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Abstract -- The naturally occurring enantlomer of pentalenolactone E was synthesized 

as its levorotatory Me ester 1 startuq from (+I-2-ethoxycarbayl-7,7-ethylened~oxy- 

bxyclol3.3.0loctaw3-e 3, whxh was obtaned by treatnq (:)-3 with baker's yeast. 
Ihe absolute conf~guratxa-z of pentalenolactone E He ester was establIshed as depicted 

I" 1. 

Pentalenolactone E, isolated as its Me ester 1 from cultures of Streptomyces UC 5319, is a 

sesquiterpene antibiotic with a unique tricyclic ring system.' Although there exist six 

published syntheses of (*l-l,*-' no enantioselective synthesis of the optically active 

form of 1 has been reported. We became interested in synthesizing the optically active 

pentalenolactone E Me ester to confirm the stereostructure as depicted in 1, which was 

proposed in analogy with the established stereostructures of other microbial metabolites 

related to 1.' 
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Pig.1. Synthetic plan of (-)-pentalenolactone E b ester. 
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Synthesis of mono- ad sesquiterpenoids -- 11. Part 10, K. lbri ad Ii. Laura, Liebigs Ann. Olin. in the prem. -- 
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In Fig.1 is shown our synthetic plan. Conversion of lactone A to (*I-pentaleno- 

lactone E Me ester 1 is a known process.2'4 The lactone A, in turn, is derivable from a 

hicyclic intermediate R (~2).~ Therefore, the preparation of enantiomerically pure 2 

would enable us to synthesize enantiomerically pure 1. We selected the keto ester C[=(+)- 

31 as our chiral starting material. This ester [(+I-31 was prepared previously by us by 

reducing its racemate (r)-3 with yeast.' The reduction yielded a mixture of (+)-3 and 4, 

which could be readily separated.' Secause the absolute configuration of (+)-3 is estab- 

lished as depicted by its conversion to (+I-6a-carhaprostaglandin I2 (n), our planned 

synthesis of pentalenolactone E Me ester from (+I-3 via 2 will lead to the enantiomer as - 
depicted in 1. Herein we report in detail our synthesis of the enantiomerically pure and 

crystalline (+I-2 together with its conversion to (-)-pentalenolactone E Ye ester 1. 

Synthesis of the bicyclic intermediate (2). Fig.2 shows the route by which (+)-3 was 

converted into the key-intermediate (+)-2. The crucial introduction of the gem-Me2 group 

to the bicyclo[3.3.0loctane ring system was executed by the hydrogenolysis of a cyclo- 

propane compound 10. 

As reported previously, reduction of (t)-3 with Saccharomyces bailii YI 0116 yielded 

unchanged (+)-3 of 92-949 e.e., while dry baker's yeast gave (+)-3 of 62% e.e.8 This 

reduction with S, bailii, however, was more time-consuming than the reduction with baker's 

yeast CS_ cerevisiae), because the precultivation of S. bailii was necessary to secure a 

sufficient amount of yeast cells to achieve the kinetic resolution via asymmetric reduc- - 
tion. Raker's yeast was more convenient to be handled with. Fortunately in our prelimi- 
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Fig.2. Synthesis of the key bicyclic intermediate 2. 
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nary survey, the silyl ether 7a was found to be so highly crystalline that its recrystal- 

lization could serve to increase the e.e. of enantiomerically impure 7a. Consequently, 

even slightly optically impure (+)-3 could he employed as the starting material, if we 

could incorporate 7a as one of our intermediates. We therefore reinvestigated the kinetic 

resolution of (r)-3 with baker's yeast. When wet and fresh haker's yeast was employed, 

the reduction of (x)-3 in 0.1 M phosphate buffer (pH 7) proceeded smoothly to give (+)-3 

in 34% yield together with 35% yield of 4 (98.8% e-e.; see Rxperimental). The optical 

purity of (+)-3, [a]g4 +20.7O (CHC13), was estimated to be over 00% on the basis of the 

previously reported [a)D value (25.2') for (+)-3 of 100% e-e_8 It thus became clear that 

the reduction of fr)-3 with fresh baker's yeast was more enantioselective than that with 

dry baker's yeast. A sufficient amount of (+)-3 was secured by reducing (r)-3 with fresh 

baker's yeast, and was employed for the transformation as described below. 

Reduction of (+)-3 with NaQH4 gave 5 184.2% e-e. as determined by the HPLC analysis 

of the corresponding fsf-MTPA ester'j, which was further manipulated to give 6,8 Treat- 

ment of 6 with t-butyldiphenylsilyl chloride (TRDPSCl) and imidazole in DMF was followed 

by the removal of the T'*P and the acetal protective groups to give 7a. After a single 

recrystallization, the enantiomeric purity of 7a was found to be 98.8% e.e. as estimated 

by the HPCC analysis of the corresponding (s)-YTPA ester. The conversion of (+)-3 as 

described above was useful in providing 7a to he employed in the syntheses of not only the 

present target molecule 1 but also 1+)-6a-carbaprostaglandin 12.* 

The next task was to convert the C=O group of 7a into CYe2 group. This was done by a 

series of reactions to ac'lieve methylenation, cyclopropanation, and the reductive cleavage 

of the cyclopropane ring. Prior to the methylenation, the OH group of 7a was protected as 

THP ether to give 7b. Treatment of 7b with Ph3P=CH2 gave 8a. Cyclopropanation of 8a or 

8b was attempted under the conditions previously reported by others,'O*" Neither of the 

two methods was successful. We then attempted the addition of dichlorocarbene to 8b. 

