737 (ml, 700 Is), 690 (a), 663 (m) cm-38 K (60 MHz, CC141 1.0-2.5 (7H. m), 3.5-4.1 (7H. m), 5.36 (lti, s), 7.1-7.6 (5H. 

ml. (Pound: C, 69.61r H, 7.23. Calc for C16H2004: C, 69.541 H, 7.30\). 

US,zR)-2-~ethyl-4,4-ethylmedtmvcycl&exyl benzmte. A mixture of 5 (15.l g, 54.7 mmol), P%S (I)\, 25 g, 60.4mmol) 

Md NRJ (MO mg) in bauane o(x)ml) wee stirred for1 h at5O'CThe rextun mixture wee pxrul into WI- arid extractad 

with ether. lheextxact wee veslwd vith r)eter. satUx2S203 ~11n and brine, dried (-4) Md ancentratIxl. The resicke wee 

du-wxnatcqraphed over Si4 (400 g). Eluticn with hesane-RCYr (19:1-7:3) geve 163 g (83W of bromide, naL4 L53Wr [ala3A 

+40.6' kL15, (X13), VIM 3090 (m), 3050 (VI), 2980 (a), 2950 (II), 2900 (1)). 17Z3 (8). 1603 (In), 1585 (ml. 1495 (In), 1453 

cm), 1440 (n), 1373 (m), 1350 (m), 1335 (a), 1315 (ml, 1295 cm). 1270 (a), 1230 (m). 1205 cm), 1177 (ml. 1112 cm), 1100 

(ml, 1070 (III), 1045 (ml, 1027 (ID), 1OOS (m), 975 (m), 948 (ml. 932 (ml, 919 (ml. 880 (WI. 870 (w), 821 (ml. 808 (ra), 767 
(w), 716 (8). 693 (ml cm-l, d (60 MHz., CC141 1.0-2.7 (7H. ml, 3.28 (2H. ml, 3.9 l4H. ml, 5.28 (lH, br.6, hhu-9 Hz), 7.3-7.6 
(3H, m), 7.8-8.2 (2H. III). (Pound: C, 53.701 H, 5.43. Calc for C,6Hlg04Br: C, 54.09; H, 5.39%). 

(lS,ZR)-4.4-Eehyla~~yl~l~-l 6. 'Ib e stirred euepansicm of IAH (L90 g, 50.2 mmol) In lW (200 ml) rile 

added e mln of the bide (152 mm& 456 mmol) 1" ?Hp I100 ml) et O'C After stirring overnight et room temfi the 

re.wtlm mxiture wee qumched by a&liq wetar (1.9 ml), 15\ t&OH eq CL9 ml) Md water (5.7 ml). ?he precipitate wee 
filtersd thr& e calltepdand W thor&ly withlWF. 'Iheoombined filtrate wee&led (UgS34) err3 uncwIt.rat&. me 

reeldue wee chromatogr@ed over SiD2 (100 g). Elutim with ARC&z l9:1-6:4) gave 61 g (S3W of 6, hp S2-S4"C/al 

'Ibcrt m.p. 30-32'C, 1.1$Q~6 +33.4' (c-1.0, CHC13); vmax 3430 (a), 2970 (a), 2945 (81, 2900 (a), 1480 (w), 1452 (ml, 1440 
(ml, 1365 (m), 1343 (m), 1315 (WI, 1296 (m), 1240 (III), 1216 cm), 1148 (ml, 1117 (ml, 1074 (8). 1054 (ml, 1013 (ml, 965 (8). 

936 (m), 919 (VI, 1386 cm), 815 (m), SO0 (v), 765 (ml, 684 (ml cm-l8 6 (60 MHz, CDCl3) 0.96 (3H. d, J-6 Hz), 1.2-2.3 (SH, 

m), 3.5-4.0 l5H. ml. (Pound: C, 62.801 H, 9.31. Calc for CQH,603: C, 62.76; H, 9.36%). 

OF&4S)-4-~3~thylcycl~e 78. A mixture of 6 (60 g, 34.S mmol) and kabsrllte IN-120 I1 g) 1" water (loo 
ml) wee heati under reflux for 3 h Aftar removing Amberlite IN-lM, e emall amamt of WFkXk, wee added and the reaction 

mixture wae ccnc~~trated.. 'Ihe residue wae&seolvedin SuXc, vaehed with vatezand brme, dried Wg9934) and ooncentrateh 

The residue wee purified by distillatron t" give 4.40 g (QQa) of 74 hp. S5-SE°C/3 Torrr "A5 1.47341 [a]$' +26.0' 

(FLoS5, cxl3)r vmex 3450 (e), 2960 (e), 2940 (8). 2910 (81, 2880 (~1, 1710 (a), 1450 (ml, 1420 cm), 1370 (ml, 1350 (~1, 
1330 (8). 1300 (a), 1274 (m), 1233 (m), 1208 (ID), 1134 (ml, 1110 (m). 1075 (m), 1045 cm), 1017 cm), 988 W, 960 (ml, 950 

(II), 875 (m), 838 (m), 808 (ml, 755 (m) cm.-+ 6 (60 IUZ, cDc13) LO5 13~. d, Jd W, 1.3-3.0 (6~. m), 3.95 UH, br, hhu-9 

Hz). tcws: m/g Foul& 12Bm23. C&c fez Gp12~: 1280837. 

(~cs)-3-*ethyl-4_tetrahVdrcpyrMyloxycyc 7h A muture of 7a (4.4 g, 34.3 mmol), 2,3dh+man (88 g, 104 
mnol) ardp-TeOi (xy)mg) inCXp2 wee etirredcwatightatrarn temp lhe raactim mixture raediluted with ether, washed 

With eet NnlKsj e&l afxl brIM,&ied (&@4) Md ooncantrdted The reeidua wee chromatogre@wd cwer Sip, UOO g). Eluticm 
with hexen?R* (19:1-4:l) gwe M oiL Rue we8 further prified by dst~lletion to give 655 g (QO\) of 7b. hp lCO- 
103OC/3 Torr, nil*) 1.4696, [.]~1.5 +33.4' (~1.21, CHC13)j vmex 2960 (01, 2890 (81, 1715 (a), 1453 (n), 1442 (ml, 1420 
(w), 1380 (WI, 1346 (a), 1320 (w), 1300 (v), 1275 cm), 1260 (w), 1235 (u), 1203 cm), 1180 Cm), 1157 (m), 1135 (m), 1120 

(ml, 1078 (ml, 1035 (8). 1026 (m), 1007 (a), 976 (ml, 952 (a), 928 (w), 906 (m), 886 (w), 870 (in), 842 [w), 813 tm), 757 

