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Abstract: The applicability of the recently developed annulation method’12 is demon- 

strated by the construction of regio- and stereospecifically substituted fused ring sy- 

stems. 

lntroductlon : Recently wedeveloped an annulation method’v2 starting with cycloaddition of allyli- 

taffy heterosubstftuted olefins with 5,!5-dimethoxy-l,2,3,4-tetrachlorocyclopentadiene 1. Further con- 

version of the cycloadducts led to doubly bridged intermediates, which by acidic fragmentation yielded 

eitherthestereo- and regiospecifically substituted five or six-membered ring systems, depending on sol- 

vent, Lewis acid and (additional) nucleophile. 

To demonstrate the usefulness of this method for more complex systems, we have prepared regio- 

specifically substituted cis-fused ring systems, which might be used as intermediatesin the syntheses of 

a variety of important groups of natural products with physiological activity. 

Preparation of reglospeclflcally substltuted cls-blcyclo[3.3.0]octanes: Bicyclo[3.3.0]octanes 

are part of structures of secondary metabolites 3, which possess a variety of physiologically interesting 

effects in mammals.They are also intermediates in the synthesis of irk&ids, a large group of compounds 

found in plants and insects, which exhibit physiological effects in mammals4. ft istherefore of importance 

to be able to choose from several convenient methods to prepare these intermediates5. 

Starting with 1 and 2cyclopentenone the tncyclic ketone zwas produced. Reduction with sodium 

borohydride yielded stereoselectively the endo alcohol , which by treatment with sodium in ethanol at 

..reflux led to the tetracyclic diketalg’. lodotrimethylsilane in chloroform6transformed this highly strained 

compound into bicyclo[3.3.0]octane4and a small amount of its diastereomer& (epimerconfiguration at 

C-2’) in good yield. 
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The structure determination of4 was based on IR- and ‘3C-NMR spectroscopic data, which estab- 

lished the cyclopentanone moiety; the estergroup as well as the secondary iodide were revealed by ‘H- 

NMR-,13C-NMR-, and mass spectroscopic data. 

Treatment of a 19 : 1 as well as a 4 : 1 mixture of 4 and itsdiastereomer *underthe reaction condi- 

tions mentioned above led in each case to a 8 : 1 mixture of iland its stereoisomer4a, thus explaining the 

existenceof the diastereoisomerqin the original reaction mixture as the product of a subsequent epimer- 

ization. Alumina transformed these mixture of stereometic bicyclo[3.3.O]octanes in high yields into the 

tricycliccompoundfi. The spectral data were consistent with loss of the secondary iodide. Formation of 

cyclopropane was easily explained by generation of the enolate of 4 with alumina and subsequent intra- 

molecular nucleophilic substitution of the iodide. The ‘H-NMR-, MS- and IR spectroscopic properties 

correlated well with those reported of tricyclo[3.3.0.02~s@ctan-3-one7a. Most notable was the base peak 

at m/e=80 in the MS spectraof both substances, which Monti7a explained as loss of a ketene moiety from 

the molecule. Several synthetic routes to tticyclo[3.3.0.02~~octan-3-ones have been reported’.Authors 

of these publications showed that thecyclopropyl moiety is easily cleaved regio- and stereoselectively by 

nucleophiles due to the vicinal keto groups. Thus preparation of a very versatile building blockgfor the 

synthesis of naturally occurring polyquinanes and itidoids is now very conveniently achieved. 

Preparatlon of reglospeclflcally substituted tetrahydro- and cls-hexahydroindanones: cis- 

Bicyclo[4.3.0]nonanes are building blocks for a variety of natural products: for example the lycopodium 

alkaloids of the magellan-fawcettimin-type’“, the tutinanolides”, the alliacotides’*. and the antibiotic 

ikarugamycin’3. We therefore intended to synthesize cis-bicyclo[4.3.0]nonane derivatives with varying 
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substitution pattern. 

Treatment oftetracycleS with diluted aqueous HCI in ethanol yielded the bicyclo[4.3.0]nonane dert- 

vatives B as described previou#. 
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scheme 2 

To obtain differently acyl substituted indanone derivatives the dimethoxyketalQwas hydrolyzed to 

the monoketoneZ? This ketone was then transformed to a 5 : 3 mixture of the tertiary alcoholsaandfi by 

treatment with methyl magnesium iodide. The syn and anti orientations of the hydroxy group in 8andB 

were determined by difference nuclear Cverhauser effects.The best way to fragment these products 

was by treatment with boron trtfluoride etherate in acetonitrile. The high tendency of the reaction pro- 

ducts for aldolization was circumvented by employing diluted reaction solutions.Underthese conditions 

both alcohols could be transformed to the methylketone 1p in excellent yields. 

lndanones with quite different substitution patterns were obtained by starting with the tetracycle12, 

which was prepared as described previously’ by cycloaddition of 2cyclohexenone and1 yielding ketone 

11. Stereoselective reduction to the corresponding alcohol and subsequent treatment with sodium in 

ethanol at reflux transformedfiintoj.2. Fragmentation in acidic aqueous ethanol led mainly to the tetra- 

hydroindanone dertvate u2. 

By treatment with sodium ethoxide, product fl was converted to the ethyl ester of 14. Acid Mwas 

more effectively prepared by treatment of I.2 in dioxane/water with a trace amount of acid at 140%. 

Structure determination 0114 relied mainly on the UV spectrum, on the singlet for the two protons at C-2 

in the ‘H-NM spectrum, the position of the signals of the carbonyl, and the olefinic carbon atoms in 

the13C-NMR spectrum. 
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scheme 3 

The difference in fragmentation behaviour between compoundd (scheme 2) andI.2 may be due to 

the exact antiperiplanar position of the proton attached at C-6 with respect to the C(l)-0 bond in case of 

X&a geometrical requirement not as equally well satisfied in 3. 

By switching to an aproticsolvent, iodotrimethylsilane and an excess of tetrabutylammonium iodide 

at room temperature, the hexahydroindanone derivative ti was obtained as the main product. Thus 

most of the stereocenters were conserved and a secondary iodo group was introduced. The lack of ab- 

sorption in the UV region above 220nm as well as the signals of the carbonyl group in the 13C-NMRand 

the IR spectra were in accordance with a cyclopentanone moiety. The mass spectrum showed that the 

molecule contained iodine, which was confirmed by a proton signal at 3.98ppm. The coupling constant 

(Jt .p-= 11.5Hz) indicated axial attack by the iodide at C-2’in S,2 fashion. The configuration at C-7’ re- 

mained to be determined. The coupling constants of the proton attached to C-7’ pointed to a half chair 

conformation of thecyclopentanone with antiperiplanarposition of the protons at C-6’and C7’.That was 

conclusive of epimertzation at C-7’ after the fragmentation. Contrary to compound 4, treatment of l5 

with aluminadid not effect formation of acyclopropylketone derivative. Use of DBU as base transformed 