This was successful under the phase-transfer condition employing PhCH2YEt3Cl as the cata- 

lyst.12 The product was a stereoisomeric mixture of 9a and 9a’, which was treated with 

(E-Ru)~NF to give a separable mixture of 9band 9b' in 87% combined yield. A portion of 

the mixture was separated to give analytical samples of the less polar isomer (presumably 

9b) and the more polar isomer (probably 9b'), both as crystals. Qeductive dechlorination 

of a mixture of 9band 9b' was best carried out with Li and r-SuOH in THFi3 to give 10 as 

the major product. With (p-Qu13SnH as the reducing agent, only partial dechlorination was 

observed yielding an isomeric mixture of monochloro derivatives. Hydrogenolytic cleavage 

of the cyclopropane ring of 10 was smoothly effected with H2 and Pt02 in AcOH giving lla 

as needles. Conversion of lla to 2 was straightforward as follows. Protection of the 

primary OH group of lla as TSDPS ether gave lib, which was oxidized with Cr03+C5H5N*HCl 

(PCC)'4 togive 12. Acetalization of 12 to 13a was followed by the removal of the TRDPS 

group to give the crystalline key-intermediate (+)-2. The 'H and 13C NY9 spectra of (+)-2 

were in good accord with those reported for oily (~)-2.~ The overall yield of 1+)-2 from 

(+)-3 was 11.2% in 16 steps. 

Synthesis of (-)-pentalenolactone E Me ester (It. Although the conversion of ft)-2 

into (*)-1 was a known process, 2*4 we carried out the synthesis of t-)-l from (+)-2 as 

shown in Fig.3. We did this in order to estahlish the absolute configuration of natural 

1. The assignment of the absolute configuration was made possible by kind cooperation of 

Prof. D.E. Cane to reisolate natural 1 in an amount sufficient to measure both its spe- 

cific rotation and CD spectrum. 

According to Cane and Thomas,4 f+)-2 was converted to the diazoacetate 13b, which was 

treated with Rh2(OAc)4 to effect the carbine insertion reaction giving the 6-la&one 14 as 

crystals. Seduction of 14 with DIR4C was followed by acetal removal and another acetal 
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Pig.3, Synthesis of (-)-pentalenolactone E methyl ester. 

give a mixture of 15 and 15'. These two acetals were separated, and the 

and 15' were assigned to the less polar and the more polar isomers, respac- 

tively, as reported by Cane and Thomas. 4 

For the conversion of 15 and 15' to 1, we adopted the route developed by naquette et 

al * 
- 

-* Accordingly, 15 and 15' were separately converted to the iodides 16 and 16', respec- 

tively. The unwanted isomers 17 and 17' were also generated in the amount almost equal to 

16 and 16'. However, they could be removed by chromatcgraphic purification. Following 

the procedure of Paquette as shown in Fig.3, 16 and 16' was converted to the oily lactonic 

ester 19 via 18 and 18'. - Finally, methylenation of 19 yielded 1. The overall yield of 1 

was 3.4% in I3 steps from (+l-2, 0.4% in 29 steps from (+)-3, or 0.1% in 32 steps from 

bicyclo[3.3.0loctane-3,7-dione. 

The specific rotation of our synthetic pentalenolactone E Ye ester t was [ul$" -70.2O 

(CHC131. 

KHC13t.” 

This value was in good accord with that of the natural 1, [al;' -70.6* 

The CD as well as the 'Hand l3 C YMR and I4 spectra of the synthetic t were 

identical to those of an authentic sample kindly sent to us by Professor Cane. Additiona- 

lly, the synthetic 1 was indistinguishable from the natural 1 upon TLC analysis. We 

therefore conclude that the Me ester derived from natural pentalenolactone E possesses the 

absolute configuration as depicted in 1. 

FfXPERIMS??TAL 
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Reduction of (t)-3 pith baker’s yeaat: ~lS,5R~-2-ethoxycarhnyl-7,7-sthyl~~i~lo~23*)loctM-3~ (+)-3 M1 
~lrL~~,Y3~-2stl-7,7~1~~~-3~~bI~lol~)9loctans 4. Cbmpreuad bnku’s yaast (1OJ q, Q-i&F 
tal yeast a*, L-1 well dispsrsad ill 0.l I #lav+te hrffer (#I 1, 1CCO ml) rmtaininq glumme U@l g) in a 2CC0-ml 
akaqud~i flask at WC The flask ws sbakcm for Jo min at 30’C, when brisk farmentsticn tcck plsoa. An emuleion of W- 

3 f5a q, 20 mmolf in G&B Ritm X-la poln (50 ml) was added to the fermentatim mixture ard the stvlkinq culture -a* 

carthued at 3iYk Cl- fx)q> was uMed ta tha mixture afttx 7 h ad ths fenw’?ta tial wea mntinuea for 17 h me 
total fsrmentation period was 24 h T?m fermaxtatian broth was mixed with a smsll oount of ether arrd C&its, ax! filtered 
thruqb cSl1t.a ‘Ihe filtrate was saturatal with Hscl ard atract.& vith UQhc (rx) ml x 3). ‘I% crmbinad R(Yr mln ww 
washed ~11th brins, dried (-41, and cu%emtxati in VdQa Ihe residue resulting from nine rermcntatiala 145.0 q of (i)- -- 
3 in mxn t&all w(I11 caswlu%~a~ - siq (600 91. lhe fraction ssrlfer e1utsd with p -hexarm-ecMc f6:l) qsve 15.3 q 
134w of f+l-3, Ial&4 +20.7’ lcc1.531. Its Ix am3 lti NMR -ra - ideatical With thcee rep3sted preViarSiy.* Ihe 
fsacticm 1alsr clut& with @lxar!e -EtoQ (&I) qen? IL8 9 (35%) of 4, rm164 +3.w fCl.731. Its IR &xl ‘H NMR spectra 
ware idmtical vith thm, rep3lted p.avicusly.8 A small amount of 4 described dave -ata anve*ed e0 the mrrestiing 
c~,-MTF% entar in the -tioMl ~(YDII?T, which was anal)a%l by IPUT. IiF% (ml* Hu?lexil* W-5, 25 cm x 4.6 mmr 
eslvmt, $aanelw (lO:l), 10 mllmin~ detected at 254 nm) Rt 41.3 min @3&N), 43.1 min f99.4*1. lherefore the 0ccical 
pirity of 4 we* 98B ea. 