(W) cm-l 8 b (60 MHz, Ccl41 0.98 and 1.08 (total 3H. d, J-6 Hz), 1.2-3.0 (13H, m), 3.0-4.2 (3H. m), 3.5-3.9 (lH, ml. HRMS: 
"/I Ftund: 2121432. Calc far C12H2&: 21L1412 

~ZRS.ULQS~-6-Bw~lehrometh~l~-2,3dimaeh~l-4-retr~snylaxycycloharanne a 'Ib e stirred suspenaun of I&H (Mn, 

L35 g, 33.8 q mol) in 'IW (70 ml) wee e&kd (I mixture of 7b &50 g, 347 mm011 and v I65 ml). After stirring for 1 h 
at rum tern% the r&ion mixture Wasevaprated below XSCand the remaisung eolventwssmmpletely rewrrejwithv-tn 
pmp 'Ihe residue YM dissolved u1 'R(p (15 ml) srd HMPA (15 ml) and to thus we.8 adds3 at O'C e W solution vhi& wee 

p-epu-ed fromdil aqxwlamh (4.9 ml, 35 mmol) end +U.i (1.6 N, 22 ml, 35 mmol) In 'IlP (20 ml). After st.~rrxng for M 
ml" et 0-C. UeI (9or. 2.6 ml, 40 mmol) we a&xl and the mixture wee stirred for further 1 h et 0-C lbe reactux mixture 

wea parred into water, acidified to @i 5 w1t.h Acol and extracted with ether. 'Ihe extract wee waehed with water ard brmne, 

dried U4gS04) erd cxncmtrated Ihe residue wee dissolved 1" pyridine (40 ml) Md to this wee added pxticmviee p-TsCl 

(665 g, 35 mmol) et O*C After stirring for 3 h et O°C., hSH (5 ml. 40 mrral) wee aned Md the etlrrlng wee ocnti& 

overnightatroomtempTherexticnmi.xturewaepzured intovater,extr8ctA withether.* extrect wee washed with rater 
ard brine, dried 04g8J4) Md ooncenteetui 'Ihe reeidue w.w -togcam over SiD2 Ia g). Elutld with hexene-Et& 
(i9:1-4:i) game a2 g (74-j of 8, "AL5 15628; [alp -16s (PLO, aiCl3)r umex 3060 (v), 3040 (WI, 2960 (Ix), 2890 w, 
1707 (ml. 1663 la), 1600 (ml, 1560 (a), 1545 (8). 1494 (ml, 1451 (ml. 1440 (m), 1375 (ml, 1348 (ml, 1304 (ml, 1279 cm), 

1240 (m). 11% (m), 1190 (la), 1159 (ml, 1130 (m), 1115 (m) 1095 (ml, 1076 (ml, 1052 cm), 1020 (m), 1005 (m), 975 cm), 922 
(ml, 868 (m), 808 (ml, 745 (ml, 700 (m) cm-l I b (60 MHz, CC141 1.07 (6H. d. J-6 Hz), 0.6-2.8 (10H. ml, 3.1-4.2 (5H. ml, 

4.59 (1H. br.s), 7.21 (5H. ml, 7.34 (1H. br.8). Wound: C, 69.668 H, 7.89. Celc for CllH2S03S: C, 69.968 H, 7.838). 

~l'R,2'143'S~-3-~1',2'-Dimethyl-6'-oxo-3'-tetrehydro~renyl~l~)~ic add 9. - m e sol" of S (50 g, 13.9 
~1) in~-BarWml) wea addadprticnwise~-WX (4.7 g, 42 mmol) et- temp After stirring for15 min at room tern& 
ethyl 3-bm WpmpaKate (7.5 g, 42 mm011 "ae added .ux.l the mixture wee etxred for 2 h et-m temp mc react~m mixture 
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vaa diluted with ether, washed with "*ter an3. brine, dri& tUgSO4) ard anc%ltrated nm rssidlm "Es Iuqhly&rmMxqr~- 

phad over 51% UOO g1. Eluticm with hesne-ET* (19:1-&l) gave a k&a estnr. A eoln of the keto e~tar in 251 19H aq (M 

ml) 81~3 diethylsleglycol (30 ml) "a8 hsat& uwjer reflux for 24 h The reectM mixture "M diluted with "clter gd ox- 

tracted with ether (x2). lhen the aquaavl lay-u "m acidified top 5 "itb ACM Md extract.& with Et* The EtxXz eoln 
"aa "ashed with "&e.r Md brine, driad (Hg$D41 Md cnroentrated to give 286 g (69%) of 9. lhis "6s employed for the next 

stap witit plrificatiab IR Md NMR spectrum of the correspnding methyl ester vere as follovsl wnm 2960 (a), 2890 (m), 

1735 (el, 1707 (61, 1460 (ml, 1440 (ml, 1380 (ml, 1360 (ml, 1200 (ml, 1170 cm), 1130 (RI), 1115 cm), 1077 (m), 1025 (a), 978 

(ml, 955 cm), 912 (ml cm-18 b (60 MHz, COCl31 0.8-1.3 (3H. m), 1.09 (3H. 01, 1.3-2.8 (15H, m), 3.0-4.5 (3~. m), 3.65 (3H, 

a), 4.70 (1H. m). 

Banzyl ~1'R,2'R,3'S~-3-~6',6'-ethylsnediory-3'-hydreonyl 10. A mixture of 9 (LO4 g, 3.5 

mmol), ethylaregl~l (500 mg, S mmol) and penal (cat amcunt) in benzene (20 ml1 "as hented \mder reflux for 6 h vith 

azeotroplc ramoval of watar. The reaction mixture van diluted with ether, wasbed with water, Bdt p(atmj soln and hrms. 

dried (Wsso,) Md anmtratab lb the residue "m added "ater (2 ml), H&H (6 ml) and Lial $0 (420 mg) and the mixture 
"al f&l& cweunigbt at - tamp 7be rsactim mixture "m eva~ated, acidifuxl to #! 5 with AcQi ard extncted with 

= llle extract "a* washed with rater and brine, deied tMgso4, Md ancentrdtad to give a m uubwtyllc acid. A 

mixture of the au3e cutaxylic acid, NMX)3 (600 mg) & &Sr (LO g, 6 mm11 in CMP (5 ml) "ds stirred overnight at 6O'C 

The reaction mixture "on pxr& into water Md extracted with ether. lhe extract "m "ashed with "atez (x21 and brine, 

dried t&W4) and ancsltratad lhe residu ".sn chraatcqra@ed - SiO2 (30 g). Klutim with wetnv (9:1-1:l) gaw 

64omg (534) ofuMtable10. This "8a employed for the_ stapvithcut further plrlficatim. 