S into a stereoisomeric mixture of ethyl 7-oxotricyclo[4.3.1 .05*g]decan-l 0-yl carboxylates by intramo- 

lecularalkylation at thea-position of the acetate moiety. Efforts to separate this mixture have been to no 

avail. 
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To introduce an alkyl substituent at C-2 of the indan-&one derivatives, as found in the opbpano- 

nes”,~w~treatedwithmethylmagnesiumiodide.Contrarytocompound~thedesiredtertlaryalcohol 

was not obtained by these meansI . To suppress enolization, ketone uwas treated with acerium reag- 

ent”, prepared by treatment of methyl magnesium chloride with CeCl3”. Under these conditions the 

tertiaryalcoholl# wasformedquanthatively. Cyclitation anddechlorinationof16wasachieved bysodi- 

urn in ethanol at reflux. The resulting tetracycle1Zwasconverted to the tetrahydroindanonederfvative UL 
in good yield with aqueous acid in ethanol at reflux. Treatment by chlorotrimethylsilane and sodium io- 

dide in acetonitrile at room temperature was equally effective. By analogy with compound 12 treatment 

of j.Z with traces of aqueous HCI in dioxanehrvater at 140% yielded the bicyclo[4.3.0]nonenone I.% 
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scheme 4 

Withcompoundfi afurtherattempt to vary the substitution pattern was examined.fiwas partially 

dechlorinated wfth complexed chromium-II-salts’s. By this method the bridgehead chlorines were ex- 

changed for hydrogen yielding ketone a, which was selectively reduced with sodium borohydride to af- 

ford ?1. Treatment of ?1 with sodium ethoxide in ethanol at reflux led to the monochlorinated tetracycle 

22 which wastransformed to the biqclic dienone a by heating in dioxane/water with a trace amount Of 

aqueous HCI in a sealed tube at 140%. The unstable acid a was characterized as its methyl ester&I. 

The UV-spectrum wasconsistent with a substituteddienone with an exo and an endo cyclicdouble bond 

in afwe membered ring. IR-, ‘H-NM+, ‘3C-NMR -, and mass spectroscopy confirmed this assumption. 
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Preparation of cls-blcyclo[4.4.0]decanones: Avariety of sesquiterpenes”bcontainsthedsdecaf- 

ine system. Therefore high yielding methods to prepare stereospecifically substituted decalinones are 

desirable. Although certain cis-decalinsare easily prepared by the Diels-Alder reaction or by hydrogen- 

ation of naphthalenes, the special substitution pattern which is rendered by our new method is not so 

conveniently accessible by other routes. 

To achieve fragmentation to the decalinones, compoundj.2 had to be transformed to the ketonea 

by hydrolysis, and subsequently to the tertiary alcohols 26 and 2j! by treatment with Grignard reagent. 

Thesealcoholswere treated with boron trffluoride etherate in acetonitrile.Thetwo alcoholsdiffered in the 

rate of fragmentation. The syn alcohol 26 had to be treated at room temperature, which led to partial epi- 

merization at C-2 of the orfginally produced bicycle a,whereas the anti alcohol n fragmented at 0°C 

without epimerfzition to the decalinone derivative 28. 
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ExperImental 

General notes: ‘H-NMR- and 13C-NMR spectra were recorded on a Bruker Spectrospin WM 250 

(250 MHz). Tetramethylsilane served as internal standard. Mass spectra were recorded on a spectrome- 
ter CH-7(Varlan) and IR spectra on a PerkIn Elmer 377 spectrometer. No IR spectra are given for sub- 
stances without significant bands. Mefting points were obtained using a Reichert ‘Koflef hot stage mi- 

croscope and are uncorrected. Adsorption chromatography was conducted on silica gel (70-230 mesh 
ASTM. Merck) oraluminium oxide 90 standardized act. to Brockmann (70-230 mesh ASTM, Merck). Si- 

lica gel (230-400 mesh ASTM, Merck) was used for flash chromatography. 

The preparation of compounds 2 3, 6. Z II, 12 u, and a5 is described in previous publica- 
tlonslP. 

o-(1 ‘R*,2’S*,S’R*,6’R~)Ethylb’-lod0-3’oxoblcyclo[3.3.0]oct-2’-yl acetate (4): To chloro- 
form(abs.; 1.5ml) under an atmosphere of argon were added 2drops of pentene and iodotrimethylsilane 
(0.16ml) and stirred at room temperature for 10 min. To this solution was added ;Z (254mg; 1 mmol), dis- 
solved in chloroform(l ml), and stirred at room temperature for 15 min. After addition of aqu. NaH- 
CCs(5%; 5ml) the layers were separated . The org. layer was treated with NasS20s and the aqueous 
layer was extracted with chloroform several times. The org. layers were washed with brine, dried over 
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MgSO,and the solvent evaporated. Flashchromatography on silicagel with toluene : dlethyl ether- 49 : 

1 yielded a mixture of the dlastereomers4andQ (25Omg; 74%). By flash chromatography on silicagel 
wfth toluene : dlchloromethane = 19 : 1 pure 4 was Isolated next to mixtures of 4 and a. 

Epfmerfzation: Treatment of a mixture of 4and4.8 (19:l) as well as one of Aand& (4:l) under the 
above mentioned reaction conditions yielded in each case a mixture of 4and48 (-8 : 1). The ratios were 
determined by ‘H-NMR-spectroscopy.iFt(CCi4)(cm-I): 175Osh, 1740. ‘HNMR(CDCi&# 1.28(1)(3H) 
J,.p 7Hz GH(2”); 1.82(m)(l H) w,~ 28Ht CH(8’endo); 2.1-2.5(m)(4H) C-H(2), C-H(7’exo), C 
H~‘endo),C-H(8’exo);-2.5(m)(lH)J,,,5,-9.5HzC-H(1’);2.28(dd)(lH) J4’,4-=19Hz. J4-er,o,,5’-4HtC 

H(4’endo); 254(part A of an ABX system)(l H) J,r 17H2, J,,,.= 5.3Hz GH(2a); 3.8(dd)(l H) J,-,,-= 

19Hr, J4,ex0,sm 9.5Hz GH(4’exo); 268(part B of an ABX system)(l H) J,p 17Hz. J,,,,= 5.3Hz G 

H(2b); 3.03(m)(l H) JsV,sa8Hz, Js,,, ̂ J5~,4,ex,,-9.5Hz, J5,,4,endo= 4HzGH(5); 3.87(dt)(l H&*,8-- 8Hz, 

J,* 7’exo’J,* 7’encb’ 8Hz GH(8’); 4.13(q)(2H) J,.P 7Hz C-H(1”).‘KNh4R(CsDs)(Q: 0.93(1)(3H) J,.p 
7HzGH(2”):0.9-l.Os(m)(lH) C-H(8’endo); 1.42-l .93(m)(5H) C-H(l ‘), C-H(2), C-H(‘l’exo), C-H(7’en- 

do), GH(8’exo); 1.78(dd)(l H) J,,,,.= 19Hz, J4,endo,S.= 4Hz C-H(4’endo); 2.16(dd)(l H) J,;,= 19Hz. 
Jcexo$,= 9Hz GH(4’exo); 2.23(parl A of an ABX system)(l H) Jsp= 17Hz, Jsa,,‘= 6.5Hz C-H(2a); 
2.46(parf B of an ABX system)(l H) J,r 17Hz, J,,,,.= 5Hz C-H(2b); 2.5(m)(l H) J5-,4,exo= 9Hz, Jg.,t,- 

Js,s= 8.5Hz, J5,,4’endo= 4Hz C-H(5); 3.09(m)(l H) JK s’= 8.5Hz, Js, 7’Bx,,= Js. 7’endo- 8Hz GH(6’); 

3.90(q)(2H) J,.,,c 7Hz C-H(Y). ‘3GNh4R(CDCis)(i$: 1412 C-2”; 30.2 C16’; 31.9 d-7’; 34.3 C-8’; 39.5 C- 
2; 41.5 G4’; 44.3 C-l ‘; 51 ,O and 51.5 C-P’and C-5’; 60.7 C-l’; 171.6 C-l ; 216.7 C-3’. AIIS: 

336(h@)(O.l5%), 291 (M+-OEt)(18%), 209(M+-1)(44%), 163(M+-HI-OEt)(lOO%), 135(h.4+-Hl- 

CCCEt)(SS%), 121 (M+-HICH&OOEt)(53%). 