(lS,2l7,3R,5R,-2-Ethoxy CartKlnyl-?,?~thylendliaxy-3-h Ykvxybicyclol3.3*llc.Tane 5. In ti same uwuw aa reported wevi- 
ous1y.S (+I-3 was oarverted to 5, I.$3 +23a” (Cl.!%). * small amamt of 5 was onvuted to the cwrespndinq (~W4TFA 
ester in the amnntiaxi1 tTlanaT, vhidr was a~lyzed by HPIC w&r the same mrlitim (1s der)crW for the i~M47S'A ester 
of 4: Rt 23.3 min (92.1\), 27D min (7.941, ‘Ihe c@.ioai pxity of 5 wae therefore 84.n e.e. 

tl~LsS,~,~~~-t-ttyldiphenyleilyl~ethyl-7-hydnnybicyclol 3.3.OlOaan-3ane 7& R, a stirred ard uaterwkd soln of 
6 (12.0 g. 40.3 mmol, mpued froln 5 in the same manner aa reported previak@8) f-“tylchlordli@lenylsilbn+, (11.6 q, 42.0 
mmol) in dry DMP (60 ml) we8 t&led imidauols (6.5 g, 0.10 ~011 and tkm mixture was stirred for 30 min at rcan temp Rien 
the mixture ww pxred into water. arxi extracteri with ether. mC ether lain was waskd with water, and ansa\tratel in 
YOCUQ l’ba residue I&LB dissolved in AcW-vbterlM? 13:1:1, 270 ml), arxl tJxe e~ln “(LB stirred for 1.5 h at 93*C Aft, 
molxzq, the mixture was Foured into water. and extracted twice with Et- ?he combined i?tW ooln was wash& with water, 
sat HaHC03 eoln and brine, dried tMqSO4), anl rmcentrated in vacua -- Ihe residue was chromatogra#xd wer 5’02 (183 9). 
Sluticn with @exane-StCPc (&l-2:11 gave 13.2 q (gnl of 7r l%is wa* reryatallirsd fran @ucane-EtWc to qiva 9.8 q 
(6011 of 7a 68 nesdles. m.& loO_101’Q (al64 +9.7’ (c1.97); vmax 3450 (m) 1730 ts), 1590 (v), 1430 fm). 1130 (ml, 1115 
(m), 1105 (81, 1095 (m) cm-l, lH NMR 6 1.06 f9H. a), 1.49-2.63 (lOti, m), 3.67 (lH, dd, J=lO.l and 7.6 Hz), 3.82 IlH. dd, 
J-10.1 and 5.1 Hz). 4.10-4.21 flH, m), 7.37-7.46 (bfi, mf. 7.64-7.69 (QH, m). (Found: C, 72.97; H, 7.83. Calc for 
C25H3fl3Si: C. 73.48; H, 7BW. A small amcurtt of 7a 168 amwart& to the carrespcrdirq cljw7PA ester in the onven- 
t&al manner, which we analyzed t?j EPIC &r&r the name axditia, as described for the (RI-MTPA ester of 4: Rt 21.S mm 
(99.4t). 25.9 min (0.611. Ilk optlcdl plrity of 78 was therefore 9Eua ee. 

~1S,2S.3R.5S1-2-t-Sutyldiphenylsilylorymethyl-3-h~~-7-me~ylenebicycl~t~3~loctane 8b. A soln of 7s 114.5 q, 35.6 
mmolt, dihydrepyran f4.S g, 5h3 mm&), end ~--H.&J (80 mg, 0.42 mmol) in dry ~~$12 (MO mlf was stirred for 20 nin at 
rana temp l%en the mixture was PJured into eat NaHoq solh ‘Ibe CX2C12 layer wan separated and vwhad with brine, dried 
(M9=4), ani ccncentiated in vacua to qlve 19.3 g of ai_& 7b. vnw 1745 (81, l!FJO 1~). 1430 (ml, 1115 (R!, log) lm) cm-l. -- 
mis w** employed in the rnza step withcut further purifioaticn 

A eoln of NaCX2SJMe 171.2 mm&) WWJ p\epsr& from NaH U.S4 q, 6% dispersxm in mineral oil, 7iJ mmolf ard drv Dn5wl 
(42 ml). l% this was added a soln of m~thyltri~yl~~i~ bromide (25.4 g, 7l.2 mm011 in dry MS2 (55 ml) at such a 
rate a* to mantain the soln .¶t 25=x ufxler Ar. ‘I?w mixture was stirred for 30 min st t-ox temp to yield the red soln of 
ylide Tb this yllde soln was bjded drupwiae over 10 min 0 win of 7b (19.3 q1 In dry Dt%?3 (30 ml) and tke mixture *es 
stlrrgl for 1 h at rc.zxn tamp uxk AK. ‘%en the mixture wae poured into ice. srd extracted twice with ether. lhe mmbined 
ether s&n we* vashed with wdter axI brine, dried 1-41, ard anoentrated in vacua. The rcsulue was psseed throuqfi SiqZ -- 
(70 g, C-hexane-ether (9:itl to give l&3 q of en.& @a, “max lbbo (VI, 1595 (w), 1475 (In), 1435 tm1, 1113 k.1, 1085 (InI 
cm-l. This was employed I* the next step withcut further p”xfxdticn. 