BBnzyl ~1'R,2'Rl-3-~6',6'-eehylenedioxy-l',2'-dime~l-3'-~c~~~~~~ 'Ib d aoln of oxalyl chlonda (Ll g, 

a6 mmol) in ol2Cl2 (5 ml) "a aMed droprise DMSO (l.l2 g, 14.4 mm011 at -7O'C After otisring for 15 min at -70% to 

this "08 added d a0l.n of 10 (LO g, 2.87 mm011 in a2C12 (5 ml) Md ths mixture "an &irred for further L5 h 'Ihen Et3N 

(2.9 g, 287 mm011 "m added droprise at -7O'C and the temprature "a~ gr&lly raised to OX lhe rextiol mixture "as 

poured into water Md extracted "itb ether. lhe extract Y.913 *a&& with "Bter ard brine, drisd IngsOq) ard -trati 

'Ihe rasidw "a* chr~tcgra@uzrl over Si4 (40 g). Eluticn with hexme-ROAC U9:1-7:31 gave 870 mg (87W of ketme, r&p 

5~5-54.5~4 Iol~~' l 17.0* (FLO, cxl31r wnax 3080 ("1, 3050 (u), 3040 (m), 2970 (a), 2940 (s), 2890 (8). 1728 (01, 1708 

(a), 1665 (v), 1585 ("1, 1498 cm), 1459 (n), 1424 (m), 1390 (ml, 1372 (ml, 1365 (m), 1347 (m), 1300 (81, 1280 (ml, 1268 

(ml, 1238 (ml, 1212 cm), 1194 (s), 1165 (81, 1138 (m), 1116 (m), 1082 (ml, 1073 (m), 1045 (ml, 1030 (IO), 1018 (ml, 1004 
cm), 996 (ml, 980 (ml, 963 (ml, 947 (m), 913 cm), 878 (ml, 843 ("1, 820 ("1, 745 (6). 697 (81, 680 ("I cm-18 4 (60 NHr, 

Ccl41 0.81 (3H. s), 0.89 (3H. d, J-7 Hz), 1.0-3.0 (9H. ml, 3.8-4.0 (4H. m), 4.98 (2H, 81, 7.0-7.5 (5H. m). (Pound: C, 

69.06; H, 7.58. Calc for C20H2605: C, 69.34; H, 7.57\1. 

~l'~2'R,3'R1-3-~6',6'-Ethylen~ioxy-3'-hydroxy-l',2'-di~ethylcyclohurane1pic acid 11. 'Ib d blue soln of lithium 

(350 mg, 50 mmol) in llq Ml3 (ca 30 ml) "~LB added (I soln of the ketme (870 mg, 25 z1 Md !3KM (276 mg, 6 mmol) in 

ether (5 ml) (it -78T After stirring for 1 h dt -78Y an3 for 1 h at -33% the reacticm mixture "(18 quenched with sat 

Ni4Cl Bolh The aquars layer "a.0 acidified to @I 5 with Arm ard extractad with ROAC lhe extract "es washed "itb "atar 

and brine, dried (&~93~) arxl amcantratsd to give 650 mg of cnrj. 15, OlMx Koo-3030 (bra), 2970 (81, 2900 (m), 1710 
0x.8). 1460 (m), 1445 (ml, 1410 (m), 1373 (IO), 1220 (a), 1185 (a), 1122 cm), 1097 (m.), 1050 (lx.s), 970 (ml, 946 (ml, 920 

(ml, 844 (ml, 750 (ml. This "as employed for the next step riChcut prrificatiab 

(QaS,S~L6R1-~5-Mmsthyl-45,6,7~~~~e~~~yl~2-~ 12. A a0l.n of 11 (650 mg, c-s. 25 mwl) 

and p-?WBl (cat amcunt) in Heal (50 ml) "an heated undar reflex for 3 h with removal of rater wing molecular BIevR u 

lhe reaction mixture ".u evapxati and diluted with EtAW. The m mln "m washed with rater, sdt NaHco3 s0l.n Md 

brine, dried Wg9041 ard mncentrated to give 430 mg of keta ester. ymax 3483 (ET), 2980 (81, 2970 (81, 2890 cm), 1735 (81, 

1710 (81, 1460 cm), 1440 (ml, 1380 (la), 1372 cm), 1320 (m), 1295 (ml, 11% (m), 1175 (ml, 1103 cm), 1034 (ml, 1000 (ml, 955 

cm), 893 (ml, 845 (m), 760 (v) cm -1~ d (60 MHz, CCC131 1.04 (3H. 61, 1.05 (3H. d, J=6 Hz), 1.2-1.13 (10H. m), 2.60 (3H, 81, 

285 (UI, dt, J-10 ard 5 W.'Ihis "(~8 used for the next step "ltit pxlficatiab A mixture of the crude k&n ester (430 

mg, ch L9 mmol) and 2,3dihwp,sw (670 lag, a0 mmol) and pyridinium p.oluenemlfanata kat amcud in QI2Cl2 (10 ml) 

"a stirred ovemi@t .at room temp 'Ibe rssction mixture "m diluted "lth ether, washed with water, sat N&U33 eoln and 

brine, dried cNgSO41 and ancentratad Tb the residue, MeOH (6 ml), H20 (2 ml) ard Li(3H*H20 (42Omg. 10 mmol) "&x alled and 

themixtureras sticredovarnightatrcom tamp lbe reaction mixture "aeevapxated,dilti with "aterard extraceej. "lth 

etber.nxmtheq&wua layer "as acidified to @I 5 vlth ARCH and extractad with R% ‘he RCAC s0l.n "a8 "ashej with 
water and brine, dried (NgXl4) and ccmcentrated to give 500 mg of k&o acid A mixture of the ketn acid (500 mg, ok L67 

mmol) and AcQls o(x) mg) in A+ (M ml1 "m heated urder reflex for 2 h Mzst of the A+ "a~ evaporated& the residue 

"m diluted "itb ether. Ttw ether layer "aa washed with vater awl brine, dried tHgS34) ard -traced me real& "(LB 

drcmaeagra@d - SiO2 (15 g). Eluticm with bsx.s~-l??_~X~ (9:1-7:3) gave 390 mg (56W of 12, I#-~ 1.4962~ t.lijz3 -664' 

(c-1.1, CHC13)j vmdx 2960 (a), 2890 (ml, 1760 (81, 1690 (a), 1457 (ml, 1423 (ml, 1370 cm), 1354 (m). 1340 (ml, 1261 (m), 

1239 cm), 1205 (m), 1173 (a), 1135 (81. 1120 cm), 107! (m), 1055 (m), 1025 (81, 978 cm), 958 cm), 940 cm), 937 (ml 905 

(m), 885 cm), 870 cm), 847 cm), 817 Cm), 803 (m), 735 ("1 cm -l, & (100 MHz, COC131 0.97-1.20 (6H. ml, 1.3-3.0 (13H. m), 

3.3-4.2 (3H. la), 4.63 and 4.77 (total 1H. each, ml, 5.20 (1H. dd, J-7 and 3 Hz). HRMS: m/r Pound: 280.1708. Calc for __ 
C16H2404: 280.1675. 