Ml ‘R~,2’S~,4’S~,5R~,8’S~)-Ethyl-3’oxotricyclo[3.3.0.02’~8’]ocl-4’-yi acetate (9: 4 and 4.8 
(161.3mg) was slowly chromatographed (within 4h) on alumina(9g)in petroleum ether : diethyl ether 

(6:l) yielding s (95.1 mg; 95%). iR(CCi,$(cm”): 3050, 1735.‘KNMR(CDCi.$(~: 1.27(1)(3H) J,*,F 7Hz 
GH(2”); 1.51-l .75(m)(2H) C-H(G’endo), GH(7’endo); 1.86-2.16(m)(5H) C-H(2’), C-H(4), C-H(G’exo), 
C-H(7’exo), C-H(8); 2.4O(dd)(l H) J2,p 16Hz, J2a,4,= 10.5Hz C-H(2a); 2.55(dd)(l H) J,p 16Hz, J,,4- 

5HzGH(2b); 2.542.75(m)(2H) C-H(l), C-H(5); 4.16(q)(2H) Jl.,2~7H~C-H(1”). ‘3GNMR(CDCis)(Q: 
14.2 C-2”; 25.2 C-6’; 31.8,35.3 and 39.0 C-l ‘, Cd’and C-8’; 37.3 C-7’; 40.6 C-2; 44.1 C-4’; 53.5 C-2’; 

60.7 C-l ‘; 171.5 C-l ; 216.6 C-3’. AIIS: 208(M+)(3.4%), 163(M+-OEt)(7%), 80(CsHs+)(1 00%). 

(t)-(lSt,3R~,5R~,6R~,7S~,8S~,9R’>3-Ethoxyb-methyl-2oxatetracycio[6.3.O.~7~~u~ 
can-64 (s) and (f)-(lS*,3R~,5R*,6S*,7S’,8S’,SR’)-3-ethoxy-6_m 
[6.3.0.~76~~undecan-6-oi (9): To a solution of methyl magnesium iodide(7mmol) in diethyl eth- 
er(abs.;l Oml) was addedl(1 g; Smmol) dissolved in diethyl ether(abs.,bml), and the resulting solution re- 
fluxed for 2 h. The cooled reaction mixture was treated with aqu. sat. NH&I and fourtlmes extracted with 
dichloromethane.The org. layers were washed with brine, dried over MgS04, filtered and the solvent 
evaporated. Flash chromatography on silicagel with petroleum ether: acetone (11 :l) yieldedB(0.465g; 
41.5%; m.p.859=) anda(0357g; 32%; m.p.63-66%). 

8: iR(CCiJ(cm-I): 3575,3450br.‘KNMR(CDCL$4: 1.21 (t)(3H) J, ,,*,= 7.2Hz C-H(2); 1.39(s)(3H) 
C(6)GH,; 1.5-2.l(m)(6H)C-H(lOendo), C-H(l lendo), C-H(lOexo), C-H(l lexo),C-H(5),GH; 1.9@art 

A of an ABX system)( 1 H) J,,,= 14Hz, J,,s= OHz GH(4endo); 2.22-2.38(m)(2H) J4,4= 14Hz, J4,s- 3.5f-k 
C-H(4exo), C-H(7); 2.7(m)(2H) C-H(9), C-H(8); 3.65( part A of an ABXs system)(l H) Jt,,,-= 8Hz, Jt’~~ 

7.2HzGH(1’);3.74(partBofanABXssystem)(l H) J,,,,,=8Hz, J,~p~=7.2HzC-H(1’);4.46(m)(1H)J1,11- 
3.5Hz, J,*s-3.5Hz C-H(1).13GNh4R(CDCls)(s): 15.5 C-2’: 21.2 C(S)-Q-&:23.9 C-l 0; 35.9 C-l 1; 38.2 c- 
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4; 42.2 GQ; 47.5 c-5; 49.5 G8; 55.4 C-7; 59.0 C-l’; 81 .l C-l; 86.9 G6; 115.3 C-3. MS: 224(M+)(S%), 

206(M+-l-l$)(24%), 138(13%),133(7%), 43(100%). 
g : lR(CCI&m”‘): 3620,3450br~KNMR(CDCl&Q: 1.2(1)(3H) J,;,‘= 7.2Hz GH(2’); 1.48(s)(W) 

C(6W-f3, - -l.s(m)(lH) GH(lOendo); 1.74(m) (exchangeable with DsO) O-H; 1.6-1.6(m)(W) G 

H(10exo),GH(5), GH(l lexo); 1.65(part A of an ABX system)(l H) J4,4= 13.5f-k J,5= 0 GWendo); 
l.Q7(part B of an ABX system)(l H) J4,6’ 13.5H2, J4g 3.5H2, J,,p 1 Hz GH(4exo); 2.06(dd)(l H) J,, 

do,11'~H~~J11.11 = 12Ht GH(l lendo); 2.19(&J) J,,g 5Hz C-H(7); 2.98(m)(l H) Js,g lOHz, Ja7 =5H& 

J,,,= 4.5Hz C-H(8); 3.1 l(m)(lH) Jsr lOHz, Js,foex,,= lOHz, J,,,-= 4.5t-k Je,r 4t-k C-H(Q); 

3.55bart A of an ABXs system)(lH) Jl,8.- 7.2Hz, J,,,,-P 8.7Ht C-H(l); 3.7(part B of an ABXs sys- 

tem)(lH) Jl.,2.- 7.2Hz, J,,,,.= 8.7Hr GH(1’); 4.4(m)(lH) JIB= 4.5H2, Jl~,l,,= 3.8Hz GH(l)?3G 
NMR(CDC13)(9:15.6G2’,21.4C(6)-CH~22.7C-10,36.5C-l1,38.4C-4,43.1C-9,47.2C-5,52.0C-8, 

55.3 c-7,58.7 Cl ‘, 80.1 Cl, 87.6 C-6, 113.3 C-3. MS: 224(M+)(3%), 206(M+-H,O)(35%), 151(8%), 

136(149/o), 133(78%),43(1009/o). 
@j-(1 R~,2R*,6R:7S~~2-Acetyl-7hydroxyMcyclo[4.3.O]nonan4one (IQ): To a solution of 8 or 

fi resp.; (100mg;044mmol) indry acetonitrile (lOOmI) at 0°C was added BFa.0Et2(8.5ml), andthe mix- 

ture was stirred for 5 h. Then sat. aqu. NaHCO, was added and the mixture was extracted with dichloro- 

methane. The org. layers were washed with brine, dried over MgSO,, and the sotvent evaporated. Flash 

chromatography on silicagel with diethyl ether : petroleum ether: ethyl acetate (6:l :l) yiekkdlQ(73mg; 
84%) or, starting from 9, jQ (83mg; 95%) was obtained.IR(CC14)(cm-1): 3620, 3440 br., 1710.1K 