A eoln of & (16.3 91, p-TsX’H$ (0.8 q, 4.2 mmol) in weQ1 (2K) ml1 was stirred for 4 h dt 1‘03111 temp. ‘Ihen the 
mlxtwe was neutraliegl with K2CD3 amI filtered thrmh Elite. The filtrate was cxxxxatratej in vacua ard the residue was -- 
extracted with EtCac he RCWz soln was wash& with water and brine, dried tMqSD,>, arri mncentrateri in v- ?he -- 
res1dce was chrcnatogra*ej - S’% G?w 91. 
1.5538~ [a %a3 +49.7* 

Elution with +e%ane-RtMc (19:l) qave 12.6 q (87t from 7s) of Eb, “a3 

fc=1.791$ vmax 3430 (ml, 1660 (~1, 15% (w), 14xt (sf, 1115 (8) an-‘t IH NWR 6 1M 19H, 8>, l.K)-1.35 
flH, m), 1.X3-1.65 (In, m), 1.83-2.02 (3H, m), 2.22-2.50 (2H. III), 2.90 illi, br.81, 3.66 (lH, dd, JelO.1 and 8.5 Hz), 3.83 
(1% dd. J=lO.l and 4.7 Hz), 3.87-4.00 (lo, m), 4.81 (lH, bra), 4.83 (1H. bra), 7.36-7.48 (6H,m), 7.66-7.71 (4H, m). 
(Faud: C, 76.46) H, 833. Calc for C26H34p2Si: C,7&79: H, 842%). 

(1%35,55,65,7R)- and 
prnef 9b d”d sa*.- 

(lS,3R.SS,6S,7R)-Sp~rol7-hydroxy-6-hydroxy~ethylbicycloI3.3#foctanp 3,1’-(2’.2’-dihlorccy clopzv- 
lb b stIrred suspensicm of Bb (ILZ q. 3O_l maal). povderel NaoH f4# 9, 99.5 minol) in cHc13 (60 ml) 

was added benzylffiethylammmium chloride (69 mg, 0.30 mmol) at rmm temp AfWr 2 min, a vigorous reflex took place and 
continued far 3 min. The mixture was stirred fcu further 10 min. tbm filtered thrcuqtr Celita. Rn, filtrate was ccacen- 
ttated g VdNO to qxve 14.8 q of 1 crude lnlxtulw of 9a a& 98’. waax 3450 (In), 1590 (WI. 1430 (81, 1115 (a). 1075 w, 
1050 (6) cmF7his vbs employed in the next step withxt further parificatim. 

To b atirrgf aoln of the cxu3e mixture of 9r an3 9s’ <le8 gl in TXF (120 ml) was sddder dropvise b soln of (+1)4iiF 
in TW (1M. 33.2 ml, 33.2 meal) at rcan tamp a& the mixture we L)tirred for 15 min at - temp lhm ‘IW wan r& &J 
E from the redctica mixture, and the residue was extracted with EUXG Ra Etti eoln was wash& with tnlne, dried 
tMqm4). and corertrated in va- l%e rasidue wan duomat.oqra&fd over Si02 IlM 9). Elutiar with fi-txwane-RtCAc (l:l- -- 
1:2) gave 6.6 q (87a from Sb) of a mixture of 96 am3 9W. hltkmgh the sepratian of 9b ani 9b' was not neceaeary. * few 
fractims of &raMtcqraphlcally pa-e less pD1ar isomer ani those of more plar isaner were &t&n& lheae were recrjrrta- 
ilied to give ptre samples. 

Less prtlar iecmer (the 8tNCtUre pb wa* tentatively assiqxd.1: nrp 107-109°C (from fi 
+14.5’ (c-1.01, MeoH); wax 3260 (a). 1355 (ml. 1145 (ml, 1080 (81, 1055 (a) cm-l. l 

-bexane--, needles)r [al83 
H NWR 6 1.37 (2H. 81, 1.48-2.63 (9H, 

ml. 243 QH, sf. 3A8 (lH, &I. J-10.5 axl BS I%& 3.8%A98 ali, mtt ‘IV (n-hesule- StakFl:3) Rf 0.31. wcwd: c. 5L471 
H, 6.6 Calc for CllH160$12: C, 5L60, H, 6.42\1. 
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Nore polar lw~~er (the structure 9b' ~8 tentatively assigned.): m.p. 184-186'C (from NeOH, rods11 tnlJ3 -9.0' 

(~1.10. MeCWr "mdx 3280 Is), 1360 (ml, 1135 (ml, 1085 to), 1055 (8) cm-l, iii Nl4R tDNSO-d6, 6 158 PH. s), X20-2.50 Wi, 
ml. 3.35-3.70 (3H, ml, 4.32 (1H. br.t, J-5.1 Hz), 4.55 (1H. brd, J-5.9 Hz), TLC (n_-hexans-EtOAc-1:3> Rf 0.22. (Pound: C, 
52.20; H, 6.45. C&c fox C11H1602C12: c, 52601 tt 6.42%). 

flS.5S.ffi,7R~-Spiro~7-hydroxyd~~~ylbi~cloI~30loctane-3.l'~cloinoplna1 10. 'lb a soln of a mixture of W and 

9b' (9.4 g, 37.4 mmol) in dry &-aat (27.7 9, Q37 mol) ani dry lWF (140 ml) u&e a finely cut Li (5.2 q, 0.75 molf (It 
rcom temp. and the mixture was stirred et raxn temp rvder Ar. After 15 min. a vigomvl reflux to& place ard continued for 
5 min, then a gentle reflex oontinuad for 50 min. lhen the mixhre ~a.9 stirred at raflux tamp fox 14 h. After arolirx~, 
the mixture v** WwJ into ice, and wt.ractedtwia with Et% ?he ccmblned _a0111 van waehwiwithwaterardbrine, 

dried (MqS34). and aPIcentrat6-l III MC%% 'Ihe residue was reayatallizad from ;-hexane-StCW to qive 55 9 of 10 opltai- -- 
ning a small amount of implritiea, which were ~numably monxhloro derivatwes. 'Ihis was employed in the next step 
withcut furtkx &urificaticn. An aMfytical sample of 10 vws prepax aa follow. Siq chromaeography (Merck Art. 9385, 
230-4CU mesh. p-hexane-RCW (lrl~l folloved by recrjstallitstia, from @xwine-~t~c qwm plre 10 aa n&lee, m.@ S7.5- 