~4aR.5~6R~-4,4a.5,6,7,8-Herahydm~5dl~thyld-ah~droWlanylaxyZ~3H~~~hthale~ne 13a. 'Ib a win of 12 (360 mg, 
L29 q mol) in ether (10 ml) "M added dxucuiae MeLi (Lb M in ether, L5 ml, 21 mmol) at -25OC After stirrim for L75 h 
at -25T. the reaction mixture "as guencttsd vith satNi4Cl win awl extracted "itb ether.lbe extract. "WI "ashed with "ate? 

&brine, dried U4gSJ4) Md cmcentrated l-0 the reexh~, MeCli (2Oml) and lo\ 133H.q (2 ml1 "as added and the mixture "aa 

heatej lnder reflex for 2 h lhe reaction mixture "a8 evaporated. dilutej "lth vaterardextrxted with ether. Ihe extract 

vu "ashej with watar andbrlne, dried wgSo4) aK1 rxncentrati me renldue "as c+wm&qn~ - s102 (20 g). Eluticn 

with hexane-EXXC (9:1-2:l) gaw 195 mg (55%) of 1%. r$3 L51891 [.]a3 +96.0* (C-W. CKl3)t vrrmx 2950 (6). 2870 (ml. 
1675 (81, 1617 (ml, 1460 (m), 1438 (la), 1418 (ml, 1375 (ml, 1348 (m), 1330 cm), 1264 (m), 1234 (m), 1218 (ml. 1199 (III). 

1180 (ml, l.l53 (ml, 1126 (m), 1115 (m), 1073 Cm), 1050 (ml, 1025 (61, 972 (m) 945 (ml, 910 0~1, 900 (m), S80 (m). 865 (ml, 

839 ("1, 810 (ml, 770 ("1, 725 ("1, 679 (ml cm-'s K (100 U.Hz, -3) 1.01 arrl L12 (total M. aach d, J- 7 We L16 (3H, 

81, L2-L7 (15H. m), 3.3-4.1 (3~, ml, 4.64 and 482 (total ti br.0, 577 (lb brs). m A/s M 2781662 Ca1c for _- 
Cl,H+y 278.1802. 
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WI lRJs)-5,5athylnmediory-2-tstrah~~w~ lohpxanscaeboxyhta 14. A mirtura of 3 (3CLO g, 130 mcwl), pyridi- 

nilAm&trill usuulf-te (up 6 aool) Md 2.3-dih~an W.0 g, 214 mwl) in a2Cl2 (300 ml) "aa atirrsd avsrnight at 

- tamp The r&on mixture "as diluted "ith ether (11). "ahad "ith water, MtfMKD3 a0l.n Md brins, clriad M#D4) 

& cuwmtratsb me residue "an duaMt.cqr~ over siq BJO 9). la%icm "ith hwana-mxc (19:1-7:3) gava 4aV5 g 

(quantitative) of 19, r$' t4700 1als3 +569* (Pl.6, M3)1 Wax 2950 (8). 2880 (8). 1735 (0). 1W (m), 1M (m), 1365 

(a), 1350 (m), 1300 (a), 12SO (a), 1255 (8). 1185 (a), 1130 (a), 1115 (8). 1080 (8). 1035 (a). 1020 (8). 1000 (8). 983 (a), 

947 cm), 920 Cm), 901 (a), 867 (la), 815 (ml, 762 (ml. 725 (m) cm-'8 6 Cl00 HMz, (IxI13) L28 and L29 (total M. each t.. 517 
HZ), 1.3-2.35 (12~. a), 2.6-2.9 (HI, a), 3.3-4.5 (9H. ml, 4.67 end 4.77 (total 1H. each a). (Found: C. 60.73; H, 8.26. 

C&c fur C16H2&: c. 6Ll3; H. 834s). 

~1S,2S~-5,5-Rh~l~oxy-2tl~l~~~l 15. lb a etirr& suspsuicm Of UH (5.0 e 130 mmc.1) 

in ether (500 ml) wea added dramrise a eoln of 14 (40.95 cr. 130 mmol) III ether (200 ml) at 0% After stirrim for 1 h et 
0°C. the reacticm mixture we* Q.JEI~& by uWng wetar (5.0 ml), 158 NeQi eq (90 ml) arxl wetar (15.0 ml). lhs pacipltate 

was fIltered thrwgha oalite pxl& uaehed thorcughly w~thllfF.'Ihecorabtied filtrate wasdried W3S34) and mncentxated. 

'Ihe residue "(LB duomatcgr&ed ow Si4 (503 g). Elutim vlth haxanr 

1.48331 l.1~3-5 +3l.70 

Et& (4:1-3:7) gave 34.65 g V3W of 15, r$15 

k~Cu32, aiC13)) - 3470 0r.s). 2960 (a), 2903 W, 1440 (91, 1355 cm), 1315 (m). 1280 (m), 1250 

(ml, 1205 cm.), 1185 (m), 1150 (a), 1135 (a), 1115 (01, 1075 (IX), 1030 (s), 990 (s), 962 car). 913 (ml, 866 (a), 840 (WI, 

813(m), 767 ("), 716 (WI cm-$ & WXI MHz, CZ13) 1.2-23 (13H. m), 2.52 (iii, &a), 3.3-4.3 ('%I, ml, 4.48 Md 471 (total 

1H. m). (Found: C, 61.341 H, 8.77. Calc for C14H2405: C, 61.748 H, 8.88%). 

~lS.~l-2-yldroxy-5-cuoocyclohlxylmetl-ptolu~farats 16 lb a mln of 15 (544 9, M mwl) and 4-N.N-dimethylam~m 
Wrldina (244 q g, 2 mm&) In p&dine (7.9 g, 100 mmol) and ol2Cl2 I20 ml) wea addpd E-~WI (5.7 g, 30 mmol) with ice- 

cooling ard the muture wee stirred for 2 days at 4% ?he rextim mixture wee pound into water and extra& with 

ether. 'Ihe extract we.8 washed vlth ice-m tKl 1x2). water, eat NaHXk3 soln ard brine, dried (MgSO4) Md -tcated,me 

reeldue van roughly chrabatographed over Siq GQO q). Elutia with lw.xane-Et- (9:1-1:l) gave 809 g (95%) of uurtable 

toaylate, wax (film) 3OKl (a), 1595 (ml, 1440 (m), 1360 (a), 1175 (8). 1072 (8). 1035 (a), 960 (8) cm-', lhis we8 employ& 

for the wxt step "ithcut further pleifxetim. 
A mixture of the taylate (7.60 9, 17.S mmol) w-d p&dinium p-tolucnearlfaratn (0.4 g) in MeOH WJO ml) "aa stirred for 1 

h at 50% llz reactam mixture "aa oncentrated ard tha rasidw "as &8eolwd in ether (300 ml). The ether layer "aa 
"aahed with "ater, 9.9t v soln axI brine, dried (w4) Md concentrated, 'Ihe residue "a8 raghly chromatoqra~ over 

SiO2 (100 q). Eluticm with hlsane-Et& C&2-1:l) gave 6.0 g of almhol. 