NMR(CDt&)(S): 1.67(m)(l H) C-H(9); 1.88(m)(3H) C-H(8), C-H(9); 2.22(s)(3H) C-H(2’);2.2-2.7(m)(7H) 

J2,3,0= ’ ’ Hz, J3axo,3endo- - 16Hz C-H(l), GH(3exo), C-H(3endo), C-H(5exo), C-H(Sendo), C-H(6), G 
H; 3.13(m)(lH) J,p QHz, J2a 

’ R 
0= 1 lHz, J2,eeti= 4Hz C-H(2); 4.27(m)(l H) Js.7 3.5i-k. JT,~~,,= 

3.5H2, J7,sendo= 3.5Hz C-H(7). GNMR(CDCl$(Q: 28.9 C-8; 29.5 C-2’; 34.2 C-9; 37.7 C-l ; 38.2 and 

40.5 C-3 and C-5; 43.2 C-6; 52.5 C-2; 75.1 C-7; 209.9 and 211.7 C-l’ and C-4. MS: 196(U+)(1.7%), 
178(M+-H&(5.9%), 1 SS(M+-CH,CO)(lS%), 135(M+-H,OCH,CO)(l3%), 1 07(M+-H@-CH3CGCO) 

(18%) 93(M+-l$O-CH&OCH,CO)(39%), 43(CH,CO+)(lOO%). 
&Blcyclo[4.3.0]non-6’-en-8’-on-7’-yl acetic acid u4):u (420mg; 1.6mmol) was dissolved in 

dioxane(l4.2ml) :water(2.8ml) :aqu. HCl(0.6N;0.4ml) and heated in a sealedtube at 140Cfor68h. The 

solvent of this reaction mixture was evaporated, dichloromethane added and extracted with aqu. NaH- 

COs. The aqueous layer was acidified and extracted with ethyl acetate. The org. layers were dried over 
MgSO, and the solvent evaporated. The resutting crystalline mass was recrystallized from petroleum 
ether :diethylether yielding u (150mg; 49.3%; m.p.: 127%). IR(KCl)(cm”): 3300-2200 br., 1740,1735, 

1675, 1 835.1H-NMR(CDC13X6): 1 .12(m)(lH) J2-,seendo= 3.3H2, J,.,,-- J2.,3-ex0= J,,,, - 12.5Hz C- 

H(2’endoL f .37(m)(l H) J4,eti,s,endo= J4+ti,5,enti= 3-7Htl J~~ti.3,~~~~ J4,e~.~.exo- J4ea4- 
12.7Ht GH(4’endo); 1.53(m)(l H) J3,exo,4,exo= J3,exo,2,exo= 3l-k Js-exo,4,endo= J3,exo,2-ed= J,-,,= 
13.OHz C-H(3’exo); 1.86(m)(l H) J,,,,.= 13H2, J3,endo,4,endo= 3.7H2, J3,eW,2,eW= 3.3H2, J3.@& 
do,4.ex0 and J3~endoA.e,,o,,~ 3Hz C-H(3’endo); 2.02(m)(l H) Je,,s,= 16.7Hz C-H(Q); 2.06(m)(l H) J,;,-= 
12.7Hr C-H(4’exo); 2.20(m)(2H) J2-p.= 12.5Hz GH(2’exo) and J,.,,.= l3Hz, J5.ex0,4.endo= 12.7Hr, 

J5,exo,4,exo= 5.3Hz GH(5’exo); 2.57-2.72(m)(2H) Js,,s,= 16.7Hz C-H(9’) and C-H(1 ‘); 263(m)(l H) 

JS’,P t3H2, J5-endo,4,endo= 3.7Hz C-H(5’endo); 3.27(s)(2H) C-H(2); 8.74(br)(lH) CCGH.‘3C- 
NMR(CDC13)(S): 24.4 C-3’; 26.6 C-4’; 28.2 C-2’; 29.2 C-5’; 35.0 C-9’; 40.9 C-l *; 41 .l C-2; 129.9 C-7’; 

175.OG1;180.5C-8’;208.1 C-8’.MS:195(M+H+)(10%),194(M+)(73%),176(M+-H20)(3l%),150(M+- 
cO2)(8l%), 148(M+-HCCCH)(lOO%). UV: &(ethanol)= 236nm. 
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~l’R*,2’R*,6’S~,7’S*)Ethyb2’-lodo8’oxoblcyclo[4.3.O]non-7’-yl acetate us): To a solu- 
tionoftetrabutylammoniumiodide (1.38s) inchloroform (abs.;2 ml) underanatmosphereofargonwere 

added2dropsof pentene and iodotttmethylsilane (0.09 ml), and stirred at room temperature for 10 min. 
To this solution was added ti (98 mg) dissolved in chloroform (0.5 ml). Stirring was continued at room 

temperature for 2 h, then sat. aqu. NaHCO, (4 ml) was added and the aqu. layerwas extracted with chto- 

roform. The org. layers were washed with sat. aqu. Na&,Osand with brine, dried over MgSO,, and the 
solvent evaporated. Flash chromatography on silicagel with petroleum ether: diethyl ether (6 :l) yielded 

U (66 mg; 52%; m.p.BlOC), along with s (11 mg; 13%) and 14 (21 mg; 26%).lR(CCls(cm~‘): 1745, 

1735. ‘HNYR(CDCl$Q: 1.25(1)(3H) J,.,r” 7.1 Hz C-H@“); 1.44-l .57(m)(2H) C-H(4); 1.66 

1.87(m)(2H) CH(5’); a.lO(m)(l H) J,,,,m 13H2, Jrgn= 11.5Hz; J,, 4h- Js.o,s.e- 7.5Hz GH(3.6); 

2.28(m)(lH) Js.,,= 12.5Hz, J,,,,-= 6H2, J~,~h~ 5.5H2, Js,,,.$ 2.5 Pi z C-H(6); 2.47(dd)(lH) Jv 
17.3H2, Ja7’= 7.3Hz GH(2a); -2.49(dd)(lH) Js,,s.= 13H2, Jsb2= 4Hz GH(3’a); 25O(d)(2H) Js.,t~ 
5Hz C-H(9); -2.84(m)(lH) J,.,,- 12.5Hz, J7,,2a~ 7.3H2, J,,,,= 4Hz C-H(7); 2.64(dd)(l H) J,, 

17.3H2, J2b,7.= 4Hz C-H(2b); 277(ddt)(i H) J, .,s’= 11.5H2, J, ‘,s’= 6Ht, J, ‘,sa= J,-, s’k 5Hz C-H(l); 

3.98(td)(l H) J,-,,eg J2.,,,= 11.5Hz; J,,,,,,= 4Hz GH(2’); 4.14(q)(2H) J,n,s-- 7.1Hz C-H(l”)?G 
NMR(CDCl&& 14.2 C-2”; 22.9 C-4’, 25.0 C-3’, 32.8 C-5’; 35.1 C-2’; 39.7and 48.4 C-2 and C-9’; 42.4, 

44.2 and 46.1 C-l’, G6’ and G7’; 60.8 C-l’; 171.8 C-l; 216.2 C-8’. MS: 305(WOEt)(7%), 223(Mt 