89.0% [a1z4 *20.4" k=l.54)1 vmax 3270 te), 1455 (ml. 1360 (ml. 1135 cm), 1075 (a). 1045 (a), 1010 (mf CIII-~~ %I NMR 6 
0.29-0.37 (2H, m), 0.51-0.59 (ZH, in), 1.14-1.21 (2H. ml, 1.41-1.57 (lH, ml, 1.80-2.55 (6H, ml, 3.00 (2H. bra). 3.63 (lH, 
dd, J-10.5 and 8.6 He), 3.81-3.94 l2H, ml. (Found: C, 71.931 H, 10.03. Calc for CllH1802: C, 72.498 H, 9.958). 

~lS.2S,3R,5S~-3-Hydraxy-2~~~yl-7,7dimethylb~cyclot~0l-e lla. A mixture of 10 ccmtaininq a amallamavlt of 

mcw&loro derivatives (5.5 q> and Ft.9 (550 ~1 in AaX (80 ml) was ehdrw For 2 h bt - temp under atmcemic ~essure 

of hydrcqen. 'Ihen the mixture we8 Filtered through Celite. a& m was re(w811 in YOM from th flltrata. Ihe residue -- 
was dliuted vlth s&N&U33 soln ard extracted with EtBk. 'Ibe EtQAc @An was wash& rith sat N&%X$ eoln ard brine, dried 

fMqSJ4f. a& ccncwuated in vacw. 'Ibe residue was &romat.cqra~ over SiO2 @ierdc Ah 93S5, 250 g>. Elutim with n- -- 
hexane-EtMc U:l) qwa 4.5 q of 110. Recrystalliz.&im from n_- hexane-ROW gave 3.7 q (54r From 9b a-d 9W of lla 64 
needles, m.p. S9.O-'%O"C; IoI$~ +&So (cl.52)r vmdx 3270 (a), 1465 (m). 1380 (m), 1360 (m). 1130 (~0, 1@30 (8). 1035 (8) 

cm-l, 'tl NNR 6 0.87 (3H, a). 1.06 (3H, 81, 1.15-1.42 (3H, m), 1.62-1.81 (3fi, m), 2.03-2.45 l3H. m), 2.51 (2H. bra), 3.61 

(1H. dd, J-10.5 and 8.8 Hz), 3.85 (lH, dd, J-10.5 and 4.7 Hz), 3.92-4.05 (lH, m). (Pound: C, 71.391 H, 11.03. Calc for 
C,,H2002: C, 70.70) H, 10.948). 

~lS,2S.~~t-2-t-~tyldiFhenylsflyl~~yl-3-hydroxy7,?dime~ylbiclcfo[I3~Oloctane 1%. Tb a stirred and ic%-moled 

soln of 118 (3.6 9, 19.4 nmolf a-d g-brtyldxloroji&enylsilane (5.6 g. 20.4 mmol) in dry WF (18 ml) was added imxkz&e 
(2.64 9, 38.8 mnol) and the mixture was stirred For 1.5 hat that temp. Then the mixture was poured into rater and 

axtracted with ether. The ether eoln Y(LB washed with cater ard brine, dried (NgSI4). & concentrated & v- Ihe 

residue was cbrwnatogra#~ed cwex SiO2 (120 q). .Sluticn with c- hexane-RW (9:l) qave 7.2 q (8fItl of llb, FL5.403, 

[aId +32.2O (~2.3111 vmax 3420 (ml, 1590 (WI. 1465 cm), 1430 cm), 1115 (8) cm-18 1~ NNR 6 0.82 (3H, 61, 1.03 (3H, s), 

1.W (9H. s), 1.14-2.54 (9H. m), 3.02 (lH, br.8). 3.63 (lfi, dd, J=lO.O and 8.8 Hz), 3.84 (lli, dd, J-10.0 and 4.8 HE), 

3.98-4.11 tin, III), 7.34-7.43 (6H, m), 7.66-7.74 (dH, m). (Pound: C, 76.321 H, 9.02. Calc for C27H3802Si: C. 76.72; HI 
9.068). 

~1S,2S.55l-3.3-Eehyl~~ioxy-2-h~~yl-7,7dimethylbicycloI~~Oloctane (+I-2 7b a coin of llb (7.1 9, 16.S mm&f 

in dru a2Cl2 (100 ml) was addpd XX (7.3 9, 33.6 mmol) at - temp and the mixture was stirrell for 3 h at room tamp 

Then the CH2C12 layer was decanted arxl the residue we.8 vati vlth ether. Ihe CMbined organic aoln wa8 paseedthrwgb a 

short column of Plorisil, and -traced in vacua to qive 7.2 9 of crude 12, vmax 1740 IS), 1590 (WI, 1465 (m), 1430 (ml, 
1115 (6) cm-l. 

-- 
mis we employed in the next Btep rlthat further p.uiflcatia 

A mlxtti Of 12 (7.2 g), et.hylW,,? QlycOk (20 id), 63 cbtsl,‘tfC 8matnt Of @FaCW*H$i, ard benzene (200 ml) atas stxrgl 
for IS h at refiux tamp with azeotr&c removal of water by Dean-stark a#arat.us. After omlitx?, the mixture was vaahcd 

with sat N&D3 scln wd brine, dried 1Mg934f. ard mncentrated in "acuD to 9I"t? 7.9 g of 1% Ymax 1590 (%I), 1465 (rn). 