'Ib a eoln of the alcohol (6.0 g) in ettx (30 ml) wee added 35% HclO4 aq eoln (40 ml) et 0% After atxring for 1 h at 

0% the reaction mixture we8 carefully pzuredintn settWFZI3 aoln and ether.Theether layer was eeparated and t.he.cwS 
equeae layer was extracted vith ether. 'Ihe uxblned extract was vaahed vlth water Md brine+ dried U4gS14) and ancm- 

treted. 'Ihe residue was chromatcqra*ed uver SiCx2 (100 g). Elution with hexane-EUXc (9:1-3:7) gave 4.52 g (85%) of 16, 

m.& 74-75% Ia@ +13.3' k=L25, CXZl3)r vmax 3400 (s), 3080 (w), 2960 (ml, 2940 (m), 2910 (ml, 1695 W, 1595 (a), 1493 

(ml, 1460 cm). 1441 cm), 1410 (m), 1347 (81, 1292 (la), 1235 (ml, 1210 (IQ), 1187 (81, 1176 (a), 1140 (ml, 1120 (m), 1110 
(m), 1095 (ml, 1076 (m), 1052 (ml, 1018 cm), 973 W, 952 (a), 902 (m), 872(m), 853 (ml, 825 (la), SO6 (ml, 790 (ml, 706 
(ml, 697 (m), 662 (9) cm-l t K (100 MHz, CDCl3) 1.5-3.0 (SH, m), 2.48 l3I-l. s), 3.7-4.4 (3H, m), 7.37 (ZH, d, .l=S Hz), 7.71 

(2H, d, J=S Hz). (Pound: C, 56.27~ H, 6.08. Calc for C14H1S05S: C, 56.35; H, 6.08%). 

(lS,5S.6R)-5-HydroxybicycloI4.l.Olheptan-2-one 17. To a soln of 16 (4.70 g, 15.8 mmol) in t-BuOH (100 ml) was added 

pxtionw~ee L-BKN (5.6 9, 50 mmol) at rox tamp After stirring for 1 h at roan tern& the react& maxture we8 nartralized 

1~1th hSli 'Ib pecipitate was filtered thrc@ a florisil pad, washed tlnraJgNy with ?w and the combined filtrate wee 

axcentrated lhe residue wee chrcrmatcqraphed over 5'4 (50 g). Eluticm with c312Cl2-MeM (98:2-92:8) gave L56 g (7SW of 

17, I$ 1.5ce9) Iel$ -Sa7O (cW7, cx13); VW 3400 W, 3030 (ml, 2955 (III), 2890 (m), 1670 (a), 1473 (ml, 1405 (m), 
1340 (ml, 1250 (la), 1200 cm), 1062 (a), 1040 (a), 985 (ml. 965 (la), 940 (III), 876 lm), 840 cm), 785 (v) cm-18 & (100 MHz., 

Crrlj) 1.3-3.0 (VH. ml, 4.43 (lH, CM. J-10, 6 Md 4 Hz). HRnS:m/z mxd: 126X658 Calc for C7H1& 12606Sl. 

~lS~5~~~-5-Hvdr~i~~o~~O~~~-2~ 1% lb a aoln of 17 (3.70 g, 29.3 mmol), PFh3 (12 g, 458 mmol) ard RIO+H 
(5.S g, 47.5 nmol) in tenzene (60 ml) "as added dr'op"lse diethylazodicarbvrylate l&3 g, 47.7 mmol). After stirrup for 2 h 

at room temp. the reaction mlrture "aa pllrpd lnt.0 "atar and extracted "lth ethex.lhe extract "as washed with water, sat 
NnKO3 soln and brine, dried (MqS04) and anoartrateh T!EI rwklu3 "as roughly ducaatcqra~ over Slq (100 9). Qution 
"1t.h h--m (9:1-1:l) gave a taumte, VW @EC) 3030 (ml, 2940 (ml, 1700 (B), 1670 (8). 1595 (ml, 1450 (m), 1265 
W, 1172 (m), 1105 Is), 938 (m), 705 (8) cm-l. This "au employed for the next step withat further pxificatxn. 
A mixture of the Ate (m, 29.3 mmol) ard LiM*H20 (2.4 q, 6Ommol) in MeCW (100 ml) "aa stirred for 1 h at room temp 
‘Ihe reatiicn mixturevas _trdtiard the residue "asdismlwdin ether (300 ml).% p-ecipitate wee filterad thmuJh 
a florlail pad, washed tkrcughly vith 7HF and the combined filtrate vaa anmtrateb lhe resib was ctrranatogra~ - 

Siq (100 g). Eluticm with CYi2C12-p(eoH W&2-92:8) gave 295 g (801) of 18, +j3 I_50968 [ala3 +f*%* (~l.14, aa3)r vl~x 

3410 (IX), 3030 cm), 2960 cm), 2905 (ml, 1670 (a), 1465 (m), 1400 (ml, 1357 (ml, 1252 cm), 1207 (ml, 1168 cm), 1113 cm), 

1068 (ml. 1010 cm). 983 (m), 946 h). 937 cm), 890 (ml, 865 (m), 830 (ml, 760 im) cm-l, 6 (100 MHZ, axx3) LO-l.4 (3H. m), 
1.5-2-S MI, m). 4.45 (lli, dda. J=S, 3 and 2 Hz). WU4S m/z Found: 126.0697. Calc for C-pl&: 126.0681. -- 

~lS.wL~~-5-tert-~tyldimethyls~lylaxybicyclo[~1.0lhepLan-2-~e 19. A mixture of 18 (a91 g, 73mmol), imidazole CL36 
g. 20 mmol) and ~-auCe2SiCl (L5 g. 10 and) in DW (30 ml) was stirred rrrerni#t et XW~ up Ihe reaction mixture W= 

wed into water Md extractad with ether. lbe extract was washed with water (x2) and brim, dried (m4) and eon-- 
trated. lhe reachbe "a8 duomatzqra@~ed over 5'02 (30 g). Quticm with hexane-EtAk (19:1-4:l) gave L73 g (wtitative) '\ 
of 19. m.p. so-51°CJ to183 +24.00 (c=l.o6, CHCl3); Ymax 3060 (ml, 2960 (s), 2940 (8). 2905 Id, 2860 (a), 1680 (a), 1470 
(a), 1450 (v). 1400 cm). 1380 (ml. 1365 (a), 1353 (ml, 1342 (m). 1328 lm), 1313 (ml, 1250 (6). 1215 (m), 1190 (m), 1173 