1)(16%), 177(M+-HI-OEt)(lOO%), 149(M+-HICCCEt)(40%), 135(M+-HI_CH@IOEt)(25%). Highresolu- 
tion mass spectrum: found: 350.038% 0.0035 ,caic.: 350.0379 

&)-(1 R*,2RC,3SC,7R*,8SC)-1 ,8,9,10-Tetrachloro-3-hydroxy-3-methyltricycl0[6.2.1.~‘]un- 
dec-Ben-1 l-one dlmethylketal u6); Anhydrous CeCls (0.89 g) was stirred inTHF (abs.; 9 ml) at room 

temperature under an atmosphere of argon for 2 h, cooled to OOC, and methyl magnesium chloride (3 M 
in THF; 1.2 ml) was added. After stirrtng at 0% for 2.5 hII (1 .OO g), dissolved in tetrahydrofuran (abs.; 6 

ml), was added. Stirring was continued at 0°C for additional 2 h, then aqu. acetic add (0.8 ml in 15 ml wa- 
ter) was added. The mixture was extracted with chloroform, and the org. layers were washed with sat. 

aqu. NaHCOsand brine, and dried over MgSO,. Evaporation of the sokent yielded crystallineul(l.03 g; 

99%; m.p. 110 - 111%). IR(CClecm”): 3620.1H-NMR(CDCIs)(Z$ 1.2-l .8(m)(7H) C-H(4), C-H(5), C- 

H(6), C-H; 1.50(s)(3H) C(6)GH,; 2.55(d)(l H) J,,Y 9Hz C-H(2); 2.71 (m)(l H) C-H(7); 368(s)(3H) and 

3.61 (s)(3H) CCH,. 13GNMR(CDC13XG): 17.3 and 17.7 C-5 and C-6; 31.7 CH,; 35.5 C-4; 48.8 C-7; 51.6 
CCHs; 52.9 CCHa; 53.5 C-2; 71.5 C-3; 78.3 and 78.6 C-l and C-8; 112.9 C-l 1; 128.0 and 130.0 C-9 and 

C-10. h@Sz 339&l+-Cl)(26%), 303(M+-Cl-HCl)(13%), 253(M+-Cl-(CH.&C(OH)CH3) (100%). 

~)-(1S*,3R’,5R~,7R~,8S*,9R’)-3-Ethoxy-l-methyl-2-oxatetracyclo[6.4.O.O~7.~~d~~~ 
onedlmethylketal 0: Sodium (8.69; 370mmol) in small pieces was added to asolution ofU(97Omg; 
2.6mmol) in ethanol (abs.; 35 ml) at reflux over 1 h. After the addition of sodium was finished heating at 
reflux was continued for2 h. The cooled mixture was treated with crushed ice.The solution was extracted 
with dichloromethane. The org. layers were washed with brine, dried over MgSO,, and the solvent eva- 

porated. The crude product wasdistilled (Kugelrohr; 0.02mm) yieldingU(650mg; 89%). 

‘H-NMR(CDCl.&Q: 1.24(m)(7H) J, ‘,2’= 7.2Hz C-H(2’), C(l)C-H,, C-H(l 1 endo); 1.40(m)(l H) and 

1.71(m)(4H)C-H(lO), C-H(l lexo),C-H(12);2.06(m)(lH) J4exo,5=3H~, J4endo,5=OH~,J5,r1.5Ht, JQ= 
3Hz C-H(5); 2.13(m)(3H) J4exo,5- - 3H2, J4end0,5= OHz, J,,s= 5Hz, Jsg= 9Hz C-H(4exo), C-Wendo), C- 

H(8);2.39(m)(l H) J5,9=3H~, Js,9=9Hz, Je,,,,,=gHz, J,,,v 3Hz C-H(9); 2.89(dd)(l H) J5,7p 1.5Ht, J7,e 

5HtC-H(7);3.24(~)(3H)OCHs;3.27(~)(3H) CCH,;3.53(m)(l H)and3.76(m)(lH) Jl.,2a7.2Hz, Jt,q,t,r 
9.4HzC-H(1’).‘3GNMR(CDCls)(Q: 15.6G2’; 18.4 C-l 1; 23.8G10; 29.4C(1)$&;31.8C-9;34.5C-12; 
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39.8G4; 44.2 C-8; 46.1 c-5; 43.7 C-7; 47.7CQ-ts; 50.8 OGH,; 58.4 C-l ‘i78.9 C-l ; 111.8 and 113.1 C-3 

and C-8. MSZ 282(M+)(2.3%). 251 (M+-CCH~(lOO%). 
~2’S~,8’S*,7’S*)Ethyl-2’-methylB’oxoblcyclo[4.3.0]non-9’-en-7’-yl acetate (I#$ 

u(99mg; 0.36mmol) was treated with a solution of sodium iodide(53mg; 0.70mmol) in acetonitrffe(2ml) 

containing traces of 2,6di-tertbutyl-4-methylphenol. Under an atmosphere of nitrogen 

chlorottfmethylsilane(44pJ; 0.70mmol) was added, and the solution was stirred for 1 h at room tempera- 
ture. Water (2ml) was added and the mixture was extracted with diethyl ether. The ether layers were 
washed with sat. aqu. NaHCOs. sat. aqu. Na$$Os and brine, dried over MgSO,and the solvent evapo- 

rated.Thecrudeproductwasputified byflashchromatographyonsilicagelwithpetroleumether:diethyl 
ether (8:l) yietding a(58mg; 70%).IR(CC14)(cm’1): 1740,1710,1620.‘H-NMR(CDC13Kg:1.23(m)(8H) 

J,.,F 7H2, J,v~’ 7H2, Js,endot,exo- 13H2, J3,endo,4.exo= 13H2, J2,,3,endo= 13H2, JS-eti,4-e,,d,,= 

3.5Ht C-H(l”‘), C-H@“), C-H(3’endo), GH(5’endo); 1 .6O(m)(l H) J3.endo,4,exo= 13Hz. J4.ex,,,4,ed= 

‘3Hz, J4’exo,B’endo’ 13Hz, J3,exo,4.exo= 3.5Hz, J4,exo,5,exo= 3.5Hz GH(4’exo); l.sO(m)(l H) JJeerr 

do 4.endo= 3.5Hz, J3aex,, 4.eti- 3.5Hz, J4eex0 4’endo= 13Hz, J4,endo,5,eti= 3.5Hz, J4,endo,5,eX0= 3.5f-k 

GH(4’endo); 2.05(m)(iH) J3,endo,3,ex,,= 13Hz, J3.exo,4.exo= 3.5Hz, JJ,exo,4eendo= 3.5Hz, Js,,s,exo= 

3.5Hz GH(3’exo); 2.47(m)(5H) Jti,sr 15Hz, J%,,= 9Hz C-H(2P), C-H(2’), C-H(S’exo), C-H(6’), C- 

H(7’);2.87(dd)(l H) J&,,,=3Hz, Jg,sr 15HzC-H(2a);4.19(q)(2H)J,.,~7HzC-H(1”);5.92(m)(lH)C- 

H(9’).13CNMR(CDCls)(Q: 14.2 C-2”; 18.0 C-l “*; 25.3 C-4’: 34.6 C-5’; 35.0 and 35.8G2 and C-3’; 36.4 
C-2’; 49.0 and 49.6 C-6’ and C-7’; 60.6 C-l”; 123.8 C-9’; 172.2 C-l ; 187.0 C-l ‘; 208.0 C-8’. htS~ 

236(M+)(68%), 191 (M+-CEt)(56%), 19O(M+-EtOH)(SO%), 1 SS(M+-CO-OEt)(40%), 162(M+-CG 
EtOH)(l OO%).UV: hax(ethanol) = 232nm. 