1430 (ml, 1115 (8) cm-l. 
-- 

?hfe was employ& in the next step withcut further jxxificatim. 
% d stirred aoln of 130 (7.9 9) in TiV (100 ml) was fukkd @-&)l)qW in lW (lN, l&5 ml. la5 mmol) at - tap and 

the mixture was stirred for 2 h at ream temp lhan 'IW was reined in vaoy) From the reacticm mixture ?he residue ~(18 -- 
pued lntn water an3 extracted with ElXW, '%e RW eoln was washed wltb water awl brine, dried (Hg934). and UYICWI- 

trated I" vacua 'Ihe residue was ctromatagra@ed over Siq (120 q). Elutia) with n-h--EXOhc (4:ll gave 28 9 L74\ 

from Ilb) of I+)-2, whi& crystallizgi an stard~ng. iteaystallizatian Fran @axane gave (+P2 as plates, mp 38% 

39.5% 10184 +23.6* (c=lSB)t ""ax 3510 (sl. 1465 (RI), 1285 (III). 1175 (m), 1070 (a). 1045 (s), 1025 (ml cm-l, IH NMR 6 
0.90 (3H, sf, 1.05 (3H, a), 1.15-1.31 f2H. mf. 1.47 flH, dd, J-13.4 and 6.0 Hr.), 1.63-1.80 (2X. nf, 1.90-1.98 flH. III), 2.08 
flH. dd, J=13.3 and 8.5 Hz), 2.44-2.58 (2X. m), 2.77 (lH, bra>, 3.65-3.68 12H, m), 3.86-3.98 (4H, m)r 13C NNR 6 27.2, 

28.9, 38.3, 41.5, 42.2, 42.7, 47.9, 48.6. 53.6, 61.8, 64.1, 64.6, 120.81 MS: m/z 226.1578 (N+). Calc For C13H21)3: _- 
226.1569. (Found: C, 68718 H, 9.80. Calc for C13HZ203: C, 6899, H, 9m). 

~lS,2S,5S~-2-~Dialmce~~methyl-3,3-ethylenediaxy-7,7dimethylbicyclol35~loctane 13b. 'Ihis was prepared from I*)-2 

(4.2 9) in 6% yield (3.5 g) acuxding to Cane awl Ramae4~ 101 3 +14.0' kA.51); vmax 2120 W, 1710 (8). 1400 (ml, 1370 

(m). 1240 tmt. 1190 (m) cm-', lH NNR 6 O.sO (3H, 51, 1.05 (3% 81, LlO-1.79 t!%i, m). 1.99-2.59 (4H, m). 3Bl-k97 (4N. mf. 
4.14 (IH, dd, J'l1.0 and 7.8 Nz), 4.27 (IH, dd. J=ll.O and 6.1 Hz). 4.75 (lH, 8)s MS: m/f 294.1551 iN+>. CalC for 

C15H294N2: 294.1579. 

~4aS,QS,9aR~dctahydrcr5,54thyl~iioxys,8dimethyl-2~tsl~I1.6a-clpyrsn 14. l%is V~B prepor& fraa 13b (795 mq) 

in 4m yield I288 mql a.8 an oil aaxxdinJ to Cane and lhcuw~e.~ 'lks sample crystallized cm stanling. Recrystallization 
from fl-hexane-ether gave pxe 14 11.9 ~~sms, m.p 62.4-63.O'C1 loIs 4Q7iO.l' (oLO6); vmax 1745 (81, 1285 (ml, 1255 (in), 

1160 (ml, 1135 (m), 1085 (ml, 1070 (ml cm -l, lH NMR d 1.01 (3H. 8). 1.05 (3H, a), 1.56-1.80 (5% ml, 2.04 (IH, dd, J-13.7 

and 8.5 Hz). 2.14 (IX. t. J=7.1 HZ). 2.30-2.43 (1H. ml. 2.60 f2H. sl. 3.79-3.99 f4H, m). 4.22 f2H, d, 5=7-l Hz)r 13C NNR 6 
27.9, 29.8. 39.4, 40.6. 42.5. 47.2, 47.9, 50.8. 54.1. 56.2, 64.1. 64.3. 66.5, 117.8. 172.81 NS: m/z 266.1533 (N+l. Calc 

- - for C15H2p4: 2f&l518 Waud: C, 67.35; X, 838 fate for C15H2204: C, 67.64; H, 933%). 

(2R,4&,6aS,9aR)- awl (2S,4aS,6aS,9aR)-Oetah~o-2-methoxy-8,8dimethylpental~I t,QsIpyran-5(6H)-one 15 a& 15'. The 

laceone 14 (1.42 rwas converted to 15 (483 mg. 38\), b mixture of 15 and 19 (121 m9, 101) and lb (348 mg, 27 8) 
aclxxd1nq tocane and manas. 
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15: mp 53.7~woe (frcin t-hsalla, needles)r Iala2 -254. (cl.Ol)t vmax 1740 (81, 1370 (ml, 1195 (ml, 1130 (81, 1095 

(m), 1055 (a) cm-18 *!I NMR 6 1.06 (3H. a), 1.10 (3H. 81, 1.30-2.47 (lOI+, ml, 3.33 (3H. 81, 3.77 (1H. dd, J=11.7 and 4.2 
Hz), 4.01 (1H. d, J-11.7 Hz), 4.61 (iii, br. s)r 13C NMR 6 30.8, 31.3, 38.5, 40.2 (2C). 44.4, 45.9, 46.9, 53.0, 53.1, 54.2, 