(m). 1116 (ml. 1104 (ml. 1076 W, 1060 (m). 1046 (ml. 1029 (m). 1008 (ml, 990 (m), 979 cm), 941 cm), 897 (m), sso (m), 1152 
(ml. 839 (81, 828 (8). 815 (III), 774 (a), 723 (ml, 686 (ml cm-1 I 6 (100 MHz, COC13) 0.11 (3H. 81, 0.12 (3H. B), 0.91 (9H, 
8)r 0.95-1.3 (2H. RI). 1.5-2.7 (6H. m). 3.37 (lH, q, J=3 Hz). IPound: C, 64.718 H, 10.06. Calc for Cl3H2402Si: C, 64.94, H, 
10.06*j. 

(~~4~~-tsrr-~tY~rUlDsthylsilYlony2,3~nsthylcydaha 20. ma blue noln of lithium (18x1 q 23 -1) i,, 1a 
w3 (= 50 ml) "m M a mln of 19 CL15 9, 4~3 larnol) 0nd ;-run (355 ~sg, 48 mmi) in rm.e (10 ml) et -7~0~ after 



T. kTAHAi!A er al. 

st(rrin9 for 30 min at -7S°C t.ha blue mln "aa carefully qumd~sd with nmr tts ml, 40 mmc.1) srd all& to stsnd at eoopl 
t.empinordart0dimpBlmcutcf14M, TO the rasi&ra, DNE (10 ml) ad HIWA (25 ml) wan addad ard tbn mixture wan 
rtimdforfurth8K lh.~rasctianmFmvsra~panaJ.Lnt4aoold8atH1~mlnand~~vithsthar.'Iho~1sct 
was wa&ed with water w),MtNsRo?) mln and brinra,&iad (-4) and cuwmtratuLmen?aiduer~~~tographsd- 
aD2 00 $7). Rlutien with baram-etac rl9:1-7:3) gave Lo2 g (83W of 20, np lAS05# IsIp -11.4* (CLlS, arcl3)# 
v=ax 2970 (.)r 2950 (8). 2900 (a), 2870 (8). 1715 (6). 1460 (ml, 1382 (la), 1365 (ml, 1310 (w), 1280 (VI, 1255 (ml, 1220 

(~1, 1205 (~1. 1165 (ml. 1140 (~8). 1105 cm), 1067 (m), 1045 cm), 1030 fm), loo7 (la), 980 (m), 960 (w), 943 (11, 893 (I), 

858 (m). 838 W. 815 (a), m (ml. 746 (WI, 680 (ml cm-l8 6 W3O ItHz, axI31 (ul (W a), a7-W (SH, m), a9l end a95 

(total 9H. a), 1.5-2.3 (6H. ml, 2.4-3.0 (lH, m). (Found: C, 65.48~ H, 10.96. Calc for C14H2902Sil C, 65.621 R, 10.9&j. 

(ZR.~UU-4-M-~~ldl~uUIylsilylpry-2,3~nsthyl-2-(3'~l)cyc~ 22. TO a aoln of 10 (1.55 g, 6.2 mead) 

ad hgamsthyldlilatane (2 ml. 9.5 -1) in +c!l, (15 ml) van sddsd TWX (I.2 ml, B4 mmol) at 0-C Mtnr mtirrinq for 10 

min at O°C Md for 1 h at - tams tha Mcti~l mixture WIO dilutsd with hurane, filmed WUU@I II floriail SKI Md 
oarsltratad to give IL mis warn employad for the nat step without purification 
lb a soln of 21 (ca 6.2 mmol) mxl nuthylvinylketcns (2 ml, 25 mwl) in a~~32 (30 ml) wan .&led droprirpe a mln of BF3 

Cm2 (0.75 ml, W mmol) i.n 2 -prrpanol (1.9 ml, 25 mmnl) at -20% After stirrFng for 2 h at -2O*C, the macticm mix+xre 
was quaeed with sat ralu33 aoln Md awasted *ithether.?bee.xtract wan vaahed with watarandixine,&ied ~N+04).¶nd 
cooOantratad Tba r-i&e "an CIvoaratoqraFhed wer Si% (25 g). Elutlcm with bezana-RtsXc (49:1-4:l) qa\n 270 mg (16W of 

r_dMard Lllg(588;68abal3edontJle~ 20) of 21. 44.4 1.4655, I#4 -3.l7. (clM, cxl3)r - 
2970 (81, 2940 (61, 2900 (la), 2870 (ml, 1720 (a), 1710 (a), 1460 (ml, 1420 cm), 1385 (ml, 1360 (ml, 1320 (VI, 1285 (m), 
1253 (m). 1160 (a). 1100 (ml, 1070 (81, 1005 (m), 986 (m), 953 cm), 918 (ml, 884 (la), 835 (a), 813 cm), 773 (la), 678 (m) 

cm-1 t g (100 MHz, CDC13) 0.11 (6H. m). 0.92 (9H. 01, 0.96 OH. d, J-5 Hz), 1.04 OH, .I, 1.1-2.8 (9H. m), 3.14 (3H, a), 
X77 UH, &ld, J-13, 9 ard 4 AZ). Wwrxlz C, 66241 If, 1052. Calc for Cl&,&Si: C, 6625s H, lM3W. 