Et)-(1 ‘S*,2’R*)-2’-Methyl-8’-oxoblcyclo[4.3.0]non-6’-etn-7’-yl acetic acid 0: lZ (77mg; 
0.27mmol) was dissolved in dioxane (2.5ml) : aqu. HCI (2%; 0.4ml) and heated in a sealed tube at 140% 

for 24h. Then dichloromethane was added and the solution extracted with aqu. NaHC03. The aqu. 
layers were acidiffed and extracted with dichloromethane. After washing with brine the organic solution 

wasdrfedover MgSO,and the solvent evaporated yieldings (48mg; 85%) as acolourless oil. IR(CClq) 

(cm”): 3600-2300br., 1740sh, 1710, 1660.‘H-NMR(CDCl3)o: l.O3(d)(3H) J,.,,,= 6Hz GH(1”); 

1.28(m)(2H) C-H(2), GH(3’exo); 1.46(m)(l H) J3,exo,4,endo= 13Hz, J4,endo,5,ex,,= 13Hz, J4.ed,4,exo= 
13Hz, J3.endo,4,endo= 3Hz, J4.endo,5.endo= 3Hz GH(4’endo); 1.63(m)(l H) J3,endo,s,exo= 9Hz C-H(3’en- 

do); 2.08(m)(3H) J4,exo,4endo= 13Hz, J4,exo,5,exo= 5Hzt J4,endo.B’exo’ 13Hz, J5,exo,5,endo= 13Hz, 

J1',9'exo' 2f-k J9’t3x0,9’efldo’ 19Hz C-H(4’exo), C-H(ti’exo), C-H(9’exo); 2.25(m)(lH) J,,,,-= 8.5Hz, 

Jl,,s,8x,,-2Hz, J, .p,endo=6.5Hz C-H(l); 2.61 (dd)(l H) J, ,,g,endO= 6,5Hz, J9,exo,9,e,x.,o= 19HzGH(S’en- 

do); 2.8O(m)(l H) J5.ex0,5,endo= 13Hz GH(5’endo); 3.25(m)(2H) C-H(2); 7.0(s)(lH) CCC-H. 13C 

NMR(CDCl&(Q: 20.8 C-l “; 26.2 C-4’; 28.6 and 29.6 C-3’ and C-5’; 34.0 C-9’; 39.7 C-2; 40.7 C-2’, 47.7 

C-l’; 130.7 G7’; 175.4 C-l; 179.7 C-6’; 208.6 C-8’. MS: 208(M+)(36%), 19l(M+-OH)(l5%),190(M+- 

HsO)(36%), 162(M+-H@CO)(74%).W: &,.&ethanol)= 239nm. 
~1S*,2S*,7R’,8R*)-9,1O-Dlchloro-l1dlmethoxytrlcyclo[69.1.d~7]undec-9-enSone (iU% 

Under an atmosphere of argon a freshly prepared solution of Cr(CIO,& (from 2.31 g chromium powder, 
7.7ml70% HC104, and 47 ml HsO; 44mmol) was added to a solution of ethylene diamine (11 ml) in DMF 
(445ml). To this mixture a solution of II (2.Og; 5.5mmol) in DMF (10ml) was added and stirred at room 
temperature for24 h. Then additional ethylene diamine (33ml) was added followed by a freshly prepared 
solution of Cr(CfC& (from 6.94g chromium powder, 23ml70% HCIO,, and 1 OOml H&I; 133mmol). Stir- 

rfngwascontinuedfor72h.lhenthemixturewasextractedwtth benzene,andtheorg. layerwaswashed 
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successively with hydrochloric acid (5%), sat. aqu. NaHCOs.and sat. aqu. ammonium acetate, dried 

overMgS04and the sotvent evaporated. Flash chromatography on silica gel wtth totuene : ethyl acetate 

(99:l) yielded 2Q (0.9Og; 56%). tR(Co(cm”): 1710, 16t0.1H-NMR(CDCls)(~: l.Og(m)(lH) Js,g 

Js~x,,=Js,~ 12Hz. Js,,,= 3Hz C-H(6endo); 1.74(m)(l H) Jss J,,,,= J,,,,= 13Hz GH(5exo); 
1.65(m)(l H) GH(5endo); 2.0(m)(l H) GH(6exo); 2.06(m)(l H) J4,4- 16H2, J4,5exo= 11 Hz, J4,5er,c,,- 
6.7Hz CH(4endo); 2.43(m)(l H) J,,,, = 16Hz CH(4exo); -3.O(m)(l H) C-H(7); 3.04(m)(l H) J,,p 1.5l-l~; 
J8,f3Hz C-H(6); 3.09(m)(l H) J,p 3.5H2, J 9Hz 

‘tG 
C-H(2); 3.20(s)(W) CC-H,; 3.21 (s)(3H) OC-l-l+ 

3.42(dd)(lH)J,~3.5Hz,J,~1.5HzC-H(1). NMR(CDCL$(i$21 .l C-5; 25.6 C-6; 39.3 C-4; 40.3 G 

7; 49.7 Cf&; 50.0 C-2; 52.1 C&; 54.9 C-8; 57.3 C-l ; 115.2 C-l 1; 129.2 and 129.25 G9 and Cl 0; 
211.3 C-3. MSZ 292(M+)(25%), 29O(M+)(34%), 257(M+-Cl)(35%), 255(M+-Cl)(lOO%), 229(11%), 

227(35%), 221(260/o), 219(43%), 125(21%), 75(35%), 74(18%),59(COCCH 
3 

(100%). 
~-<1S’~S*,~*,7R*,8R*~9,1O-Dlchloro-3-hydro~l~clo[6.2.1.02~ ]undec+en-llone dl- 

methylketal(2l):2Q1820mg)wasdissolved in methanol(50mg) and cooled to 0%. Afteraddition of sodi- 

umborohydride(25Omg)the reaction mixture wasstirredat OOCfor3h.Addition ofwaterwasfolfowed by 
extraction with dichlotomethane for five times. The org. layers were washed with brine, dried over 

MgS04and the solvent evaporated. The reaction mixture was purified by flash chromatography on silica 

gel with petroleum ether : diethylether (3:l) yielding a (722mg; 88%). IR(CCI,,)(cm”): 3810,35OObr., 

lGlO.‘H-NMR (CDCl&@: -1.35(m)(3H) C-H(4), C-H(5), C-H(6); 1.66(m)(4H) C-H(4), C-H(5), C-H(6), 

C-H; 258(m)(2H) C-H(2), C-H(7); 2.96(m)(l H) Js7- Js,,- 2.5Hz C-H(6); 3.08(m)(l H) w,~ 6.5Hz C- 