54.8, 97.4, 217.4. NS: m/z 235.1596 (M+). CaLC for Cl4H22q: 23W569. Wand: C, 70-55; H, 9.39. Calc for C14H2P3: C, 

70.568 H, 9.30*). 

15': [ala2 -93.4' (&99)r vmdx 1745 (8). 1450 cm), 1390 (ml, 1140 (81, 1110 (a), 1070 (8) Cm-', 'H NNR d 1.09 (3H. 

a), 1.12 OH, a), 1.32-2.52 (10H. ml, 3.41 l3n, a), 3.62 (1H. dd, 5~12.2 and 4.6 Hz), 4.23 (LH, dd. J=9.3 and 2.2 Hz), 4.38 
(IH, dd, J-12.2 and 2.2 Hz), "C NWR 6 30.4, 31.1, 40.4, 40.6, 41.2, 44.2, 47.5, 49.1, 53.2, 53.9, 55.7, 59.7, 100.4, 

216.7. MS: m/z 2381576 (N+). Calc for C14H2fi: 238156% -- 

(1R.4as,6aS,9aR)-l.2,4,~,~,7,8,9- and - l2R,6aS,9aS~-1,2,4,6,6~,7,S,9-0ctahydro-5-~~o-2-~ethoxy-S,E~ime~yl~ talenO 

IL,Q-cl~wran 16 and 17. Acwrdinq tn Paqwztte g a1.,2 15 (474 mq) was anverted to 533 mq of a mixture of 16 ard 17. 

mis mixture rasZomatcqra@ed - Si% (Nerd Ah 9385, 25 9). Eluticm with I-hesane-- (4O:l) gave 259 mg (41% 

from 15) of a less polar isaner 17, which was reaystallized fra n-hexane to give roda, ard 263 mq (41% from 15.~1 of a 

more polar imwr 16 
16: [OILY - 78.0° (c-1.08)1 urnax 1615 (w), 1445 tm), 1115 (m), 1075 (8). 1050 (m) cm-11 1~ NMR 6 1.02 (3H. s), 1.03 

l3H, 81, 1.42 (1H. dd, J-12.9 and 4.4 Hz). 1.56-1.79 (4H. ml, 2.03 (lH, dd, 5x14.4 and 5.1 Hz), 2.50-2.57 (1H. m), 2.86- 
3.00 (1H. m), 3.36 (3H. s), 3.70 (1H. dd, J=12.2 and 1.7 Hz), 3.83 (1H. dd, J-12.2 and 3.7 Hz), 4.55 (1~. dd, ~-7.13 and 5.1 

Hz), 616 UH. br)r NS: m/r 348.0562 (N'). 
17: m.p. 70.1-71.6'Ct [ala3 - 

Calc for C14H2LD21: 3-588 

151° (c=l.OB)t vmax 1655 (v), 1455 (m), 1370 (ml, 1205 (m), 1110 (s), 1045 (8) 960(s) 

cm-l! ‘H NMR 4 0.97 (3H. 81, 0.98 (3% 81, 1.22 (1H. dd, J-12.7 and 6.6 Hz), 1.56-1.97 (5H, m), 2.39-2.50 (ZH, m), 2.89- 

3.03 (lH, ml, 3.37 (3H. 81, 4.08 (1H. d, J-11.7 Hz), 4.27 (lH, d, J-11.7 Hz, vlth additional fine coupl~nql, 4.67 (1H. m). 
(Pcund: C, 48368 H, 6.11. Calc for C14H2L02T: C, 4829; H, 6.W.). 

(ZS,4aS,QS,9aR)-1,2,4,~,~,7,8,9- e ~2S,6aS,9aR~-1,2.4.6.6a.7.8.9-0ceahydro-5-i~o-2-methoxy-S,E~ime*~yl~~l~ 
11.6a-clpyran 16' and 17'. AccoIxLinq to Paquette et a&,2 15' (320 mq) was 

This mixture rasZ&matogra@ed ~ler Si02 (Nerck Art.. 9385, 

anverted to a mikxe (341 mq) of 16' XXI 17'8 

50 q). Elutial With !+?xaneTther (4o:l) qave 131 mq (2BI 

from 15') of a lese polar iaaner 16'. 79 nq (17\ fran 15') of a mixture of 16' and 17'. ard 114 mg (24% from 15') of a more 
plar isomer 17'. 

16': [ala2 +61.9" (c-1.26); vmax 1605 (w), 1465 (m), 1120 (s), 1075 (81, 1020 (m) cm-L L t H NMR 6 1.01 (3H, s), 1.04 

(3H. s), 1.28 (1H. dd, J-12.7 and 8.0 Hz), 1.58-1.90 (5H. ml, 2.74-2.89 IZH, m), 3.313 (3H. a), 3.52 (lH, dd, J-11.7 and 

10.0 Hz), 3.80 (lH, dd, J-11.7 and 6.8 Hz), 4.64 (1H. dd, J-8.3 and 5.1 Hz), 6.20 (LH, br)r MS: m/z 348.0547 tn+). Calc -- 
for C14H2102': 348.0588 

17': lo162 +27.w k=l.Wr - 1660 (WI, 14fzO (m), 1145 (s), 1075 Is), 1060 (~1, 1035 (m) cm-lr 1~ WIR 6 1.00 (3H. 

91, 1.01 (3H, s), 1.24 (1H. dd, 5~12.7 and 8.0 Hz), 1.50-1.97 (5H. ml, 2.38-2.58 (2H. ml, 2.90-3.15 (1H. m), 3.47 (3H, a), 
4.04 (1H. d, J-12.7 HZ, with add~ticnal fine ccupl~ng), 4.39 (1H. d, J-12.7 Hz), 453 (lH, dd, Ja9.0 and 2.6 Hz). (Fcund: 

C, 48.25; H, 6.03. Calc for C14H21021: C, 48.291 H, 6.078). 