~laR~6R~d~-I*ltyldimsehy1~ilylcny_4,~,5,6,7,8~~~,5dimethyl-2OR~~thal- 13b A mixture of 22 (5.lO 

9, 15.6 meal) a& molidine (3 ml) in barzar (120 ml) wan heat& under reflex for 2 h with azatrqic r-l of water. 
Th.3 rsactial rafxtum "as filtarad thm# a florisil Fad ard 
Q). glutian vith 

uncaltrat.wi ~rasidnmwascBmmatogra~ovaeSiq(l~ 
beane-EtQlc (19:1-4:l) gave 3.78 g u9w of 13b. RRIysta11itatial @aMAlle-ethar 1 

pura 13b, m.p. 36-37.C~ [EI~~*~ +8&7O (c-1.1, CHCl3)r vmsx 2970 (s), 
gmve 2M g (7m) of 

2950 (a), 2900 (II), 2875 (a), 1677 (01, 1620 cm), 
1463 (ml, 1446 cm). 1434 (ml, 1388 fm). 1371 (m), 1360 cm), 1350 (m), 1335 cm), 1257 (ml, 1237 (III), 1220 cm), 12OD (I), 

11% (m). 1125 (IQ). 1100 (m), 1074 (6). 1020 Cm). 1007 (la). 961 (III). 952 (ml, 9.~ cm), 918 cm), 890 (ml, 868 (mt, 860 (a), 

834 (a), 814 (m), 775 (a). 706 cm), 685 (in), 666 (v) cm-l‘ 6 (100 MHz, COC13) 0.10 (6H. a), 0.92 (9H. a), 0.99 (3H, d, J-6 

Rz). 1.12 (3H. B), 1.15-2.5 (9H. in), 3.57 (1H. dt, J-10 and 4 He), 5.74 (lH, 8). (Pound: C, 69.791 H, 10.39. Calc for 

~~9~~~1: c. 70.138 H. 14-j. 

ostermiMticm g the optical puity of 13h 13b Yarl amvutadtothe -- ,zorras&incJ ~FpPIPA ester 136 and (pInPa stir 
lk HPU aMlyticalaxditiaMare: uAumn-lphaee,wleosil@*5, 4.6mm x 25cm, Elwlt~~-~-~100:~ tlw 
rate lJY ml/min (30 kq/cm2), Detecta W 2541~ 131& Rt 287 min ClCOWt 139, Rt 26.9 min (1001). Therefare, the optical 
plrityof13bwasdeterslinedtnbelCOaa. 

~3RS,~,5R,6R,1'~S)~~~tyldimethyl'-hydroryethyl~-b,5~yl-2~~~~~~le- 

nma 2X LM -In van prepared frasl diinqxqylamine (2.4 ml, 17.1 araol) and "-S&i (I.5 N, 10 ml, 15 mmol) in TW (40 
ml)at -7vc lb thie wan addsd a mln of 13b (3.70 g, 120 mmol) in 'IW (10 ml) at -7VC. After stirrirq for 15 h at 
-78X axtAd+& (freshly distilled. ca. 5 ml) ~a8 addsd ard the mixture was etiti for further 15 q ln at -7wC. nn 
ructim mixture was qam&zd with satNH4Cl eoln ard axtractmd with ether. 'Ihe aft_ wan washed with wstarandtaine, 

dried wga34) Md -erated. Ra msidlm wan chKa¶tzqra$eIed - siq (170 9). Kluticm with hexane-Et%xc (19:1-3:l) 
gave 3.91g (92a) of 23, qq3 1.49241 IaId3 +1054 (c-1.02, CHc13)1 vmax 3380 (la), 2970 (0). 2950 (0). 2900 (II), 2870 (0). 

1665 (8). 1630 (m), 1462 (ml, 1450 cm), 1435 (la), 1408 (ml, 1385 cm), 1370 (al, 1360 (m), 1325 (v), 1280 cm), 1255 (m), 

1218 cm), 1205 (ml, 1186 (a), 1133 cm), 1100 (6). 1070 (a), 1017 cm), 1005 (ml, 966 (a), 954 (ml, 938 cm), 891 cm), 869 

(m), 835 (a), 814 (ml, 774 (m), 718 (la), 692 (m) cm-l I 6 (100 MHZ, cDc13) 0.09 (6H, a), 0.92 (9H. l I, 0.9-2.7 (12H, m). 

3.57 UH, dt, J-10 and 4 Hz), LB-M tlH, m), 5.72 (lH, lx.a). ITMS n-~/c Furd: 352.2427. Calc for Cfl+3!si: 3521433. 

~~.~~~~-3-Aostyld-tart-Myldiasthyl~~lyl~-4,4a,5,6,7~-harah~a,5-di~ethyl-2~3H~naphthalenone 26. To a 
aol.n of axalyl chloride (2.S ml, 31 meal) in ai2Cl2 (60 ml) wan added dropAm mg) (4.4 g, 56 mmol) at -7O'C After 
otirrirq for 15 q in at -7O*C, to this wan added a eoln & 23 (3_9O q, 11 q mol) in Clip22 (30 ml) mxl the mixtun wan 
stirred for furthsr 1 h lhen R$4 (7.7 ml, 55 -1) wae added drcqlwia, at -7o.C and the temprrature was grti11y raised 
tooOc Ihe reacticnmixhve "a8 pxred intnvatnrandextractad with etber.ma extract WM WMIad with water ti brine, 

dried 0tgsJ4) Md m~~ltratsd me n~ti ~a8 ctvo~tcgraFhed - siq urn g). Elut.h with hexane-etcw (19:1-17:3) 
gave 3.04 q (79*) of 26, n~5*5 1.51098 umax 2970 (a), 2950 (8). 2900 (61, 21370 (a), 1720 (m), 1635 (br), 1460 (ml, 1383 

(m), 1362 (ml, 1280 (m), 1253 cm.), 1226 (II), 1191 (in), 1130 (ml, 1100 cm), 1074 (a), loo7 (18). 955 (ml, 892 cm), 880 cm), 

666 cm), 847 (a), 818 (ml, 776 (m), 745 (WI, 680 (m) cm-la & (100 wtz, -3) 0.139 Ea+ a), 0.90 (SH. s), a90-w. (Qq d, 
1.1-3.0 (11H. ml, 3.54 (IH, dt, J-10 and 4 Ha), 5.95 (1H. bra). This ~8 employed for the next step without further 

pxification. 

(4aR,5R,6R)-3-~cstyl-6-tart-t*rtyldi~yasthyleilyl~5,6,7,Statrahydro-~5di~l-2(laH)~tl~ 24. A mixture of 

26 (167 g, 4.77 mmol) and no;) (I.36 g, 6.0 mm011 in ether (30 ml) van stirred for 2 h at roan tip Iha &ion mixture 

wan diluted with ethar (300 ml), vti with watnr (x3). oat m eoln ard brine, drial (-4) and oncentrardnle 

residue "aa dlnx@awqiIed awr siq (aI g). Elutial with hsxarrrStW,z (19:1-17:3) gave IA3 g (8X) of 24, 4" l.50171 
[oI~~*~ -28A" (c-1.0, CHC13)r vmax 2970 (6). 2950 (8). 2900 cm), 2870 (ml, 1695 (a),1664 (a), 1633 (mj.1597 (~1, 1462 
(ml. 1440 cm), 1410 (m), 1387 (IO), 1360 (ml, 1283 (11, 1258 (a), 1213 (WI, 1200 (VI, 1140 (a), 1120 (m), 1104 (B), 1078 