H(1);3.17(~)(3H)OC-Hs;3.21 (s)(3H)CC-H3;4.09(m)(lH)w,~ 16HzC-H(3).13GNMR(CDCI&@:19.5 
C-5; 22.9 C-6; 29.8 C-4; 38.1 C-7; 41.5 C-2; 49.5 OQfa; 52.0 OC&; 55.4 C-6; 57.7 c-1 ; 69.0 c-3; 116.2 
C-l 1; 128.4 and 128.8 C-9 and C-10. MS: 294(M+)(43%), 292(M+)(SS%), 259(M+-Cl)(22%), 257(M+- 

Cl)(SO%), 221(26%), 219(410/o), 165(22%), 91(20%), 75(68%), 74(25%), 59(100%). 
~-<1S~~~,4R~,5R~,7S~,8S~,9R~)hIoro-3-ethoxy-2-oxatet~cyclo[6.4.O.~7~d~ 

can&one dlmethylketal(22): Sodium(7g) was added to ethanol (abs.; 6Oml) at reflux and stirred at 
reflux until the sodium was converted to sodium ethoxide. A solution of iU(700mg) in ethanol (abs; 20ml) 
was added and stirring at reflux was continued for 2 h. The cooled reaction mixture was treated with Ice 

and extracted six times with CH,CI,The org. layers were washed with brine, dried over MgS04and the 

solvent evaporated. The reaction mixture wasdistilled (Kugelrohr; O.O2mml50-17OpC) andthe resulting 

Z(697mg; 96%) was recrystallized from pentane at -15C(m.p. 67-69‘C)!HNMR(CDCls)(& 

l.24(t)(3H)J,,p~7.2HzC-H(2’);-1.3(m)(lH)C-H(11endo); 1.41(m)(lH) J,2,,,=5H~, J12,12=12.3H~, 

J,,,,= 2.5Hz GH(l2endo); 1.64(m)(lH) J,s,,c= 15Hz, J1o,e~J1o,ll= 1 lHz, Jlo,tl- 6Hz C-H(lOexo); 
1.96(m)(2H) C-H(lOendo) and GH(l2exo); 2.26 - 2.47(m)(3H) C-H(5), C-H(6), and C-H(llexo); 

2.59(mW HI Jg,loexo= J,,,= 10.5, Jg,~Jg,,0endo=3.3H~, Jg,4= lHz, J,,;r 1.5Hz C-H(9); 2.63(dd)(lH) 
J,r 5Hz, J,,. 1.5Hz C-H(7); 3.23(s)(3H) OC-H,; 3.27(s)(3H) OC-H,; 3,58(part A of an ABXs sys- 

tem)(l H) J, ‘,, .=9Hz, J, .,2= 7.2HzGH(1’);3.79(part B of anABXssystem)(l H) J, .,,,=9Hz, Jl,p.=7.2Hz 
C-H(l); 433(m)(lH) J,e- J,,,,- J,,,,= 3Hz C-H(l); 4,69(dd)(l H) J4,5= 3.3Hz, J,e = 1 Hz C-H(4).‘3c 

NMR(CDCl&@ 15.6 C-2’; 16.7 C-l 1; 21.5 C-l 0; 26.8 C-l 2; 32.1 C-9; 39.5 C-8; 49.1 C-5; 49.6 Cr;y; 
50.6 OQis; 52.4 C-7; 59.0 C-l ‘; 65.4 C-4; 75.2 C-l ; 106.4 and 110.0 C-3 and C-6. MSZ 304(M+)(3%), 
302(M+)(S%), 272(M+-CH& 267(M+-Cl)(lOO%), 163(92%), 161(24%), 157(32%), 121(26%), 
115(28%), 101(28%), 91(25%), 88(56%). 

(i)-Blcyclo[4.3.0]nona-l’,6’dlen-8’-on-7’-yl acetic acid @j) and Methyl blcyclo[4.3.0]nona- 
1’,8’dlen-8’-on-7’-yl acetate(24) :a(1 17mg) in dioxane (3.7ml) and dil. hydrochloricacid (0.6ml; 2%) 
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were heated in a sealed tube (14OC; 1 d). After evaporation of the SONent acrystaffine substance resuft- 
ed m W: &&thanol)l285nm). Since this unstable acid was difficult to separate from hphth it 
wan treated with an excess of ethereal diazomethane. The resulting methyl ester 24 was chromate- 

graphed with petroleum ether : diethyl ether (3:l) yiekfing purified a (21.8mg; 47%). 
24: IR (CCf, )(cm-l): 3035, 3002, 1748, 1708, 1623.‘H-NMR(CDCQ(6): 184(quint)(2H) J4’,5= 

J4’,5- J3’,4_ J3;4- 6.5Hz C-H(4); 2.31 (dt)(2H) J,.,x= 4H2, J,,,,,= J,.,,,- 6.5Hz CH(3’); 2.63(1)(2H) 

J5’,4_ J&4 9 6.5Hz C-H(5), 2.95(s)(2H) C-H(9); 3.30(s)(2H) C-H(2); 3.69(s)(3H) CC-H,; 603(t) 
J2.,3=J2,,344~CH(2’).13GNMR(CDC13)(9: 21.9 C-4’; 24.8 C-3’; 25.3 C-5’; 28.3 C-2; 38.1 G9’; 52.1 

CQ-f+ 126.3 C-2’; 131.8 Cl’; 135.2 C-7’; 166.8 C-6’; 170.7 C-l; 204.1 G8’. AIIS: 206(M+)(64%), 

175(M+-CH30)(17%), 174&f+-CH,OH)(32%), 147(M+-COCCH3)(49%), 146&l+-HCOCCH3)(100%), 
91(44%). 

~1S~fR~,5R~,6R~,7s’,sS~,9R~~~Ethoxy-6-methyetracyclo[6.4.0.~’.0~d~ 

can+-ol (26) and ~1S’,3R*,5R~,6S*,7SC,8S*,9R’)-3-ethoxy-Bmethyl-2~Xat~~a~ClO 

(6.4.0.~7.0s~dodecan-6-ol (Tr): To a solution of methyl magnesium iodide(5.5mmol) in diethyl eth- 
er(abs.; 2.5ml) was added &(0.6g; 2.7mmol) dissolved in diethyl ether(abs.; 5ml), and the resulting so- 

lution refluxed for 1 h. The cooled reaction mixture was treated with aqu. sat. NH&I and fourtimes ex- 
tracted withdichloromethane.Theorg. layerswerewashedwith brine, dried overMgSO,,,filteredandthe 

sofvent evaporated. Flash chromatography on silica gel with petroleum ether : acetone (9:l) yielded Z$ 

(0.226g; 35%) and ZL (0305g; 47.5%). 
16 : IR(CC14)(cm”): 3570,3600-32OOsmall.‘H-NMR(CDCl@: 1.23(1)(3H) J, ‘,2.= 7.2Hz C-H(2); 

136(s)(3H) C(G)GH3; 1.24-l .42(m)(2H) C-H(12exo),C-H(11 endo); 1.6-l .9(m)(5H) GH(1 Oexo), C- 

H(l Oencb), GH(11 exo), C-H(5), C-H(l Pendo); 2.16( part A of an ABX system)(l H) J4#4= 14H2, J4,5= 0 

GH(4endo); 2.27(part B of an ABX system)(l H) J4,4= 14Hz, J,,5= 4Hz C-H(4exo); 2.21-236(m)(4H) C- 

H(8), C-H(9), C-H(7). O-H; 3.6(part A of an ABX, system)(lH) J,,,,= 9Hz, JI,,2e 7.2Hz GH(1’); 
3.76(parl B of an ABXs system)(l H) J,.,,,= 9Hz, J,.p’= 7.2Hz C-H(l’); 4.29(m)(1H)wlp 9Hz C- 

H(1).13CNMR(CDCljX~:15.7C-2’;16.9C-l1;20.9C(6)-~~;23.6C-l0;27.5C-l2;31.8C-9;38.5C-5; 

39.0 C-4; 49.7 C-8; 56.3 C-7; 58.9 C-l’; 73.6 C-l; 82.4 C-6; 115.6 C-3. MS: 238(M+)(lO%), 223(M+- 

CH3)(4%), 22O(M+-H,O)(S%), 177(25%), 147(41%), 131(38%), 115(1 OO%), 107(26%), 93(32%), 

91(19%), 43(87%). 