Net= (2R,4aS,6&,9aR)-1,2,4,4a,6a,7,S,9uztah@r -- ~2-methoxy-S,SdimeVIylpenealaK,ll,Q~l~ran-5~boxylate 

to PBTJette et al,' 16 (338 mq) was anverted to 18 (269 WJ, 99r), [,,]a3 

18 Acaxding 

-- -85.4' k-1.031; vmdx 1715 (s), 1635 (w), 1440 
(ml, 1280 (m), 1235 (m), 1120 (m), 1060 (s) cm-L! 1 H NHR 6 0.99 (3H. s), 1.04 (3H, s), 1.46 (1H. dd, J=13.3 and 4.5 Hz), 

1.57-1.87 (4H. m), 2.02 (1H. dd. J-14.4 and 5.1 Hz), 2.81 (1H. brs), 3.08-3.20 (1H. ml, 3.37 (3H, s), 3.73 (3H. ~1, 3.79 

(1H. dd, J-12.0 and 2.0 Hz), 3.96 (1H. dd, J-12.0 and 3.9 Hz). 4.64 (lH, dd, Ja8.4 and 5.0 Hz), 6.78 (lH, bra). MS: m/z 
283.1670 (NC). 

-- 
Calc for C16H2404: 21X.1674, (Faud: C, 68.751 H+ 674. Calc for C16Hz404: C, 6855; H, 8.63%). 

Me! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 18'. AC- 

cording to Pawate et alw2 16' (116 mql was anverted to 18' (79 mq, 135t)r [al 3 -- +91.0" k¶J32), vmdx 1720 (~1, 1630 

(VI), 1440 cm), 1275 cm), 1260 cm), 1120 (ml, 1070 (8) cm-l, 1 H NHR 6 1.02 (3H. 81, 1.03 (3H. s), 1.25-1.92 (6H. ml, 2.93- 

3.10 (2H. ml. 3.36 (3H. s), 3.55 IlH. dd. J=11.6 and LO.5 HZ). 3.71 (3H. 81, 4.08 (lH, dd, J-11.6 and 7.1 HZ), 4.69 (1~. 
dd, J-7.6 and 5.4 Hz), 6.132 (IH, br). MS: m/z 280.1664 (N+). Calc for C16H2404: 280.1674. 

- - 
(Found: C, 68.91, H, 8.77. 

Calc for C16H2404: C, 68.55, N+ 13.638). 

Methyl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 19. 
Paquette cc ~l.,~ 18 (247 rrq) was mnverted to 193 mg (83W of 19. 

hccordinq to 

Similarly 18' (71 ma, 0.25 mmol) was cmverted to 52 ma -- 
(78%) of 19: Iclla 4 -58.3' (c-1.06); vmax 1755 (8). 1715 (~1, 1635 cm), 14;s (m), 135; cm), 1270 (ml, 1255 (ml, 1220 (ml, 

1120 (m). 1080 cm) cm-'8 'H NNR K 1.02 (3H, 6). 1.06 (3H. 81, 1.37 (1H. dd, J=12.9 and 5.9 Hz), 1.67-1.93 OH, ml, 2.55 

(lH, d, J-14.4 Hz), 2.66 (1H. d, J=14.4 Hz), 3.07-3.21 (ZH, m), 3.75 (3H. s), 4.43 (1H. dd, J-11.7 and 4.2 Hzl, 4.50 (1H. 

dd, Pll.7 and 4.2 Hrl, 6.84 (lH, br). MS: m/r 264.l352 #I+). Calc, for C15H2$4z 264.1361. 

(-I-Pentalenolactme E methyl ester 1. kcurdinq to Paquette et al 2 - _* 19 (164 mg) was lTxweIted to 96 mq (568; 738 based 

al the consumed 19) of 1, [a$--7a20 (ccl.04) [natural 115: 

hexane) I81 (nm) l 3B x lo4 (219.0) Inatural 1 (I) (~1.3 x low3 

Iala -70.6’ (~~1.37, 0&Z13)l, (D (cl.3 x lO-3 mol/l, "- 
mol/l, E-hexanel +3.6 x lo4 (21S.5)1; vmax 0!C13 sol,,) 

3020 lm). 3010 (WI, 2950 (ml. 2940 Iv), 2900 (WI). 2860 (VI, 1730 (sh), 1710 (a), 1635 (w), 1550 (~1. 1470 (w), 1440 (m), 

1385 (w), 1355 In), 1335 (v), 1320 (v), 1265 cm), 1255 (ah), 1195 (w), 1165 (w), 1135 cm), 1110 (w), 1090 (v), 1075 (v), 

1055 (WI, 1040 (WI, loo0 (V), %5 (WI, 970 (VI, 940 (v) cm-‘: lH NMR 6 1.06 (yt 81, 1.07 (3H, a), 1.44 (1H. &I, J-12.9 and 

6.0 Hz), 1.74 (lli, d, J-13.9 Hz), 1.90 (lH, dd, J-12.9 and 8.9 Hz), 2.16 (lH, d, J-13.9 Hz), 3.15-3.36 (ZH, ml, 3.76 (3H, 

51, 4.25-4.40 (2H. ml, 5.58 (LH, 8). 5.91 (1H. s), 6.85 (IH, belt 13C NHR b 29.5, 29.7, 40.7. 46.3, 51.6, 53.5, 55.2, 57.0, 

58.1, 67.4, 120.0, 131.1, 144.6, 149.9, 164.4, 170.1. Its IR and NWR spectra were identical with those of the natural 

prcduct 1 l4S: E/L 2761345 tM+,. Calc for C16Hti4: 2X.1362. Wwrxl: C 69.278 H, 7.17. Calc for C16H2s4: C, 69.55; H, 
7.29t). 
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