(a), 1020 (ml, 1007 (m), 975 (w), 957 (8). 949 (VI, 925 (WI, 886 (a), 836 (a), 815 (m), 778 (ml, 682 (ml cm_11 8 UOO IQlr, 
CDc13) 0.10 (6ff, 0). 0.89 (9H. s), 1.17 (3H. d, J-6 Hz), 1.22 (3H. 8). 1.2-2.6 (5H. m), 2.57 (3H. 01, 3.67 (1H. dt. J-10 

and 4 Hz), 6.11 (1H. br,s), 7.64 (1H. 8). (Pound: C, 68.541 H, 9.21. Calc for C21H3203Si: C, 68.91, H, 9.20*). 

~~~,~,~.5R.6R~-3-~l~~yl~~l~ilyl~3,4~4,~,5,6,7,S,~~,S~l-2~~~~l~ 
27. A mixture of 24 &20 g, 145 msol), &-BdM (4.l7 n in tDluam, 3 ml, 175 mm& and 'h-itm B (IOI In MeaT, 0.3 ml) 



A sporogticsesquiterpcnefrom A.oryzue 4349 

in 7W EO ml) ~a.9 etirrad overnight at mea temp Ra reaceim mixture was poured into sat Nn* soln ard extractad vith 

et.t~~. 79x3 extract wan washad with water and brine. dried MS.34) srrd -trat.d.maru~"asduaaataJI1Fhs3- 

S'l+ (30 9). Rluticn with hexane-EXfXZ (19:1-17:3) gave 880 ap t70r) of 27, Z&Lb 61-62'CI la@2 +l%* (CU. -311 
VI~X 2960 (a), 2945 (a), 2895 (n), 2870 (a), 1725 (6). 1713 (a), 1675 (e), 1630 (a), 1460 (a). 1435 (ml. 1408 (la), 1385 

(m), 1357 (a), 1337 (ml, 1312 (w), 1290 (ml, 12EO (ml, 1255 (01, 1215 (~1, 1196 (ml, 1100 (a), 1078 (a), 1026 (w), 1004 

(m), 985 (w), 976 (w), 955 (w), 940 (ia), 920 (I), 888 (a), 836 (al), 815 (m), 771 (01, 740 (m), 714 Cm.), 687 (la) cm-'~ K 

(100 MHz, -13) 0.10 (6H. a), 0.92 (9A. 01, 1.20 (3H, d, J-7 Hz), 1.24 (3R, 81, 1.3-2.7 (SH, la), 2.34 (3H, s), 3.50 (1H. 
a), 3.60 (lH, dt, J-10 and 4 Hz), 5.78 (1H. bra). (Pound: C, 65.93; H, 8.88. Calc for C21H32048i: C, 65.88~ Ha 8.85%). 

(3S,4R,4aR,5R,6R)-3,4-~-4,4a,5,6,7,8~~-3-~~1-~5~~1-2(~~~-(~~-~ 2 

1. To a aoln of 27 Ml0 mq, 0.27 mmol) in llw (2 ml) YM addad ampriee TMSX2hQZl soln in ether (lI(, 05 ml. 05 mud) at 

0% Aftnr stirring for 5 min at O'C, the reaction mixture van quenched with aat M4Cl aoln Md extracted with ether. 'Ihe 
extract war3 washed with watar arrJ brine, dried MgS34) and arantratad regive 28. ?hiscNdeaMuct was employSa for the 
next step withax puificatim. 

A mixture of 28 (a. 0.27 mwl) Md one H29D4 (2 drw1 in 'R(p (10 ml) V~II stirred for 3 days &room tamp Ihe rsactim 

mixture wa diluted with ether, rti with water, sat NaHcq soln and kine, dried CMgsO4) dfxl oonoantrated. mthe 

residue au added Oip (2 ml) and 4B\ HP aoln COAX ml). After stirrm for 30 min at room temp. the rsacticn mixture was 

plvedinto eatNakKO3 soln and extracted with Stnv. me extract ".¶a raehad With "atar and hrina, drird (n9so4) alxl 
concentrated me residue war3 plrified by pr.aFarativa TLC (!a& Kieselqel 60 P-254 Art 5717, hexaM-EtMFl:l) to give 60 

mg 038w of 1, rap. 104-105*c; [ala5 l 2620 kd.56, HecH)I w e3.3x10-4 in M&Xi) l9+4.l6 (h 243 nm)r (I) [at 24.5% 

da23 in M, Af, ttinml)l -14.07 (219), +13.02 (247), W.Y3 (33411 - 3530 (8). 3090 (ml, 3005 (ml, 2993 cm), 2970 

(XII), 2940 cm), 2925 (ml, 2900 cm), 2680 (ml, 1655 (IX), 1630 (ml, 1615 (ml, 1465 cm), 1455 (ml, 1410 (!a), 1390 (ITI), 1377 

cm), 1365 (ml, 1335 (n), 1260 (VI, 1245 cm), 1235 cm), 1210 cm), 1181 (ml, 1158 (ml, 1120 cm), 1100 (w), 1035 (a), 1015 
(ml, 990 (WI, 960 (m), 932 cm), 918 cm), 888 (m), 860 (w), 850 (ml, 826 (w), 753 (ra), 735 (ml, 718 (WI, 700 cm), 659 (ml 

cm-l, 'H NNR 6 (400 MHz, CIX13) 1.228 (3H, a), 1.268 (3H, d, J-6.8 He), 1.440 (1H. dddd, J-14.5, 12.5, 11.0 and 4.5 Hz), 

1.570 (lli, bra), 1.815 (1H. dq, J-11.0 and 6.8 Hz), 1.873 (3H. t, J-1.2 Hz), 2.157 (1H. ddt, J-12.5, 5.0 and 2.8 Hz), 

2.343 (lli, ddd, J-14.5, 4.5 and 2.8 Hz), 2.520 (IH, ddt, J-14.5, 5.0 and 2.0 Ha), 3.330 (1H. s), 3.627 (1H. dt, J~11.0 and 

5.0 Hz) 5.106 (1H. q, J-l.2 Hz). 5.116 (1H. br), 5.765 (1H. d. J-2.0 Hz)1 13C NI(R 6 (25 MHz. CDC13) 11.3, 18.8, 19.8, 30.9, 
35.2, 41.0, 44.3, 63.5, 68.3, 70.9, 114.4, 121.2, 139.1, 163.1, 192.8. (Pound: C, 72.591 A, 7.87. Calc for C15HZOo3: C, 

72.551 H, 8.12t). 

e -- We thank Ur. Ii. 'hmura for valuable di-ia Wa are indcbtad t.oArdrawa &¶micaloa Ltd. for the 

generau, qift of ethyl U.R.2S)-5,5Pthylmadioxy-2-h@mcycycl~ ht.& TM!3 +ork WaB partly aed bY a -- 
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