2z : IR(CC14)(cm”): 3620, 3480br.‘H-NMR(CDCQ(6): 1.22(1)(3H) Jlep= 7.2 C-H(2); 1.28- 
1.44(m)(2H) C-H(12exo), C-H(l lendo); 1.44(s)(3H) C(G)C-H,; 1.6-1.8 (m)(5H) C-H(lOendo), C-H(5), 

C-H(lOexo), C-H(l lexo) and O-H; 1.89(m)(l H) J,,,,,- 13Hz; J,2,11endo= J12,11exo~ J12,,- 3-4Hz C- 
H(12endo); 1.94( part A of an ABXY system)(l H) J,,= 13Hz, J4,6= 3.5Hz, J,,s= 2Hz C-H(4exo); 2.07( 

part B of an ABXY system) J,,4= 13Hz, J4,5= J,,s= OHz C-H(4endo); 2.37(m)(l H) J,*c 5Hz, J7*6 1.5Hz 

C-H(7); 2.48(m)(l H) J,,F 1 OHz, J,,,= J8,~ 5Hz C-H(8); 2.73(m)(l H) w,~ 20Hz C-H(9); 3.54(parl A of 

an ABX3 system)(l H) J, .,, ,= 9,5Hz, J, ‘,2’= 7.2Hz GH(1’); 3.69(parl B of an ABX3system)(lH) J,.,,,= 

9,5Hz, J,.p,= 7.2Hz C-H(l ‘); 4.26(m)(l H) w,~ 1OHz C-H(l). ‘3C-NMR(CDCIs)(6): 15.6 C-2’; 17.1 G 

11; 20.8 C(6)-Q-fs; 23.3 C-l 0; 27.7 C-l 2; 31.8 C-9; 39.3 C-4; 40.2 C-5; 49.5 C-8; 56.5 C-7; 58.6 C-l ‘; 

73.1 C-l;81.6C-6;113.4C-3.MS:238(M+)(12%),223(M+-CH3)(10%),220(M+-H20)(17%);1~(36%), 

147(66%), 132(34%), 131(33%), 115(87%), 107(24%), 105(26%), 93(37%), 91(21%), 43(100%). 

Et)-(1R’,2RL,6R*,7S~)-2-Acetyl-7-hydroxyblcyclo[4.4.0]decan-4sne (28) and (++ 
(1 R’,2S’,6RC,7S*)-2-Acetyl-7-hydroxyblcyclo[4.4.0]decan4one (29): 

a)Startingfromalcohol~:Toasolutionof~(8Omg;0.34mmol)indryacetonitrile(6ml)atOOC was 
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added f3Fs.0Ets(0.6ml) and the mixture was stirred for 5 h. Then sat. aqu. NaHCOs~~and?he 

mixture was extracted with dichlommethane. The org. layers were washed with brine, dried overMgSO4 
and the sotvent evaporated. Flash ~romatog~hy on silica gel with diethyt ether : petroleum ether : 

ethyl acetate (6:l :l) yieided 23 (51 mg; 72%). 

b) Starting from alcohol ;pB: To a solution of 26 (80mg; 034mmol) in dry acetonitrtie (6ml) at room 
temperaturn was added BF,OEts (OSml) and the mixture was stirred for 5 h. Then sat. aqu. NaHCCs 

~~ed~themi~urewase~~~~thdichloromethane.Theorg. layerswerewashedwithbrfne, 
drfed over k&SO,, and the solvent evaporated. Flash chromatography on sit&&gel with diethyl ether : 
petroleum ether : ethyl acetate (61 :t) yleided 28 (37mg: 52%) along with its stereoisomer 29 fl6mg; 
23%). 

?jB: IR(CCIS(cm*l): 3620.3420 br., 1715.1H-NMR(CDCIs)(~: 1.4-l .7(m)(5H) C-H(6), C-H(9), G 

H(l0); l&t(m)(lH) GH(9); 2.1 i(s){1 H) O-H; 2.22(s)(3H) GHf2’f; 2.2-2.6(m)(6H) C-H(l), C-H(3). C- 
W), C-W: 3.43(m~(lH) JlrJ2~3sxo42,3e~~ 6Hz 6-W); 3.92~rn~(~ HI J,,+,,~xpJ~,m~- 4xr 
C-H~~.13~MR(C~l~: 20.0 and 26.9 C-9 and C-l 0; 29.4G2’; 30.X-6; 35.4 C-l ; 39.6and40.0 G 

3 and C-5; 40.4 C-6; 52.4 C-2; 71 .O C-7; 210.2 and 210.5 C-l’ and C-4. MS:210(M*)(2.%), 192(M+- 

HsO)(l 9%). 167(M+-CHsCO)(3%~, 149(M~-H~O-CHsCO)(l4%), 121 (M+-~O~HsC~O)~l2%), 

107~M+-~~HsC~CH~O)~26%), 43(CHsCC+)(lOO%). 

2f$IR(CCl&cm~l): 3620.3420 br.,l71 5.1H-NMR(CDCis)@: l.O4(m)( 1 H) GH(9exo); 1.31 fm)(3H) 
GH(6endo). C-H{1 Oexo), GH(l Oendo); 1,63(m)(l H) GH(6exo); 1.76(m)(l H) C-H(9endo); 2.10(s)(3H) 

GH(2’); 2.0-2.4(m)(6H) C-H(l), GH(3exo), GH(5exo), C-H&endo), C-H(6), C-H; 2.59(m)(l H) Js,s*n,, 
do- 14H2, Jssxo,se*- 14HzGH(3endo); 2.89(m)(l H) J,,p 4Hr. JfasexO= 4Ht, Jz,aerkx,= 14Hz C-H(P); 

3.76tm~~l f-0 J,,F 3.6Hz. J,,s,,o- 3.6Hz, JTir,seti = 10.2Hz C-H(7). GN~R(CDCl~~: 19.6 C-9 ; 23.1 

Gl 0; 27.7 C-8; 26.0 C-2’; 35.3 and 36.1 C-3 and C-5; 36.5 C-l ; 43.6 C-6; 53.9 C-2; 70.7 C-7; 207.4 and 

211.9 C-l * and C-4. MS: 21O(M+)(2.5%), 192(M+-H,O)(7.6%), 167&f+-CH,CO)(2.4%), 149(M+-HsG 

CHsCO)(7.2%), 121 (M+-H*~CHsCO~O)(7.6%~, 107(M~-H~~CH~CGCH~CO)(21%), #(CHsCO+) 
(100%). 
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